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INTRODUCTIOR

In many commerciel fermentztions conteminetion can be controlled
by sterilization of the raw materials and by inoculation with pure cul-
tures of the fermenting agents., The cucumber fermentation, on the other
hand, depende upon the a2ddition of relztively large amounts of salt to
inhibit tre develovment of undeeirable micro-organisme, These undesirable
micro-orgenisme, of which members of the genus Becillus are probably the
moet important, &re normal inhebitants of the soil and gein access to
the fermentation vate through the smell perticles of soil adherings to
the cucumbers at the time they are salted,

Bach year tre pickle industry suffers considersble losses due to
spoilege, Usuzlly this epoilage occure in the latter stages of the
fermentetion, althoush in some instancee spoilage is evident within the
first few weeks after the cucumbers heve been selted., During the past
two yeers numerous samples of brine ffom spoiled salted cucumbers from
all varts of the United States and Canada heve been anelyzed in this
leboretory, The preponderance of aerobic spore-formere in meny of trese
brines hzs susrested the need for further investigations,

Althoush a certain amount of attention has been devoted to thre
study of thie nerticuler group of orgenisms, there hes been no attempt
to define the conditions whick determine their 2vility to overgrow the
norme) lactic acid orgenisms in certain vets snd yet fall to develop in
otheres under &pnarently similer corditions,

The purpose of this study is to investigete some of the factore

which misht explein the feilure of the lectic fermentation of cucumbers



to proceed normelly 2nd thus permit these aerobic sporogenic becteris to

grow and in some ceeses cause spoilage,



LITEFATURE REVIEW

Becteriologicel inveetigetions of spoilage in cucumber fermenta-
tione to date have dealt primarily with the isolation of & limited number
of orgznieme from the brines of softened nicles and with studies of their
tolerance to salt and their abilities to cause softening of pickles,

As eerly a2s 1895 Aderhold (1) isol=ted spore-forming bacteria and

Bacterium coll from softened vickles, This investigetor, however,

erronecusly concluded thet Bacterium coli was the ceuse of the softening

and attached no significence to the presence of the snore-formers,
Kossowiez (30), in 1908, similarly stuiied the softening of pickles and

reported thet the Bacillus mesentericus groupn wes concerned with soft

picklee &nd not, a8 reported by Aderhold, Bacterium colil.

Rahn (27), in 1913, conducted one of the earliest investigations
of spoilepge of picklees in thie country. He recorded verious factors con-
tributing to spoilage of salt stoek. Acid was found to be effective in
inhibiting the growth of proteolytic becteris while salt slone was of
little value,

LeFevre (21) studied the ability of 5C organisms to attack

vegetable matter and found that 16 of this number were capadle of soften-~

ing cucumbers, Only two organisms Qg. vulgatus and B, mesentericus fus-

cus) were capable of growing in high selt concentrations and only four

(B, vulgetus, B. carotovorus, B. cereus, and B. lectic aerogenes) could

grow over a range of pE 7.0 to pH 4,0, LeFevre concluded that softening
was caused by e veriety of orgenisms and that 7-8 per cent selt was the

eriticel point in the relationehip of salt to the preeservation of cucumbers,
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Joslyn (27), in 1928, inveetigeted the softening of dill pickles
and agreed with previous workers that this type of spoilare was caused by
bacterial action., He also observed that slipnerinees increased in brines
of pE %X,0 to pH 3.1 and suggested that the enzymes produced by spoilage
organisms were probebly active at 2 lover pHE than that tolerated by the
organisms themselves,

In 1938 Febian and Johnson (1) isolated an orgeniem from the
brine of soft pickles which wes canable of czueines slipery picklee in 6-12
hours and mushy pickles in 12-24 hours., This organism which corresponded

to B. mesentericus fuscus rrew in salt concentrations up to end including

9 per cent salt,

Identificetion Studies

The primery nurpose of this study wes to ettempt to explain the
failure of so+e cucumber fermentetions to develop normally. Therefore,
only those samplee vhose brines, upon analysie, ghowed abnormally large
numbers of serobic spore~formine orgeniems were selected for study., Un-
doubtedly much spoilage of this type occure, however only six such brinee
heve been anelyzed in thie leboretory over the period of time covered Yy
this work. Althougzh none of the pickles from these semples showed
vigsible aigns of softenines, spoilage was manifested by off-odors, unus-
1ually turbid brines, end improper curing., A summary of the pertinent

data of these serples is presented in Table 1:



Teble 1, Results of anaslyses of brines from epoiled pickles,

Semple Per cent Per cent Bacterial No. of
number pHE salt lactic acid count isolates

B 4,70 5.4 0.53 . 4

o 3.30 3.8 0.75 3.5 X 10 3

® 3.33 12,1 1.10 17.9 X 10 5

F 3. 16.1 0.53 15.0 X 10° 2

G 2,47 19.8 0.53 11.7 X 105 9

" 3.30 3.1 1.00 1L.0 X 107 6

* Not availedle,

When examined becteriologically, these sarples eppeared to contain
only Gram-positive spore-forming dbecilli, Microscopic examinetion of
colonial typee on =0lid media sugrested that several of these brines
were practicelly pure cultures of a certain orgenisnm and several of
these colonies were isolated for further study. In the remaining semples,
two or three colonial tyves were recognized and several of each type were
igolated., In ell cases, each colony selected represented many similar
colonies on the same plate and & total of 29 colonies were isolated and
purified by repeated plating for further study. Miecroscopiec examination
proved all cultures to be aerobic sporogenic Gram-positive rode theredy
placings them all in the genus Bacillue,

All 29 culturee were then subjected to a2 series of bilochenmical
stuliee in order to identify them and thereby eliminate duplication of
affort in future worz, The biochemicel tests used in thie study were,
for tﬁe most nert, those suppested by-Smith. Gordon, end Clark (38) es

the most satisfectory teste for characterizing members of the genus

Bacillus.



In addition, the tolerance of each orgenism to salt was determined,
Since these organisms were cultivated for several months prior to thise
experiment on & medium devoid of salt, all strains were transferred daily

in 2 lioculd medium of the followlng composition:

Bacto-proteose-peptone T.0 ¢
Bacto~beef extract 3.0 g
Sodium chloride, C. P. 50.0 g
Distilled water 1000,0 ml

After datly transfer in this 5 per cent sodium chloride broth for
10 days, the percentage of salt wae increased by 1 per cent on each trans-
fer until e concentration was reached 2t which each organism failed to
grovw,

The 2bility of these orgenisms to elaborate enzymes cepable of
softening cucumbers was deternined by using the method of Fadbian and
Johnson (1), The organisms were grown for five days et 3000 in 500 ml1
wide-~mouth Erlenmeyer flasks containing 250 ml of the beetesuger molasses
medium described by these workers, After this period of incubetion, a
sound piclkle from salt stock was freshened to remove salt, washed in
toluene, and placed in the flask in such = menner that the entire pickle
was covered with the medium. The medium was then layered with toluene,
incubeted at 30°C, end examined 2% eppropriate intervals for deterioretion

of the cucumber,

Results end Discussion

On the basig of biochemical estudies, these orgenisms can be
divided into six separate types or snecies as shown in Table 2, In work

of this type it ie difficult to definitely assign & gspecific name to a



Teble 2, Characteristics of serobic sporogenic bacteria
igolated from svoiled cucumber bpickle brines,

Types
| R 11 Ir1 1V v V1
Fermentation of:
Sucrose + + + + + +
Lectose - - - - + -
Ma2ltose + + + - + +
Glucovze + + + + + +
Fructose + + + + ¥ +
HMennose - + + + + ¥
Grlactose - + - - - +
Xylose - + - - + +
Arrbinose - + - - + +
Reffinoce - + - - + +
Thermose - - - - - -
Mannitol - + + + + *
Dextrin + + - - + *
Czseln hdrolysis + + + + +
Storcr hyiérolysise + + - - + -
Gelztin hydrolysis + + + + + t+
Jitrete Recuction + + + - - -
Vo~es-Pros'zcuer Reaction + + - + - ¥
Selt tolerance (ner cent) 9 9 11 11 10 9
Softeninys of cucumbers - - + + - -
Rercti-n in litrmue millk *Red.,} Red., | Red,, Red., Red., | Red,,
**>ept.| pept. | pept, pent, pept. | pept,
Tamier Hf deolates 15 2 z L L 1
*Red, « reduced /
**sent, = nentonized,
/ 4




member of the genus Bacillus on the besis of the classification in the 6th
edition of the Manusl of Determinative Becteriology (5). Thie classifi-
cation is based on the work of Smith et £l. (38) and is an attempt to con-
solidete the genus, For apnarent reasons, this grouping of various species
into 2 single new specles is not 2lways compatidble with certain rather
important characteristics of the orgeniems, For example, those organisms
listed as tyve III in Table P correspond to the previous descriptions of

Bacillus mesentericus fuscus even to their 2bility to soften pickles eos

reported by Fabien and Johneon (13), However, in the 6th edition of

Breed's Manusl, thie orgenism is listed 88 2 synonym of Bacillus subtilis

although differing in several respects from the present description of

Bacillus subtilis, The orgenisms listed &s type II in the tadle, on the

other hand, correspond very well to the descrivtion of Bacillus subtilie -

and do not eoften pickles. One other imovortant difference between these
two prouns of orsanisms 4s their tolerance to salt. Tyne III organisms
will grow in salt concentrations uc to and ircludings 11 per cent while
type 11 orgariesms do not tolerate above G per cent salt,

Thoee organiens pgrouped in tyoe I spneer to ve the most prevalent
in these brines, Sligchtly more than half (15) of the 29 organisms studied

were cleesified e8 Bacillue cereus. This organism, althoush predominating,

does not decompose plekles and does not crow in salt concentrations above
7 per cemnt,

Of the remeining three grouns, only those organisms bvelongine to
type V were cla-sified positively. These orgenisms, which agree in all

resnects with Bactllus megatherium, are not responsible for the soften~-




member of the genus Bacillus on the besis of the classification in the 6th
edition of the Manusl of Determinative Bacteriology (5). Thie claesifi-
cation is beased on the work of Smith et 21, (38) and is an attempt to con-
solidate the genus, For apparent reasons, this grouping of various species
into a2 gingle new .speclies is not always compatible with certain rather
important characteristics of the orgeniems, For example, those orgenisms
listed as tyve III in Table ? correspond to the previous descriptions of

Bacillus mesentericus fuscus even to their 2bility to soften pickles eos

reported by Fabilen and Johnson (13}, However, in the 6th edition of

Breed's Manuel, this orgenism is listed 28 2 synonym of Bacillus subtilis

elthough differing in several respects from the present description of

Bacillus subtilis. The orgsenisme listed 2s type II in the table, on the

other hand, correspond very well to the description of Bacillus subtilirs

and do not soften pickles, One other important difference between these
two prouns of oreenisms is thelr tolerance to salt. Tyne III organisms
will grow in salt concentrations up to and irncluding 11 per cent while
type Il orgariesms do not tolerate above § per cent salt.

Those organisnms grouped in tyne I zpnear to ve the most prevalent
in these brines, Slightly more than half (15) of the 29 orgenisms studled

were clessified es Bacillue cereus. This organism, althouzh predominating,

does not decompose picklee and does not rrow in salt concentrations above
9 per cent,

Of the remeining three srouns, only those organisms belongings to
tyve V were clazeified positively. These oreenisms, which agree in all

resnects with Bacillus megetherium, are not responsible for the soften-




ing of pickles, Types IV sand VI correspond most ne&rly to descriptions

of Becillus vulgetue end Bacillus pumilus respectively, Three of the four

orgenisme belonging to type IV proved to be cepable of softening cucumbers

while the single isclete of Bacillus pumilus 41d not,

Individual members of erch of the six groups were selected for use

in lzter studies.



The occurrence of bacteriophage reces specific for the
lactobacilld concerned with the cucumber fermentation,

The discovery of bacteriophage by d'Herelle (17) led to many
attempte to utilize this lytic agent for therepeutic purposes, More
recently, however, it hes been discovered thet becteriovhage plays a
deleterious role in some industriel fermentestion procesees which depend
upon the action of microorganisms, McCoy (33) discusses this unicue
environment for the propagetion of bacteriophages which is offerred by
the industrial use of microorgenisme. Becteriophege as the cause of
"slugrishness®™ in the acetone-butanol fermentation is well-known in the
vatent literature but not 4n scientific literature., The origin of
bacteriophage in an industrial plent 4s usuelly obecure and verious control
measures have been proposed,

More recently, ettention hzs been directed toward the fallure of
sterters in the cheesemeking induetry, Whiteheed and Cox {41) 1solated
tacteriophace from 2n sersted starter eulture which hzd faziled to develop
acid., In & similer menner, Johns and Ketznelson (26) in Canada demon-
strated that the sudden stonpage of acild development in several experi-
mental vats of Chedder cheese was due to the activity of a polyvalent
streptococcel bacteriophage, Although the starter was a mixture of
organisme, stoppage was &s adbrupt 2s thet in cases where single strain
starters are used,

Whiteheed =2nd Hunter (L?) established the presence of bacteriophage
for lactic etremtococci in the atmosphere of commercial cheese fectories.

Finely divided particles of whey emitted from & whey separator and wvhey-

10



contaminated dust were pelieved to be the principle vehicles for the air-
borne vhage, PFunter (22) stated thet the emount of tre initiel infection
determined the extent to which the presence of decteriocphege was mede
evidert in the vat, 2 heavy infection being necessary to cause complete
cessation of acid development,

In eddition to air-borne contamination, several other sourcee of
infection have been indiceted. Whiteread and Hunter (L2) demonstreted
thet vhey-infected milk cans mirht be the czuse of infected starters since
the pasteurizing treatment of the cheese milk wee not sufficient to deetroy
becteriovhege derived from infection of milk cens., Eunter (23) showed

that sonme vpartially resistant strsine of Strentococcus cremoris were able

to carry phape in symbilotic associztion when subcultured daily in milk
over long periode of tine,

The effecte of physical and chemicel agents on tke viebility of
bacteriophages for lactic streptococci have been the subjects of several
investigatione., Hunter and Whitehesd (2L) found tket sufficient concen-
trationr of hydrogen or hydroxyl ions would insctivete streptococeal
becteriophege but thet their effects between pH valuee of Y4 and 7 were
nepgligible, Lactic =2cid in e concentration of 2,5 per cent was shown to
destroy phage at room temperature in less than five minutes., A concen-
tretion of 1 per cent lactic =cid wes permanently effective in less than
24 hours, Sutton (39) demonstrated thet ultrsviolet lisht effectively
destroyed becteriophace under conditions likely to be encountered in
cheese fectories,

Hunter (?1) studied the effect of temperature on the growth of

several streins of Streptococcue eremoris and their aporopriate bacterio-

11



vphage, Phage reaces were shown to poscese 2 wider diversity of resction
to temperature conditions tkan the homologous orgenisms, Some races
feiled to multiply at 3700. Prouty (35) reported thet reveral straine of
bacteriophare under observation in the dry state were still active after
being held for two years at room temperature,

The similerity between the ¥slow® starters in the cheesemaking
industry, the "slugssieh" fermentations in the acetone-butsnol industry,
end the "abnormel" fermentetions in the pickle industry hes sugrested
the possibility thet bacteriophese might be reevonsible for the latter
ebnormelity., For thet reason, the following vortion of this study con-
gists of a survey of brine, soil, and water sarples for the presence of

bacteriovhese gnecific for sveclies of the genus Lactobacillus, particu-

larly for thoee streing of Laé%bglantarum which are resnonsible for the

cucumber fermentetion,

Experimental

The organisme used in this survey consisted of 14 cultures of
lactobecilld from verious sources and 20 cultures which had been isolated
from active cucumber fermentatione, The 1l cultures from non-pickle
sourcee (Teble 3) were obtained from Dr, Cerl S. Pederson, New York State
Agriculturel Experiment Stetion, Geneva, New York, and represented seven

different specles,

In view of the degree of strain specificity shown by Leuconostoc

mesenteroides phage (32), 20 adcitional strains of lactic acid decteria

were 1soleted from activelr fermentins brines &nd purified by repested

12



Teble 3, Lactobacilli from sources other than fermenting cucumbers,

Orga.nism Sourece
Lactobecillus buchneri Tometo catsup
Lectobacillus brevis
Lectobacillus plantarum Vegetable salad
Tectobacillus plantarum ver, rudensis
;Ectohacillus plantarum Orla-Jensen
Lactobecillus buchnert Molagses
Egctobacil}us erabinosus A, T. C, C,
Lactobecillus cesel A, T, C. C,
Tectobacillus delbruclkii Kluyver
Yactobacillus brevis Cameron
Tactobacillius sp, Pinezpple
Tactobacillue brevis ver. rudensis
iibtobaci&}us buchneri Bread dough
Yactobaciliue plantarum Flour paste

*Americen Type Culture Cellection

platings. All isoleted were Gram-positive non-eporogenic rode which
occurred singly, in pairs, or in very short chains, No attempt was made
to identify these orgenisme, but it was assumed that all strains were

nrobadbly Lectobacillus plantarum (Orla-Jensen) Bergey et nl. as described

Yy Pederson {Z4), Thie smessumption wes based on the worl of Etchelle and
Jones (12) who identified 40 cultures of lactic scid dbacteria isolated
durines the scid fermentation of salt stoc’t cucumbere as this especies.

The brine semples which were asesyed for tre presence of becterio-
phege coneisted of 10 semples of processed d1ll end ealt stock brines
(Table 4) from verioue sources and 12 semples of d111 drine (Table 5)

received from a Canedisn comeny which loet nracticelly their entire veer'ts

pack of pgenuine dills.

13



Teble 4, Anslyses of brines from spoiled processed dills and

——

selt estoek cucumbers.

Brine Souree of Per Cent Per cent
no. brine oH salt lectic acid
1 Processed dills L.70 5.4 0.53
2 " 38T 3.2 0.75
3 " 3,59 3.3 0.75
L " 2.k5 L.g 0. 7%
5 . 3.22 b 0.20
€ " =50 3.7 0.30
7 . 3,35 3.5 0.20
z " 2.8% 2.5 0.9C
9 Selt stock 2.05 14 b 0.75
10 n 2.90 22,.C 0.1%
Teble 5. Analyses of brine samples from 12 vets of
gsnoiled genuine dills,
Brine Source of Per cent Per cent
no, brine pH salt lactic aciad

cC-1 Geruine dille Z.80 b1 0.75
cC-2 " T ig 4.7 0.60
¢c-z " z, K2 L4,6 0.75
cc-L " 2,55 4,8 0.75
CC-5 . 7,40 5.0 0.20
cC-6 " Z.80 4.7 0.68
CC—.r . 3-30 hoh 0.60
cC-8 " 2.60 L. 6 0.20
CC-9 " 7,60 L.z 0.75
cC-10 " 7,60 4.5 0.75
CC-11 " 7.55 L,z 0.20
CcC-12 » 2.90 I,z 0.68

In order to deterrine wvhether bacteriophage, if present at the

berinning of the fermentation, might have been introduced into the vats by
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wvater used in the selting process or by the cucumbere themselves, eight
samplees of Late Ontario water were obteined from the Cenadian compeny and
four samples of 801l were collected directly from cucumber hille on the
Michigzan Stete College Fxperimental Ferm,

Tor the essey of brine and water samples the following technioune
was employed: Each sample was first filtered through a sterile Pasteur-
Chemberland filter (L-5 porosity) end 1 ml of this sterile filtrate 2dded
eseptically to each of & series of tubes conteining 9 ml of 2 medium of
the followings compositiont

Glucose-Tryptone-Yeast Extract Broth

Bacto~tryntone 10 g
Bacto-yeest extract 5 &
Racto~-beef extract J £
Glucose lg
X_EPO leg
Distilled water 1000 ml
oH 6.7

After a2ddition of the filtrates, each tube was inoculated with one
loop of & 2L hour culture of one of the lactic acid organisms., A control
tube without the filtrate was inoculated with each orgenism, Tre tubes
were obeserved after one and two days for lysie, If no growth occurred,
the bacteriophage suspension was filtered through & sterile Pasteur-
Chemberland filter, inoculated into another tube of the medium and seeded
with the orgeniesm, If the suspension retained its lytic sctivity after
four or five repetitions of this nrocedure, it was coneidered positive
for bacteriophage apeinst that perticuler stra’n of the orgenism,

A somewhat different technioue was employed with soil sammlee,
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A 500 ml Erlenmeyer flask containing 200 ml of glucose-tryotone-yeest
extract broth was inoculated with one drop of 2 2L hour culture of each
orgenism to be tested., After en incubetion period of 12 hours at 30°C,

10 grems of soil were zdded and the fleat incubated for an esdditional 12
hours., After this period of preliminary enrichment, the supernatant was
firet filtered through paper and then through a sterile Seitz filter,

The filtretee were then tested for tte presence of dbacteriophage sccording

to the procedure deseribed for btrine snd water samples,

Results and Discussion

Filtrates from the enrichment cultures of all egoil sampnles sup-
pressed growth of a2ll of the 20 brine isoclstes of L. plantarum for a
period of at lemst LS hours, Thise ability to inhibit these orgenisme
persisted through five filtrations, corresponding to & 1-100,000 di{lution
of the enrichment culture of a 1-2,000,000 dilution of the original soil
sample, These dilntions were coneldered to be sufficlient to eliminate
eny possibility thet antibiotic subetances originelly present in the soil
could have been carried over into the first filtrate in sufficient con-
centrations to inhibit growth of these organisms,

Yone of the 22 brine sarmlee or six water samples gave evidence
of the presence of bacteriophare, The fact that bacteriophese was not
found in these brinee is not surprisinge since only one of the samnles had
a2 pH velue preater than 4,0, These results are in egreement with the
findines of Hunter and Whitehead (2L4) who showed thet streptococcsl bec-

ter‘ophese wes inectivated by hydrogen ions when the pE value wes less

then 4,0.
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The antagonistic action of aerobic sporogenic soil organisms
Toward the lactobacilli concerned with the fermentation
of cucumbers.

The antegonism exhibited by certain specliee of microorganisms for
other groups of microorgeniems hoae been recognized by microbiologists for
more than sixty years. Garre (15) pointed out es early as 1887 that the
presenceé in the so0il of bactericidal substancee excreted by certain types
of 801l becteria misht be responsible for the repid destruction of patho-
genic orgenisms when they are added to the soil, On the sugegestion of
Garré that such substances misht be valuable therapeutic agents, many un-
successful attemnts were mzde to isolate these substances.

After the discovery of sulfe drugs, interest in these substences
produced by soil orgenisms was revived, Logicelly enough, emphas's has
ageln been placed on their value as therespeutic agents. Dubdos (8) (9) (10)
in & series of papers described the isoletion of an aleohol soluble water-
insoluble substance from dbroth cultures of an aerodbic sporulating soil

beecillue correspondines to Bacillus brevis, This substance which was

celled tyrothrycin wes separated into two fractions: (a) tyroctidine,
which wes bactericidasl in vitro for Grem-positive and Gram-nepative organ-

isms; and (b) gramicidin,which was effective against only Gram-positive

organtams,
Arz and Hunt (2) isolsted two s0il organiems, one of which was

fjdentified as Bacillus vulgetus, while the other, a yellow spore-bearing

bacillus, was not identifted, These orgenisxzs were found to be antagon-

{stic in both liquid and s0lid medim to a numder of Gram-positive and
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Gram-negative organiems including Streptococcus lactis, Leuconostoc

mesenteroides, and Lactobecillus aecidophilus,

Katznelson (28) iroleted an aerobic spore~bearins baeillus which
produced an esntidiotic substance in 2 potato-dextrose-peptone medium,
This substance was found to inhibit 77 out of 8l species tested. The
mejority of streptococci, stanphylococci, lactobacilli, and clostridia
were inhibited by this toxic nrinecinle while 2ll Grem-nesetive orgenisms
were uneffected.

Jensen and Firechmeann (25) reported thet subtilin, an antibiotic

substance produced by Becillus subtilis on a medium consieting of mineral

salts, sucrcose, asparagine, and trace elemente, was active egainst Gram-
positive organiems, Foester and Woodruff (1L) described enother antidiotic

principle produced by a #0il imolste of Bacillus subtilis, Thie subsiance,

which they called bacillin, was highly active arainet both Gram-positive
end Gram-negative becterisa,

E¥xcellent reviews on this subject heve been written by Waksman (u0),
Hotehkies (2¢), 2nd Hooperheide (19), Thesze reviews thoroughly cover such
aspects &s the isolstion, purification, chemistry, and physiological pro-~

perties of tyrothryein, tyrocidine, end erramicidin,

Experimental

A gsimple "cuo® method wars used for determinings the ability of the
serobic spororenic organiems uced in thie etndy to eleborate entidbiotie
subetences sgainet lactic acid organisme, Approximetely 15 ml of glucose-~

tryptone-yeast extract sgar wae added to =& sterile petri dieh ~hich hed
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been seeded with 1 ml of a 1-10,000 éilution of a 2L hour brothr culture

of tre lectic 2cid organiem, After the pleotes hed been mixed end ellowed
to herden, sterile gless rings (Zwn hish X 16 mm diameter) were heated
slishtly in the fleme and pleced or the gurface of the agar, In order to
complete the seal Tetween the ring and the agar, 2 thin laryer of sterile

2 per cent egar was poured over the surface, To the cup thus formed was
added 0,5 ml of a 72 hour culture of the spore-former which hed previously
been filtered throupgh a sterile Pasteur-Chamberlend filter,

The pletes were incubeted upright at 30°C and examined at 24 and L&
hours, The degree of inhibition was recorded ae the maximum distance, ex-
nresesed in millimetere, vhich inhibition extended beyond the inner edge of
the ring,

The lactic acid orgenisms ured in this study were comnrised of one

strain of Leuconostoc mesenteroides, six species of lactodacilll, sll of

which hed been isolzted from sources other than pickle brines, 2nd ten

straine of lactobacillus plantarum which had been isolated from actively

fermentins crcumbers,

The influence of the comnosition of the medium on the elaboration
of antibiotic subatances was determined by usins four different media for
erowings the eporeformers, These media were: (2) Protecse-peptone broth
consistine of 7 preme of proteose-pentone and ? pra-e of Deef extract per
1iter: (b) Glucose-tryptone-yeast extrect broth; (c) Eeet sugar molesses
broth which wae prenered by dilutings & mixture of 10C ~rems of beet sugar

molasses, 10 sprems urea, and 10 pgrams of monobasic ammonium phosphete to
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5" Brix and adjusting to nH 7; and (d) Cucumber extract which was pre-
nered by mincing 200 grame of neeled cucumber &nd 1000 ml of distilled
water in a Waring Blendor, digestins in an Arnold sterilizer for one hour,

end filtering,

Results end Discussion

Of the seven lactic &acid organismes which were isolated from
sources other than brines, only three showed any degree of inhibition by

any of the filtrates (Table 6). Of these three organisme, Leuconostoc

mesenteroides, Lactobacillus planterum, and Lactobacillus arabinosus, the

latter two are now regarded &s synonomous and certain straine of L,
plantarunm are believed to be the ovrincinle organisms concerned with the

fermentetion of cucumbere., L. mesenterolides, on the other hand, is not

repsarded es 2n important fector in the cucumber fermentation, but is
resnonsible for inaugurating the sauerkrsut fermentation,

Entirely different results were obtained vhen the filtrates were
tested mgainst the ten lectic acld orgariems isolated from brines (Teble 7).
The most consistent resulte were obtained when the snore-formers were

grown in cucumber extrect. In this medium only B. mesentericus fuscus

(G-1, E~1) and B. vulgetus (G-8, H-6) elaborated antiblotic principles
which were active ageinet the lactobacilli., Two isolates of each of the
organisms were stronsly inhibitory to all of the leetic aclid orgenisms,
These results are nerhaps more sisnificent in view of the fact that these
epeciee were the only ones whi;h were capable of softenins cucumbers,

¥Yhen ~rown in rlucose-tryotone-yeast extraet broth, only two of
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Tedble 6.

f o

. delbruc’zit

1=

. buchneri

E, mesenteroides

The enteponis

tic action of serobic snorogenic orgenisms toward strains

2£ lectic zel

d vacterie isolated from sources other than picrcle brines,

Tme I Tooe 11 _Type 111 Type IV Type Type VI
B-1 3.2 F-1 F=2 (-1 H-l G-8 H-5 -1 E-§ -7

- : 2 - - t = - - -
- - - - - & ¢ - - -
$ : | t t S % +

Yo inhibition
Incdmnlete inhibition, doee not extend beyond ring,



Tedble 7. Showine the effect of the comosition of the medium on the elaboration

of antiblotic substances against the lactic acid orgeniems isolated

from cucumber brines.

(a) Cucumber extract

Trpe 1 Type 11 e 111 Type IV Type V____ Type VI
B-1 B-o -1 F-2 (-1 BH-1 (-8 § 1 B-§ G-7
5-10 - - - = %5 20 *% 15 - = -
K=16 - - - - 15 20 6 20 - - -
H=1 - - - - 15 20 LY 20 - - -
5-20 -~ - - - 12 20 4 20 - - -
505 - - - = 15 20 8§ 20 - = -
6-1 - - - w2 6 15 . - -
¢-25 - - - r 2 8 15 - -
6-25 - - - = w2 ¥ 20 - -
£n2 - - - - ¥ 2 6 15 - - -
a-l. - - - - 15 20 6 20 - - -
(b) Glucose-tryptone-yescst extract o
Tme 1 Trre II %ype Il Tne IV Tyne V Tyoe VI
B-1 B-2 F-1 F-2 C-1 EH-1 G-8 Hb E-1 IE-5 G-
5-10 - - - - - - - - - - -
5-16 - - - - - - = e = - -
5-1 - - - - - - = = = = -
5-20 - - - = - - - - - - -
5-25 £ % : 2 - - - -
6-18 - - - - - - - - -
2-26 - - - - - - - - - . -
6-22 - - - - - - = - - = -
6-1 / - - - - - - - - - a -

See end of table for legend,



Table 7. (Continued)

(e) Protecse-nentone broth

Tine 1 Tyoe I  Type III Type IV  Tyne V Tyre V1
B-1 B2 F1 F-2 (-1 H-1 (G-§ H-p E-1 &5 G-]

F=10 - - + + - - & - - - 3
5-16 + 4 + + A I R t
-1 + ¢ # t - - - - 4 -
5-30 7* 9 R +
m=25 - - + + + + + + - - %
f-1¢ ~ - 6 7 7 6 - - - - -
516 - - - 57 6 6 - - - - +
(=05 - - 7T 6 7 6 2+ - - +
Nl 0 - + + + + 'Y 'y - - -
] - - * + + + - - - - -
(2) Beet surer molarses broth
Tyoe 1 Trpe II  Twme III Tme IV Type ¥ Toe V1
B-1 B-2 F-1 F-2 0-1 E-l G-8 E-h E-1 E-§ G-7
5-10 + » + + + + + + 4 - +
516 - - - - + + 9 6 4 4 9
5-1 - - - - + + - - - - -
5=3C - - - - - '+ 1 6 & 9 6
525 - - - - 5 5 k- o -
5-18 - - - -y o4 I L -
5-26 - - R R +
525 - - - - - = 2 4+ 5 5 t
G2 + 4 - e e o= -
€-1 - 5 6 g - 2 2 A

*
"

Inribition only under ring; § = Inhibition incomplete end only under
rirg; - = No inhibition,
* = Denotes maximun distance in mm thet inhibition extends beyond ring,



the organisms, B. subtilis (¥-1, F-2) and B, cereus (B-1, B-2), gave any
indication of entibiotic zctivity and thie wes very slight end against
only one strain of the lactobacilli.

The results obtained with proteose-pentone broth and the beet sugar
molasses medium were leas clear-cut, All of the spore-~formers showed &n
antaponintic saction toward esome of the lactobacilli in both of these media,
elthourh in the beet sugar molasses medium, B. gubtilis and B. cereus were

setive apgainet only one of these organiens,
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The relstionship between the metabolic activity of aerodic
sporogenic becteriz and their ability to grow in
cucumber brines,

The first obeervetion thet certair groups of dacteris were character-
ized by definite reduction poterntiels exhiltited in thelr cultures wes
mede by Gillespie (16), He noticed the merkedly different final potentials
which develoved in cultures of etrict aerobes, £g contrasted with thoee of
facultetive anserobes, and sugeested that these differencee mey evply
generelly to the two distinct growms of bacterlis, merobes and anaerobes,
Quastel end Stephenson (26) found thet the presence of cysteine,
or other reducing substances, in tryptic droth would induce good aerobic

growth of Clostridium eporogenes. They surgested thet the letent period

exhibited by oxygensted Cl, spororenes cultures was the time of incubation
reouired for the non-prolifereting celles to produce & certain minimum
ouantity of reducine eubstencee in the medium, This minimum quentity of
redueins subrtances, it wee believed, wae necessery in order to esteblish
8 limitine reduction potential for proliferstion of the organism, 1In a
medium which meintained & hirher potentisl vrolifersztion of the zneerode
could not occur. Allyn and Beldwin (2), observins the effect of cysteine
on the zonee of growth of Rhizobia in sger sheke cultures, errived et
similer conclusions, In addition, they believed that the bacteriostatic
effect of certain oxidizing end reducins substences wes due in part to a
"noisine” of the medium at a potentisl unfavorable for erowth., Sustain-
ins thie theory wee the previous wor of Cennan et al. (6) which showed

that hzloeene lost the prester pert of their toxicity when added under
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conditions which prevented the attainment of oxidation-reduetion notentisls
more poeitive than thoere of tlke indophenols,

Allyn and Beldwin (4) measured the time-potentisl curves of Ehizobie
in two baeic media: (a) mennitol-yeaet water and (b) mannitol-nitrate
broth, The former medium wes more reducing in neature end supnorted growth
et hirher dilutions of thke inoceculum, Mannitol-nitrete broth permitted
growth in esimiler dilutions only after the potential h=d been reduced,

Knayei and Dutky (29) demonstrated that very low potentials also
hed an inhibvitory effect on the growth of another aerobic organism,

Bacillus mepatherium, These worzere lowered the potential of & meat in-~

fusion broth to -0,25 volte with 0,27 per cent sodium sulfite and in-
hibited the growth of this orgenism,

The relationship between the becteriostatic ection of certein indi-
cator dyes end their cepecities to poise media &t definite oxidation~-
reduction potentierls hes been investigeted by Dubos (7) and Wood, Wood,
snd Beldwin (LY)., Duboe, working with pneumococci and humen end bovine
etraine of hemolytic streptococci, found thet methylene blue and oxidized
indovhenols were becteriostatic while the indigoes, melachite green, and
litmus were not toxic. Since methylene blue aznd the indophenols were no
lonrer bacteriostatic when present in the reduced form, Dubos concluded
that the "4{nhibitineg® dyes poised the medium at an oxideation-reduction
potentiel outside of the renre in which the inhibited organisms could

£FTOow, Wbod.gﬁ 2], obtained similer results with Bacillus megsetherium,

The oxidized forme of incicators more nositive then metrylene blue inhidited
trie orgenism for 2L houre while those dyes porgessing more negetive

potentiels did not,
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The influence of potentisl on the brcteriostatic sction of dyes
hes sugcested & poscible explanstion for the proliferstion of bacteriesl
cells in hipgh brine concentrations, Hof (18), for example, was adle to
incresse the salt tolerance of soil orranisms from € to 18 per cent by
rddin- sterile garden soil to the culture medium., Similerly, Febian and

Johnson (132) found that Bagillys mesentericue fuscus grew in a higher

concentration of selt when grown in & medium containing deet sugar
molesses, Doudbtglessly the elterstion of some physicel property of the
medium such ze the oxidetionereduction potertizl enebled these workers to
decresese the sensitivity of these orgenisme to salt,

In order to study the influence of salt upon sporogenic aerobie
becteris £nd the lactobacilli commonly found during cucumber fermenta-
tions, 2 series of experiments wes conducted to study the oxidation-re-
duction potentiels of these orgenisme in the preeence of different

cuantitiee of selt at varioue time intervals,

1, Determinztion of normal time-potentisl curves of _]_._6_° and
Eg salometer brines,

Weshed cucumbers were vplaced in eisht 5 gzllon crocke, Healf of the
crocks were selted et LO° selometer and the remsincer at 16° selometer.
Pletinum electrodes, prepered by seeling & bright nlatinum spirsl into
pless tubing, were immersed to & depth of apvoroximetely & inches below
the surface of the brine, There elegtrodea torcether with KC1l agar bridges
were protected from tre cucumters by means of hollow wooden beffles
(Fig. 1) throush wrich numerous holes hed been drilled to permit free

cireuletion of the brine,
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Oxidation-reduction potentisls were meesured 2t 0, 2, 4, 6, 9, 12,
end 16 daye by meens of & Model G Beckman potentiometer, At the same
time, samnlee were withdrawn for pH determinations and bacterial counts,
€ince all of the aerobic snorosenic orgenisme whick hed been previously
isoleted from brinee were neptonizers, nutrient agar contalning § per cent
gizim milk was used 28 the vlating medium and only those colonies which

hydrolyzed the cesein were counted,

Resuwlts and Discussion

An enalysis of the time-potential curves of fermenting cucumbers
(P4e. 22,b,c, &nd d end Fig, 32,b,e, ond d) indicetes thet there are no
significant differences resulting from the two different salting procedures,
The outetendins charecteristic, end one which ie common to both salt
trestments, ie the intensity of the reducine concitions which are es-
teblished within the first few dayes after the cucumbers are selted. The
faet trat this sharp drop in potentisl coincides with the repid evolution
of gas suggests thet the same orgrnisme may be responsible for both of
these vhenomene, On the other hand, the simulteneous increcse in the
number of neptonizers offers enother explanstion for the potential drop
since most of the membere of the senue Bacillus which have been studied
in pure culture have been s*own to be of & reducins neture, If the first
cupnosition is true, then it 1s voseible thst the prptonizers are able to
sctively vroliferete in thece hich selt concentretione by virtue of the

reduced notentiel,
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At eny rete, wncer the conditione of this experiment, the pre-
dominance of the peptonizere was only transtitory and they decreased in

numbers ags the 2cidity of the brines increesed,

2. ZThe determination of time-potentirl curves of some
of the organismeg from cucumber drines.

The zpparatues which wae used for determining time-potentiesl curves
of pure culturees in this end follow!ns experimente is eshown disgremetical-
ly in Fig, 4, The individusl cells coneristed of pyrex test tubee (1 in,

X 4 4n,) ecuipped with three-hole rubber stoppoers containines 2 platinum
electrode, salt bridre, and = cotton-plursred tube throurh which the cells
could be inoculated. A battery of s=ix of these cells were arranged so

that electrical contact between the cells and e common KCl reservoir could
te established by means of selt brideee. Contact between the KC 1 reservoir
and the potentiometer wee mede with a large celomel electrode. Each cell
contetned 20 ml of medium #£nd the entire ceseembly was immersed to the

level of the medium in a weter batk controlled at 30°C.

After sterlizetion, the cells were incubeted for £t leest 24 hours
tefore iroculztion to permit stadbilization of the notentiel, The inoculum
wee 1 ml of & 1-100 dilution of a2 2k hour broth culture of the test
organism,

Normzl time-potentiszl curvee were determined for the =ix snecies
of snorogenic orgrnisme, In sddition to5 these, one strein each of

Lactobacillus nlanterum end Aerobacter aerogenes were used, Severzl

attermmts were mede to imolate the strain of Aerobacter reported by Ftchells
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Fabien, and Jones (11) as the causetive agent of the eerly gmeeous fermenta-
tion of cucumters. All attempts, however, were unsuccessful,

The two medis used in thie study were nroteose-pentone broth and
cucumber extreact,

Kesults a&nd Discussion

One of the moet significant festures of the time-potential curves

of these orearnigms 1s the non-reducing nature of Lactobacillue plenterum

(Fig. 6¢) es cormared to Aerobacter zerogenes (Fig., 6d) and the six

gepecies of spororenic orgentsms (Pie. 5a,b,e and & and Fig. 6e &nd b).

Aerobacter, on the other hend, establicshes intense reducing conditions

in bot> media, Thir observstion is narticularly interesting eince this

orgrrtem ta verr closely related to Aerobacter clozcae whick i{s responsi-

ble for the esrly geseous fermentetion,
The S-shepecd curves obteined in cucumter extract with cultures of

B. cereus (Fir, 52), B, pumilus (Fir. €b) and, to a lesser extent, B.

subtilis (Fir, £b) indicetes en accumuletion of peroxide in the culture

medium, This 1s shown by the upwerd trend of the curvee stertings whern the
cultures were cpnroximetely 12 hours old,

The crecondery droo 4in potentisl, coinecidines with the appeerance of
erowth in the medium, could be due to: (&) an adeptation of the orgenisme
to the medium, (b) seconcdsrv srowth of wariante more cazpable of producing
cetalase in this medium, or {c¢) a latent formetion of peroxideses,

Despite the fect thrt these three specles srew comperatively well
in cucumber extract, they nroducec but mearer gro-th on the surface of

y
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Fig. 6a,b,c and 4. Time-potentisl curves of B, megatherium,
B. pumilus, L. planterum, and A, aerosenet in (a)

cucumber extract and (b nutrient broth,
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cucumber extract ager slants, In order to cetermine whether this phenonm-
enon could be correleted with cetalase production, 211 six sveciec of the
enorogenic organiems were tested for their 2bility to elaboreste catealese
wvhen prown on nutriert &ger snd on cucumber extract agar, All six snecies
gave gtronsly vositive teste for cetel=zgse when 1 per cent hydrogen
neroxide wze cdded to 2h hour zpar slants, However, when eimilar tests
were concucted urines cucumbter extrsct agar, B. cereus, B, numilus, and

B. subtili= pave nepgetive tests for cetelese, Aerobecter aerogenes, on

the other hend, save stroncly positive tests on both medie,

7. The effect of sodium chloride and lactic 2cid on the
time-notentiel curves of serolic sporogenic becterie.

The irfluence of selt 2lone on the time-potentisl curves of the
elx species of sporogenic orgznisme wae determined. Concentration of
?.5, 5.0, 7.5, &8nd 10,0 per cent salt were obtained by addin~ aseptically
10 ml of £ sterile double~-etrencth sa2lt solution to 10 ml of sterile
doubtle-strensth proteose-penione broth in the oxidetion-reduction celle.
Thie was cone to minimize precipitetion of the nitrogenous constituents
of the medium at the hirh a2lt concentrestions,

The cells were incubated 2!: hours at 3000 to stabllize the potentieal
and then inoculated with i_ml of & 1-100 d1lution of £ 2L hour broth
culture, Potentizl mezsuremente were mede 2t freocuent intervals over a Lg
hour period,

The co~bined effect of s2lt rnd lectic 2cid on the time-potential

curve of Bacillus cereus wee 2leo determined. S&lt concentrations of O,

2.5, £.0, 7.5, #né 10,0 per cent were ured in proteose-peptone broth vhich

7



hed been adjusted to dE wvalues of 4.0, 5.0, 6.9, and 7.0 with lactic acid.

Fesulte and Discuesion

From the detz obtained {(Fig. TJa.b,c end d end Fig. Ba and b), the
nrincinle effect of ircrezsing the concentration of salt wes & lengsthening
of the time recuired by the orgenien to reduce the notenticsl of the
medium to 2 level at which multiplicztion of the cells could take vlesce,

For exarmle, in the czse of Bacillus cereus (Fig. 7e), microscopic examin-

ation indicated e leg phese of four hours or more in those cultures con-
teining no salt and 2,5 per cent salt, and over eight hours at 5,0 per

cent salt, The cultures contzining 7.5 per rent salt showed no indicstions
of multiplicstion for more than 2L hours and those with 10 per cent did not
grow in five days,

Fowever, in ell cesee b the time the orpgzniems had begun to
miltinly the notentisl of the medium h:d been reduced nesrly three-tenths
3f 2 volt below 3te oririnel level, These resulte sugreet that at leest
-~ part of the bacteriostatic action of sodium chloride 1= due to its
effect on the reducins enzymes of the organiems,

Althourh tre dersree of retarcdation of this notentisl drop with
trereasins s2lt eoncentrations veried coneidersbly witi: the orgenisms

sised, there wea only one e cention to the renerz! rule, Zacillus vul-

~c4us (Fi~, 7d¢) was zble to establish & lower potentisl (-0.03 volts)
in the presence of 7,F ner cent selt tren when no szlt wee added to the
mediun, Eowever, with 7.7 and 10 per cent salt, the sharp increeses in

notentiel after 16 and 2L hours respectively indicate an seccurulstion of
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Fig. 72,b,c and d. The effect of salt on the time-potential
curves of aerobic sporogenic becteria isolated from
spoiled pickle brines,
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peroxide in trte medium, This presumebly 1e due to irmmaired cetalase
activity in the hirher concentrations of salt,

When lactic zcild alone wes added to the medium, the effect of in-
creasines concentrations on tre time-potenticl curve of‘g, cereus (Fig. 9)
was very similar to the effects obtained by increasing the concentretion
of salt, When the inttiesl vE of the medium was ajusted to velues of 7.0
end 6.0 there wes verr little difference in the reducine activity of the
orgznisn, FHowever, zt nH 5,0 the potentisl Jdron was gradusl and growth
d1d not epnesr until after 48 hours., At pE L,0 there wes no decrease in
notentiel or growth,

From the resulte odbtetned with combinetions of lactic acid and salt
(F1~, 10e,b,c, and 4d), it zpoezrs that the effects obtained when these
compounds were sdfed to the medium individuelly are sdditive when both are
present, For examle, E. cereur grev 2t pH 6,0 (Fig. 10b) when no salt
was present and at & concentration of 7.5 per cent salt when the pH of
tve medium was 7.0 (Fir. 10e), Fowever, this oreenliem did not grow in
the presence of 7.5 per cent ezlt when the medium wae adjusted to pE 6.0
with lectic acid,

In reneral, these results indicete thrt tle salt tolerence of this
orsenism decrezses with increasing concentrations of lactic aecid.

L, The influence of the oxidatinn-reductior potential of the
medfum on the sensitivity o7 spore-forrers to galt.

The swimose of this study wes to determine whether the tolerance
of epore~formers to salt could be ch¢nced bv alterins the potentiael of

the medium in whiech threy were rFrovm. 3Bzcillus cereus was selected for the
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Firz. 9. The effect of lactic acid on the time-potential curves

of B, cereus,
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nreliminary studlies since it wes the predominent orgenism found in the
brines., It wzs previously observed thet the minimum potentiel attained
by this orgenism in broth was avproximetely -0,100 volt and that active
proliferation of the celles did not occur until the potentisl of the
medium hrd been consideradly reduced, For these reasons, zttempis were
mede to reduce the potential to that limiting value. The use of reducing
egents such se sodium sulfite 54 not prove successful since the concen-
trations recuired were too hish and the potentiecl attained with these
substences wes easily altered by Jjarrins the tubes, Indigo carmine in a
concentretion of 1,3 X 10'!“ molsr only slightly reduced the medium as 4id
reducinr sursears such £8 pglucore, However, & combination of the "poising"
effect of the dye and the redncing retion of 1 per cent slucoce produced
o setisfactory potentizl of =0.10u volts at 3000.

In order to stud; the ef ect of potentials considerably lower then
the 1imitings notential of t e orgontsm, & thioglycollaete medium prepeared
by the Baltimore Blolo~icel Laboretorr was used, At 70°C this medium had
a potentisl of -0,204 volte,

The sensitivity of the six different epecies of bacilli to salt
et hirsh 2nd low potentisle were compared in both nutrient broth and cu-
cunber extract,

Results and Discuesion

The influence of the oxidstion-reduction potential of the medium
on the salt sensitivity of B. cereus is sho'mn in Tadle &, In ordinary

nutrient broth (Eh = $0.28% volts) thif organism grew in szlt concentra-




Tetle 3, The effect of the oxidetion-recuction notential of the mediur on thre
seneitivity of B, cereus to sodiun chloride.

Per cent Medfum A Medium B Mediun C Medium D Medium E
NeC2
0 + + + + +
) + + + + +
2 + + * + +
2 + + + r +
L + * + + +
5 + + + + +
6 + + + + +
7 + + + + -
g + + + + -
9 + + + + -
G 10 - - + +
11 - - + + -
12 - - + + -
13 - - ‘ + -
14 - - + + ~
185 - - - - -
16 - - - - -
17 - - - - -
18 - - - - -

Nediw: A = Nutrient dbroth (B, = $0,288v)

Mediun B = Nutrient broth & 1 per cent glucose (B = 40,208v)

Medfum € = Nutrient broth ¢ 1,€ X 10~l indigo cermine (B = 40.278v)

Medium D = Nutrient broth + 1 per cent plucose ¢ 1,2 X 10~Y4 moler indigo
carmine (B, = -0,10Lv)

Medium E = thioglycollate medium (B, = -0,20kv),




tions up to &nd incluc’ngs 9 pe: cent., Reduction of the potentizl of this
medium to & value of 40,202 volts with 1 ner cent glucose had no effect,
Eovever, when indigo carmine elone (B = 40,278 volts) or in combination
with 1 per cent glucose (B, = =0.10L volts) was asdded to the medium, it
wag found thet the salt tolerance of this orgenism wes increased to 14
per cent., When B. cereus was grown in the thioglycollete medium, growth
we~ not atteined in salt concentrations above 6 per cent. It wes found
that in those tubes where srowth did occur, the orgenisms had raised the
potential from the initial value of -0.2C" volts to the limiting potential
of that svecles, that is, approximately «0.100 volt,

Reduction of the notentiel of nutrient broth to -0,10l volts by
the eddition of indiro earmine end rlucose tended to increase the salt
tolerance of four of the slx species tested (Teble 9), but had no effect
on the two remainins species. 3B, cereus (B-2) grew in 1Y per cent salt
2t the lower potentizl in contrast to 9 per cent in ordinary nutrient
broth. Similerly, B. mesentericus fuscus (C-1) was increassed from 1l to
16 per cent, B, vuleetus (G-8) from 10 to 16 ner cent, and B, megather
(E-1) from 10 to 1} per cent. The salt tolerance of B, subtilis (F-1)
end B. numilug (G-7), on the other hand, was not affected by the lower
notential, Both snecies rgrew up to and including G per cent salt et
bnoth high #nd low potentials,

When cucumber extract was used £s the basel medfum (Teble 1C),
several significent édifferences were noted. ‘2. cereue (3-2).‘§. subtilie

(P-1), and B, pumilus (G-7) failed to srow zbove I per cent selt aes com-
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Table 9. The effect of oxidstion-reduction potentiels on the sensitivity
of spore-formers to sodium chloride in nutrient broth,

Per cent Tyoe 1 Type 11 e III Tyoe IV eV e VI
NaCl % 5 sf- 5 56-15 { -2) %E—l’ iG-ﬂ

N
n
g (!
[~ )

A B A 3B A 3B A B A 3B A B

0 + + + 4+ + + ¢ o+ o+ o+ 4+
1 + ¢ L N + ¢ + + ¢ ¢+ 4+ 0+
2 ¢ ¢ + ¢ + ¢+ + + + + + 4+
3 + ¢+ + ¢+ + ¢+ SN B S IR .
L + + I ¢+ 'R T S T S
5 + ¢ +  + + ¢+ + + + ¥ o+ ¢
6 + + T + o+ +t O+ o+ o+ o+ o+
7 + o+ + o+ + ¢+ LR I B A
g + 4 + ¢ L I + O+ o+ o+
2 + + + + + + + + + + * +
10 - 4+ - - T PO+ - -
11 - ¢ - - ¢+ - ¢ - % -
12 - ¢+ - - - ¢ -+ - ¢ -
12 - 4 - - - 4 - o+ - - -
14 - ¢ - - - r - + - + - -
15 - = - - - + R
16 - - - - - 4 e T
17 - - - - - - - e e e e -
18 - - - - - - - - - - - -

Medium 4 = Nutrient broth, (B, = +0.288v)
Medium B = Nutrient brotk 4 1 per cent glucose ¢ 1,8 X 10"* molar
indigo carmine, (B, = -0,10lv),



Teble 10, The effect of oxidrtion-reduction notenticls on the gencitivity
of gnore-formeres to sodium chloride in cucumber extract.

el Tvoe II T™me II1 Tvoe IV Tyve V Type VI
Per cent —'1(:3-2'5' F-1) ":Ec_"ﬂ' (6-2) ‘{21:3}_ "%-73"

NeCl A B A B A B A B A B A B
0 + + +  + + o+ + + O+ o+ ok
l + + + + + + + ¢ + + +
? + + +r o+ @ 4+ L S S S §
l3 + ¢+ o+ 4 O T S
4 - - - - + + + + + + - -
5 - = - - * * + 'S » s - -
2
p) - - - - + + 0+ ¢ o+ - -
7 - - - - "I L R A
g - - - - + + o+ o+ - -
2 - - - - T S r - ¢ - -
10 - - - - + o+ O
11 - - - - + 0+ - k- o+ - -
12 - - - - -+ - + - - -
17 - - - - - s - - -
14 - - - - + - > - -

5 - - - - - + - - - - - -
16 - - - - -t - = e e e
17 - - . - - - - - - - -
18 - - - - - - - - e - -

Medium A = Cucumber extract (X, = 40,350)
Medium B = Cucumber extract 4 1 per cent glucose ¢ 1,2 X 10"h
molar indiro carmine, (B, = -C,10v),



in

Table 9, The effect of oxidztion-reduction potenticls on the sensitivity
of spore-formers to sodjum chloride in nutrient broth,

Per cent Tyoe I e II Type 111 Tyoe IV eV e V1
RaCl B-2 Ef—l’ 50-15 () EE—IS ic-ﬂ
A 3B A B A B 4 B A B A B
0 + + + o+ +r  + N T T
1 + ¢+ R ; + o+ + o+ o+ 4+
2 ¢ 4 +r 4 + + + o+ o+ o+ 4
E + ¢ + ¢+ + & I R N T e
+ + + 4 I SRR T R T S
5 + ¢ + ¢ + ¢ t ¢ o+ o+ o+ ¢
5 + ¢+ .+ +r o+ + + o+ o+ o+ 4+
7 + o+ + ¢ + ¥ L I B R
3 + o+ + ¢ L SR SR S SR S
9 + + + + ¥ + + + r + + *
10 - + - - b N
11 - ¢ - o+ - ¢ - ¢ - -
12 - ¢ - - - ¢ - ¢ - + - =~
12 - ¢ - - - 4 - ¢ - + -
14 - ¢ - - - r - o+ = * -
15 - - - - - + - - - - =
15 - - - - - ¢ + - - - -
17 - - - - - - - - -
18 - = - - - - - e e e e -

Med{um A = Yutrient broth, (B, = 40.2883v)
Medium B = Nutrient droth 4 1 per cent gluccse ¢ 1,8 X 10"4 nolar
indigo carnine, (B, = -0.,10bv),



Teble 10, The effect of o: -{dstion-reduction notenticls on the seneitivity
of £10Yr e~formers to sodium chloricde in cucumber extract.

e Type II Tne IIX Tvoe IV Tyve V Tvype V1
Per cent 53-25 !F- ) Ec-15 (6-2) iE—l; G-T

NalCl

A 3 A 3B A 3B A B A B A B

0 + + + 4 + + + + 0+ o+
1 + ¢+ + 4 + ¢ LI R B T
2 + ¢ + + ¢ + + + + + 4+ +
3 + ¢ o+ + o+ + ¢ & o+ o+ 0+
4 - - - - + ¢+ + + 4 + - -
5 - - - - N L Y A
g - - - - + & R N
7 - - - - @ + N
3 - - - - + ot r o+ o+ - -
9 - - - - T L
10 - - - - + ot e e
11 - - - - T - I
12 - - - - - * - - ¢ - =
12 - - - - * - o+ - - - -
14 - - - - - ¥ - » - - - -
5 -~ - - - - 4 - e e - - -
16 - - - - -} - e e e e -
17 - - - - - - - - e e e a
18 - - - - - - - - - - - -

Medium A = Cucumber extract (l!h = 40.750) '
Mediun E = Cucumber extrzct 4+ 1 per cent glucose ¢ 1,2 X 10'1’
molar indimo carmine, (B, = -0,10lv),



pared to 9 per cent in nutrient droth. Moreover, lowering the notential
to =0,10L4 volts hed no effect on the s2lt tolerance of these orgenisms,

B, megatherium (E-1) grew only up to % per cent salt &t the higher

potentisl but withstood 12 per cent selt a2t the reduced votentiel, The

tolerance of B, vulgetus (G-8) and B. mesentericus fuscus (C-1) to the

presence of sa2lt in cucumber extract wss likewise increased by reducing
the potentizl, 1In the case of B. vulgatus, the concentretion of salt

could be incressed from 9 to 1L per cent, while B, mesentericus fuecus

grew in 16 per cent salt at the lower potential as compered to 12 per

cent at the hicher potential,
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GENERAL DISCUSSION

The more the cucumber fermentation is studied the more comnlex it
becomes. What at firet appears to be & simple lactic 2cid fermentation
has many veriationa depending upon & variety of conditione. Upon further
conrideration this is not altogether strenge since with the cucumters
there 1s also introduced into the vate a larse number of microorgenisms
from the soil, The microflore of ttre g0l1l is extremely variegated in-
cluding species of molds, yeastis, actinomycetes, and many bacteria.
Generally spea'ting, the molds end ectinomycetes do not find conditions to
their liking end oculckly disapnear, It is the yeasts end bacteries which
nersist and which must be reckoned with,

Yeepsts such ce Debarquges end Mzcoderma abound on the surface and

yeasts guch as Torulaspora, Hansenula, and Brettenomyvces asbound in the

depths of the brine, At the beginning of the fermentetion two grouns of
becterie are dominant, the aerobic snorogenic bacteria and tke lactic
acid becteria. If only water were zdded to the cucumbers in the vats,
they would all spoil end become a putrid mushy mess within 2L to 48 hours,
However, the 2ddition of salt in amounts as low as 2,5 to 3 per cent
chenges the picture entirely. The aerobic sporogenic bacteria which are
responsible for the spoilepe are supnressed and the lactic acid bacteria
gein the unpner-hand. Ae soon as thie latter group produces lactic acid
the conditione for growth of the sporeforming spoilege bacteria become
incressingly unfavorable until ther are entirely suppressed or disspneer,
Thie ie what ueuslly heopens in the normel fermentation, otherwise the

nicktle sezlter and menufecturer would hzve to go out of business,

5O



However, there is slways the occasionsl tank thet spoils 2nd in
some years under abnormel conditions of temperature and rainfall there mey
be several ténks thet epoil for no epparent reason, In checking back over
the records there is absolutely nothinr to indicete why any of the tanks
should have snolled since they were 2ll treated similerly and were filled
with cucumbere erown in the eame resion. It was to study the possibilities
under wvhich the snhoilage bacteria (eerobic sporogenic bacteria) could grow
end multiply to the point where they could elaborate sufficient enzymes to
ceuse spollege that this work wae undertaken.

In this connection there an-eared several possibilities. First,
that since bacterionhare was mown to lyse or destroy bacterie in other
commercial fermentztiones such cs tre lactic ecid fermentation in the
cheese industry and the acetone-dbutyl alcohol fermentetion, there was the
vossibility thzt bacteriophapge might destroy or sumpresse the lactle acid
orgenisms to & point where the aerobic snorogenic spoilsge bacterie of

the B, mesentericus fuscus or E. vuleatus types migsht grow sufficiently

80 g8 t0 produce enourh pectolytic enzymes to soften the cucumbere within
a few monthe time., Since enzymes act as catalysts, semall amounts of the
vectolytic enzymee acting over 2 period of several monthe could easily
produce esoftening, It is seldom thet 2 tenk of pickles epoile within a
ehort time efter it hes been salted. Several months ere ususlly recuired
for the softening to occur.

In severzl cases of snollare of senuine dills the evidence pointed

very strongly to thies vossitility of epollapge b~ becteriophage. In one

51



case in Ceanede where seversel hundred berrels of genuine dille spoiled,
there was strong indication that becteriophage wae the cause of the
spoilepse, but due to the ape &nd acidity of thre drines this could not be
defirnitely proven, Several yeare ego snother pickle plant in Michigen

hed considersatle trouble with renuine G111 piexles when thev chenged from

g well water to lake water which wees contaminated. In this study bacterio-

vhage cepeble of lysing cultures of Lectobecillus plantarum isclated from

cucumber fermentations was found in the soil of & cucumber petch, This
indicates thet the phage is there end needs only the proper concitione to
develop,

The second nossibility to sccount for spoilage is that of entidbiotic
substances beinrs elaborsted by the serobic sporogenic spoilagre bacterie
in sufficient ocusntities to supvress or kill off the lactic acid bacteria,
In this study six species of spoilece becteria were isolated from pickle
brines and grown in several medis until they had had ample time to produce
an entiblotic substance., The filtrates were then tested for their

antibiotic pronerties zpainest Leuconostoc mesenteroides, esix species of

lectobecilll isolated from non-pickle sources and 10 straine lactobacillt

isoleted from pickle brinee, The results were clear-cut and positive.

The f1lltrates of two orgenieme, B. mesentericus fuscus end_B. vulgetus,
when rrown in & cucumber infusion, showed strong inhibiting action egainst
ell strains of lrsetobecilli isoleated from pickle brines. It is interesting
to note row muach more ective trev were in this medium then in the other

medie. Incidentelly, these were the only two orgenisms which hed the
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ability of nroducins enrzrymes ceenable of softenfns cucumbers, It would,
therefore, secem that they were capadle of acting in two weye., TFirst, they
can elaborete antibiotic substences cenable of inhibitings tre growth of
lectobec?ll! ard 2t the same time nroduce &n enzyme cepetle of softentng
the pickle,

The trhird poesibility which wes coneidered wes that of establishing
conditione in tke nickle brine fevorable for growth of the snoilage
bacteris becetuse unlecss ttrece bacteriz cean ecrow ther cennot nrocuce etther
antibiotics or pectolytic enzymes. To explore this vossibility, oxidation-
reduction potenticle were run on actively fermenting pickle brines aes well
#s on the different orgenieme icolzted from these btrines, It wes found
thet fermentines cucumber brires were activelr reducins during the first
few dave, It wee z2lso found thet the cix different snecies of snoilage
bacterie hed tre 2b1litr to substantislly reduce the potentiel of the

medium in vhickr they srew while Lectobacillus plantarum, tre orranism

mrtnly resporeille for the nictle fermentsiion, reduced the notentisl
ver—- 1ittle if =t 811, The &bility of the snollere bacterin-to reduce
the oxid-tion-reduction notentizl s sim!ficant since 1t shows thelr
8bi1litr to eetszbliel conditione fovoreble for their rro-th,

In thic conneection it is interestinr to note the influence rhich
the oxidestion-reduction motenticl of the mecium exerts on the zmount of
salt which tre snoilzre orpsnisns can tolerate, It wee clearly demon-
streted that by ertificelly reducins the mnotentiel to a velue apnroxi-

metings the lowest votential establicshed by the orgenisms, most of the
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snecies could te sro'm in carcideredly hirher concentreticns of selt,
This would indlicete thet 2t lezet m pert of the becterlostatic sction of
g2lt 1e due to its effect on the reducin~ engymes of the orpganisme, a
fact which would emmlain tre zreeter tolerznce of lectobrecilli tc salt
eince theee orr~ezniams do not re-u’re & hirhly reduced medium for pro-
1ifereticon of t:e cells,

Fvyen rore ciemificant were the etuiles of tle influence of s2lt
rnd lactle eeld on tre time-notential curves of the s»Hoilare bacterics,
Tle princiﬁle effect of increcsins tre ouentitsr of selt in tlhe medium was
to lencthen the time re-~uired byr the orgerisme to reduce the notential
of trhe medium to & level et ~ick maltinlication of the bactericsl cells
coulé tz'we plree, In oitrer worde, the aifition of selt increcsed the leg

nhece of thre orpgentsm, TFor exermle, vhen E, cereue wes srovm ir nedisa

esnteinine etther no salt or 2.7 ner cent selt, there wvas ¢ lag vhese of
eonroximately four houre tefore the celle etarted to nroliferzste, How-
ever, vhen the cencentretion of selt wee ‘nereseed to 5 ver cent there

wee & lar phecee of snnroximetely efrsht houre, Thus, fn thi= narticuler

el

‘netance £ twofold inc

'3

ecege 1n srlt resmnlted In 2 doutline of the leg
ﬁhasé ard £t hirher eelt concentrztions the leg phese veae rrectly length-
eneéd. Tor ene-mle, in the »resence of 7,5 per cent selt, the celle did
no%t bepin to multinly for more then P hours and hed not srovm =t the end
of five drre in the nresence of 10 ner cent selt,

Whern lactic recid wae added to tre medium in the presence of

baal
ciffarent conecentretionc o ernlt, tre effect wees acditive, For exemnle,

-4

ereue prew ot ol 5,C without salt en’ 2t 7.5 ner cent selt et nE 7.0,

Sl

y




but would not prow a2t »nE 6,0 end 7.7 ver cent salt. This showe thet the
selt tolerznce of this orgenier decreesee with increzsings amounte of =zcid,
Trece results indicete verr clezarlr the role thet sodium chloride and

lectic ecid »nler in tre cucumber fermentestion,
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SUMMARY

Bacteriophere races which lrysed Lactobecillus nlantarum cultures

weg isolzted from the soll where cucumters hzd ~rovn Mt not from weter
or from genuine d!ll »nickle brines in wich spollase had occurred six to
efrkt months previously,

Aerobie sporogenic bacteris cormonly found in the e=0il end in
fermentine cucumter vzts sre cepesbvle of producin~ antibiotic substances

which erectly 4nhibit tre ~rowth of Lactobecillus vnlenterun, the orgaxrism

chiefly resmoneidble for the fermentation of cucumters,

Breillus mesentericus fuseus and Bzcillus vulpetus, the two

snecies cancble of nroducines substanees entagonistic to Lactobecillue

nlentzrum in £ cucumber infusion, are zlso gble to elaborate pectin-
hydrolyzins, enzymes whict ere resvonsitle for tle softening of cucumber
nickles,

All =4 speclec of eerctic sporogenic becteriz isolated from
snoiled picl-le bLrines reduced the ox!dstion-reduction notentisl of the
~edtivr to ¢ considerszile derrec while the lactobccilli hed little or no
effect on the I,

Increesin~ the sodiun chloride content of the medium tended to
tnerecee the time recuired by the orpgoniems to reduce tl:e notentisl of
the mediurm to ¢ level 2t wrich multinlicaotiorn of thre cells could takte
nlece. .

"Men lactic zcid was added to tre medium the effect was similer

to thet obtained when erlt alone was uced but +ren lsctic ecic and sodium



chloride were 2dded conjointly these effects were additive, thue indicectine
thet the selt tolersnce of these orgarnisms decreeses with increzsins con-
centrations of lectic recid.

Moet of the enoilare orgenisme could te Induced to rrow in
sirnificantly hicher concentretions of salt if the oxide tion~reduction
potentizl of tte medium was artificielly reduced to the minimum level

established by the orgenisms during normal erowth,
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