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Introduction

Ropy or slimy fermentation is frecuently en-
countered in certain industries, It occurs rore
commonly in the dairy and sugar industries, Investi-
gators who have studied the cause of the ropiness
have reported it as being due to certain bacteria,
During the course of studies on cucumber fermentation,
a great many samples of brine from both dill and salt
pickles have been received for examination, The
vickle packers from whom the samples were received were
at a loss to understand the cause of the ropiness and
asked for assistance in helping to determine the cause
and, if possitle, definite recommendations for its pre-
vention, In view of these facts, a studv was made to
determine the cause of ropy brine and possible means

for its control,

Review of the Literature

Stark and Foter (1931), investizating roriness
in milk, studied the reactions of bacteria isolated
from various sources, and grouped them into seven
classes; (1) A rod, gram negative, gas producing, and
which curdles milk; (2) A rod, gram necetive, gas pro-

ducing, and which does not curdle milk. This bacterium
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produces sliminess only in the presence of a sugar
which is fermentable, (3) A coccus, gram positive,
fermenting ncne of the sugars used, causing milk to
have an alkaline reaction, and which, at 27°c., gives
rise to organisms vhich appear to te recds, (4) A coccus,
gram positive, digests milk et room temperature, at
48°C, procuced en acid curd, and vhich reduces the

litmus of litmus milk, (5) A Starvhrlococcus, gram

positive, fermenting glucose, sucrose, and lactose, with
no gas formation, This orzenism slso will procduce c£lim-
inecs only vhen a sugar, vhich is fermentatle, is yresent,

(6) A Staphylococcus, gram positive, and vhich vill fer-

ment only glucose, (7) A coccus, gram positive, and no
cther noted charzcteristics,
Hammer (1928), is of the opinion that Facterium

vicscosum and organisms of the Ischerichia-Aerobacter

group ere the tvo principal causes of ropiness in milk

in the United States. Eacterium viscosum has teen isolated

C

from ropy milk reny times, The organism pcscesses a large
capsule and produces a slovw acid change in the nilk,
Adametz, who is thought to be the first one to isolate
this organisn, obtained it from water, Surfece waters

are thought to e an important source of this organism

and difficulties with ropniness have been knovn to follow
the flooding ¢f pasturszs lands, Tacteria of the

Tsererichia-Aerohecter class have been isoloted frem




numerous cases in the United States. Ropiness in
this instance also is due to capsule production,and
acid procuction is not considered of paramount impor-
tance,

Ropiness has been observed in conjunction with
acid production, The important members of this group

are Streptococcus lactis, Lactobacillus casei, and

Lactobacillus bulgaricus, With organisms producing
lactic acid, ropiness can be observed when the acid
reaction of the medium is still low, With an increase
in acidity, there is a corresponding decrease in ropi-
ness, The ropinees in this care is thought to be not
so much due to the presence of capsules as to the
relative numbers of organisms per cubic centimeter,
RBuchanan and Hammer (1915) report the incidence

of ropiness in cream when Bacterium visco-symbioticum

was grown in the presence of certain strains of

Streptococcus lzctis, “hen grown together, a lower

acidity was exhibited and a greater number of orcanisms
resulted than from pure cultures of either organism,
Again in this occurrence the ropy condition is explained
by the large number of organisms present,

Organisms of the Leuconostoc group were reported

as forming slime in syrups which were to be converted
into sugar, Slime occurred in the syrups in large

masses, Thece globular masses, upon microscopic
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examination, proved to te clumps of organisms en-
closed by individual capsules, Zettnow (1907),
reported a characteristic slimy, opeacue growth of

Leuconostoc cultures inoculated into a sucrose

gelatin medium, DPeijerinck, accordinz to Wucker and
Federson (1931), observed these same characteristics

while studying l.actococcus dextranicus and reported

that the slime was a dextran, Crla-’ensen, sccording
to Eucker and Pederson (1931), found that some memters

of ris Retacoccus group, isolated from slimy susar

solutions, produced a slimy growth in sucrose gelatin,

Fucker and Federson (1931) note that Teuconostoc ob-

tained from vegetables produced slimy growth in two or
three days under optimum ceonditions, especially those
strains which were obtained from sauerkraut,

Federson (1931) says: "Slimy or ropy kraut, al-
though not common, may at times prove to be very annoy-

ing, ¢Sliminess is ordinarily caused by certain strains

of Lactobacillus cucumeris or Jactobacillus plantarum,
the non-gas-producing rods, They grow very rapidly,
especially vhen the temperature is raised, and become
enveloped within a slimy material which causes the
organisms to adhere to each other, The kraut may some-
times become normal after further curing,"

Different organisms ferment glucose to a gummy

sutstance called dextran, The dextran is one of the
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substances found in the cepsule surrounding the
organism and is considered a secondary product of
fermentation, Some of the organisms producing this

viscous fermentation are ILeuconostoc mesenterioces

and Bacterium pediculatum, Bacteria producing dextran

have an optimum temperature range of from 30-35°C,,
and growth is best when no air is present, Dextrans
are the cause of ropiness in wine and "frog-spawn" in
sugér factories,

In sugar factories, a common observance is the
conversion of sucrose into dextran, The organism
studied most in connection with the formation of dextran

is Leuconostoc mesenteroides,

Teuconostoc and other dextran producers first

invert the sucrose into d-glucose and d-fructose,later
forming the polysaccharide, dextran, Dextran is a
part of the slimy capsule of the organism, Bacterium

pediculatum (A, Koch and Hosaeus) acts in a manner

analogous to the Leuconostoc in the syrup of sugar

factories, This organism also possesses a slimy cap-
sule,

Micrococcus gzelatigenosus, Facillus gurmosus,

Racterium gummosum, and other produce dextran from

sucrose and not from glucose, Most of these bacterie
secrete invertase and it is thought that the sucrose

in this instance also is first inverted, The acticn of
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bacteria in forming gum from sucrose and not from
glucose is explained by the fact that the glucose
can only be fermented in its nascent state,

The gum produced by orgenisms during viscous
fermentation is not always dextran, Levulan may also

form the slimy product,

Method

Samples of ropy or slimy brine were plated on
yeast extract agar and incubated for forty-eight hours
at 370C., At the end of this time, representative
colonies were fished from the plates to yeast extract
agar slants, These cultures were purified by repeated
platings on yveast extract agar and typical colonies
transferred to slants of the same medium, Two sets of
cultures representing a total of thirteen different
organisms were isolated in this manner from four
sariples of rory trine received at different times from
Michigan and Visconsin, The analyses of the ssmples
are given in table 4, The morphological, culturel,and
physiological characteristics of these organisms vere
studied in detail,

In order to determine the chemical and physical
factors which were responsitle for, or which induced

the ropy condition found in the cucumber brines, the



S

following experiments were conducted, The first
group of organisms isolated was subjected to varying
concentrations of salt ranging from 0 per cent to

15 per cent, Triplicate sets of nutrient troth con-
taining 0, 2,5, &5, 7,5, 10, 12,5 and 15 per cent NaCl
were made and inoculated with cultures 7, 77, T17I, IV,
VvV, VI, and VIJ7, They were then incubated at temp-
eratures of 15, 20 and 37°C, (3ee table 1,) The ssame
group of organisms was then inoculated into a 5 per
cent solution of plain Ytroth adjusted to pH values
ranzing from 1-12, and incubated at a temperature of
37¢c, (See table 2,)

Tor the second group of organisms, & slightly
different procedure was followed, Instead of nutrient
broth, pickle brine was used, Triplicazte sets of
brine were made so that it contained 5,3, 7,95, 10,6,
and 135,25 per cent YaCl which corresponds to 20, 30,
40 and 50° salometer respectively, Tach salt concen-
tration was adjusted to a pF of 4, 5, 6, 7, and 8,
mach set of brine was then inoculated with the diff-
erent organisms and incubated at temperatures of 7,

20 and 370C, respectively. (3eec table 3,)

Results

The cultures isolated from the various brines

may be divided into two different groups on the basis
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of their fermentation reactions, The organisms
plsced in “roup T were encapsulated rods which did
not ferment any cf the cartohydrates tested. They
inclucde cultures I to VII inclusive, They grew in
all concentrations cf aCl tested and at the three
temperatures at which they were incubvated, At tem-
peratures of 20 snd 3700. all cultures, except I and
VII, procuced ropiness in the broth in all salt con-
centrations, At a temperature of 15°C, all cultures,
except VII, procduced ropiness in the broth in e2ll salt
concentrations, (See table 1,)

hen the same cultures were inoculated in nu-
trient broth containing five per cent 'aCl which wes
adjusted to pH valucs ranging from 1 to 12, ropiness
did not appear in anyv broth below n¥ 5, At this low
pF a slight amount of ropiness was produced by all the
cultures, Cultures II end JJJT procuced more than the
others, Rovniness was most ztuncant from pF 6 to 9,

At pH's bevond S roviness was reduced or zbsent due to
the inability of the organisms to grow at these high
pH's. (See table 2,)

The organisms in Group JI were rods which fer-
mented many of the carbohydrates tested., (See takble E,)
They comprice cultures VIJI to XZITI inclusive, At a
temperature of 79C,, none of the cultures, except VITI

and XTTT -S produced any ropiness below a pF of 5,
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Cultures VITI and XJJI-S procduced ropiness at a pF

of 4 but only vhen the percentage of aCl was below
10,6 (40° salometer,) No ropiness was evident vhen
a high acidity was used in combination with a high

salt concentration,

Tinen the incubation temperature was raised to
20°c,, culture X was the only one that produced ropi-
ness at a pH of 4, FHKowever, when the salt concentra-
tion was raised to 12,25 per cent (50° salometer)
culture X no longer produced ropiness, Cultures VIII,
IX and X showed abundant ropiness at 20°C, at pH 5, 6,
7 and 8 vhen the salt concentration was relatively
low, 5,2 per cent (20° salometer),

¥o culture procuced ropiness at 370C, in a brine
adjusted to pH 4 with the exception of culture X, This
organism produced ropiness in brine at pH 4 containing
7.95 per cent (30° salometer) NaCll, but an increase of
YaCl to 10,6 per cent (409 galometer) eliminated this

condition,
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Table 2 showing influence of pH on ropiness

in & five per cent brine at 37°C.

pH
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L doubtful ropiness

+ perceptible ropiness
++ moderate ropiness

+++ fairly sbundant ropiness
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Teble 4 showing anulysis of samples of

ropy brine from which bacteria were isoleted.

Sample No.| pH Per Cent Per Cent Salometei
Acetic Acid| Iactic Acid
Not J
1 4,2 067 1.1 Sufficien
Not
2 5,8 0.1 0,025 Sufficien
3 4,7 Qe Vo4 18
4 5.4 0.2 0.2 16
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Influence of Yew Brine on Ropiness

In order to study the influence of new brine on
roriness under more nearly nstural conc¢itions, eix
cubic centimeters of brine from each sample of ropy
brine were inoculated into 120 c,c. of §,3 rer cent
(20° ealomater) brine, The inocvlated flasks vere
then placed et temperatures of 4, 20 and 37°C, (See
Fizures 1 to 8), One set of flasks wag incubated at
4°c, for three weeks and then incubated at 27°c, for
three more weeks, A duplicate set of inoculated flacsks
was incutated at 2090, for six weeks, The 7V cof both
gets was edjusted to 7,2, The ¥ of the flasks was
determined each weelk,

“hen the flasks were incubeted at 40C,, the ¥
of the brine slowly decreased at this temperature in-
diecating that there was a growth of acid producing
bacteria, Vowever, vhen the flasks were incubated at
379C,, there wes an increase in p¥H for the first veek,
efter vbich time there wes a decrease and then an in-
creage again of the p¥, The interesting thing is that
ropiness did nct appear gt either the low or hirch tem-
peratures,

At a temrersture of 2007., the p' of the brine
followed the same general trend ee for the lcw and

righ terr‘per.qtures. ™ere wzs & decrense followed by

D4
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an incremse then a decrease of the pF, The I of
course simply reflects the activity of the cifferent
types of bacteria present, At 20°C., no roriness wos
observed,

This series of experiments explsins whyv ropiness
vractically always disappears when a pickle packer
changes the brine cn a ropy tenk of pickles, Tt would
appear that the bacteria causing ropiness do not adapt
themselves readily to changes in environment; so that
when new brine is added, the acid preducingz bacteria,
being more readily adaptatle, gain:.the ascendency, The
fact that ropiness did not appear indicates thet thre
bacteria causing ropiness remained in the minority

throughout the duration of these experiments,

Influence of Dissociation on Roriness

In order to studv the influence of c¢issociation
on ropiness, the smooth form of two cultures, XIJ and
X171, were dissociated into the rough form by rapid
transfer in lithium chloride broth for a period of
two weeks, At the end of this time, cultures plated
on nutrient agar produced typical rough colcnies wvith
filamentous edges, These rough cultures were then
inoculated into trine adjucsted to different pI"'s and

containing varying percentages of Manl, They viere



incuktated at temperatures of 7, 20, and 37°C, (See
table 3),

A comparison of the srmooth and rou:ch cultures
of XIT and XIIT incubated in brine uncer ihe same
conditions, shows that the smooth form of the cultures
produced ropiness much nore readily than did the rough
cultures, In fact culture ¥7I-R, i,e. the rough form
of culture ¥IT, nroduced no roriness in any of the
brines while the smooth form of XJT procuced ropiness
at the lower salt concentrations, In the case of
culture XJII, there vwas not such a marked difference
between the smooth and rough form of the cultures,
but the smooth form produced more ropiness, than the
rough form,

"he rough forms of the cultures were not very
stable and readily reverted to the smooth form, It is
evident that dissociation does not play an important

part in producing roniness in cucumber brine,
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Description of Cultures

I

Rods: O0,7-1 llicron, otile, Gram-negative,
“ncapsulated, Yo sporeé.

Gelatin stab: Yo licuefaction,

Agar colcnies: Smooth, entire, indistinct,

Ager slants: Slight, wvhite, filiform,

Proth: Yo growth,

Iitmus milks TUnchanged,

Fotato: Yo growth,

Indol not formed,

itrates reduced to nitrites,

Sugar reactions: See table &,

Starch not hydrolyzed,

Amrionia not formed,

Yeast extract agar slant: Dull, slight growth,
smooth, grayish,

st not formed,
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0,5-0,7 bv 1 micrcne, lotile, Gram-negative,

d
o)
o,
)
(X}

Tncarpsulated, 1To spores,

Geletin stab: Saccate liquefaction,

Agar colonies: Gmooth, entire, slightly raised,

Azar slant: 1iloderate, grayvish, glistening, slimy,
filiform,

Broth: Tellicle with no sediment,

Litmus milk: Rennet curd, peptonization,reduction
of litmus, and alkaline in reaction,

Fotato: Spreading;, grayish, thick,

Indol not formed,

Yitrates reduced to nitrites,

3uzar reacticns: See table 5,

Starch hydrolvzed,

Ammonia formecd,

Veast extract agar slants Glistening, luxuriant,
slimy, &ancé grayish,

H23 not formed,
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Rods: 0,7 by 1 microns., llotile, CGram-negative,
“ncapsulated, o spores,

Gelatin stab: Crateriform to stratiform licue-
faction,

Agar colonies: Smooth, lobate, convex,

Agar slant: loderate, grayish, filiform, glisten-
ing, slimy,

Broth: Pellicle with no sediment,

Litmus milk: Rennet curd,peptonization, reduction
of litmus, anc alkaline in reaction,

Potato: Spreading, yellovi to gray, slightly slinmy,

Indol not formed,

Titrates reduced to nitrites,

Sugar reactions: See teble o,

Starch hydro;yzed.

Ammonia formed,

Yeast extract agar slant: Glistening, luxurient,
grayish, slimy,

st not formed,
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Rods: 0,5 by 1 microns, lotile, Gram-negative,
“ncapsulated, Yo spores,

Gelatin stabs Stratiform liquefaction,

Agar colonies: Smooth, entire, convex,

Agar slant: I'oderate, grayish, filiform, glisten-
ing, slimy,

Broths ©Pellicle with a viscid sediment,

Litmus milk: Reduction of litmus, peptonization,
and alkaline in reaction,

Potatos Spreading, cream colored, slightly slimy,

Indol not formed,

Nitrates reduced to nitrites,

Sugar reactions: See table 5,

Starch hydrolyzed,

Ammonia formed,

Yeast éxtract agar slant: Glistening, luxuriant,
slimy, grayish,

st not formed,



v

Rods: 0,5 by 1 microns. lotile, Gram-negative,
Fncapsulated, NXNo spores,

Gelatin stab: Stratiform to saccate licuefaction,

Agar colonies: Smooth, entire, convex,

Agar slant: loderate, gray to buff color, glisten-
ing, raised, filiform, undulate borcer,
elimy,

Broth: Pellicle with no sediment,

Litmus milk: Rennet curd, peptonization, reduction
of litmue, and alkaline in reaction,

Potato: Spreading, yellow to grey, slightly slimy,

Indol not formed,

Yitrates reduced to nitrites,

Sugar reactions: See table 5,

Starch hyvdrolyzed,

Ammonia formed,

VYeast extract agar .slant: Glistening

[} Slimy,
luxuriant, grayish,

st not formed,
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T

nods: 0,7 by 1 micreng, ifotile, Cram-negetive,
Tncaysulateq Yo epores,

Nnelatin stab: Stratiform liouvefecticn,

Agar colenies: Smooth, entire, convex,

Acar slante: I7oderate, greayich, zlistening,
filifornm, selimy,

Rroth: Yo pellicle, viscic sediment,

Litmus milks TNeduction of litmus, rennet curd,

reptonization, and alkaline in reacticon,

Totato: T™iliform, cream colored, s=lizhtly slimy,

Tndol not formed,

Titrates rednuced to nitrites,

Sugaer reecticns: Sce table ©,

Starch hydrolyrzed,

Armonia formed,

Yeast extract =z3ar slant: Glistening, slipy,
luwruriant, grarish,

HQS not formed,



VII

I.ods: 1,0 vy 2,1 microns, XNon-motile, rem-negstive,
“ncapsulated, Yo spores,

Nelatin stob, Stratiform to eaccate liauefaction,

Acar coleniess Nouch, curled, slightly reiced,

Azer slant: Abundent, white, spreacdinc, glistening,
echhinulate, butyrous,

Iroth: Yo pellicle, flaky sediment,

Litmus milk: Dennet curd, rediction of litmus, end
=lizhtly ~reid in reactiom,

Totatc: “rayr, spreadins, thick, sliny,

Indol not formed,

Yitrztes rednced to nitrites,

Starch hydrolyzed,

Arronia formed,

Veast extrect agar slents Glistenins, greyish, slizsht
growtn,

P?S not fermed,
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VITT

nods: C,5 by 1,5 micrens, Motile, “rem-neg

(g}
W)
t
(W8
<
[v]

L)

Tncarsuleted, 1Mo spores,

Gelatin stab: Stratiform licuefacticn,

Aszar cclonies: Smooth, eli- htly notched,=li bhtly
raised,

Azar slant: 1lloderate, grayish, clistening,

echinulate, butyrous, elightly rugose,

‘1

roth: Tellicle, viscid sediment,

Litmus milk:s Tieanet curd, reduction of litnus,
veptonization ané acid in reaction,

FTo*etc: Scanty, browvn tc grey, filiforr,

Tndel net formed,

*itrates reduced to nitrites,

Surar reactions: See tatle 5,

Ctarch not hwvdrolyzed,

timrenia formed,

Veest extract agar slant: nTusose-membranots, cull,

luxurient, gr=ayish,

.S not formed,
9]
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Tods: 0,7 by 2.1 micrens, Iotile, SGram-negsative,
Tncapsulsted, Yo spores,

felatin stabe Stratiform licuefaction,

Azar coloniess Smooth, lobate, convex,

Azar slant: I"oderete, zrayvish, glistening,slichtly
ruzcse, echinuleate, tutyrous,

Proth: DTellicle, no cediment,

Litmues milxes Teduction of litmus, peptonization,
rennet curd, and eacid in reaction,

Potato: Scanty, brown, filiform,

Indol net formed,

Mitrates slightly recuced to nitrites,

cugar reactionss See table 5,

Starch not hydrolyzed,

Armonia formed,

Yeast extract azgar slant: DIugose-membrancus, dull,
luxurient, grayish,

st not formed,
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X

Lods: 0,5 by 1.5 microns, 1otile, Crar-negative,
mncapsvlated, 1o spores,

~relatin stabs Stretiform licuefaction,

Azar colonies: Smooth, entire, convex,

Aczar slant: l7oderate, grarish, filiform, glistening,
tutyrous,

Rroths Pellicle,granular seciment,

Litrmes milke Reducticn of litmus, rennet curd,
peptonization, and scid in reaction,

Potato: Scanty, vellov to Yrowvn, filiforr,

Tndol not forrmed,

Yitrates slightly reducec to nitrites,

Suzar reactions: See talle £,

Starch not hvdérolvzed,

Amrmonia fornmed,

Yeast extract azar slent: Rugoce-membranous, dull,
luxurient, grevish,

HES not formed,



X

Rodss: 0,7 by 1,5 microns, ilotile, Gram-negative,
Wo caprule, Yo spores,

Telatin stak: Saccate liquefaction,

Asar coloniess Smooth ana raicsed,

Agar slant: MMcéerate, grayish, filiform, glistening,
butyrous, slightly rugose,

Broth:s Tellicle, s8ligcht flaky sediment,

Litmus milk: Rennet curca, peptonization, reduction.
of litrms, and neutral in reaction,

Potato: Scanty, brovm to gray, filiform, butyrous,

Indol not formed,

¥Vitrates reduced to nitrites,

Sugar reactions: See tatle 5,

Starch not hydrolyzed,

Ammonia formed,

Yeast extract agar slant: PRugose-memtranous, cull,
‘luxuriant, grayish,

HZS not formed,
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X1

Rods: 1,0 vv 2,0-2,% microns, 1llotile, Gram-negative,
o capsule, o spores,

Gelatin stabs Saccate licuefaction,

Agar colonies: Rough, curled, flat,

Azar slant: Abundant, cretaceous, glistening, spread-
ing, butyrous,

Broth: ©Pellicle, flaky sediment,

Litmus milks Rennet curd, peptonization, reduction of
litmus, and alkeline in reaction,

Potato: Abundant, spreading, cream colored, thick,
butyrous,

Indol not formed,

Nitrates reduced to nitrites,

Sugar reactions: See tatle 5,

Starch hydrolyzed,

Ammonia formed,

Yeast extract agar slant: ©Dull, luxuriant, dirty
gray, butyrous,

HES not formed,
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YIIT

Reds: 1,0 vy £2,0-2,F microcns, Iotile, Aram-regative,
Yo capsule, Yo spores,

Gelatin stal: Saccate licuefaction,

Azar coleniess Rough, cuvrled, flat,

Acar s=lant: Abundant, cretaceous, zlistening, spread-
inz, butyrous,

Rreth: Tellicle, Tlaky sediment,

ILitmme milke Tennet curd, pertonization, reducticn of
litm:e gnd alksalire in reaction,

Dotetos Abundant, svresading, creem cclered, thick,
butyrous,

Indel not formed,

Yitrates recduced to nitrites,

3ugar reactionss See teble £,

Starch not hvérelyzed,

Armonia formed,

Yeast extract azer slent: Tull, luxvrisnt, dirty
grasy, butyrous,

H?S not formed,

7
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Table 5 showing fermentation reactions of the
organisms isolated from ropy brine,
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Classification of Organisms

The identification of the orgenisms isolated
presented an exceedingly complex problem, Variations
in cultural characteristics prevented any definite
conclusions,

Group I, comprising cultures which did not ferment
any of the carbohydrates tested, offered many possi-

bilities, The genus Achromobacter most nearly coin-

cided with characteristics obtained from the cultures
used in this experiment, It was thousht that some plent
pathogen misht be responsitle for the ropiness, parti-

cularly the genus Thytomones, Similarities were noted

but nothing that warranted placing them in this group.
One pos«itility remains ancd thzt is the organisms iso=-
lated were involution forms which co not conform to the
characterictics, u=sually associated with this gzroup,

Group TT offered numerous variations such as to
make identification impossille. Here again the possi-
bility remains that involution forms are being studied,
If such, it may be that the organisms belong to the

genus T.euconostoc, The ILeuconostoc, normally c¢f coccus

shape, are knowvn to exist as involutionary rods,

Tt is also known that there exists in scil a la ge
group of bacteria having rmany characteristics, comron to
the plant pathogens tut vlrich are not plant psthogens,It
is most likely that this group of bacteria fall into this

classification,



Discussion

It is apparent from thig study that there
are two distinect groups of bacteria which are capable
cf cansinc repiness in cucurbter brine, “rcup I com-
prisinz cultures I to VIT inclusive ere short, en-
capculated, grem negative, motile (culture VIT ncn-
nctile) reods which do not ferment any of the carbo-
hrrdretes tested; and “rouvp 7T compriciniz cultures VIIT
to X717 vrich 2re medium sized, sram nezatvive, motile
rods, Cultures VITI, IX and X of ithis group ~re en-
capsulated vhile cultures XI, XII and 7IIT hsve no
capsules uncer ordinsry conditions of grewth, The
members of CGrcup II ferment many of the carbohydrates
tested,

Desnite the mornhological, cultural, and physio-
logical differences betveen the tvo groups @nd tetveen
the cdifferent cultures in the same group it is obvious
that when certain physical ana chemical conditions are
prresent in the brine, ropiness occurs, The three
conditions which have been studied are acidity, salinity,
and temperature, It is apparent from the results ob-
tained trnat reopiness does not occur in & brine vith a
real hich or real low p¥, The minimum p¥ is € and the
maryirum ¢ in the majority of cases, vhile the optimum
is hetween 7 ond €, The =ijnificart fact is thet

roriness ocenrrad in trine with a low 2c¢id content,



™he influence ¢f salinity ¢n rcpiness is
also evident from these experiments, Ropiness
occurs most frecuently in all the cultures at the
low salt concentrztions, As the salt concentration
is increased, ropiness disappears, For example in
brine containing 12.25 per cent salt (500 salometer)
there are only a very few instances when ropiness is
found, 7Tt should also te noted that where it does
occur at this salinity, the pH is always high, i, e.
there is no acid present, Fabian, Fryan, and Xtchells
(1932) have called attention to the relationship be-
tween high acicity and salinity and its value in
suppressing undesirable types of bacteria during
fermentation of cucumbers, They had in mind the
suppression of bacteria causing softening of the
cucumbers during curing, Fowever, it has been shown
in these experiments that it is equally valuable in
controlling ropiness,

Whenever ropiness appears in a tank of fermenting
pickles, many pickle packers immediately draw off the
brine and replace it with fresh brine, The experiments
reported here show that when ropy brine is diluted with
fresh brine that the ropiness éid not reappear, However,
they also show that there is a better way of getting
rid of the ropiness than this,and that is by increasing

the salt concentration, If when the brine on a tank of
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pickles becomes rooy, the salt concentration is in-
creased at a more rapid rate than normsl then the
ropiness will disapgear inside of two or three days,
This would te better than drawing off the rcpy brine

end replacing it with new trine since this is expen-
sive and troublesome; tut what is still more imgportant
the discarded brine contains considerable food materisls
which are important for a successful fermentation of

the cucumters,

The influence of temperature on ropiness is also
evident, Ropiness is more common at the higher then
at the lower temceratures, The bacteria causing ropi-
ness grow better at higher than at lower temperstures,
This would indicate that during the cucumber season if
the weather should be exceptionally hot, we might
expect to experience more trouble with ropy brine than
in normal weather,

The conditions which would be hizhly favorable
for ropy trine in a tank of pickles would be when the
cucumbers were first put in a tank before active fer-
mentation had started, If during this time the weather
were hot, the three principal factors responsitle for
ropiness would be present, viz,, low acidity, low
salinity, snd a high tempersture, There are doubtless
other conditions which are favorabtle and other factors
vhich are responsitle for ropy brine but these three

appeer outstanding,



Summary and Conclusions

Trhirteen cultures of bacteria were isolated
from four samples of ropy brine received frcm
Michigan and Wisconsin, They were divided into two
different grours on the basis of their morphological,
cultural, and physiological characteristics,

Group J, comprising seven cultures, consisted
of bacteria which vere short, motile (except culture
VII which was non-motile), grem negative, encapsulated
rods vhich did not ferment any of the carbohydrates
tested, Group IT, comprising six cultures, consisted
of bacterias which were motile, grem negative rods
somewhat longer than those of Group I, Three members
of this group were encapsulated,

A study was made of the optimum conditions for
the production of ropiness vwvhen these thirteen cultures
were inoculated into cucumber brine, The three condi-
tions studied were acidity, salinity, and temperature,
It was found that the cultures produced the greatest
emount of ropiness in & brine having a low acidity and
a low salinity, The amount of roriness likewise in-
creased with a rise in temperature,

The influence of dissociation on ropiness was
studied, The rough form of the tvo orgsnisms studied
procduced little or no ropiness compared to the smooth

form,



A study was made of the influence of temperature
on the procduction of ropiness in brine vhen inoculated
with ropy brine containing a mixed culture of bacteria,

This study elucidates many points which help to
explain the cause of ropy brine frequently encountered
in industry and should be of value in controlling this

condition,
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Photomicrograph showing encapsulated

Figure 11.

450 X

forms of organisms isolated,
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