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Microbiological analyses of cucumbers fermented in cooperation 

with an industry pickle plant were performed to determine the major 

causes of bloating.    All tanks examined underwent typical lactic acid 

fermentations.    After two days of fermentation the lactic acid bacteria 

g 
increased in number to 1 0   /ml while yeasts and coliforms decreased 

in number within four days to less than 100/ml.    High lactic acid 

bacterial counts persisted throughout all fermentations and at no time 

did the yeast and/or coliform populations reappear. 

Strains of Lactobacillus b re vis and Leuconostoc mesenteroides, 

both heterofermentative organisms,   were isolated as possible causa- 

tive agents of bloating.    However,  bloating was not severe.    Forty- 

five percent of the cucumbers examined after fermentation did not 

bloat,   forty-six percent bloated slightly and only two percent exhibited 



moderate or advanced signs of bloating. 

An effective method of reducing numbers of bloaters is controlled 

fermentation using LactobaciUus plantarum as the inoculum.    Cultures 

of L.   plantarum are commercially available which ferment well at 

30    C but a salt-tolerant organism which is an effiective acid producer 

at 1 8    C is desired.    Therefore,   isolates identified as Li_.  plantarum 

were specifically studied.    Optimal growth temperatures for a com- 

mercially available culture  (Microlife Technics,  Sarasota,   Florida), 

which served as the reference organism,   ranged from. 27 to 31     C. 

Optimal growth temperatures for L,.   plantarum isolates ranged from 

28 to 35    C and were generally higher than the reference.    However, 

at their respective optimal growth temperatures,   isolates identified 

as L_.   plantarum ranged in generation times from 0. 9 to 1. 5 h while 

the generation time for the reference strain was 1 . 8 h.    Also,   at 

temperatures of 24    C and below,  two L^.   plantarum isolates main- 

tained generation times less than that of the reference.    Isolates 

were also tested to determine their abilities to reduce pH at 18   ,   24 

and 30° C and at 18° and 30° C in the presence of 0%,   4. 5% and 7. 0% 

NaCl.    Isolates reduced the pH at all temperatures at rates comparable 

to the reference strain.    At 18    C in 7. 0% NaCl all organisms were 

capable of reducing pH,   but at greatly reduced rates.    The reference 

was especially retarded at this temperature and salt concentration. 



So that bloating would be physically impossible,   cucumbers were 

also fermented as chips.    The cucumbers were crinkle cut to a width 

of 3/16" and distributed in two tanks.    One tank was allowed to ferment 

naturally while a second tank was inoculated with commercially avail- 

able starter (Microlife Technics).    The inoculated tank differed from 

the naturally fermented tank only in that it was "spiked" with L. 

plantarum.    To inhibit enzymatic softening of the chips a brine equili- 

brating to 5.5% NaCl was desired.    Unfortunately,   the brine equilibrated 

to 7. 0% NaCl.    The cool tank temperature of 1 5    C and the high salt 

content extended fermentation times to about four weeks.    Lactic 

7 8 
acid bacteria populations reached 10   /ml rather than 10    organisms/ 

ml.    Total titratable acidities reached only 0. 55%,   expressed as 

grams of lactic acid/100 ml of brine.    As typically occurs in high 

salt brines the chips did not cure.    No differences were discerned 

between the natural and inoculated tanks.    Approximately 85% by 

weight of the chips in both tanks were judged to be defect  free. 
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STUDIES ON CUCUMBER FERMENTATION: 
MICROBIOLOGICAL ANALYSES AND 
FACTORS INFLUENCING BLOATING 

INTRODUCTION 

Bloater damage in fermenting cucumbers has been attributed 

chiefly to the production of gases by yeasts,   coliforms of the genus 

Enterobacter and,  more recently,   to heterofermentative lactic acid 

bacteria.    Carbon dioxide released from respiring cucumbers and 

generated by homofermentative lactic acid bacteria has also been 

shown to cause bloating.    Fermentation gases produced in the cover 

brine are thought to diffuse into the cucumbers in a dissolved state. 

Gases are released from solution inside the fruit and accumulate in 

pockets where structural weaknesses exist. 

Factors influencing bloater formation are many and include: 

structural characteristics,   varietal differences and growing conditions 

of cucumbers,   cucumber-brine pack-out ratios,  brine depth during 

fermentation,  mechanical damage of green stock,  brine strengths 

during fermentation,  the addition of lactic acid or sugar to the fer- 

menting brine and temperature of fermentation.    Methods to reduce 

bloating include:    (i) mechanical piercing of the fruit to allow escape 

of    fermentation gas,   (ii) nitrogen purging of tanks to sweep out 

gases as they are produced,   (iii) slicing of cucumbers prior to 



fermentation making bloating physically impossible and (iv) controlled 

fermentation,  which is an effective industry practice being used in 

combination with nitrogen purging. 

The present investigation,   conducted in cooperation with a local 

pickle plant,   involved:    (i) microbiological analysis of four dill cucum- 

ber fermentations to determine the cause of bloating at the plant,   (ii) 

study ,of fermenting 1-3/4 to 2'" diameter cucumbers as chips and 

(Hi) study of strains of Lactobacillus plantarum isolated from the 

plant to determine their potential for use as starter organisms in 

controlled fermentations occurring at about 18    C. 



REVIEW OF LITERATURE 

Many opinions have been offered in attempts to explain bloating. 

One cause suggested is that bloaters are the result of structural 

characteristics of the cucumber (Jones et al. ,   1941; Sneed and 

Bowers,   1970).    Sneed and Bowers (1970) found balloon bloating to be 

significantly correlated with carpel separation,  firmness and skin 

tepughness.    As the percentage of carpel separation increased,   so did 

bloating.    As firmness and skin toughness of green stock increased, 

balloon bloating decreased.    Structural differences between varieties 

and growing conditions were other reasons given for bloating (Jones 

et al. ,   1954). 

Another suggestion was that bloaters were caused by the fer- 

mentation process (Jones et al. ,   1940,   1941; Samish et al. ,   1957; 

Etchells et al. ,   1952,   1945,   1953,   1 968; Etchells and Bell,   1950; 

Veldhuis et al. ,   1941; Vendhuis and Etchells,   1939).    Brine  strengths, 

fermentation temperatures,   and the addition of lactic acid or sugar 

to the fermenting brine were seen to influence bloating.    Suggestion 

of a relationship between gaseous fermentation caused by the yeasts 

and gas-forming bacteria,   and the incidence of bloating were alterna- 

tive explanations (Jones et al. ,   1941; Etchells et al. ,   195 2,   1945, 

1953; Etchells and Bell,   1950).    In cases where lactic acid or sugar 

had been added to the brine in attempts to speed up fermentations, 
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yeast numbers increased to greater than 10   /ml and bloating 

increased (Jones et al.,   1940,   1941; Veldhuis et al. ,   1941; Vendhuis 

and Etchells,   193,9).    Attempts to, control bloating,  therefore,  began 

to focus on controlling yeast and coliform populations.    The coliform 

bacteria constitute the most, numerous single group found in cucumbers 

capable of interferring with the brine ferrnentation (Etchells et al. , 

1961),    They are somewhat insensitive to salt,  but do not compete 

well in low salt brines where acid is developed rapidly (Etchells et al. , 

1945,   1964).    Brine strengths of 4 to 8% allow rapid development of 

lactic acid bacteria and minimize coliform development.    Sorbic 

acid,  applied as the sodium or potassium salt to the brine,   was 

found to be an effective antifungal agent (Bell et al. ,   1959; Costilow, 

1957; Costilow et al. ,,1955,   1 956; Etchells et al. ,   1961).    Yeast 

2 
populations could be kept at less than 10   /ml while lactic acid bacteria 

developed rapidly. 

Not until 1968 did Etchells et al.   (1968) observe  some serious 

bloater, damage which could not be attributed to yeasts or to coliforms. 

The only organisms isolated from the fermentation were the lactic 

acid bacteria Lactobacillus plantarum,   Lactobacillus brevis and 

Pediococcus cerevisiae.    L.  brevis was proven capable of causing 

bloating.    Each of the thrqe lactic acid bacteria was inoculated 

individually into brines and cucumbers which had been pasteurized. 

After fermentation and analysis,   88% of the cucumbers fermented by 



L.   brevis bloated while no bloating was found in cucumbers fermented 

L.   plantarum or P.   cerevisiae.    The severity of bloating caused by 

L.   brevis was comparable in all respects to that produced by yeasts. 

After the discovery that heterofermentative lactic acid bacteria 

were capable of causing bloater damage,   Fleming et al.   (197 3a) 

showed that even homofermentative L_.   plantarum was capable of gen- 

erating CO_ which,   in combination with that produced by respiring 

cucumbers,   caused bloating.    Although L.   plantarum is termed a 

non-gas producer,   it has been known for some time to produce small 

amounts of CO_ (Pederson,   1929).    It is known to have the enzymatic 

capability to produce CO- via the phosphogluconate pathway (Wood, 

1961). 

Recognition of lactic acid bacteria as potential causative agents 

of bloating created a whole new area of investigation which involved 

pure culture fermentation of cucumbers.    Most studies were aimed at 

gaining an understanding of the interactions between species of lactic 

acid bacteria and the effects of temperature,   salt concentration, 

brining depths and pack-out ratios on CO    production and bloater for- 

mation.    High fermentation temperatures were shown to dramatically 

increase numbers of bacteria causing vigorous microbial growth which 

caused accumulation of'CO_  (Samish et al. ,   1957; Fleming et al. , 

1937b; Etchells et al. ,   1975).-  It has been suggested that the problem 

of rapid CO_ production might be compounded in pure culture 



fermentations,   especially at optimum growth temperatures of the 

inoculated organism(s) (Etchells et al. ,   1975).    Higher temperatures 

also reduce the solubility of CO    (Quinn and Jones,   1936),   causing it 

either to occupy more space and/or to create greater pressure.    The 

realization that CO    solubility influenced bloating prompted Etchells 

et al.   (1968) to propose a rhechanism for bloater formation.    Carbon 

dioxide,  which is produced solely in the cover brine,   diffuses,  in a 

supersaturated state,  intb the cucumber.    The gas is released from 

solution inside the cucumber and accumulates at sites of structural 

weakness. 

Salt concentration influences bloater formation in several ways. 

Higher concentrations reduce CO_ solubility (Quinn and Jones,   1936). 

However,   lower concentrations of NaCl result in higher concentrations 

of CO_ in the brine (Fleming et al. ,   1973b).    Salt concentrations also 

effect types of lactic acid bacteria to different degrees (Etchells et al. , 

1964).     Of the three most prevalent lactic types,   Pediococcus 

cerevisiae appears to be the least affected by salt and grows well in 

8.1% salt brine.    Lactobacillus plantarum and Lactobacillus brevis 

grow poorly in 8. 3% salt brine but produce significant amounts of 

acid.    None of the three types produce acid at 10% salt concentration. 

Etchells et al.   (1975),has shown that environmental factors such 

as brine depth (tank height) and cucumber-brine pack-out ratios, 

influence bloater formation.    Both of these factors influence retention 



of CCL in the brine.    More bloater damage occurred to cucumbers 

fermented at greater brine depths.    The concentration and retention 

of CO_ was directly related to and increased with depth.    Bloater 

damage decreased at lower pack-out ratios.    Etchells attributed 

this to the faqt that fewer cucumbers would release less CO    which 

would be dissolved in greater amounts of brine.    Suggestions to 

reduce CO- levels include ferrnenting in shallower tanks to increase 

the exposure brine surface to total volume ratio and perforating 

headboards to allow easier escape of CO    (Fleming et al. ,   1973a). 

Armed with an understanding of factors influencing bloating, 

workers have suggested methods for preventing bloater formation. 

One method is mechanically piercing the fruit 1 0 to 15 times with small 

diameter needles prior to fermentation to allow an escape for fermen- 

tation gases (Etchells and Moore,   1971). 

Nitrogen purging of the brine to sweep out fermentation gases 

as they are formed also has been proven effective for bloater pre- 

vention (Fleming et al. ,   1973a).     Theoretically,   gases are swept out 

of the tank and into the atmosphere before they can diffuse into the 

fruit.    Another method which may revolutionize the pickle industry is 

controlled fermentation in combination with nitrogen purging (Etchells 

et al. ,   1973).    This method claims to eliminate all defects of brine- 

stock cucumbers associated with a natural fermentation.    Briefly,   the 

method involves:   thorough washing of the green stock; in-tank 
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sanitizing with 80 ppm chlorinated brine to destroy all organisms 

naturally present; acidifying with acetic acid to create a selective 

environment for.the lactic acid bacteria; buffering with sodium acetate 

to insure fermentation of all sugars present; purging to reduce the CO 

content in the brine; and inoculating with a non-gas producing species 

of lactic acid bacteria which has good acid-producing potential under 

brining conditions.    Part of.this process also includes suggestions 

for brine concentrations and pack-out ratios for various sizes of 

cucumbers. 

Another method for bloater prevention,   which is especially 

useful for larger sized cucumbers,   is slicing or chipping prior to 

fermentation (Palnitkar et al. ,  unpublished).    Bloating becomes 

physically impossible.    This method may become a viable alternative 

because of the recent advent of mechanical harvesting,  which favors 

the harvest of larger sizes,   combined with the. great demand for 

making hamburger dill chips and. dill spears for use in the convenience 

food s.ervice industry (Etchells et al. ,   1975). 



EXPERIMENTAL METHODS 

Media Used for Enumeration 

The MRS medium of deMan,  Rogosa and Sharpe (I960) supple- 

mented at the rate of 10% with cucumber juice extract served as the 

total count medium.    The cucumber juice was prepared by slicing 

and blending whole fresh cucumbers in a Waring blender,   filtering the 

blend through gauze,   heating the juice to boiling,  filtering,   allowing 

the juice to cool,   centrifuging at 6000 rpm for 10 min.   at 5    C, 

filtering through Whatman no.   1 filter paper and autoclaving at 15 lbs. 

for 20" (Fleming and Etchells,   1967).    The sterile juice was added to 

tempered agar immediately before plate pouring. 

LBS (Rogosa et al. ,   1951) as modified by Costilow (1964) was 

used to determine numbers of lactic acid bacteria. 

Mycophil Agar (BBL) was used for yeast and mold counts. 

Chlortetracycline'HCL and chloramphenicol were added to the medium 

to inhibit bacterial growth.    The antibiotic medium was prepared by 

adding 500 mg each of the antibiotics to 100 ml of sterile 0. 1 M 

phosphate-buffered distilled water.    Two ml of this solution was 

added to 100 ml of tempered agar immediately prior to plate pouring, 

giving a final concentration of 100 mg/liter of each antibiotic. 
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Violet Red Bile Agar (VRBA) (Difco) was used to enumerate 

coliforms. 

Some Preliminary Analyses 

Microbiological analysis of the major ingredients of the fer- 

mentation was conducted to determine what groups of organisms were 

present.     Two mixed pickling spices,   Baltimore and McCormick, 

were each analyzed for total and coliform counts by weighing one 

gram of spice into a sterile 99 ml water blank.    Appropriate dilutions 

were made and plated.    Counts were expressed as organisms/gram 

of spice.     Cushion brines from all tanks were sampled for total,  lactic 

acid bacteria,   yeasts and coliforms.    The cushion brine is that brine 

added to each tank before addition of green stock to prevent damage to 

the cucumbers as they are dumped.    Sampling occurred prior to the 

addition of spices,  potassium sorbate and cucumbers to the brine. 

Plastic hosing,   which had previously been sanitized with 200 ppm 

hypochlorite and rinsed with distilled water,   was lowered into the 

cushion brine.    Using a vacuum pump,   a portion of the brine was 

pumped out of the tank to flush the hose.    A sample was pumped 

directly into a sterile bottle.    Appropriate dilutions were made and 

plated.    MRS broth (10%) was used as the diluent.    Samples were 

also drawn and analyzed from the lixator (where the brine was pre- 

pared) and from the hose which carried brine from the lixator to 
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each tank. 

Individual cucumbers were collected and counts performed. 

Each cucumber was placed aseptically in a pre-weighed sterile jar. 

Jar plus cucumber were weighed to determine the weight of each 

cucumber.    Sterile distilled water was added to the jar,  the weight of 

which equalled that of the cucumber.    The jar was given a standard 

bacteriological shake.    Each ml of diluent was considered equivalent 

to 1. 0 ml of cucumber and counts were expressed as organisms/gram. 

Gram stains were made of organisms collected from the spices,   brine 

and cucumbers. 

Tanking Procedure 

Water was held in the wooden 6500 gallon tanks to prevent the 

staves from shrinking.    Prior to the addition of cucumbers,  the water 

was drained and all debris scrubbed from the walls and floor.    Bungs 

were replaced after being wrapped in new cheesecloth. 

F^eSh,   unsorted cucumbers were transferred via lift truck from 

field totes to a soaking tank.    The cucumbers were conveyed through 

a vibrating simplicity diameter grader which was set at 2-1/8" to 

remove relish stock.    Remaining cucunn.bers passed through a Sowa 

plancher which penetrated to within 1 /4" of the conveying belt. 

(Cucumbers which filled tanks 181,   182 and 183 were punched.    Those 

filling tank l6l were not punched. )   After passing through a number of 
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graders and sizers,  no.   3 cucumbers (1-5/8" to 1-3/4" in diameter) 

were separated.    Approximately 32, 000 lbs.   of no.   3 cucumbers were 

dumped into each curing tank.    Each^tank contained 18" of 35     salometer 

cushion brine to which had been added one lb.   of potassium sorbate/ 

1000 lbs.   of cucumbers,   garlic and mixed pickling spices.    The cu- 

cumbers were leveled in the tanks and allowed to settle overnight. 

After settling,  the green stock was covered with plastic sheeting which 

was secured by pushing the edges of the plastic down between the 

inside wall of the tank and the cucumbersi    The plastic was punched 

with a sharp stick to allow an escape for gases generated during the 

fermentation. 

The tanks were headed (capped) by placing 3/4" by 9" boards 

across the top of the plastic and loosely covering the surface.    Four 

by four inch stringers and cross-stringers were placed across to 

secure the headboards.    The cross-stringers were fit under 2" by 4". 

by 10" blocks which were nailed to the sides of the tank. 

Tanks were brined with 35     salometer brine to within 2" of the 

top of the tank.    During this final brining,   dill flavor concentrate was 

added.    The brine was circulated from the bottom to the top of the 

tank to distribute the dill concentrate,   spices and flavorings.    Brine 

was maintained at 4 to 5% NaCl throughout and following the fermen- 

tation, i.      ' 
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Tanking of Chips 

'   Size no.  4 (1-3/4 to 2" in diameter) cucumbers were washed 

and "shot" through a crinkle cut chipper which chipped the cucumbers 

to a width of 3/16".    The chipS were dumped into two 3, 000-gallon 

tanks Which had each been cleaned and cushioned with 12" or 45     salo- 

meter brine.    The chips were allowed to settle overnight.    After 

brining with 45     salometer brine the tanks were capped.    Kosher 

dill concentrate,   garlic concentrate and posassium sorbate were 

added and each tank circulated.    To one of the tanks was added a salt 

and acid tolerant concentrate of Lactobacillus plantarum (Microlife 

Technics).    The frozen concentrate was thawed by placing it in a 5 

gallon pail of 32    C chlorinated water.    The thawed culture was trans- 

ferred into 3 gallons of sterile distilled water and mixed.    The cul- 

ture was poured into the curing tank which was circulated for 2 hours 

to assure even distribution of the organisms.    Both chip tanks were 

circulated daily throughout the active phase of fermentation. 

Sampling Procedure 

1 After addition of the cover brine and prior to circulation of the 

tanks,   sampling hoses,   sealed at one end and perforated with several 

1/16" holes for a distance of 6 to 8" from the sealed end,   were 
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inserted through an opening between the boards into the brine toward 

the middepth of the cucumbers.    Siphons were drawn.    Whenever 

samples were taken at least.5 gallons of brine.wa.s allowed to drain 

before collection of samples.    This allowed flushing of the sampling 

hose and assured a representative sample of brijie.    As the brine 

drained,  brine temperature and degrees salometer were recorded. 

Twp samples were drawn,   one for chemical analysis and one for 

microbiological analysis.    Sterile screwcapped bottles were used to 

collect micrpbiological   samples.    Samples were taken two or three 

times daily during the vigorous phase of fermentation and at appro- 

priate intervals thereafter. 

Microbiological Analysis of Brine 

Each sample drawn, was analyzed for total,   lactic acid bacteria, 

yeasts and coliform counts.    Appropriate dilutions were made by 

aseptically pipetting the samples from the screw-capped bottles into 

10% MRS broth which served as the diluent.    The diluted samples 

were plated and 45    C agar poured.    The coliform plates (VRBA) 

were overlayed.    Plates were incubated at 28    C for 48 to 72 hours 

and colonies counted using a Quebec colony counter. 
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Brine Analysis 

Temperature and salometer readings were recorded as samples 

were drawn.    A standard salt hydrometer was used for salometer 

readings.    The salt content of the brine was also determined by 

titrating a 2 ml sample in 50 to 75 ml of distilled water with 0. 171 N 

AgNO    soln.      Three to five drops of 5. 0% potassium dichrornate was 

the indicator.    Results were recorded as grams of NaCl per 100 ml 

of sample.    Brine pH was measured with a Corning 125 digital pH 

meter.    Total titratable acidity was measured by titration with 0. Ill 

N NaOH with phenolphthalein as the indicator; the acidity was expressed 

as grams of lactic acid per 100 ml of sample. 

Evaluation of Bloater Damage 

Cucumbers were observed prior to and following fermentation 

for bloater damage and/or other defects.     Cucumbers were cut longi- 

tudinally and examined for balloon-,   honeycomb-,   and lens-type 

bloaters (Jones et al. ,   1941; Etchells et al. ,   1968).    Subjective evalu- 

ations of bloater damage were on the basis of 2 criteria:    (i) the per- 

centage of cucumbers showing each of the 3 types of bloater defects 

was determined,   (ii) the degree or severity of damage was rated as 

none,   slight,   moderate or advanced (Figure 1; Etchells et al. ,   1974). 



Figure 1.    Bloater chart showing the three principal types of bloaters found in brine-stock 
pickles with various degrees of bloater damage (Etchells et al. ,   1974). 
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Chips were judged either defect-free or defective on the basis 

of holes in the seed cavity or excessive seed sloughing.    The chips 

in each category were weighed and results expressed as the percent 

by weight of chips which were defective or defect-free. 

Isolation of Bacteria 

Brine samples drawn during the active phase of fermentation 

were plated on MRS and LBS agars.    Colonies cultured on these agars 

were transferred and streaked twice on MRS agar to insure isolation. 

Isolated colonies were transferred to MRS slants and,   after growth, 

stored at 4    C. 

Fifty-two organisms from 6 tanks were isolated.    Isolates were 

identified by numbers corresponding to  the tanks from which they were 

taken (181,   182,   183,   161,   19 or 20) and by the order in which they 

were drawn from their respective tanks. 

Identification of Lactic Acid Bacteria 

A workable group of 1 4 isolates was selected by gram stains 

and colony morphology for identification.    Five reference organisms 

served as controls:   Lactobacillus plantarum strains from Microlife 

Technics (Florida) and Chr.  Hansen Laboratories (Wisconsin); and, 

3 organisms from the Oregon State  University culture collection, 
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Leuconostoc mesenteroides,  Lactobacillus brevis and Pediococcus 

cerevisiae. 

The homofermentative and heterofermentative lactobacilli and 

the leuconostocs were differentiated from one another by three tests: 

(i) the ability of the heterofermentative lactobacilli and the leuconostocs 

to produce CO? from glucose,   (ii) the ability of the homofermentative 

lactobacilli and the leuconostocs to ferment trehalose (Sharpe et al. , 

1964) and,   (iii) the ability of the heterofermentative lactobacilli to 

produce NH    from arginine.    Key tests used to identify members of 

the genus Pediococcus included among others (i) gram stains (tetrad 

formation),   (ii) ability to produce NH    from arginine and,   (iii) ability 

to grow at 45    C and at pH 4. 4. 

MRS medium was used for general cultivation of strains,   deter- 

mination of growth temperatures and,  in a modified form as the basal 

medium for some biochemical tests.    The basal medium was MRS 

broth with glucose and meat extract omitted and bromcresol purple 

indicator added,  the final pH being 6.4.    Modified MRS was used to 

test the ability of organism's to ferment trehalose (0. 5%),   melibiose 

(0. 5%) and raffinose (1. 0%).    Carbon dioxide production from glucose 

was determined in the modified broth which contained 2. 0% glucose 

and was overlayed with vaspar.    Modified MRS broth containing 0. 3% 

arginine and 2.0% glucose (Keddie,   1959) was used to test for NH 
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production.    Ammonia was detected using Nessler's reagent. 

Cells were prepared for cultivation into modified MRS broth by 

(i) cultivation on MRS agar,   (ii) suspension in MRS identification (ID) 

broth (MRS broth without glucose and meat extract),   (iii) centrifugation 

at 6000 rpm for 10 min.   at 5    C and (iv) after decanting,   resuspension 

in MRS ID broth which served as the inoculuim source for the tube tests. 

The Minitek Differentiation System (BBL.) was used for all re- 

maining biochemical tests (Gilliland and Speck,   1977).    The tests 

include fermentation of xylose,   arabinose,   salicin,   glycerol,   mannitol, 

dextrose,   sucrose,  esculin, maltose and lactose.    Indole and nitrate 

reductase tests were also performed. 

A temperature gradient incubator (Model TN-3,   Scientific 

Industries,  Inc. ) was used to determine temperature optima and the 

o o 
ability of organisms to growat 15    C and/or 45     C.    A temperature 

gradient of 5    C to 57    C was established in the incubator.    The Li- 

shaped test tubes were each filled with 10 ml of MRS broth,   sterilized 

and placed in the incubator for 2 h to allow a temperature gradient 

to form.    The L_.  plantarum reference (Microlife Technics) was 

incubated simultaneously with each reference and isolate being 

identified.    Corresponding cultures which had been incubated 12 h 

at 30    C in MRS broth served as inocula. 
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Growth was followed by measuring optical density (OD) at 600 

nm with a Spectrophotometer 20.    The L-shaped incubation tubes were 

inserted directly into the spectrophotometer for readings.    Specific 

growth rates (k) per hour were determined using the equation: 

k = 2. 303 (logl0X2 - log1.0X1)/T2 - T   ,  in which T2 and T    are the 

times at which the corresponding optical density values,   X? and X  , 

were determined.    Generation times (g) were calculated from k values 

with the equation g = .693/k.   .Optimal temperatures were determined 

by inspection of graphs constructed by plotting generation time against 

temperature. 

Studies of Lactobacillus plantarum Isolates 

Isolates identified as L.   plantarum were compared with the 

reference L_.   plantarum (Microlife Technics) for ability to reduce 

pH while at 1 8    C,   24    C and 30    C.    Organisms were also tested 

while at 18° C and 30° C in the presence, of 0%,   4. 5% and 7. 0% NaCl. 

MRS broth,   initially at pH 6.2 and in aliquots of 10 ml,   was the 

medium being fermented.    Each isolate was inoculated into a series 

of tubes which were partially immersed in water baths of the appro- 

priate temperature.    A Corning Model 12 Research pH meter was 

used to follow pH reductions.    Plots of pH against time were con- 

structed for comparison of reference and isolates. 
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RESULTS 

'• Preliminary Spice and Brine Analysis 

Table 1  shows microbiological counts determined for mixed 

pickling spices and cushion brines.     Counts for the  spices were high 

and almost entirely coliform.    Cushion brine counts were surprisingly 

low.    Gram stains revealed those organisms present to be gram 

negative rods. 

Table 2 shows microbiological counts for six cucumbers sampled 

after soaking.    Counts were similar on each cucumber and consisted 

mostly of coliforms and yeasts.    Gram stains showed predominating 

gram negative rods and occasional gram positive rods (some spore- 

formers) and coccobacilli. 

Analysis of Whole Cucumber Tanks 
(181,   182,   183 and l6l) 

Because of unseasonably wArm weather during the first two 

weeks in August of 1977 the temperatures of tanks 181,   182 and 183 

analyzed during that period averaged 22    C.    Fermentations proceeded 

rapidly.    Counts for tanks 181  to 183 are summarized in Figures 2, 

3 and 4,   respectively.    During overnight settling,   capping and cover 

7 
brining total counts reached 10    organisms/ml.    Lactic acid bacteria 



Table 1.   Microbiological counts of mixed pickling spices and cushion brines. 
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Total Counts Lactic Acid Bacteria Coliforms Yeast 

Spices 
McCormick 
Baltimore 

t. 
Cushion brines 

181 
182 

'l183 ■':'■ 

Brine 
from hose 
from lixator 

1.0 x 10' 
5.0 x 10' 

est'lOO 
est 100 
est'lOO ' 

est 100 
est 4 

est 1 
est 1 
est    1 

est    1 

5.Ox 10 
1. 2 x 105 

est    1 est 1 
est    1 est 1 
est    10 

est    1 

Counts expressed as number/gram 

Counts expressed as number/ml 

Table 2.   Microbiological counts of six cucumbers. 

Cucumber Number Total Count Lactic Acid Bacteria Coliforms Yeast 

1.0 x 10 

2.0 x 10 

1.3 x 10 

1.2 x 10 

3.4 x 10 

3.5 x 10 

est 100 

est 40 

est 100 

est 100 

8.4 x.10 

1.3 x 102 

9.0 x 10 

3.Ox 10 

2.Ox 10 

3.4 x 10 

2.5 x 10 

3.Ox 10 

3.7x 10' 

5.9x 10 
.1 

5.2 x 10 

3.4x 10 

4.0 x 10 
4 

4.Ox 10 

Counts expressed as number 1 gram of cucumber. 
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numbers equalled total numbers by the second day of fermentation. 
i 

Coliforms rapidly decreased in number and within 4 days none were 

counted.    Yeast and mold numbers decreased to less than 100/ml 
1 ■ , ' 

just during the overnight settling period. 
i 

!    Tank 161 was analyzed in September.    Its average tank tem- 

perature during the active phase of fermentation was 18    C.    Counts 

for 161  are graphed in Figure 5.    The fermentation proceeded as did 

the previous ones.    Coliform and yeast numbers decreased rapidly 

to insignificant levels within 4 days. 

Gram stains,   prepared throughout each fermentation,   were 

similar for all four tanks.    Figures 6 thru 1 1  show gram stains of 

tank 161  prepared on the days indicated.    The fermentation began with 

a heterogeneous population of gram negative rods and gram positive 

cocci,   coccobacilli and rods.    Within two days gram negative rods 

had begun to disappear and were replaced by gram positive lenticular 

coccobacilli,   gram positive cocci appearing in pairs and tetrads and 

gram positive rods.    After four days and throughout the remainder of 

the fermentation gram positive rods predominated.    Some cocco- 

bacilli,   however,   persisted throughout the fermentation. 

Brine analysis of tanks 181,   182,   183 and l6l are shown in 

Figures 12,   13,   14 and 15,   respectively.    Although pH levels decreased 

and total acidity increased more slowly for tank 161 than tanks 181, 
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Figure 5.    Growth of predominating microorganisms in tank l6l 

tSJ 
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Figure 6.    Gram stain of brine from tank 161  after two days of fer- 
mentation. 

Figure 7.    Gram stain of brine from tank 161  after three days of 
fermentation. 
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Figure 8.    Gram stain of brijie from tank l6l after four days of 
fermentation. 

Figure 9.    Gram stain of brine from tank 161  after five days of 
fermentation. 
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Figure 10.     Gram stain of brine from tank 161 after six days of 
fermentation. 

Figure 11.    Gram stain of brine from tank 161 after nine days of 
fermentation. 
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182 and/or 183,   all four tanks attained final equilibrated total titra- 

table acidities of at least 1. 0% and pH values of 3. 0 to 3. 4. 

Bloater analysis was performed prior to and following  fermen- 

tation.    Most (80%) of the cucumbers analyzed before fermentation 

were judged to be free of defects.    The remaining 20%,   when sliced 

longitudinally,   showed slight carpel separation at the stem end of the 

cucumber. 

Table 3 shows the results of the bloater analysis performed 

after fermentation.    Tanks  181,   182 and 183 had 55 to 59% of the 

pickles exhibiting bloating,   approximately 84% of which was termed 

slight bloating.    Tank 161  contained unpunched cucumbers and were 

fermented at an average temperature of 1 8    C,   rather than 22    C. 

Only 39% of these pickles exhibited bloating,   74% of which was slight. 

Analysis of Chip Tanks (19 and 20) 

Tanks 19 and 20 contained 3/16" cucumber chips.    Tank 19 

fermented naturally.    Tank 20 was inoculated with L.   plantarum con- 

centrate (Microlife Technics).    Microbiological data for both tanks 

are  summarized in Figure  16.    Because tank temperatures averaged 

o 
15     C and salt levels were a high 7.0%,  the fermentations proceeded 

slowly.    Six days were required for the tanks to attain maximum lactic 

acid bacterial numbers.    Numbers of organisms /ml were one order 



Table 3.    Bloater formation for tanks 181,   182,   183 and l6l. 

Tank Number 

Bloater 
^              a 
Damage 

Balloon Lens Hone ycomb Total 

%               D % D % D % 

31            (S-M) 11 (S-M) 11 (S-M) 58 

31            (S-M) .    19 (S-M) 9 (S) 59 

19            (S-M) 24 (S) 7 (S) 55 

4            (M-A) 15 (S) 13 (S) 39 

181 

182 

183 

161 

3. 
Capital letters in parentheses under "D" in Table refer to severity of bloating:   S = Slight, 
M = Moderate,  A = Advanced.    When two letters appear,   the first indicates the category in 
which most of the damage was placed. 
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of magnitude lower than numbers reached in the whole cucumber tanks 

g 
(10   /ml).    Coliform and yeast counts decreased gradually to less than 

10/ml within seven to eight days after fermentation began.    Brine 

analysis,   which is summarized in Figures 17 and 18 for tanks 19 and 

20,   respectively,   reflected slow fermentation conditions with brine 

pH dropping and total titratable acidity increasing continually but 

slowly.    Both tanks attained final total acidities of 0. 55% and pH's of 

3.5. 

Eighty-seven percent of the chips sampled from tank 19 and eighty- 

five percent of the chips sampled from tank 20 were judged to be 

defect-free.    However,   some chips clumped while all had poor texture 

and remained uncured. 

Characterization of Lactic Acid Bacteria 

Of the 14 organisms selected for identification eight were clas- 

sified as L.   plantarum,   3 as Lactobacillus brevis,   2 as Pediococcus 

cerevisiae and 1 as Leuconostoc mesenteroides.    Table 4 shows the 

biochemical reactions used for differentiation. 

Organisms classified as homofermentative lactobacilli on the 

basis of (i) gram stains,   (ii) inability to produce gas from glucose, 

(iii) inability to produce NH    from arginine and (iv) ability to ferment 

trehalose were subdivided by their growth temperatures.    All were 
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capable of growth at 1 5    C but varied in ability to grow at 45    C. 

Species of lactobacilli in this group can be separated and L.  plantarum 

identified by its ability to ferment raffinose,   melibiose and sometimes 

xylose.    Most of the L.   plantarum isolates varied from the reference 

in ability to ferment various carbohydrates.    Because IJ_.   plantarum 

is known to vary in its ability to ferment xylose (Sharpe et al. ,   1964), 

maltose,   mannitol (Keddie,   1959) and arabinose  (Buchanan and 

Gibbons,   1974) differences between strains described here seem to be 

those of varieties rather than species. 

Organisms were classified as heterofermentative lactobacilli 

on the basis of (i) gram stains,   (ii) ability to produce gas from glucose, 

(iii) ability to produce NH    from arginine and,   (iv) inability to ferment 

trehalose.    Species were identified as .L_.   brevis by their abilities to 

grow at 15    C   and not at 45    C,   and ferment xylose and arabinose 

among other carbohydrates. 

Organisms of the genus Leuconostoc were identified by (i) their 

abilities to produce gas from glucose and (ii) inability to produce NH, 

from arginine.    The ability of Leuconostoc mesenteroides to ferment 

trehalose further separated it from the heterofermentative lactobacilli 

and from other species of the genus except L.   dextranicum.    L. 

mesenteroides was then identified by its ability to hydrolyze esculin 

and ferment xylose and lactose. 
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Members of the genus Pediococcus were differentiated from 

other lactic acid bacteria by gram stains (tetrad formation) and 

inability to produce gas from glucose.    Organisms finally determined 

to be Pj   cerevisiae were further separated by their abilities to pro- 

duce NH    from arginine and to grow at 45    C and at pH 4. 4. 

Studies of Lactobacillus plantarum Isolates 

Generation times for five of the eight L|_.   plantarum isolates plus 

the reference (Microlife Technics) are plotted against temperature in 

Figure 19.    The optimal temperature for the  reference ranged from 

27 to 31     C.    Optimal growth temperatures for isolated strains ranged 

from 27 to 35    C and were generally higher than the reference.    How- 

ever,   at their respective optimal temperatures the isolates had 

generation times ranging from 0. 9 to 1.5 hours while the reference 

at its optimal temperature had a generation time of 1. 8 hours.    Also at 

26    C four of the eight isolates were capable of generation times less 

o 
than the reference.    At temperatures of 24    C and below isolates 

19^4 and 181-5 retained generation times less than that of the. ref- 

erence. 

L.   plantarum isolates were tested for their abilities to reduce 

pH in MRS broth at 1 8   ,   24    and 30    C.    The effect of temperature on 

pH reduction is shown in Figures 20,   21,   22,   and 23,   where four of 

the eight L.   plantarum isolates are contrasted with the reference. 
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Figure 19.    Influence of temperature on generation times of lactobacillus 
plantarum strains 20-2,   19-4,   181-5,   182-3 and Micro- 
life Technics strain. 
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Figure 21.    Effects of temperature (18   ,   24    and 30    C) on pH reduction in MRS 
broth by the Microlife and 20-2 stains of Lactobacillus plantarum. 
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The effect of lowering temperatures was to lengthen the time necessary 

to achieve comparable pH reductions at each temperature.    Generally, 

the  reference strain was capable of reducing pH at rates greater than 

any of the IJ.   plantarum isolates.    However,   this ability was not as 

pronounced at 1 8    C  as at 24    C and 30    C.    Isolate 19-4,   for example, 

was capable of a greater rate of pH reduction but the reference ulti- 

mately attained a lower pH. 

Figures 24,   25 and 26 compare the reference and four of the 

eight isolates at 1 8    C,   24    C and 30    C,   respectively.    All organisms 

show similar pH reducing abilities.    The reference Lj   plantarum 

(Microlife Technics) was capable of pH reductions comparable to 

those of the L.   plantarum isolates at 1 8    C. 

pH reducing studies were also conducted at 1 8    C and 30    C in 

the presence of 0%,   4.5% and 7.0% NaCl.    The following figures,   27 

thru 31,   show the effect of salt and temperature on four of the L. 

plantarum isolates and the  reference.    At the 0% and 4.5% NaCl levels 

at both 18    C and 30    C the curves are nearly identical meaning that 

4.5% NaCl has no effect on the abilities of the strains to reduce pH. 

However,   at the 7.0% NaCl level pH-reducing abilities are inhibited, 

o 
especially at 1 8    C.    The reference (Microlife Technics) appear to be 

the most inhibited of the organisms as seen in Figure  32.    For example, 

after 44 hours of fermentation the reference had attained a pH of 4. 76 
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Figure 25. The effect of temperature (24    C) on pH reduction in MRS broth by the 
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Figure 26.    The effect of temperature (18    C) on pH reduction in MRS broth by the 
Microlife and 19-4,   181-4,   20-2 and 182-3 strains of L^.   plantarum. 



pH 

o—o 30J 

i—i—•—r 
IC    %NaCl 

8\ 0.0 

o--o 30J        'D 

o —-o 30J      l'u 

0 8 6        24       32       40       48       56       64       72       80 
FERMENTATION  TIME  (hours) 

Figure 27.    The effect of 0%,   4. 5% and 7. 0% NaCl on pH reduction in MRS broth by 
the Microlife  strain of L,.   plantarum. 

U1 



6.2 

5.8 - 

5.4 - 

5.0 

PH 

4.6 - 

4.2 - 

3.8 - 

3.4 

V        '    I •       1       •       1.     '       1       '       1 1    1 '    1 i           i 

^Nl 0C    %NaCI      " 
•-—• 

0—o 
181 
30/ 0.0 

1 •              V                • 
1 ♦                     \ 

"    \ *•     \ ^ 

• • * 
• • • • • • ••••• 

o ••••o 

18 1 
30J 

18) 
30/ 

4.5 

7.0 
01   io    \ \ 

ii       *              \ 
—             \i        *              \ \                    '•. — 

1                                 ^^^ \ 1              •                       ^^^ 
ft ^\                          "•-.. —— 
ho. ^^^                           -•..• 

o\ "V '■»-.. 

- 

\   Do 
\ 
\ 

• • 

 •-..« 

tXX) 
0 o "•" — "-• 

.1.1 .       1       .ill 1 i i     1     i 
0 8 16        24       32       40       48       56       64       72       80 

FERMENTATION  TIME  (hours) 
Figure 28.    Effect of 0%,   4. 5% and 7. 0% NaCl on pH reduction in MRS broth by the 

19-4 strain of L.   plantarum. 
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Figure 29.    The effect of 0%,   4. 5% and 7. 0% NaCl on pH reduction in MRS broth by 
the 20-2 strain of _L_.   plantarum. 
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Figure 30..   Effect of 0%,   4. 5% and 7. 0% NaCl on pH reduction in MRS broth by the 
181-4 strain of L.   plantarum. U1 
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while the isolates 20-2, 19-4, 182-3 and ] 81-4 attained pH's of 4. 67, 

4.50,   4. 26 and 4. 23,   respectively. 
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DISCUSSION 

Analysis of Factors Influencing Bloater Formation 

Bloater damage in fermenting cucumbers is known to be caused 

by yeasts and gas-forming bacteria.    The extent of the damage is 

influenced by conditions which prevent or hinder the escape of CO_ 

retention in the brine,   such as cucumber handling prior to tanking, 

the tanking procedure itself and the fermentation process,  were 

studied to determine their contributions to bloater formation. 

Cucumbers which had been soaked before tanking to remove 

4 5 
debris were found to have total counts ranging from 10    to 1 0 

organisms/gram (Table 2).    Etchells et al.   (1975a) found an average 

7 
total count of 1. 6 x 1 0    organisms/gram on cucumbers before tanking. 

Soaking,  therefore,   removes coliforms capable of interferring with 

the fermentation.    However,   enough lactic acid bacteria are retained 

to rapidly begin acid production. 

Mixed pickling spices were found to be contaminated primarily 

with coliforms (Table 1).    However,   since the spices were greatly 

diluted by cucumbers and brine,   the contribution of these undesirable 

organisms to the fermentation was negligible.    The cushion brine also 

was low in total count and therefore unable to introduce enough 

organisms to interfere with the fermentation (Table 1). 
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Mechanically pierced (punched) cucumbers,   free of defects or 

mechanically damaged fruit,   were dumped into 81 deep tanks con- 

o 
taining 18" or 35    salometer cushion brine,   spices and potassium 

sbrbate.     The cushion brine effectively prevented damage of the fruit 

as it was dumped.    Potassium sorbate,   1  lb. /I 000 lbs.   of cucumbers, 

was found effective in the present study as well as by other workers 

in inhibiting yeasts (Figure 5; Bell et al. ,   1959; Costilow,   1957; 

Costilow et al. ,   1955,   1 956; Etchells et al. ,   1961). 

Yeast and coliform populations were followed closely at the 

beginning of the fermentation because of their abilities to cause 

bloater formation.    Both groups were found to diminish quickly in 

number.    For example,  just during the overnight settling period yeast 

populations initially found to be about 1000/ml,   dropped to less than 

100/ml.    Within two days none were found.    Coliforms,  initially 

4 5 
present in numbers of 1 0    to 10   /ml,   disa.ppeared rapidly due to the 

rapid proliferation and acid production of the lactic acid bacteria. 

Equilibrated brine strengths of 4 to 5% NaCl allowed rapid growth of 

desirable types.    Because yeast and coliform populations decreased 

so rapidly and never reappeared,   carbon dioxide production must be 

attributed to the lactic acid bacteria and to respiring cucumbers. 

Pediococcus cerevisiae,   Lactobacillus plantarum and Lacto- . 

bacillus brevis are the lactic acid bacteria commonly isolated from 

brine fermented cucumbers (Pederson and Albury,   1950; Pederson 
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and Ward,   1 949; Borg et al. ,   1955; Costilow et al. ,   .1956).    P^ 

cerevisiae has been shown to predominate initially (Etchells et al. , 

1 97 5) followed by L_.  plantarum. which predominates throughout the 

remainder of the fermentation and coexists with Lactobacillus brevis 

(Costilow et al. ,   1956).    P_.   cerevisiae is thought to begin the fermen- 

tation because it can rapidly initiate acid production (Etchells et al. , 

1975a).    Alsb,   some strains of P.   cerevisiae are capable of causing 

about a week or more delay in growth of L.   plantarum (Etchells et al. , 

1964).    However,   P.   cerevisiae can only tolerate a pH as low as 3.7 5 

(Etchells et al. ,   1964) and is replaced by acid-tolerant L^.   plantarum 

(Etchells and Jones,   1946) and,  to a lesser extent.,   IJ_.  brevis. 

Leuconostoc mesenteriodes is occasionally isolated from cucumber 

brines.    It is associated with low temperature (7 to 10    C) and low 

salt (2.5 to 3.7% NaCl) fermentations (Pederson and Albury,   1950, 

1956; Etchells and Jones,   1946).    The four fermentations investigated 

followed the typical sequence of P_.   cerevisiae followed by L^ plantarum 

and L.  brevis.    Gram stains indicated this was the case (Figures 6 

thru 11).    Initially,   cocci,   appearing singly,   in pairs and in tetrads, 

predominated while some gram positive rods were present.    After 

the third or fourth day of fermentation rods were predominant until 

fermentations ended.    Not surprisingly,  isolates identified as P. 

cerevisiae were isolated on the second day of fermentation when the 

pH was near 5. 0.    Most isolates were identified as L_.   plantarum. 
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They were found throughout the fermentation in coexistence with 

fewer numbers of L^.   brevis.    Leuconostoc mesenteroides was also 

identified.    Even though associated most often with low salt and low 

temperature brines (Pederson and Albury,   1950,   1956),   it grew and 

apparently contributed to bloater formation at 1 8    C and 4. 0% NaCl. 

From these findings the heterofermentative lactic acid bacteria, 

Lactobacillus brevis and Leuconostoc mesenteroides,   are suspected 

to be the major causative agents of bloating. 

Usually it is desirable for fermentations to proceed at a tem- 

perature of 25    to 30    C  so that lactic acid bacteria develop rapidly, 

producing sufficient amounts of acid to inhibit the growth of undesirable, 

interferring organisms (Etchells et al. ,   1945).    During the period in 

which tanks 181,   182 and 183 actively fermented,  the weather was 

unseasonably warm.    Tank temperatures averaged 22    C.    Tank l6l, 

analyzed later in the season,  had a typical tank temperature of 1 8    C. 

Even though temperatures were not optimal for lactic acid bacterial 

growth,  by the second day of fermentation numbers of lactic acid 

7 
organisms reached 10   /rnl (Figures 2 thru 5).    At lower temperatures 

bacterial growth will be retarded.    Carbon dioxide evolution will not 

be as violent as at 30    C.    Also,   CO    is more soluble at lower tem- 

peratures (Quinn and Jones,   1936) and will not readily release from 

solution inside the fruit.    Lower temperatures should,  therefore, 

reduce bloating.    Bloater analysis substantiated this claim (Table  3). 
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Sixty-one percent of the pickles analyzed from tank 161 which fer- 

mented at 1 8    C were judged to be defect-free.    Tanks 181 to 183, 

fermented under the same conditions as tank 161 but at 22    C,   con- 

tained 41 to 45% defect-free pickles.    Fermentation at 1 8    C,  there- 

fore,  has advantages over fermentation at 25    to 30    C. 

Etchells et al.   (1973,   1975b) has shown that such factors as 

brine depth,  pack-out ratios,   circulation of brine during fermenta- 

tion and perforation of headboards effect the release/retention of CO 

in cucumber tanks.    Cucumber in this study were packed to a 60:40 

pack-out ratio.    Headboards were not perforated.    However,   green 

stock was covered with plastic sheeting and headboards were placed 

loosely across the tank surface.     The plastic sheeting was perforated 

and allowed effective escape of fermentation gases.    Lower pack-out 

ratios could have been used to allow for easier escape of CO_.    Etchells 

et al.   (1975b) claims that fewer cucumbers release less CO. which 

could dissolve in greater amounts of brine.    However,   size no.   3 

cucumbers do not have as great a buffer capacity as do smaller 

cucumbers (Etchells and Moore,   1971).    Fewer cucumbers would 

decrease this buffer capacity even further allowing the pH to drop 

below 3. 15 (the pH level at which lactic acid bacterial growth stops; 

Etchells and Moore,   1971) before all the sugars could be fermented. 

Any residual sugar might be utilized by gas-forming yeasts.    There- 

fore,  if a lower pack-out ratio was used,   a buffer such as sodium 
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acetate would have to be added as is done in controlled fermentations 

(Etchells et al. ,   1973).    The buffer would keep the pH higher than 

3. 15 and allow continued sugar degradation and acid production by 

the. lactic acid bacteria.    Fermenting in shallower tanks would also 

reduce CO_  retention (Etchells et al. ,   1975b).    "While lower pack-out 

ratios and shallower tanks would allow better escape of gases,  they 

would necessitate the use of greater numbers of tanks to ferment the 

usual number of cucumbers. 

Bloater analysis was performed before and after fermentations 

as seen in Table 3 (Jones et al. ,   1941; Etchells et al. ,   1968,   1974). 

Analysis before showed that about 20% of the cucumbers had very 

slight carpel separation at their stem ends which could be the point 

of initiation of bloating (Sneed and Bowers,   1970).     Bloater analysis 

after fermentation showed tanks 181 to 183 with 55 to 59% of the 

pickles examined exhibiting bloating.    Tank 161  had 39% bloating. 

A lower fermentation temperature of 1 8    C has been suggested as 

the reason for 20% fewer bloaters in tank 161.    Also,   tank 161 was 

not punched while tanks  181 to 183 were.    Since all four tanks were 

fermented under similar conditions,   except temperature,  the effective- 

ness of the plants' puncherrnust be questioned.    Despite a large per- 

centage of bloating,   84% of the bloating was judged to be slight.    Many 

of these pickles were marketable as whole pickles,   chips,   slices 
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or spears.    The few which showed moderate to advanced bloating 

could be sold as relish. 

On a laboratory scale,   slicing prior to fermentation has been 

reported to eliminate cucunaber bloating without the need to use con- 

trolled fermentation or nitrogen purging (Palnitkar et al. ,   unpublished). 

Crinkle cut chips were,  therefore,   fermented in two 3000-gallon tanks. 

Chips were cut to a width of 3/16".    Smaller widths were reported to 

clump (Palnitkar et al. ,   unpublished).    Forty-five degree rather than 

35     salometer brine was used for cushion and cover brining because 

equilibrated brine concentrations of greater than 5. 5% NaCl were 

desired.    At less than 5. 5% NaCl,  excessive softening had been shown 

to occur (Palnitkar et al. ,   unpublished).    Tank 19 fermented naturally 

while the second,   tank 20,   was "spiked" with commercially available 

L.   plantarum (Microlife Technics).    Pure-culture inoculation of fer- 

menting whole cucumbers with L_.   plantarum had been shown to in- 

crease the number and dominance of that organism in fermentations 

(Pederson and Albury,   1961).    Figure 16 shows that tank 20 initially 

contained higher numbers of lactic acid bacteria but that tank 19, 

after 5 days,   attained similar numbers.    Initially greater numbers of 

L.   plantarum in tank 20 resulted in no discernible differences between 

that tank and tank 19.    Both tanks,  because of high salt brines and low 

temperature,   fermented slowly (Figures 17 and 18).    Eight-five 

percent of the chips in both tanks were judged to be defect-free on 
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the basis of lack of holes in the seed cavity.    However,  the chips 

were judged by plant personnel to be of poor texture.    Some chips 

folded and wrinkled.    All chips retained CO    within the tissue and 

were,   therefore,   "uncured".    Others have noted the failure of 

cucumbers fermented in salt brines of about 7. 0% NaCl to cure 

(Pederson and Albury,   1950) but no explanations are offered.    When a 

vacuum was pulled on a sample of chips the CO    released from so- 

lution and the chips "cured".    Therefore,   factors influencing the 

solubility of CO    appear to be related to the curing process.    The 

solubility of CO    is increased at lower temperatures (Quinn and Jones, 

1936).    Since tank temperatures averaged only 15    C,   CO    which 

formed,   remained in solution.    Brine pH also is a factor affecting 

solubility as it regulates the proportion of dissolved CO? of the 

-2 
"total CO- content" which includes CO   ,  H   CO   ,   HCO    and CO-   . 

As pH is reduced,   CO    becomes increasingly insoluble.    Because of 

the low temperatures and slow rate of reduction of pH it is assumed 

that high amounts of CO_ remained in the dissolved state and diffused 

into the cucumber tissue.    By decreasing the solubility of the CO 

by raising the temperature or decreasing the pH in the brine,   CO 

could release from solution and the chips would cure.    However, 

poor texture,   clumping and folding remain problems. 
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Characterization and Study of the Lactic Acid Bacteria 

Lactic acid bacteria are defined as "Gram-positive,   non- 

sporulating cocci or rods dividing in one plane only,   with the exception 

of the pediococci; usually non-motile,   obligate fefmenters,   producing 

mainly lactic acid and sometimes also volatile acids and C09 

(Sharpe et al. ,   1964).    They are subdivided into genera as follows: 

(i) Streptococcus--homofermentative cocci in pairs and chains,   (ii) 

Leuconostoc--heterofermentative cocci in pairs or chains,   (iii) 

Pediococcus - -homofermentative cocci dividing in two planes to give 

tetrads which may appear as clusters (Gunther and White,   1962) and, 

(iv) Lactobacillus--homofermentative and heterofermentative rods 

(Sharpe et al. ,   1964).    Genera in this study were differentiated on 

the basis of microscopic appearance,  fermentative use of carbo- 

hydrates,   and ability or inability to produce CO    from glucose (Table 

4).    The Minitek Differentiation System (BBL) was used for most of 

the carbohydrate fermentations.    It has been shown as effective as 

the tube tests in differentiating lactic acid bacteria (Gilliland and 

Speck,   1977).    Genera of lactic acid bacteria can also be differentiated 

on the basis of nutritional requirements,   %G+C,   DNA homology and 

cell wall constituents (Garvie,   1975; Carr et al. ,   1977; Buchanan and 

Gibbons,   1974).    Members of the genus Lactobacillus were classified 

using the methods of Rogosa and Sharpe (1959),   members of the genus 
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Leuconostoc by the methods suggested by Garvie (I960) and members 

of the genus Pediococcus by the methods suggested by Gunther and 

White (1961).    When the 8th Edition of Bergey's Manual (Buchan and 

Gibbons,   1974) disagreed with the individual authorities,   the   . 

authorities were followed. 

As mentioned in the Review of Literature controlled fermenta- 

tion has become a widely accepted industry practice (Etchells et al. , 

1973).    Acid and salt-tolerant lactic acid bacteria,   usually L. 

plantarum,   are used as starter organisms.    In northern brining 

regions,   where fermentation temperatures are usually near 18    C, 

commercially available concentrates of L_.  plantarum are ineffective. 

For this reason,  isolates identified as L_.   plantarum were studied to 

determine their optimal growth temperatures and generation times. 

Figure 19 summarizes these studies for the most promising L. 

plantarum isolates.    Despite the fact that the commercial strain 

(Microlife Technics) had a lower optimal growth temperature (27 to 

31     C) than most of the isolates,   all isolates maintained shorter 

generation times than the reference.    At 24    C and below,  two of 

the isolates,   19-4 and 181-5,   maintained shorter generation times 

than the reference.    These two isolates should,  therefore,  be capable 

of growing faster than the reference at low temperatures. 

Because rate of growth might not be directly correlated with 

ability to reduce pH,   the reference and isolates were tested for 
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ability to reduce the pH of MRS broth at 1 8  ,   24    and 30    C.    Had 

cucumbers been available at this time cucumber juice broth (Fleming 

and Etchells,   1967) would have been used as the medium in which to 

grow the isolates.    The results are summarized in Figures 20 thru 

23.    It appears that generation time is not directly correlated with 

the ability of organisms to produce acid.    The reference performed 

well at all three temperatures.    It was capable of reducing pp] as well 

as the isolates even though it grew slower than did the isolates. 

Only 19-4 could reduce pH at a greater rate than the reference when 

at 18° C. 

Figures 27 thru 31  show the results for pH reducing ability at 

18° and 30° C in 0%,   4. 5% and 7. 0% NaCl.    These  studies were con- 

ducted to (i) determine how tolerant the isolates were in comparison 

to the reference and,   (ii) to try to explain the slowness of the chip 

fermentations.    All organisms were similarly salt-tolerant at both 

temperatures.    However,   at 18    C and 7.0% NaCl the reference 

(Microlife Technics) was substantially inhibited (Figure 32).    Since 

the chip tanks were fermented at about 15    C and about 7. 0% NaCl 

the  reference was probably very slow in growing.    Therefore,  no 

differences were discerned between the natural and "spiked'i chip 

tanks. 
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SUMMARY 

Bloater damage at the cooperating pickle plant appears to be 

caused by the lactic acid bacteria,  especially the heterofermentative 

organisms Lactobacillus brevis and Leuconostoc mesenteroides. 

There is currently no means of controlling the growth of these gas- 

forming organisms unless controlled fermentation is used.    However, 

if salt levels are kept above 4. 5% and the tank temperatures remain 

near 18    C,   growth of L.  mesenteroides will be inhibited.    Fermen- 

tation at 1 8    C appears ideal.    Lactic acid bacteria develop quickly 

at this temperature but not as rapidly as at 30    C where evolution of 

CO_  can contribute to bloater formation.    Perforated headboards, 

shallower tanks,   and lower pack-out ratios (with the addition of 

sodium acetate buffer) would all decrease the susceptibility of cu- 

cumbers to bloating by facilitating the release of CO    from the tanks. 
Li 

Controlled fermentation combined with nitrogen purging offers 

the best control over bloater formation.    Salt and acid-tolerant strains 

of Lactobacillus plantarum were isolated which grew well at,   and 

below,   24    C.    Hopefully,  after pure culture  studies under brining 

conditions,  these isolates can be employed as starter organisms for 

fermentation near 18    C. 

Continued study of fermentation of chips is necessary. 

Equilibrated brine strengths near 5. 5% NaCl rather than 7. 0% NaCl 



72 

and higher tank temperatures would allow faster fermentation rates 

and possibly help the chips to cure.    Natural fermentation of chips 

appears as effective as pure culture inoculation of natural tanks. 
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