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Off-flavors and odors in fermented cucumbers result from the growth of undesirable microorganisms
during the secondary fermentation. Under laboratory conditions using a sterile fermented cucumber
slurry medium, the spoilage fermentations were reproduced. Using this system the salt and pH con-
ditions that allow the spoilage to occur were determined by varying the NaCl concentration and pH
of the slurry medium. At pH 3, no spoilage was observed, regardless of the salt concentration, while
at pH 3.5, pH 4, and pH 4.5, spoilage occurred in the 0 and 2% NaCl samples. For pH 5.0 samples,
spoilage products were seen for all NaCl treatments. Based on these results the Preservation
Prediction Chart was developed. The Chart may be used for selection of proper pH value and salt
concentration for long term storage of fermented cucumber.
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Introduction

Most commercial cucumber fermentations are the result
of naturally occurring microorganisms and the environ-
mental conditions such as salt concentration, pH, and tem-
perature of brine [1]. During fermentation the microbial ac-
tivities occur in various stages [2]. In an initiation stage
various Gram-positive and Gram-negative bacteria com-
pete for predominance, however, an acidification in con-
trolled fermentation influences the types of bacteria that
grow during this stage [10]. During primary stage of fer-
mentation, carbohydrates are converted to acids and other
end products by lactic acid bacteria and yeasts. A secon-
dary fermentation stage could occur if residual sugars re-
main and lactic acid bacteria have been inhibited by low
pH. Fermentative yeasts may grow and cause gaseous
spoilage in this condition. If pH rises in low salt concen-
tration, spoilage bacteria could grow in the secondary fer-
mentation stage [5]. Off-flavors and odors in fermented cu-
cumbers result from the growth of undesirable such micro-
organisms during the secondary fermentation.

The major function of salt in the brining of cucumbers,
in addition of inhibition of softening enzyme activity, is to
control of microbial growth. The commercial use of salt
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concentrations has been about 5% to 8% for fermentation
and 8% to 16% for storage [7]. The fermentation salt con-
centration(6%) has evolved as a compromise to achieve a
desirable fermentation and maintain a desirably textured
product. Much of the salt used for storage of fermented
cucumbers must be leached prior to further processing for
human consumption. However, the current increasing
health concerns of consumers about excessive intake of salt
in the diet and the tightening environmental regulations
for salt disposal have pushed the pickle industry to devel-
op other fermentation procedure assuring reduced salt
consumption [3]. However, low salt fermentations may
contribute to spoliage. When cucumbers were brined at
2.3% NaCl, they underwent normal lactic acid fermenta-
tion, resulting in less than 1% lactic acid and pH 3.7.
Subsequently, however, the cucumbers spoiled due to pro-
duction of butyric acid and other products were formed by
undesirable bacteria while the level of lactic acid was re-
duced . Clostridium tertium grew and contributed to the bu-
tyric spoilage of fermented cucumbers [4].

The objective of our research was to determine the salt
and pH conditions that allow the secondary spoilage fer-
mentation to occur in the low(0% to 5%) salt brine pickles.
We were able to reproduce the low salt secondary fermen-
tation under laboratory conditions using sterile fermented
cucumber slurry as a growth medium. With this model

system for the spoilage fermentation we determined the



salt and pH conditions that allow spoilage to occur. Based
on these results the Preservation Prediction Chart was
developed. The Chart may be used for selection of proper
pH value and salt concentration for long term storage of
fermented cucumber.

Materials and Methods

Growth medium

A fermented cucumber slurry (FCS) broth was used as
growth medium and sterile FCS broth was prepared as fol-
lows: size 3a and 3b cucumbers (diameter, 2.5 to 3.0 ¢m)
were brined in a 20L plastic pail using calcium acetate cov-
er brine [9]. The brined cucumbers were inoculated to a
cell density of 10° cfu/ml with Lactobacillus plantarum
MOP3 [11]. The fermentation was allowed to go to com-
plete utilization of sugar over the course of two weeks, at
which time the pH was around 3.4. The fermented cucum-
bers were then blended into the course slurry in a Warring
blender and filtered through cheesecloth. The homoge-
neous slurry were distributed into 1 L bottles and stored
at -20°C. When need, the slurry was removed from freezer
and thawed. After centrifugation at 10,000 x g for 20 min,
the supernatant was collected and autoclaved. The NaCl
concentration and pH of the slurry was adjusted asepti-
cally as required with the addition of 5M NaCl and 6N
NaOH. Prior to inoculation the slurty was dispensed into

sterile screw cap vials.

Source of the inoculum

The source of the inoculum for the reproduction of
spoilage secondary fermentation was brine from a 0%
NaCl cucumber fermentation, carried out in sealed quart
jars with rubber syringe septa in the jar caps. This jar had
been brined approximately 1 year prior to sampling for in-
oculation and demonstrated spoilage fermentation features
of opaque, dull color and high pressure. Three types of
spoilage were identified by the principal acid or alcohol
produced: butyric acid (A type), propionic acid/propanol
(B type), and propanol (C type).

Reproduction procedures

All procedures for isolation and cultivation were done
anaerobically within a glove chamber (Coy Laboratory,
Grass Lakes, Mich.) containing a 10% CO; - 10% H, - 80%
N, atmosphere. Anaerobiosis was monitored with Oxygen-
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Hydrogen Gas Analyzer (Coy Laboratory, Grass Lakes,
Mich.). The spoilage fermentation inoculants were removed
with a sterile 5 ml syringe through the rubber septa in the
jar caps. 2 ml of the spoilage fermentation brine was used
to inoculate 18 ml of FCS broth in screw cap tubes, which
had been preincubated in the anaerobic chamber with the
caps loose to allow gas equilibration. Following inoculation
the tubes were returned to the anaerobic chamber and in-
cubated at 30°C for 3 months. The reproduction experi-
ments were carried out in triplicate for each type of spoil-

age fermentation.

HPLC analysis

Slurry samples were prepared for HPLC analysis by fil-
tration through a 0.22 micron filter (Millipore Corporation,
Bedford, MA)to remove suspended particulate matter.
Samples were analyzed using an anion-exchange column
(Aminex HPX-87H, Bio-Rad Laboratories, Hercules, CA)
with a 0.8 mL/min flow rate of 0.03 N HySO; at 75°C. A
UV detector (UV-6000, Thermo Separation Products Inc.,
San Jose, CA) and a differential refractometer (Waters 410,
Waters, Milford, MA) were connected in series for de-
tection of organic acids (at 210 nm) and ethanol. Sugars
were separated by a Carbopac PA1 column (Dionex Corp.,
Sunnyvale, CA) with a 0.8 mL/min flow rate of 0.12 N
NaOH at room temperature, and detected by a pulsed am-
perometric detector (PAD-2; Dionex Corp., Sunnyvale, CA).

For each treatment in the experimental protocol a con-
trol that was inoculated but not allowed to ferment
(frozen) was analyzed for the presence of carry-over organ-
ic acids/alcohols from the initial inoculums. The values
obtained from the carry-over controls were subtracted in
each case from experimental samples and the corrected

value was reported in the tables.

Results

Reproduction of spoilage secondary fermentations

Table 1 shows the concentration of contents in each of
three types of spoilage fermentation inoculants prior to the
inoculation to the FCS broth tubes for reproduction of
fermentation. Type A inoculum contained butyric acid,
propionic acid, and propanol with increased pH. Type B
inoculum contained propionic acid and propanol, and
Type C inoculum contained propanol with a trace of pro-
pionic acid. Compare to the no spoilage control sample, all
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Table 1. Three types of inoculant for reproduction of the
spoilage fermentations

Lactic  Acetic Propionic Butyric

Type acid acid acid acid Propanol pH
Control” 11352  65.83 0 0 0 44
A 0 109.66 7.98 27.38 3844 65

B 10.1 1314 28.89 0 2743 43

C 9.67 140 2.78 0 4475 4.1

Control': no spoilage fermentation sample.

three spoilage types had completely deplete the lactic acid
and contained increased amounts of acetic acid along the
spoilage products. Table 2 shows the reproduced fermenta-
tion results of each type of the spoilage fermentation after
3 months of incubation at 30°C. The pHs at 3 months of
incubation time point are also shown. The reproduction of
spoilage fermentations were carried out in triplicate. The
control was inoculated with sterile slurry samples but not

incubated. Each type of spoilage fermentation reproduced

Table 2. Reproduction of three types of spoilage fermentations

a) Reproduction of type A(Butyric acid) spoilage.

Lactic Acetic Propionic Butyric

Type acid  acid acid acid

Propanol pH

Control 11472 58.73 0 0 702 45
Al 0.68 43.77 3.81 87.75 763 62
A2 154 42.36 3.92 87.46 732 66
A3 057 43.73 3.69 88.54 825 64

A average 093 43.29 3.81 87.92 773 64

Control : no incubation

b) Reproduction of type B(Propionic/Propanol) spoilage.

Lactic Acetic Propionic Butyric

Type acid  acid acid acid Propanol - pH
control 114.72 5873 0 0 702 45
Bl 4959 109.14  19.59 0 1206 5.0
B2 4925 10815  18.89 0 1484 49
B3 4777 10472  18.64 0 125 5.0
B average 4887 107.34  19.04 0 1313 5.0

Control* : no incubation

¢) Reproduction of type C(Propanol) spoilage.

Lactic Acetic Propionic Butyric

Type acid  acid acid acid Propanol pH
control 11472 5873 0 0 702 45
C1 4096 105.3 244 0 1571 50
2 4439 11013 341 0 1831 51
C3 41.82 105.44 223 0 1344 51
C average 42.39 106.96 2.69 0 1582 51

Control* : no incubation

the type of spoilage seen in the original spoilage sample.
Butyric acid production was shown in fermentations
A1-A3, propionic acid/propanol fermentation products
were seen in fermentations BI-B3, and a primarily prop-
anol fermentation products was seen in fermentations
Cl-C3. Some propanol was observed in the unincubated
control, and it may be produced during the primary fer-
mentation, or may naturally present compound that was
eluted with propanol on the HPLC column. Figure 1
shows the mean of the concentrations of products from
triplet fermentation for the three types of reproduced
spoilage fermentations.

Salt and pH matrix

To determine the salt and pH conditions that allow the
spoilage to occur, spoilage fermentations were carried out
with 0, 2, and 4% NaCl, with a pH range of 3 to 5. All
samples were inoculated in triplicate, using sterile slurry
as the growth medium described in Materials and
Methods. HPLC analysis of the products of fermentations
at 3 months post inoculation are given in table 3. The ini-
tial inoculum for these experiments came from a spoilage
fermentation that had demonstrated all three of the major
spoilage fermentation products: butyric acid, propionic
acid, and propanol. The HPLC data presented represent
the average values for three identical fermentations. As
shown in Fig. 2, the progress of the fermentation could be
determined by the amount of residual lactic acid and the
generation spoilage products. Compared to 4% salt (Fig.2,
c), the 0% salt (Fig.2, a) samples had a reduced lactic acid
concentration, and showed an increase in the production of

120 - Il Control
] Type A: Butyric

[] Type B: Propionic/Propanol

100 N Type C: Propanol

80

mM 60 1

40

201

lactic acetic propionic butylic propanol

Fig. 1. Products in three types of reproduced spoilage fermen-
tation
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Table 3. Comparison of products and spoilage occurrence with different pH and salt concentration

Sample Condition Average value for HPLC products from triplicate samples Spoilage
From To pH NaCl Succ Lactic Acetic  Propion  Butyric  Ethano  Isoprop Prop occured
1 3 3 0% 3.8 102.97 53.86 0.66 3 12.25 t t No
4 6 35 0% 0.95 28.75 50.94 7.37 35.83 427 143 2,66 Yes
7 9 4 0% 0.36 0 42.28 451 67.47 0 0.33 2.59 Yes
10 12 45 0% 0.13 1.6 43 9.98 3713 0 t 1.84 Yes
13 15 5 0% 0.3 0.07 50.01 10.42 35.45 0 0.81 1.79 Yes
16 18 35 2% 217 81.9 59.51 0.83 151 9.94 0.35 0.7 Y/N
19 21 4 2% 1.24 26.38 36.89 5.46 19.66 3.8 1.34 419 Yes
22 24 45 2% 0 0.52 43.89 11.75 51.06 0 1.14 18 Yes
25 27 5 2% 0.12 51.86 53.39 41 4131 10 1.64 1.88 Yes
28 30 35 4% 3.53 101.94 48.92 6.18 ud 11.29 t t No
31 33 4 4% 3.75 95.16 52.4 1 6.44 3.97 0.54 1.01 Y/N
34 36 45 4% 3.69 100.04 62.14 1015 6.43 212 0.59 0.6 Y/N
37 39 5 4% 0.05 68.41 48.97 10.95 9.51 ud 0.25 0 Y/N

ud=undetermined, t=trace
feo . INTes_ - o ’”
- i s & -~ T & @@ﬁaoe - 8!
B opion -~ P, & 1 oropion &L Lacti - N
f Ethano ' O 5 s Ethar 5 Frovien Butyric ' o - . “
1) 0% salt 2) 2% salt 3) 4% salt
Fig. 2. Secondary fermentation products at the different salt concentration and pH condition
spoilage acids and alcohol for all pH values except pH 3. Nacl —
The results are summarized in the preservation prediction 4% nd N Y/N Y/N Y/N
table presented in Fig. 3. At pH 3 no spoilage was ob- /
served, regardless of the salt concentration, while at pH
3.5, pH4, and pH 45, spoilage occurred in the 0 and 2% 2% nd Y/ Y Y Y
NaCl samples. For pH 5.0 samples, spoilage products were
seen for all NaCl treatments.
0% N Y Y Y Y
Discussion
30 35 40 45 5.0

Environmental concerns are increasingly forcing pickle
manufacturers to consider the problem of disposal of
waste brine. Brine recycling and other strategies have sig-
nificantly reduced the waste disposal problem [5]. Closed
cucumber fermentation tanks offer the potential of re-
ducing the amount of salt used during commercial fermen-
tation and storage of cucumbers [8]. It was observed, how-
ever, that lower salt concentrations can lead to the spoilage

of fermented cucumbers during long term storage. The

pH of slurry
Fig. 3. Preservation Chart

spoilage of fermented cucumbers is characterized by buty-
ric acid, propionic acid and propanol production under
anaerobic conditions. By sequencing the 165 rRNA gene,
and a BLAST (Basic Alignment Search Tool) search of the
RDP, we could identified bacterial eight species from spoil-
age fermentations which belong to three genera: Clostridium,
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Lactobacillus and Bacillus from low salt spoiled brine [9].
We have also experimented to determine the salt and pH
conditions that allow the spoilage to occur. The results
could be summarized into a chart and we report on this
paper.

Initially we were able to reproduce the spoilage fer-
mentations under laboratory conditions using a sterile
fermented cucumber slurty medium. The ability to re-
produce the different types of spoilage after 3 months of
fermentation is shown in Table 2. The fermentations
were all marked by an increase in pH from the initial
value (pH 3.4) of the sterile slurry medium of pH 44,
and a decreasing in the concentration of lactic acid.
Virtually all of the lactic acid was consumed in the buty-
ric acid fermentation, and a production of acetic acid
was also seen.

By varying the NaCl concentration and pH of the slurry
medium we have determined the conditions allowing the
spoilage to occur. A 3 month experiment inoculated with
a butyric, propionic, and propanol spoilage samples
showed conditions which would or would not allow the
spoilage fermentation to occur. The final pH values of each
slurry, as well as HPLC analysis of organic acids after the
3 month incubation were indicators of spoilage fermenta-
tions. It is possible that with longer term incubation spoil-
age would occur in the some of the non-spoiled samples,
and continuous culture experiments are currently under-

way to answer that question.

Acknowledgment

This work was supported in part by a grant from
Kyungsung University Research Grants in 2004.

10.

11.

References

Breidt, J. F., R. F. McFeeters and 1. Diaz-Muniz. 2007.
Fermented vegetables, pp. 783-793, In Doyle, M. P. and L.
R. Beuchat (3rd ed.), Food Microbiology: Fundamentals and
Frontiers, ASM Press, Washnington, D. C.

Fleming, H. P. 1982. Fermented vegetables. In Rose, A. H,
Economic microbiology, Vol. 7, Academic Press, New York.
Fleming, H. P, R. F. McFeeters, M, A, Daeschel, E. G.
Humphries and R. L. Thompson. 1988. Fermentation of
cucumbers in anaerobic tanks. ]. Food Sci. 53, 127-133.
Fleming, H. P, M. A. Daeschel, R. F. McFeeters and M.
D. Pierson. 1989. Butyric Acid Spoilage of Fermented
Cucumbers. ]. Food Sci. 54, 636-639.

Fleming, H. P,, L. C. McDonald, R. F. McFeeters and E.
G. Humphries. 1995. Fermentation of Cucumbers Without
Sodium Chloride. ]. Food sci. 60, 312-315.

Fleming, H. P, K. H. Kyung and F. Breidt. 199.
Vegetable fermentations. pp. 629-661, In H. ]. Rehm and
G. Reed (second ed.) Biotechnology, Vol. 9, VCH
Publishers, Inc.,, New York.

Fleming, H. P, R. L. Thompson and R. F. McFeeters.
1996. Assuring microbial and textural stability of fer-
mented cucumbers by pH adjustment and sodium ben-
zoate addition. |. Food sci. 61, 832-836.

Fleming, H. P., E. G. Humphries, O. O. Fasina, R. F.
McFeeters, R. L. Thompson and F. Breidt. 2002. Bag-in-
the-Box Technology: Pilot system for process-ready, fer-
mented cucumbers. Pickle Pak Sci. VIII, 1-8.

Kim, J. H. and H. Y. Jang. 2004. 165 rDNA-PCR and
RFLP analysis for rapid identification of spoilage bacteria
from low salt cucumber brine. Korean |. Biotechnol. Bioeng.
19, 72-77.

McDonald, L. C., H. P. Fleming and H. M. Hassan. 1990.
Acid tolerance of Leticonostoc mesenteroides and Lactobacillus
plantarum. Appl. Environ. Microbiol. 56, 2120-2124.
McDonald, L. C, D. H. Shieh, H. P. Fleming, R. F.
McFeeters and R. L. Thompson. 1993. Evaluation of malo-
lactic-deficient strains of lactobacillus plantarum for use in
cucumber fermentations. Food Microbiol. 10, 489-499.



Journal of Life Science 2007, Vol.17. No. 12

Z5: 94520[9| MumoiHAzE| sy

24RE* - Fred Breidt'
(st HE sty 1Depar’cmen’c of Food Science, North Carolina State University)

TEE 2ol o= A = MAE ] 24F A o3t Aol F|HAE dohs TEL0] HFL
iAo 2 uFEe] g ASATh 99 FEE Hiﬁ& = SuA A S $AE 5 gl pHe M E 24
3}7] lste] et 2 %) pHoF NaCl FE& Zhe & Q o] F(FCS) wjFelo) 3704 F57 9] bl & 747} 3
Fato] dEeolo] Ao RE ALt pHId A& acu A7 feetE Aue dofuA eH Hlstel
pH 5001 A& 4% 2] NaClo| Hx EF 2437} A5t} pH 35, pH 4, pH 45 A A& 0%} 2% NaCle] ¥ 9|
WAl e 2oE B9t o] s wgoz FE oo AE AT £ gle 2ARE AT 22
£ AHE TR0l AT|RAE A AHF A=ot def wE AYE shesA T Aol

1621



