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SALTING OF CUCUMBERS

Influence of Brine Salinity
on Acid Formation
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ally involves two principal processes. The first is the
production of salt stock by curing or salting fresh cucum-
bers in sodium chloride brines of suitable concentration. . The
second is the processing of salt stock to form the finished
pickle. Spoilage of salt stock during the curing period or sub-
sequently while it is in storage prior to processing is a loss
frequently encountered by commercial manufacturers.
The use of sodium chloride or the brine of this salt in the

THE commercial manufacture of cucumber pickles gener-

household or in the commercial preparation of cucumber

pickles has long been practiced. In spite of the established
nature of this processing method, only a limited amount of
exact information concerning the reactions involved has been
obtained.

Rahn (8), Hasbrouck (4), Campbell (2), Brown (1), Fabian,
Bryan, and Etchells (3), and others have made valuable con-
tribution to our knowledge of the processes involved in the
salting of cucumbers for the manufacture of pickles.

These investigators have shown that, in the preservation of
green cucumbers by sodium chloride, certain salt-tolerant
microorganisms are responsible for the disintegration of vari-
ous organic -fractions of the cucumber fruits. Chemical
changes are reflected in the fermentation of soluble carbo-
hydrates to form organic acids, principally lactic, and in some
cases in the deterioration of the structure of the cucumber.

Microbiological activity is decidedly influenced by environ-
mental temperature. Climatic conditions current in North
Carolina at the time cucumbers are salted are decidedly differ-
ent than those which prevail during the corresponding season
in the more northern cucumber-growing areas where most of
the previous investigational work has been carried on. In
this state cucumbers are normally harvested from early June
to late July. Therefore, salting begins and the curing process
takes place during a period of high temperatures.

The view is commonly held, particularly in the South, that
these different climatic conditions which prevail during the
curing season require salting practices different from those
followed in the northern sections of the country. It is be-
lieved that, under southern conditions, cucumbers must be
cured in brines of relatively high salt content in order to pre-
vent spoilage losses during the curing or storage periods.

In view of the more on use of brines of higher salt
content in the southern than in the northern regions, it seemed
important to study more thoroughly the influence of salt con-
centration of brines on the composition of such brines during
the curing process, and on the physical nature and keeping
quality of the salt stock produced under such conditions.

Commercial Salting Procedure

The salting procedure followed at commercial pickle plants
is outlined briefly as follows: Barrels or vats are nearly filled
with recently harvested cucumbers, a false head is fitted to
the container (to keep cucumbers well submerged), and the
container is filled with brine of the desired salt concentration.

Salting may be done in unsheltered vats, as is more common
in the South, or in vats under a roof or within a building.

The curing process commences immediately after the cu-
cumbers are brined and continues for 3'or 4 months. During
this period numerous microbiological, chemical; and physical
changes take place. The cucumber tissue is killed by the
salt, and the soluble cellular constituents diffuse into the brine.
These organic constituents dissolve in the brine and serve as
nutrients for salt-tolerant microorganisms. Large numbers

.. of soil-borne microorganisms are carried on the cucumbers.

Many of these are more or less salt tolerant.. As a result an
active fermentation commences in the brine almost immedi-
ately. This fermentation continues, under southern climatic
conditions, for 2 to 6 weeks, depending upon the salting pro-
cedure. The fermentation is evidenced by the development
of brine turbidity, the formation of an appreciable quantity of
lactic acid, and the evolution of a considerable volume of gas.

The significance of the numerous changes occurring during
the fermentation process has not been established. Most
pickle manufacturers, however, consider that acid formation
is both desirable and essential for the satisfactory production
and subsequent storage of salt stock.

Previous Studies

Numerous investigators (2, 3, 4, 7) have stressed the im-
portance of carefully controlled salt concentrations of the
brine involved in salt stock production.

Hasbrouck (4) recommended an initial brine concentration
of 30° if the weather was cool and 32-33° if the days were
warm. Salt concentration is expressed as degrees salometer
(per cent saturation). The range 0-100° salometer repre-
sents 0-100 per cent saturation with respect to sodium chlo-
ride. A saturated solution contains 26.4 per cent sodium
chloride by weight at 60° F.

Campbell (2) observed that a low or weak brine favored
rapid fermentation whereas a high or strong brine checked or
retarded fermentation.

Fabian, Bryan, and Etchells (3) investigated the influence
of low-salt curing and high-salt curing on the fermentation
process and salt stock quality. With the low-salt treatment
(30° initially) brine acidity developed more rapidly and at-
tained a higher value than with the high-salt treatment (40°
initially). However, these authors point out that “after
about a month’s time there is very little difference between
the total acidity of the two brines”.

Le Fevre (7), on the other hand, reported appreciably
greater acid formation in moderately strong brines (32-40°)
than in weak brines (20-28°).

Present Studies

This report is based on studies made during 1934, 1935, and
1936. Salting was done in 45-gallon barrels. All treatments
were salted in duplicate. More than 200 barrels of cucumbers
were involved in this study. The experiments were carried on
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at & commercial pickling plant in order that conditions might be
typical of the industry. ~All containers were unsheltered through-
out the curing and storage period.

. The cucumbers were graded for size by mechanical means as
they were received. Those used in these experiments fell into
the following three classes based on diameter measurements;
size 1, smaller than 1 inch but greater than 5/ inch; size 2,
smaller than 13/s but greater than 1 inch; size 3, greater than
13/; inches but not ripe or odd-shaped.” Cucumbers of given
sizes were salted separately. Comparable lots of each size were
started at different brine concentrations. These
concentrations at the beginning of the experiment
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Duplicate lots of each of three different sizes of cucumbers
were salted according to the treatments outlined in Table I.
In general, the relation between brine salinity and the acidity
developed was independent of size of cucumber used.

Figure 1 shows the titratable acidity curves of brines of
different initial salt concentration at progressive dates during
the curing process and early storage period. The data were -
obtained with lots of size 1 cucumbers. Curves for size 2 and

fell into the range of 20° to 80° salometer.

The experimental barrels received daily atten-
tion; salt concentration readinﬁs were taken and
-salt was added as required to hold at the desired -

a— 60°
x- 80°

o- 20°
e- 30°
a-40°

o~

o

salometer.  Brine samples for chemical analyses
were taken at intervals of 3 to 10 days during the
period of active fermentation and at approximately
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90-day intervals during the storage period.

These samples were I)laced in tightly capped
bottles to which a small quantity of chloroform
had been added as a preservative and were stored

v

in this manner until analyzed.
_Other periodic observations during the curing
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process and storage period included the inspection
of salt stock to determine the physical quality of
the cucumbers.

This paFer is a report only of the chemical
analysis of the brines for progressive changes in
total titratable acidity and pl—% during the period
of curing and early storage. .

ACIDITY,GM.LACTIC /00 ML.

Analytical Methods and Salting Procedure

Total acidity was determined by titrating with 0.222 N
sodium hydroxide, using fphenolphtha.lein as an indicator, and
was calculated as grams of lactic acid per 100 ml. of brine. The
pH determinations were made with a glass electrode.

Fresh cucumbers, graded for size, were obtained from the
receiving platform of a commercial salting station and packed
into clean, sound barrels. In these studies 175-pound lots were
utilized. Such a quantity left an unfilled space of approximately
4 inches in depth at the top of the barrel. . False heads were
fitted into place, and the barrel was nearly filled with brine of
the desired salt concentration. This required roughly 20 gallons
per barrel. A quantity of salt sufficient to maintain the brine
a}t; tllllis (siame coneentration for the first 24 hours was placed on
the head. .

ScHEDULE FOR TREATMENTS IN SALTING OF
CUCUMBERS

Rate of Increase of Brine Concn.

TasLE 1.

Initial Brine Concn.

20° Up 5° per week to 60°
30° Up 5° per week to 60°
40° .Up 2° per week to 60°
60° Held at 60°
80° Held at 80°

The water required for making brine was untreated well water
with a pH of 6.8-6.9. High-quality fine salt was used at all times.
In these salt concentration studies it was desired to investigate
the influence of brine salinity over a range much wider than is
enerally utilized by commercial salters. The salting schedule
ollowed is given in Table I.
Salt was placed on the head as required to maintain the desired
salinity.

Throughout the curing period the brine concentrations
were maintained as indicated in Table I. Therefore no daily
salinity readings are presented. Each treatment is desig-
nated by the concentration of brine used at the start of the
experiment. o

Chemical analyses of brine samples taken on successive
"dates during the curing process indicated that a general rela-
tion existed between the initial salt concentratibn of the brine
and the subsequent brine acidity developed. This general
relation was observed throughout the study, and from year to
year the results were in close agreement. For this reason the
results presented will be those for the 1936 season only.

F1GURE 1.
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RELATION OF INITIAL SALINITY TO SUBSEQUENT TITRATABLE
AcipiTY OF BRINES

3 cucumbers show the same general relation between early
brine salinity and subsequent brine acidity as those for size 1,
although absolute values are different for lots of fruit of
different size. For this reason the data represent those ob- .
tained with one size of fruit only.

Figure 2 compares the pH values during the curing period
for the brines of different salt concentrations.

Figure 3 indicates the relation between cucumber size and
the titratable acidity and pH of the brine developed during
the curing period for lots receiving the same salting treatment.
The values given are for cucumbers of sizes 1, 2, and 3, cured
according to the 20° salting schedule.

The same relation was observed in a comparison of the
values for the three sizes cured according to other salting
schedules. Accordingly the data presented relative to this
phase of the study represents only one salting treatment.

Influence of Salt Concentration

Figure 1 indicates the influence of the salt concentration of
the brines during the early portion of the fermentation period
on subsequent acid formation. In the brines of relatively
low salinity there was an extremely rapid development of
brine acidity. For brines of increasingly higher initial salin-
ity, acid formation occurred at increasingly slower rates.

With the exception of 80° brine the maximum acidity for all
treatments was developed within the first 15 days. From a
comparative standpoint the brines of lower initial salt content
actually attained this maximum brine acidity slightly earlier
than the brines of higher salinity. -

Under the conditions of this experiment the brine of lowest
early salt concentration produced and maintained an acidity
considerably above that of all other treatments.

For the entire series of treatments involving the use of
brines of successively higher initial salt concentration, the acid
production occurred at successively slower rates, and corre-
spondingly lower final total acidities were developed.

Emphasis should be laid on the fact that the curves in
Figures 1 and 2 are designated by a figure indicating the con-
centration of the brine used at the beginning of the experi-
ment. - The salting schedule in Table I shows that the brine
concentration in all treatments was gradually increased to a
maximum of 60°. However, the greatest increase in brine
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‘acidity in all treatments occurred during the first week of

fermentation. . During this period the treatments were the
most dissimilar from a comparative standpoint.

With reference to the quantity of acid formed by fermenta-
tion in these experiments the following is important: - All
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yeasts causes a reduction in brine acidity and will in time be
responsible for the complete destruction of the acid formed
"by the fermentation process.

Fabian, Bryan, and Etchells (3) recogmzed that the growth
of pickle scum in their experimental brines might have been

barrels Gised were of nearly equal volume . Also the quantity partially responsible for the loss of brine acidity. In the
: - studies reported here conditions were not
7 favorable for pickle scum development and the

X - 80° resulting marked destruction of brire acidity.
° - 60° Figure 3 presents data on the relation between
6 s - 40° brine acidity and the size of the cucumbers
- ’ :_'_ 38. involved. Although equal quantities of green
o R cucumbers are utilized in each lot, the smaller
w l.‘{‘“‘ p L sizes favored the development of greater acidity.
z |8 o Heinze (6), Kitahara (6), and others showed
54 °.———T_"-_' — . tha? cucumbers d}ﬁgr in composition according

o . . o tosize. This dissimilarity in composition might -

3 —d-0—o4—o account for the formation of different quanti-
20 40 60 80 100 120 140 160 180 200 ties of acid even though such factors as weight
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F16URE 2. RELATION OF INITIAL BRINE SALINITY TO SUBSEQUENT

BriNE PH

of fresii eucumbers placed in each barrel was uniform. There-
fore the cucumber-brine ratio in all cases was essentially the
same.

Such uniformity in salting methods would provide prac-
tlcally equal quantities of the soluble carbohydra.tes or other
organic compounds utilized by acid-forming organisms. This
condition might be expected to favor the development of prac-
tically equal quantities of acid for lots receiving diffcrent
salting treatment, irrespective of brine salinity. Actually,
decidedly different quantities of acid were formed in the
different lots as shown by Figure 1.

The data indicate that the total quantity of acid formed
during fermentation is not solely dependent upon the quan-
tity of soluble carbohydrates or other organic compounds
present in a given lot of cucumbers but is also dependent upon
the salinity of the brine in which fermentation takes place.

In Figure 2 the pH curves for brines of different initial salt
content exhibit great similarity as to shape but differ decidedly
as to final values attained. In all cases the curves flatten out
at approximately the same date when the maximum titratable
acidity is attained. After this date relatively large decreases
in titratable acidity produce only slight changes in the corre-
sponding brine pH.

The results of these experiments relative to the influence of
early brine salinity upon subsequent acid formation confirm
the observations of Campbell (2) and Fabian, Bryan, and
Etchells (3) who previously reported that acidity developed
at a more rapid rate and attained a higher value in brines of
lower than higher salinity.

The results reported here further indicate that there was no
rapid reduction in brine acidity following the period of acid
formation. This was found for all salting treatments, even
over a storage period of more than 6 months. This observa-
tion is at variance with those of investigators who prevmusly
reported on this phase of the study (3).

The variation between the results of this study and those
reported previously (3, 7) may be explained by the conditions
under which the different experiments were conducted. The
present studies were carried on in containers which were un-
" sheltered at all times.” The experiments of the previous in-
vestigators (3, 7) were conducted under sheltered or indoor
conditions.

Rahn (8), Brown (1), and others reported that pseudo
yeasts or pickle scum will develop on pickle brines if the brine
surface is exposed to the air and is sheltered or protected from
the direct rays of the sun.: The development of these scum

of fresh fruit, volume of brine, and salinity of
brine were constant for different lots of cucum-
bers. Further study relative to this phase is
in progress.

Brine pH shown in Figure 3 is for size 1 fruit only. Dlﬁer-
ences so small as to be difficult-to present graphically were
observed in brine pH between lots of sizes 1, 2, or 3 fruit.
These differences, although consistent throughout the period
of observation, were of the magnitude of 0.1 pH unit or less.
Accordmgly, for clarity of presentation, only the values for the
size 1 fruit are shown. :

Summary

Experiments were conducted to determine the influence of
the salt concentration of the brines involved in the curing of
cucumbers on subsequent brine acidity. Brines of widely
different initial salt concentrations were employed, covering
the range from 20° to 80°.
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Ficure 3. RELATION oF CUCUMBER

S1zé To TITRATABLE AcipITY AND PH
. oF BRINE

These studies were conducted at a commercial pickle manu-
facturing plant over a period of three years under conditions
typical for the industry. - The data presented were obtained
the last year of this period (1936). They are confirmed by
comparable results from the entire period, representing ob-
servations from more than two hundred experimental barrels.

The following conclusxons are drawn from these experi-
ments: .

1. Provided the cucumber-brine ratio be maintained constant,
the total titratable acidity which will be developed in the brines
in which the curing process takes place will be largely determined
by the salt concentration of the brine during the early portion
of the curing process. -
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2. Brines of low salt concentration favor the rapid formation
of a relatively high amount of total titratable acid and the de-
velopment of relatively low brine pH. Brines of increasingly

higher initial salt content favor correspondingly retarded rates of '

acid formation, lower total quantities of acids produced, and
higher brine reaction or pH values.

3. For brines of any given salt concentration the higher acidity
will be produced in the curing of cucumbers of the smaller sizes
and lower acidity during the curing of the larger sizes.
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