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The manufacture and storage of genuine dill pickles under eli-
matic conditions typical of the southern states is generally unsatis-
factory, and few southern pickle packers attempt to manufacture
genuine or fermented dills.

In other sections of the United States several investigators have
studied different phases of dill-pickle manufacture. Lesley and
Cruess (1928) studied the relationship between brine acidity and
soft pickles. Joslyn (1929), in extensive experiments, investigated
the influence of numerous commercial practices on the quality of
the finished product. Fabian and Wickerham (1935) have reported
some chemical and bacteriological changes which take place in dill
manufacture. : :

During the past few years a study of the manufacture of genuine
dills under climatic conditions of eastern North Carolina has been
undertaken. This paper is a report of a chemical and bacteriolog-
ical study in regard to the types of microdrganisms predominating,
the utilization of sugar, and the production of acid during the fer-
mentation. The data presented were obtained during the 1938 eur-
ing season.

EXPERIMENTAL PROCEDURE

In outlining the program followed in 1938 one treatment was

‘considered standard; other treatments deviated somewhat from the
standard w1th respect to brine sa.hmty, added acid, or addition of
sugar.
"~ The cucumbers used were uniform in size and earefully selected.
They were of’ 600-count size,> which would ordinarily be considered
“'too large’ for marketable dills, ‘but were entirely suitable for ma.kmg
comparlsons of different treatments Dupheate barrels of each treat-
ment were put down. '

1 Approved for publication as N. C. Agr. Exp. Sta. Journal Senes No. 113.
Food Research Division Contribution No. 483.
2 Number per 45-galion cask.
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Brine samples were taken at frequent intervals for chemical and
bacteriological analyses. These samples were taken by inserting a
short piece of stainless steel tubing through the bung -of the barrel
and withdrawing the brine through an attached piece of rubber
tubing. Two 12-ounce bottles full were withdrawn before the bac-
teriological sample was taken.

Chemical samples were preserved with sodium 2, 4, 5 trichlor-
phenolate in a concentration of 1-10,000 as described by Veldhuis
(1938). The titratable acidity of the brine samples was determined
by diluting a 10-c.c. sample with 50 c.c. of water, boiling about 20
seconds to expel carbon dioxide, cooling, and titrating with one-tenth
normal sodium hydroxide using phenolphthalein as the indicator. The
pH of the brine was determined by means of a glass electrode. Re-
ducing sugars were estimated by the Shaffer-Hartmann (1921)
micro method, standardized to the conditions under which it was
used. Chemical studies were made on all lots.

For bacteriological analysis, the brine was examined by the plat-
ing technic with respect to total number of bacteria, acid-forming
bacteria, peptonizing bacteria, and yeasts. Baeteriological findings
showed the acid-formers and yeasts to be the predominating organ-
isms and they alone are considered in this study.

‘ The medla used for plating of the brine samples were nutntlve
caseinate ‘agar (leco) for the bacterial counts and tartaric acid
agar for yeast counts The routine platings of the brine samples on
the nutrltlve casemate agar were counted and classified aceording to
phys1ologlcal growth reactions of the predominating organisms. On
this medium the acid- formers showed definite zones of -precipitated
casein about the colony, owmg to their acid production. The addi-
tl()n of elght ce. of 4-per’ cent brom-cresol—purple indicator to the
agar during preparation was a further aid in identification of the
acid-forming bacteria. It was found that with the routine use of
this media for brine platings, during the active phase of the dill
fermentation substantially all of the colonies present on the plates
were acid-formers. The yeast counts were obtained by plating dilu-
tions of the brine on tartaric acid agar, which was prepared by
adding five c.c. of sterlle five-per cent tartaric acid to each 100 c.c.
of ‘melted ‘dextrose agar.® All plates were incubated at 35°C. (95°F.)
for' three days and then counted. Occasmnally, when yeast colonies
were not well developed the incubation period was extended to five
days. The treatments followed bacteriologically are outlmed (Table
1, Nos. 2, 3, 5, and 11).

3 Laboratory Manual (Methods of Analym of Milk and Its Products), Inter-
national Association of Milk Dealers, 1933. p. 81.
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TABLE 1

Salting Schedule Followed in Experimental Dill Pack

(Treatment for all lots was the same as for the standard! except as otherwise |
indicated in this table)

Quantities of materials added per barrel
Iﬁ:‘ , Treatment description -
LK Salt Acid . Sugar
lbs.
1 Standard 19 |.5 gal. 110-grain vinegar None
Acid series
Vinegar—at starting :
2 No acid added 19 |None None
3 Medium acidity 19 1.0 gal. 110-grain vinegar| None
4 ) High acidity ) 19 |1.5 gal. 110-grain vinegar| None
Lactic acid— 19
(vinegar omitted)
5 At starting 19 |1700 e.c. 50% None
6 10 days after starting 19 |1700 e.c. 50% None
Salt series
7 Low salt 15 .5 gal. 110-grain vinegar None
8 High salt 23 .5 gal. 110-grain vinegar | None
Sugar series :
9 Dextrose at starting 19 | .5 gal. 110-grain vinegar | 3.5 lbs.
10 Dextrose 7 days : 19 .5 gal. 110-grain vinegar | 3.5 lbs.
‘ after starting
11 Sucrose at starting 19 .5 gal. 110-grain vinegar | 3.5 lbs.

1 Standard treatment—19 Ibs. NaCl, .5 gal. 110-grain vinegar; barrel filled with water,
stored inside shelter, rolled at frequent mtervals early. All barrels were of 42-gallon capacity.

DATA AND DISCUSSION

Typical curves of chemical changes which occurred during fermen-
tation in a lot receiving the standard treatment are shown (Fig. 1).
Progressive changes in acidity and pH and sugar concentrations of
the brine are indicated. From the acidity curve it is evident that the
changes in this constituent were small during the first three days.
The acid content of .4 gram per 100 c.c. at the end of the first day
was due to the vinegar added. During the second and third days the
brine acidity decreased somewhat as a result of brine dilution and
vinegar absorption by the cucumbers. :

A rapid increase in acid content began on the fourth and con—
tinued until about the 18th day, followed by a slight decrease, after
which there were but small fluctuations in brme amdlty

The sugar curve (Fig. 1) indicates a rapld 1ncrease in, brine-
sugar concentration during the first three days and a correspond—
ingly rapid reductlon in this sugar concentratlon after _an. active
fermentation had started, as indicated by the development of brine
acidity.

The pH curve shows the effect of the added acid and acid pro-
duced by fermentation. The variations found with this treatment
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are not very large. The added vinegar lowered the pH to about
3.6 on the first day. During the second and third day the pH rose
slightly as the vinegar in the brine was diluted. When the forma-
tion of acid by fermentation began, the pH decreased again and
continued to decrease slightly as long as acid was formed. A con-
stant value was approached on about the 18th day.

A more or less average dill fermentation is shown (Fig. 2) with
respect to predominating microorganisms and their effect upon the
sugar present and the production of brine acidity. The upper part
shows the differential plate counts of the brine in regard to the acid-
forming bacteria and yeasts. Owing to the great difference in the
number of the two types, the counts are plotted logarithmically so
that both may be shown on the same graph. The acid-forming bac-
teria show a growth curve of moderate activity, reaching a peak of
38 millions per c.c. on the third day and then subsiding. The yeast
fermentation did not begin actively until the acid-forming bacteria
had changed the acidity of the brine to more optimal conditions. The
yeast population, after starting on the fourth day, reached a peak
on the 10th day and then dropped sharply although remaining in
the brine for approximately 30 days.

The lower part of Fig. 2 shows the reducing sugar content and
titratable acidity of the brine during the fermentation. The acid-
forming bacteria brought about the first part of the downward trend
of the sugar curve, then the advent of the yeast fermentation aided
in bringing about the further decline to approximately .1 per cent
on the 10th day. The acidity curve, starting on the first day, shows
a gradual rise to approximately .75 per cent on the 21st day, this
period comparing favorably with that of the active growth phase of
the acid-forming bacteria.

The influence of the addition of lactic acid and different quanti-
ties of 110-grain vinegar at the outset of the experiment on sub-
sequent changes in acidity, pH, and sugar concentration of the brine
during the fermentation is evident (Figs. 3 to 5). The details of
these treatments are shown (Table 1, Treatments 1 to 5).

The quantity of lactic acid added for treatment No. 5 was equiv-
alent to approximately one and three-fourths gallons of 110-grain
vinegar. Since the dillweed used in these treatments had been packed
in vinegar, a small amount of acid was introduced into all barrels
including those designated as ‘‘no acid added.’’ The amount of vin-
egar thus added was equal to about one pint of 110-grain vinegar.

For the vinegar-treatment series the curves (Fig. 3) show that
there was a decrease in the acid content of the brines during the
first few days as the vinegar became diluted. This condition was



538 JONES, VELDHUIS, ETCHELLS, AND VEERHOFF

followed by a rapid rise in the acidity as acid was produced by the
fermentations. The addition of successively larger amounts of vine-
gar at the outset had the effect of delaying the start of the acid
fermentation for longer periods of time, but did not otherwise mate-
rially affect the formation of acid by fermentation. A half gallon
of vinegar diluted to 42 gallons results in a solution having an acid
content equivalent to about .2 gram of lactic acid per 100 c.c. The
maximum acid content attained in lots with one-half gallon of added
vinegar was approximately .2 gram per 100 c.c. more than that at-
tained in lots receiving no vinegar; thus the increase was about
equal to the added vinegar. In the cases where larger amounts of
vinegar were added, the inerease in the maximum acidities attained
was roughly equal to the added vinegar.
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Fia. 3. Inﬂuence of addltlon of vinegar and lactlc acxd at the start of dill
fermentatlon on acid format:on

The addmon of lactm amd had an entu-ely dlﬂ'erent effect. thtle
or no aeid ‘was produced by férmentation in this case. The added
lactic acid was sufficient to make:a final acid content of .7 gram per
100 c.c. without ‘anyaeid ‘from:fermentation and this was approxi-
mately the figure reachéd: on:thé:14th day. In other words, acidity
changes in this lot were:practically:restricted to the dilution of the
-acid added at the outset.; Thus, the addition of lactic acid inhibited
the normal production: of. acid:by. fermentation. -

The - curves for brime-sugar concentrations -for the same treat-
ments given in the acid eurves: (Fig. 4) are all:similar in shape and
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show a rapid rise in the sugar content of the brines during the first
three to five days followed by a rapid decrease until about the 18th
day, at which time very little sugar remained. The main difference
between the curves is the height of the curve for any given day. It
is seen that the beginning of the utilization of sugar by fermentation
was delayed by the addition of vinegar. The more vinegar added,
the longer the delay. Regardless of the delay, once the fermentation
started, there was little difference in the rate of disappearance of
sugar from the brines of different lots. The difference in the maxi-
mum sugar content of the brines does not indicate that there was
more sugar in the cases where vinegar was added, but rather that
the utilization of sugar did not begin as soon. It is interesting to
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F1e. 4. Influence of the addition of vinegar and lactic acid at start of dill
fermentation on disappearance of sugar.

note that the sugar curve for the lot with added lactic acid was
‘similar to the other curves. The sugar was decomposed: despite the
fact that little or no acid was formed, as was shown by- the previous
diagram. The sugar was transformed into produects other than- acids.

The curves for pH for the same lots presented in ‘the last two
“diagrams (Fig. 5) indicate that there is almost no.difference in the
‘values after the first 12 to 15 days; that is, the:finak-pH was inde-
pendent of the amount of acid.added.: or the acidity developed in the
ranges employed in these experiments. The greatest differences ap-
peared during the first 12 days, at which tlme the main part of the
acid formation was taking place. The addltmns of vinegar reduced
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the pH from an initial value of 6.9 to from 3.4 to 4.1 on the first day
followed by a slight rise in pH as the vinegar became diluted. After
two to five days a decrease in pH occurred owing to the production
of acid by fermentation. Successively larger amounts of vinegar
caused a longer delay before acid formation by fermentation oe-
curred. The curve for the lot with added lactic acid is obviously
unlike the curves for the vinegar series. Apparently the only effect
of adding the lactic acid was the rise in pH as the acid became
diluted.
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F1e. 5. Influence of addition of vinegar and lactic acid at the start of dill
fermentation on brine pH.

The influence of the above-mentioned treatments involving added
vinegar and lactic acid (Table 1, Treatments 2, 3, and 5) on micro-
biological activity during the fermentation is shown (Fig. 6). All
treatments were in duplicate and data shown are averages. The
results are shown with respect.to the predominating microdrganisms
(upper part) and chemical analyses for reducing sugars and titrat-
able acidity (lower part). It will be noted that the acid-forming
bacteria counts reached 100 million per c.c. on the fifth day in the
case of the fermentation without added acid and then declined to
below the 100,000-per-c.c. range in 30 days. The addition of one
gallon of 110-grain vinegar exerted a retarding effect on the lactic
fermentation and in general resulted in somewhat lower bacterial
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counts. The inhibiting effect of lactic acid (equal to one and three-
fourths gallons of vinegar) is evident, the counts being wholly
within the 10,000-per-c.c. range. It will be noted also that the fer-
mentation receiving lactic acid showed vigorous activity with respect
to yeasts, considerably higher populations than that of the fermenta-
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Fi1e. 6. Growth of predominating microérganisms as influenced by the addi-
tion of vinegar and lactic acid at the start of dill fermentation. Upper part,
growth curves of acid-forming bacteria and yeasts; lower part, sugar utilization
and acid formed by fermentation.

-tion receiving one gallon of vinegar. The fermentation receiving no

added acid had lower population of yeasts and they appeared for
a shorter time than either of the fermentations receiving lactic
acid or the one receiving vinegar. '
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The rate of sugar utilization, as indicated by the decline of the
sugar curves, was related to the numbers of the microdrganism
present in the respective brines at any given time. A sharp decline
in sugar content was first observed in the fermentation with no added
acid, followed by the fermentation receiving the vinegar.

The lactic acid treatment was the last to show marked sugar
utilization. Since there were few acid-forming bacteria in the lactic
acid treatment at any time and since the yeast fermentation did
not begin vigorous activity until the fifth day, it would be expected
that the sugar utilization would be retarded. In the no-acid treat-
ment the fermentation developed approximately .95 per cent acid,
while the fermentation receiving one gallon of 110-grain vinegar
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Fie. 7. The effect of added sugar on the acid formation in dill brine.

produced approximately .82 per cent. The lactic acid treatment,
which inhibited the growth of acid-forming bacteria, produced ap-
prommately .1 per cent acid.

The relationships are shown (Fig. 7) of sugar concentrations and
acidity developed in lots receiving standard treatment compared with
lots to which three and one-half pounds of sugar were added at the
outset and other lots to which the same amount of sugar was added
on the seventh day. In spite of the addition of sugar, there was
~ little or mo difference in the amounts of acid produced. Lots to
which the sugar was added at the outset produced slightly more
acid than the standard treatment and the lots which received the
sugar on the seventh day produced less acid, but the variations are
not much greater than those that would normally be expected within
the same treatment. It is particularly mteresl;mg to note that the
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great differences in the sugar content of the brines from the fifth
to the 10th day had little or no effect on the rates of acid formation.

The effeet of the addition of three and one-half pounds of sugar
at the start of the fermentation on predominating microérganisms is
shown (F'ig. 8) and the results are compared with another fermenta-
tion, started at the same time and under like conditions but having
no sugar added. Both fermentations received ome-half gallon of
110-grain vinegar as standard treatment. Examination of the acid-
forming bacteria growth curves (upper part Fig. 8) shows a sharp
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Fia. 8. Effect of the addition of sugar at the start of dill fermentation on
growth of predominating microorganisms. Upper part, growth curves of acid-
forming bacteria and yeasts; lower part, sugar utilization and acid formation.

rise to 110 millions per c.c. for the fermentation receiving sugar
and 70 millions per c.c. for the one receiving no sugar at the five-
day plating interval. At this point the growth curves separate and
during the major part of the fermentation period the counts from
the brine receiving sugar were approximately ten times as great.as
“those from the brine receiving no sugar.

The yeast counts show that in the case where sugar was added
the yeast population, in general, was considerably higher and of
longer duration than in the ease where no sugar was added.
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The sugar analyses (lower part Fig. 8) show that in both fermen-
tations the utilization of sugar reached a similar figure after 10 days.
It will be noted that there was little or no difference in the amount
of total acid produced, indicating that the addition of sugar, while
resulting in an approximate ten-fold increase in population of acid-
forming bacteria, did not result in corresponding inecrease in acidity.

A comparison in diagrammatic form is shown (Fig. 9) of all
the lots cured according to the schedule outlined in Table 1. In all
treatments the brine acidity reached its highest value during the
second week of fermentation, and the values for the 18th day gen-
erally represented the maximum acidity attained with each treatment.
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Fie. 9. Summarization of influence of different treatments on amount of aecid
developed during dill fermentation. Total height of column represents total brine
acidity, height of unshaded portion represents acid formed by fermentation.

For the vinegar series this diagram indicates that the addition
of vinegar did not materially affect the quantity of acid produced
by fermentation. .

~ The values for the lactic acid series demonstrate that the addition
of ‘this acid at the outset of the experiment inhibited the production
of acid by fermentation processes. However, the addition of lactic
acid on the 10th day resulted in a high brine acidity because a
normal fermentation had occurred during the period prior to the
addition of lactic aeid.

The use of brines of different salt concentration resulted in vari-
ations in quantity of acid formed. The greater acid production
occurred in the brines of lower salt concentration, and lesser acid
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production in the brines of higher salt coneentratlon, as shown pre-
viously by Jones (1940).

The addition of three and one-half pounds of sugar at the outset
of the experiment resulted in an inerease in the titratable acidity
equivalent to about .1 per cent lactic acid; the addition of the sugar
on the seventh day had practically no effect. This indicates that the
addition of sugar to the brines did not appreciably increase brine
acidity.

The presence of hollow- cucumbers or ‘‘bloaters’’ is frequently
encountered in the manufacture of dills. In this study some striking
differences in the number of bloaters formed during the curing proec-
ess were observed. Since the cucumbers were large (600 count), the
percentage of those found to be hollow was somewhat higher than

TABLE 2
Inﬂuem of S8ome Factors on the Formation of Hollow Pickles or
. ¢‘‘Bloaters’’ in Dill-Pickle Manufacture

Treatment. - | “Bloaters”
n - g
. Standard . 20
High salometer (26°) 45
Laetic acid (= 134 gal. vinegar) added at start.........oo..onoeeeern... 67
Sugar added at start, 31% lbs 78
~ Sugar added on seventh day, 3% Ibs 70

might have been expected if cucumbers of the usual dill size had
‘been used. . For most treatments the number of bloaters ranged from
10 to 25 per cent. The treatments which favored the development
of bloaters in cons1derably greater numbers than the standard are
shown (Table 2) '
E ' SUMMARY AND CONCLUSIONS

Various methods of manufacture of dill pickles under southern
_conditions have been tested. The effects of brine salinity and the
“addition of vinegar, lactie acid, and sugar upon fermentation were
determined by chemical and ba,cterlologleal analyses of the brine dur-
ing the curing process. Observatlons of the influence of some of
these factors on ‘‘bloater’’ formation have been made. The results
of these studies may be summarlzed according to the vanous treat-
ments as follows:

" Vinegar added at ‘the start of the fermentation delayed acid
formatlon but did not appreclably influence the quantity of aecid
produced or the rate’ of disappearance of sugar from the brine.

' The addition of laetlc acid mhlblted the normal production of
“acid but did not markedly affect the rate of sugar utilization. Lots
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receiving lactic acid at the outset of the experiment gave high per-
centages of bloaters while those lots receiving the acid after 10 days
gave moderate percentages of bloaters.

The addition of sugar did not significantly increase the produc-
tion of acid by fermentation, although there was a rapid utilization
of sugar. However, the addition of sugar resulted in a marked in-
crease in the percentage of bloaters formed. .

Increases in brine salinity resulted in slightly decreased total
acid formation but did not otherwise markedly affect the production
of acid or utilization of sugar. However, brine concentrations much
above 21° salometer are not usually satisfactory since the finished
product is too salty for edible purposes.

Under the conditions swhich prevailed during the course of these
experiments the predominating microorganisms in dill-pickle fermen-
tations were found to be acid-forming bacteria and yeasts. Peptoniz-
ing bacteria were also recognized in the flora of the dill fermentation.
These latter appear in relatively small numbers, however, and may
be wholly absent, particularly in cases where acid is added at the
start of the fermentation.

The acid-forming bacteria were present in the greatest numbers,
millions per cubic centimeter, within two to four days and remained
in high counts for approximately two weeks. Following this period
their numbers decreased although they were present in the brine for
about 30 days.

The yeast fermentation was found to be common to all dill fer-

mentations studied. This is of particular significance inasmuch as
the definite rdle of yeasts in dill fermentations has been, heretofore,
generally unrecognized. The yeast fermentation occurred after the
acid fermentation had reached a definite activity. It was more irregu-
lar in its course, in some instances, than the acid fermentation. As
indicated by plate counts the yeasts are present in decidedly lower
numbers per cubic centimeter than aeid-forming bacteria..
- It was found that the addition of sugar to a dill fermentation
resulted in a marked increase in population of acid-forming bacteria,
with no appreciable increase in final acidity. Also, the yeast popula-
tion was somewhat higher in the fermentation to which sugar was
added. ' v

The addition of one gallon of 110-grain vinegar to a dill fer-
mentation showed an inhibiting effect upon the population of acid-
forming bacteria but did not significantly influence the quantity of
acid produced by fermentation as compared with a treatment with-
out added vinegar. When vinegar was added, the yeast fermentation
started sooner and showed moderately ‘higher counts than a compar-
able fermentation without vinegar.
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A marked inhibition of the acid-forming bacteria was evidenced
by the addition of lactic acid to a dill fermentation. The counts of
these organisms were found to be decidedly lower than in the case
where added vinegar was employed. The use of lactic acid resulted
in a most active yeast fermentation of prolonged duration, accom-
panied by high counts as compared with other yeast fermentations.
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