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PASTEURIZED FRESH WHOLE PICKLES

Ill Heat Penetration in Fresh Pack Pickles

New stadies present heating rates for whole fresh pack, genuine dill and bread and

butter pickles .

lN A PREVIOUS REPORT* heat penetra-
tion studics for quart jars of fresh pack whole pickles
pasteurized in a water bath were preseated and have been
continued, Heating rates under spray and tank pasteuri-
zation methods” have been compared, and heat penetra.
tion data for fresh sliced pickles and genuinc dill pickles
i quart jars bave also been obtained. These dala provide
a better understanding of the pasteurization requirements
of fresh pack pickles.

Review of Liferature

Work dealing with the pasteurization of fresh pack
pickles has been reviewed by Essclen ef al. % Fabian
and Switzer® recommended pa:stcutization at 165 degrees
F. for 30 minutes for fresh or pasteurized unfermented
dill” pickles. Etchelis and Gaoresling® and Etchells and
Jones® © have described a controlled pasteurization pro-
cedure whereby the jars of [resh pack pickles are heated
in a waler bath until the temperature at the center of the
container reaches 165 degrees F. This temperature is
maintained in the container for 15 minutes; the jars
are then rapidly cooled to 100 degrees F.

Esselen e al.* pomted out that the rate of heat penerra-
tion into quart jars of fresh whale pasteurized pickles is
subject to considetablc variation, Important causes of this
variation are the nonuniformily of the product and the
manner in which it is packed. The pasteurization proce-
dute should be adequate te destmy potential spoilage or-
ganisms, which might be present in localized zones tha.t
heat slowly.

Experimental Procedures

Spray Pastenrization. A 2 by 3-foot rectangular tank,
214 feet high, equipped with a 5-nozzle spray head, was
used 25 a spray pasteurizer.  The nozzles, spaced in an X
pattern, 11 inches betwecn centers, delivered a full cone
spray at a 65-degree angle. The capacity of the 5-nozzle
head varied from 0.42 gallon per minute per square foot
at 20 psi.g to 0.83 gallon per minute per square foot
at 80 p.s.i.g. The distance from the nozzles to the tops of
the jars was approximalely 20 inches and provided more
than adequale spray ovetlapping.

To permit accurate temperature control of the spray,
water was passed through a tubular heat exchanger
equipped with a recording controller,

Prcliminary tuns to determine uoiformity of heat dis-
tribation in the spray tank indicated that cach jar would

* Members of the University of Massacl:useus [acully. This is Cunh';bu
tion No. 833 Mass, Agr. Exp. Sta
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® This is the first of threc papers on fresh pickle pas-
teurization presented Februvary 19-71, 1952 at Michigan
State College techrical school for pzckle and kraut packers.
They are based on research by Professor W. B. Esselen
and his associates, conducted under the sponsarship of the
Glass Container Manufacturers Institute. The first two in
the series (parts I and II) appcared last year. Parts IV
and V will appear in the April and May issues of THE
Gr.A88 PACKFR.

receive a uniform heat treatment. To ohtain the desired
temperature around the jars and achieve uniform heat
distribution, it was necessary to cover the pasteurizer.

Water Bath Pastenrization, A tank of water heated by
steam and equipped with an automatic temperature con-
troller was cmployed. At the end of the pastcurization
limes, the jars of pickles were removed and cooled under
a fine cold water spray.

Heat Penetration Measurement. Coppér-constantan
thermocouples were  introduced into jars of pickles
through a stufling box on the jar lid. For whole fresh and
tor fermented dill pickles four thermocouples per jar
were placed between pickles at points where the pickles
were pressed tightly together as they were packed. Such
locations bad heen found to bé the points of slowest
heating in the jars. The thermocouples were set in place
as the pickles were packed. The jars were then brined
and sealed. Depending upon the location and nature of
the tests, the temperature measurements were made with,
either a Leeds and Northrop portable indicating potentio-
meter or with a Brown Electronik recording potentio-
meter, Al the end of each heat penetration test the
pickle count and brine volume of each jar were ascer-
tained.

Whole Fresh Pack Pickles. Whole pickles were pre-
pared and packed in the usual manner. From 10 to 13
chk[es (dependmg upon their size) were hand packed
in each jar. The jars were then brined and sealed. The
brinc contained 16 grains of acetic acid, 5 per cent salt,
end an emulsized Kosher Dill essential oil mixture.®
Heat penetration data were obtained for 14 different runs
of quart jars of whole pickles in the spray pastenrizer
operated at 185 degrees F. and for 10 different runs of
quart jars of whale pickles pastenrized in a water tank
under commercial conditions. To reduce the time of pas-

- teurization, the jars may be heated rapidly at a relatively

high temperature for the first few minutes in a continu-
ous pasteurizer; the temperature is then reduced as the
fars proceed through the pasteurizer. The following cycle

* Pravided by Magnus, Mabee and Reynazd, Inc.



Fig, 1. Heat prencivalion curves for slown
est heating quart jars of whole fresh pack
pickles during pastemrization.
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is typical of some procedures that have been suggested
or cmployed: 5 minutes at 200 degrees F.; 10 minutes
al 190 degrees F., and 15 minutes at 180 degrees F.;
each procedure is followed by spray cooling. Heat pene-
rration data were obtained on 15 runs of quart jars of
wholc pickles pasteurized under these conditions.

Bread and Butter Pickles, Sliced encumbers were held
overnight in 2 30 degree salometer brine, containing tu-
meric for color. They were then drained and packed in
jars containing a teaspoonful of a mixture of two parts
mustard seed and one part celery sced. A pickle liquor
containing vinegar and sugar (45 grains acid, 30 degrees
Brix) was added, and the jars were sealed. ITeat pene-
tration datz ‘were obtaired on 25 jars to which her pickle
liquor was added and on 24 jars to which pickle liquor at
room temperaturc was added., The jars were pasteurized
10 a water bath al 180 degrees V' and then spray cooled.

Gennine Dill Pickles. Genuine dill pickles were - fer-
mented and prepared in barrcls following commercial
practice. Three- to four-inch pickles were used as they
were to be packed in quart jars. The pickles were packed
in the same mannei as fresh pack whole pickles, and the
original brine was added. The brinc contained 1.14 per
cent acid as lactic, Sixteen heat penetration runs were
made on quart jars of dill pickles pasteurized in a water
bath at 180 degrees F.

Analysis of Heat Penetration Data. The heat pencira-
tion data were analyzed to determine the fastest and slow-

Table 1. SUMMARY OF HEAT PENETRATION RATES

Quart jare of whole fresh pack bread and butter.

nitial

est heating rates found. On a basis of the slowest heating
jars, the lethal or sterilizing value of various pasteuriza-
tion treatments was calcalated by the graphical method in
terms of holding time at 160 degrees F. This lethal or
sterilizing value is given in terms of "Fig" with 2n as-
samed "z value of 18 degrees 1. 14, is the time in min-
utes required to destroy the spoilage organism and en-
zymes at 160 degrees F., and z is the slope of the thermal
destruciion time curve of the organisin.

The heat penetration data for each jar when applicable
were plotted on semilogarithmic paper and defined in
teems of " and “f," values according to Ball®. In some
cases the standard error and deviations of the “f)” and
“1" values were determined, and the upper and lower
limits taken were based on the “'t” value for the 1 per

cent level according to Snedecor.™

Test# Pracess Resulls

Whole Fresh Pack Pickles. Heat penctration data, based
on the slowest healing jar found in 14 tuns of quart jars
of whole fresh pack pickles spray pasteucized at 185 de-
grees I’ are presented in Figure 1 and Tables 1 and 2.
When compared with heat penctration data for this prod-
uct pasteurized under water, it may be seen that under
the conditions employed the heating rates are quite simi-
lar for spray and water bath pasteurization methads.

A 30-minutc spray pasteurization procedure consisting
of 5 minutes at 200 degrees F., 10 mirutes at 190 de-
grees F., and 15 minutes at 180 degrees F. (Figute 2)

and genuine dill pickles, during pasteurization.

Heating Characteristics

Product and Method of Pasteurization N:I‘":’: T“;""f:" a Averuge Fastest Heating Slowest Heating
“F. ] L i +n i #n
Whole pickles, water bath at 180°F. (1948, 28 B4 D.89 26.0 .43 15.6 1.35 J6.4
1948, 1850}
Whole pickles, water bath at 170°F. 10 100 1.87 28.7 141 19.8 1.58 34.3
Whole pickles, spray pasteurized at 185°F. 14 a5 1.17 29.1 1.20 21.3 1.43 36.6
Genuine dill pickles, water bath at 180°F, 16 75 L.54 238 1.33 15.8 1.41 31.8
Bread and butler pickles, water bath at
I80°F., brine at room temperature 24 75 1.27 206 1.11 18.7 1.40 23.0
Bread and bufter pickles. water bath at
180°F.. hot brine 25 95 1.10 23.3 1.00 20.4 1,13 25.8



Fig. 2. Heat penetration curves for guarl Z20
jars of whale fresh pack pickies pasienr-
ized by water sprays in which the tem-
perature was reduced during the pasteuri-

zation cycle,
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resulted in a little morc rapid heating tate than pastcuriza-
tion at 180 degrees F. to 185 degrees F., bascd on the
slowest healing jar; however, this method of pasieurization
provided quite rapid heating in many jars. A limited
number of tests with this pastenrization procedure were
carried out with vacuum sealed quart jars of pickles that
were packed and brined ar room temperature under com-
mercial conditions. A high percentage of the closures
were displaced as a result of excessive internal pressure
devcloped within the jar. It would appcar that the caps
were tetained only on the slower heating jars or jars with
larger head spaccs. Such pasteurization procedures must
be carefully controlled when vacoum seaied jars are uscd.
The use of a hot brine and 2n adequatc hcad space are
measures that will help prevent the development of exces-
sive internal pressures within the container during pas-
teurization.

As has been previously obscrved, zones of slow heating
in jars of whole fresh pack pickles are usuelly located
whete two or more pickles are pressed tightly together.

A scries of 10 heat penetration runs were also made
under commercial conditions in which two standard retorl
crates of pickles were pasteurized in a tank of water in
which thc average temperatures ranged from 165 ta 170
degrees F. The pickles were given 2 30-minute process
or holding time aftcr the temperature in the ceater of the
control jar reached 165 degrees F. as measured by a

Table 2. STERILIZING VALUE {F,,) RECEIVED BY SLOWEST

Quart jars of whole fresh pack, bread and butter,
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thermometer. Representative data are presented in Figure
3 and Tables 1 and 2. Additional heat penetration mcas-
urements made with jars placed on their sides indicated
that jar position during pasteurization had no significant
effect on the rate of heat penctration,

Bread and Butter Pickles. Heat penetration data for bread
and butter pickles are presented in Figure 4 and Tables
1 and 2. The zone of slowest heating for the pioduct
was found to be one inch above the bottom of the jar
on the vertical axis, at which point were located the ther-
mocouples. Bread and butter pickles, as might be ex-
pected, exhibited much more uniform heaiing rates, from
jar to jar, than did whole fresh pack pickles. The rate
of heating was more rapid in the bread and butter pickics.
Hot brinc increased the sterilizing effect achieved during
Ppasteurization.

Genuine Dill Pickles. As may be seen in Figure 5 and
Tables 1 and 2, the heat penetration rate in quart jars
of genuine dill pickles was quite similar to that in jars
of whole fresh pack pickles. Here again the zones of
slowest heating were located at points where pickles were
pressed tightly together, Heat penetration rates in dif-
ferent jars of genuine dill pickles as well as fresh whole
pickles varied widely. This variation is difficult to control
because of the maturc of the product and the method by
which it is packed.

HEATING JARS

and genuine dill pickles during pasteurization,

Initial
Tempera- Pasteurization Time and Sterilizing Yolue (Fie)
Product and Method of Posteurization  No. of ture 15 20 25 3n 35 40 45 50
Runs °F, min, min. min. min, min. min, min. min.
Whole pickles, water bath at 180°F.

{1948, 1949, 1950) 28 84 0.0 0.7 28 9.3 21.0 36.0 - —
Whole pickles. water bath at 170°F. 10 100 0.0 0.7 2.7 8.3 13.7 19.4 278 42.8
Whale pickles, spray at 185°F. 14 85 0.0 0.8 3.0 89 23.9 48.7 83.5 1260
Whole pickles, spray 5 min. at 200°F.,

10 min. at 190°F., 15 min. at 180°F. 15 85 0.2 1.5 5.5 18.2 - == i _
Genuine dill pickles, water bath at

180°F. 18 75 0.0 0.5 2.5 10.5 21.3 44,0 66.0 1020
Bread and butter pickler. water bath

at 180°F., brine at room tempera-

ture 24 75 L1 B.4 20.3 40.8 7.9 1019 —_ —
Bread and butter pickles, water hath .

at 180°F., hot brine 25 a5 2.0 B.6 24.0 47.0 78.0 100.0 — —_



Fig. 3. Compavison of beating rate in
quart jars aof whaole fresh pack pickles
pastenrized in water bath at 173 degrees
p T, as indicated by a thermocouple at zone
of slowest beating in one jar and by con
irol thermometer in center of another far.
Data obtained during a commercial run.
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Fig, 4. Heat penciration curves for slow- :
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pickles pastenvized in water bath at 180
degrees F,

Discussion

Heat penetration data during pasteurization for. whole
fresh pack pickles in quart jars obtained under laboratory
and cuinmercial conditions in 1951 were in good agree-
ment with such data obtained during the past three years
as previously reported hy Esselen er 4l Because of varia-
tions in the heating rates of this type of pidde, pasteuri-
zation procedures should be set up to insure adequate
pasteurization of the slowest heating jars. Many commer-
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Fig. 5. Heat penelvalion curve for slowest beating guart jars of
gennine dsll pickles pasieurized in water bath af 180 degrees F,
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cial pasteurization operations that have been obscrved
and reported appear to provide the nccessary heat treat-
ment that has been indicated. Failure lo observe these
precautions can result in spoilage and the development of
off flavors in the product during storage.

On a basis of available data it would appear that spray
pasteurization and tenk mcthods of pasteurization are
equally cffective. In using spray pasteurization procedures,
it Is impertant that a vniform spray and temperature dis-
tribution be maintained. An adequate volume of spray
water is also necessary to achieve the desired results.

The rate of heat penetration and variations in heating
of quart jars of genuine dill pickles were similar to thosc
of whole fresh pack pickles. It would appear that a
pasteurization treatinent for dill pickles should be ade-
quate to destroy spoilage microorganisms and pectolytic
enzymes that may cause softening during storage (Jenes,
Etchells, Veldhuis, 2nd Veerhoff,?; Bell, Etchells, and
Jones®} and yct not cause excessive softening hecanse of
overheating.  Available evidence would indicate that
such a pastcurization requitement may be somewhat dif-
ficult to achieve in practice,

Sliced btead and butter pickles are characterized by
more rapid and uniform heating rates than are whole
pickles. The pesteurization treatment should be adequatc



to destroy potential speilage microorganisms and enzymes
that might causc deterioration during storage. Such a de-
gree of pasteurization is more readily achieved with this
type of pickle than with whole fresh pack pickles be-
causc of the higher acidity of the former.

Heating rates of quatt jars of whole fresh pack pickles,
genuine dill pickles, and sliced bread and butter pickles
during pasteurization are presented, Heating rates of
whole fresh pack pickles were essentially the same with
either water spray or tank pasteurization mcthods, Sliced
bread and butter pickles heat more rapidly and uniformly
than do whole pickles.
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PASTEURIZED FRESH WHOLE PICKLES

IV Enzymes and Off-flavor in Fresh Pack Pickles

Proper time-temperature pasteurization formula will reduce peroxidase activity that

causes off-flavor

. . .

Ir 15 WELL KNOWN that enzymes, un-
less inactivated or controlled during processing, can be an
important cause of [ood deterioration. For example, oxida-
tive enzymes destroy vitamin C in freshly expressed
apple juice and cause apples to turn brown when the
cut surface is exposed to the air. They may also cause
undesirable changes in flavor and odors in frozen fruits
and vegetables, The problem of maintaining high quality
in foods necessitates the destruction of lhose enzymes
which may cause deterioration,

The present discussion is concerned with the thermal
destruction of enzymes, parlicularly peroxidase, in relation
to the quality of fresh pack pickles. Work on fresh pack
pickles has been carried on at this laboratory during the
past five yeass.

Studies by Kaplan, Hsselen, and Fellers® and by Nehe-
sky, Essclen, Kaplan, and Fellers® as well as work by
others, have indicated that peroxidase is one of the most
heat-resistant of the enzymes that are normally found in
fruits and vegctables. Its inactivation has frequently been
assiumed to assure the destruction of other less heat-resis-
tant detrimental enzymes which might be present in the
raw toaterial, Problems involved in thc destruction of
enzymes activity by heat have been summarized by Balls
# % who stressed the difficuity of complete destruction, the
possibilily that the products of decomposition by heat
might exert slight catalytic action, and the possibility of
fegeneratmn of activity after destruction. Such regenera-
tion is well recognized and has been known to occur with
proteolytic enzymes and with peroxidase,

Ncbesky, Essclen, Kaplan, and Fellers® observed that
the addition of sugar or vinegar to fruit and pickle
substrates increased and decreased, respectively, the
thermal stability of peroxidase, whercas the addition of
smell amounts of salt had no effect. Increasing the con-
centration . of peroxidase increased its thermal stability.
Pcroxidasc that was not inactivated in. fresh cucumber
pickles during processing was not destroyed during storage
for ane year. The peroxidase of fresh cucumbers abtained
from the samc location at different times during the har-
vésting season vatied considerably in cencentration and
thermal resistance.

Nebesky, Esselen, and Fellers™ pointed out that the
presence of a concentrated preparation of peroxidase had
some influence in lowering the quality of the color, flavor,
and aroma of [resh pack pickles. The elfect on quality
was recognized by the development of a distinct flat or

* Memmbers of the Umvers:ty of Massachusetts faculty., This is
Contribution 833 of the Mass. Agr. Exp. Slu., and waa presenled
at Michigan State College technical school for pickle and krant packers,
Febroary 19-32F, 1952,

. By M. LABBEE, W. B. ESSELEN, and E. E. ANDERSON*

hay-like aroma and faver together with a bleaching or
fading of color. This deteriotation was more noticeable
in bdelLS containing higher concentrations of peroxidasc
and in samples stored at 35 deg. F. The peroxidasc activ-
ity of a variety of canned fuuts and a number of pickle
products (Kosher style dill, processed dill, sweet mixed,
nwstard, midget, chow chow, candied ‘sticks, picklestix,
and picm.lilli) obtained from local markets and represent-
ing various manufacturcrs, was determined. Most packs
of Kosher style dill pickles showed a high depgrec of
peroxidase activity, whereas processed dill Pi(kl&ﬁ showed
a modcrate degree of activity, The other products tested
wete negative. It was concluded that a high degrec of
peroxidase activity in a pickle prodoct might act as a
potential spoilage agent. Anderson e af in shudies on
pasteurized whole fresh pack pickles found a definite
relationship between the development of off-lavor during
storage and peroxidase activity. Adequate processing to
reduce the original peroxidase concentration to a certaln
critical level yielded pickles that did not develop off-favor
during storage.

Experimental Pack Sfudies

Effect of Various Process Times and Acidities on Per-
oxidase Activity and the Dlezlelopmgnt of Off-Flavor.

The peroxidasc activity of fresh pickling type cucum-
bers was found to be approximaiely 13 per cent of that
of young horseradish roots. Since horseradish is consid-
cred one of the better sources of peroxidase, the cucumber
should be considered accordingly as having substantial
amounts of this enzyme.

During the 1950 scason, 34 experimental packs of
cacumber pickles, in quart jars, were put up in the usual
manner. Acidities of the ingoing brine varied from 8 to
30 grains (0.9 to 3.0 per cent) acetic acid. The jars were
pasteurized for time intervals of 5, 10, 15, 20, 25, 30, 35,
and 40 minutes, respectively, at a temperature of 180 deg.
E. in a water bath. Immediatcly after remaval from the
pasteurizer, the jars were cooled under a fine cold-water
spray, The jars were then stored.at room temperature for
five to cight months, subscquently evaluated for quality,
and then quantitatively analyzed [or peroxidasc activity.

On testing these packs at the end of the storage period,
it was noted that in cach pack of pickles, those pasteurized

_ Tor the longer lengths of time were of acceptable quality.

This was true even though in these acceptahle packs there
was a definite residual level of poroxidase activity after
an cight-month storage period. At this time, the residual
peroxidsse activity amounted to 0.10 to 0.17 per cent of



® Apparatus for heat penetration siudies of fresh pack pickles
al University of Massachusetts, Rigid and non-vigid thermo-

coxples in fars are connmecied through scleciion switch bax

(cenlev) Lo paoitable indicating polentiomeier.

that contained in the original product. This figure was
based on standard curves for cucumnber peroxidase activity
prepared for the 1951 season, Fusther, it is realized that
this value is not of the same order as that of the residual
peroxidase after processing, since, as indicaled later, perox-
idase activity decrcascs during storage.

Further work was carried out during the 1951 season
to determine the precise residual peroxidase content that
can be tolerated immediately after processing without the
development of off-flavors or off-odors during subsequent
slorage at room temperaturc. Packs prepared for this
purpose were assayed quantitatively for peroxidase 72
hours after processing. A sample of the brine was removed
aseplically from each of the packs at the various time
intervals, The containers were tesealed, stored for six
months, then evaluated for quality, and again subjected to
quantitative peroxidase determinations.

Data obtained from these tests indicated that the resid-
ual peroxidase activity tolerated without dcterioration in
quelity during storage ranged from 0.17 to 0.28 per cent,
By the sixth month of storage at room_ temperature, the
residual had dropped to approximately that rcported for
the 1950 season, 0.10 to 0.17 per cent. Thus, approxi-
mately 40 per cent of the peroxidase activity present
shortly after processing is destrayed during six ‘months of
storage.

There was no apparent relation between acidity and
length of process necessary to prevent reduction in quality
as 2 result of enzyme action. The experimental times to
accomplish this rosult varied from 15 to 35 minutes at
180 deg. F. The factors found necessary from pack to
pack to reduce the peroxidasc concentration to the crit-
ical level zre size of cucumbers, cucomber-brine ratio, and
tightness of pack. INevertheless, 2 process time of 35 min-
ules at 180 deg. F. has appcared (o be adequate to prevent
development of off-flavors in subsequent storage.

Effect of Storage Temperature on the Development of
Off-Flavor. Packs were prepared in the usual manner and
pasteurized at the times indicated. Howcver, packs at this
time were put up in triplicate, one of each being subse-
quently storcd at 40, 70, and 100 deg, F. At the end of
a six-month storage period, they were subjected to quality
evaluation and quantitative peroxidase analysis.

Tn general, the intensity of off-flaver for any given

process time decreased with increasing storage temperature
for the six-month period involved. This increase is prob-
ably due to the balance between acceleration of peroxidase
activity as a result of increased storage temperature and the
increased inactivation of the enzyme itsell as a result of
this higher temperature, that is, the increased activity
cannot counterbalance increased enzyme decomposition.

In this experiment the destruction of residual enzyme
during a six-month storage period was approximately 1,
40, and 83 per cent for storage temperatures of 40, 70,
and 100 deg. F. respectively.

Pickle Packs with Added Enzyme Prepavations, Purified
peroxidase suspensions were prepared from pickling type
cucumbers and young hotseradish roots. These were sub-
sequently added aseptically in varying proportions into
quart jars of fresh pack pickles previously rendered
enzyme free by processing for 120 minutcs at 180 deg. .
The results confirmed previous observations. As the level
of peroxidase activity was increased, the off-flavor was
also increased. This was not the case in controls where the
added enzyme preparation was previously inactivated by
heat treatment. Somc of the samples of pickles that con-
tained high levels of peroxidase activity had a marked
bitler flavor, which was evident as an after-flavar.

It is interesting to nole that purified preparations of
horseradish peroxidese, when inoculated into pickle packs
under the conditions previously described, resulted in the
development of off-flavors indistinguishable from thosc of
cucumber peroxidase. The activity of horscradish peroxi-
dase required to producc a given off-flavor corrcsponds
very well with the cocumber peroxidase activity necessary
to create the same intensity of oft-flavor. '

When purified catalasc preparations are inoculated into
containers of pickes high in peroxidase activity, they
tend to diminish the characteristic off-flavor caused by the
petoxidase, Catalasc preparations inoculated into pickle
packs free of other enzymc systems produced character-
istic off-flavors and off-odars diffcrent from the hay-like
odor produced as a result of peroxidase activity.

Puréed Pickle Pucks Cucumbers were puréed in a Waring
Blendor and combined with pickle brine in a 5 to 3 ratio.
Twenty milliliters of this suspension was pipetted into
rubber-stoppered serum-bottles. With the aid of a hypo-
dermic needle, samples could be readily removed aseptic-
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ally or inoculums easily added. Furthermore, the sinall size
of the serum-bottles presented more extensive inoculation
of the small quantity of the purified enzyme preparations
avatlable.

Batlier experiments on whole fresh pack pickles were
repeated, substituting the puréed pack. Pracess time inter-
vals were of nccessity shortened.

In general, the corzelation between enzyme activity and
off-Aavor was very good. Slight differences were noted in
scveral phasces; for example, the samnples of puréed pack
stored at 100 deg. F. showed a definite odor and flavor
attributed to warm storage conditions whereas traces of
this flavar and odor could not be detected even in whole
[resh pack pickles stored at 100 deg. F. Of interest were
the color changes which the puréed packs underwent
during processing at 180 deg. F. An olive color was seen
to develop after a few minutes of processing in hrines
cantaining 0.8, 1.6, and 3.0 per cent acetic acid. This con-
tinued for about 20 minules of heating at which time the
characteristic green color originally present in the purée
was seen to return. Further heating caused little change
in coler. :

Cold Sforage Color Chamges Nofed

In cold storage, samples that had been removed early
in the process maintained their olive color, In certain
instances the olive color faded to an even greater extent;
however, comparative samples stored at room temperature
or at 100 deg. F. soon developed a green color similar to
that ariginally present. The formation of the olive-green
color from the green in vegetables has been described by
Campbell’. He demonstrated that the magnesium from
chlorophyll “is replaced by hydrogen to produce the yel-
lowish product pheophytin. This has been demonstrated
in improperly stored frozen peas in which the acids of
the cell sap cansed a calor change. However, the reappear-
ance of the green color might be atiributed to the hydrol-
ysis of pheophytin. The possibility that the acid subse-
quently hydrolyzes pheaphytin, releasing the phytyl group
and giving rise to froe carboxylic pheophorbide, has been

suggested Dby Lingelsheim.® He found the final green
coloring matter of chlorophyll bteakdown to he soluble
in chloroform but, unlike chlorophyll, insoluble in ben-
zene, This propeity was observed in the present investi-
gation. It will be noted from this discussion, that de-
creasing temperaturcs tend to slow down the reappearance
of green colot, This agrees with Lingelsheim's praposal.
Peroxidase activity in fresh pack pickles appears to be
associated with the development of off-flaver and odor
during storage. High degrees of peroxidase activity ap-
pear to intensify the development of stale and bitter
flavors in this product. The development of such off-
flavors in pickies containing active peroxidase is markedly
increased during storage at 35 deg. F. as compared with
room temperature storage. These ofl-flavors were pre-
vented hy a pasteurization treatment sufficient to reduce
the pemx:daqe activity to a low level. Pastcurization of
quart jars of whole fresh pack pickles for 40 minuteés at
180 deg. V. or for other time and temperature cycles to
provide an equivalent degree of thermal destruction has
been found io be adequate to prevent such off-flavor,
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PASTEURIZED FRESH WHOLE PICKLES

V Factors Influencing Pasteurization Requirements

Heat peneiration is the chief influence on pasteurization though brine volume and

spices are factors .

IN THE PASTEURIZATION of fresh
pack pickles the ultimate objective is to expose the prod-
uct to sufficient heat to prevent subsequent spoilage. On
the other hand, excessivcly long pasteurization treatments
are undcsirab[e because they reduce the hourly capacity of
the pasteurizing equipment and may result in overcocking
the product. In the present discussion, same-of the con-
ditions that influence the pasteurization requirements of
fresh pack pickles will be considered. An appreciation ef
these conditions should lead to a better understanding of
the functions of pastcurization,

Experimental

Variation in Heating Raies and Tightness of Pack.
The number and heat resistance of spoilage microorgan-
isms vary so greatly from time to time that the packer has
no way of ascertaining in advance cither the microbial
condition of the product or the time when it may change.
The tatal number of spoilage organisms is important as is
the heat resistance of those organisms present. The heat
treatment in pastenrization, therefore, should be based en
the worst conditions that may be encountered.

Esselen et 4l and others have pointed out that the rate
of heat penetration in whole fresh pack pickles may vary
considerably from jar to jar and from batch to batch.
This variation i heating rates may be attributed to the
tightoess of pack and the way in which individual pickles
ate pressed together in the jar, The zones of slowest heat-
ing arc located between pickles where they arc pressed
tugelhez usually in the central or lower section of the
jar. The pastcurization restment must provide adequate

. W. B. ESSELEN, E. E. ANDERSON, 1. 5. PAGERSON. and M, LARBEE*

heat treatment at the points of slow heating. These local-
ized zones are readily apparent by an inspection of the jar
immediately after pasteurization and are characterized Dy
a hright green calor as contrasted with the straw or olive-
green color of most of the pickle surface, Such zones are
caused by a lack of heat and contact with the acid brine
during pasteurization.

Within limits, the tightness of pack and rate of heat-
ing may be influenced by the size of the pickles and the
manner in which they are packed. However, in apparently
loosely packed jars, two pickles may be pressed together
tightly enough o produce a definitely slow heating zone.
It would appear that such conditions are common to
whele fresh pack pickles. Such extremes in rates of heat-
ing, illustrated in Figute 1, are based on a large number
of heat penetration tests made in commercial pickle plants
and in the laboratory over a four-year period. The rates of
heat penetration in the majority of jars were intermediate
between these extremes.

Obviously, if pastc.um:atlon treatment is based on (he
slowest heating jars, many jars will be heated somewhat
more than necessary; however, the treatment should pre-
vent later spoilage. Morcover it would not appear that the
cxtra heat received by the more rapid heating jars is suffi-
cieat to impair the quality of the product On the other
hand, if the pasteurization treatment is. reduced in in-
tensity and is based on jars that heat more rapidly, there
is an ever-present danger of understerilization and subsc-
quent spoilage of at feast 2 small percentage of the jars.
The desirability of basing the pasteurization treatment on
the slowest heating rates is thérefore apparent.
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The canning industry has made an ocutstanding record
in preventing spoilage by the use of controlied processing
times and temperatures set up and bascd on the most
severe conditions that might exist in goed cannery prac-
tice. The adoption of such practices in the pasteurization
of fresh pack pickles would undoubtedly help prevent
some of the occasivnal problems reported and would con-
tribute to a greater uniformity of the pmduct Progress
is being made in this direction by the incrcasing usc of
properly coatrolled continuous pasteurizers.

Container Size Influences Heat and Time, Other faclors
being equal, the heating rates and pasteurization require-
ments of fresh pack pickles are influenced hy the size of
the container, Heating rates becamc slower as the size of
the container was increased. Thus at a given temperature,
the pasteurization time for a gallon jar would be some-
what longer than that for a quart jar. For cxample, pre-
liminary heat peneiration data obtained for whole fresh
pack pickles in gallon jars would indicate that at 180
deg. F. gallon jars of these pickles should be pasteurized
for 33 minutes to provide the same amouni of effective
heating that is given in quart jars in 40 minutes.

Acidity Acts as Preservative: It is well known that when
acids, particulatly acetic, are added to foods, they increase
the ease with which spoflage microorganisms arc de-
strcoyed by hcating. Likewise, if present in suilicient con-
centrations, the acid itself exerts a preservative action,
Etchells and Jones* investigated the cffect of reducing
simultaneously both the'acid and sugar contents of pick-
ling liquor on the destruction of test organisms after 15
mimite processes at temperatures up to 160 deg F. A
definite correlation was found between the number of sur-
vivers and the acid conlent of the liguors.

Anderson et @l 2, in studies of the effect of various con-
centtations of acetic actd on the heat resistance of 2 yeast
that had caused spoilage in [resh pack pickles, found
that the thermal death time decreased with increasing
amounts of acid. Tt was pointed out that during pasteuri-
zation the initial acid concentration of the brine begins
to decrease in the {irst few minutes as it equalizes into
the pickles. In one experiment it was observed that the
acid content of the brinc was reduced 42 per cent during

Table 1. EFFECT OF ADDED MUSTARD OIL {20 ppm)

ON BACTERIA COUNT AND SPOILAGE
Quart fars of whole fresh pack pickles pastevrized at 180 deg. F.

Pasteurization Bacteria Count Ne. Ns. Jars Per Cend
Time per mf of Brine Jars Spoiled Spoilage
min. Control — no added mustard il

0 45,940,000 —_ — -

5 426,270 23 19 2.6
10 314,460 28 i8. 87.9
15 2,980 P 12 46.2
20 530 27 8 28.6
23 370 28 8 28.5
30 610 27 B 22.2
35 220 28 3 10.7
40 120 27 2 7.4

20 ppm added mustard oll

1] 45.940.000 — — =3

5 75,440 24 18 75.0
10 1,790 30 20 G6.B
15 1370 30 7 23.3
20 580 30 5 16.7
25 404 a0 5 16.7
a0 260 29 3 i0.3
35 410 30 3 1.0
40 70 28 1 3.5

2 pasteurization period of 40 minutes at 180 deg. F.

As pointed out previously, in many experimental and
commercial packs it has been observed that the whole
pickles were olten pressed either fitmly together or tight-
ly against the jar. In such cases, not only may the ratc of
heat penetration be considerably rctarded, but as the brine
may not come in conlact with these localized areas, much
of the apparent lethal effect of the acid may be lost.
Essclen ef 4 found that the application of heat equiva-
lent to a sterilizing value of 36 minutes at 160 deg. F.
based on the slowest heating jars found appeared to pro-
vide sufficient heat treatment to supply the degree of stet-
ilization necessary to take care of these variables, Tt would
appear that within the limits of acidity normally employed
in whole fresh pack pickles that these other variables
might tend to offset a favorable effect of brines with
higher acid contents. Thus, it would not be safe to at-
tempt to vary the pastcurizing time or lemperatute with
variations in the acidity. 1loweves, hrines with a higher
acid content offer an enhanced matgin of protection.

The notmal range of acidity in wholc fresh pack pickles
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is not high enough to prevent the growth of seme spoil-
age organisms. A yeast and two strains of Lactobacilli,
isolated {rom spoiled jars of fresh pack pickies, grew in
pickle brines containing 6.0 per cent but not 6.5 per cent
salt and in pickle hrines containing 1.4 per cent but net
1.6 per cent or more of acctic acid. Thus, pickle brinc,
which usually contains from 0.4 lo 0.8 per cent acetic
actd and about 2.5 per cent salt, could not be expected ta
prevent the growth of spoilage crganisms. Moreover, be-
canse of the acid and salt tolerance of these organisis, it
would not be practical to control spoilage in pickles by in-
creasing the acid or salt content of the brine.

Ratio of Pickles to Brine. An analysis of heat penctra-
tion data for quart jers of whole [resh pack pickles and
their correlation with the ratio of pickles to brine indi-
cated that although there was a tendency for the jars with
a large volume of brine to heat more rapidly, the brine
volume was not the only influence in the rate of heating.
The method of packing and the tightness of pack of in-
‘dividual pickles: also have afi important influcnce on the
rate of heating in the slowest heating area of the jar, In
the spoilage of pickies in experimental packs, there was
a general irend towards a higher incidence of spoilage in
jars with smaller brine volumes; however, occasionally
spoilage was found in jars with relatively large brine
volumes. The tightness of pack of individual pickles to-
gether with an accompanying slow rate of heating in lo-
calized areas was regarded as 2 conttibuting cause,

Salt and Essential Oils Effects Vary, Concentrations of
sall up to 10 and 15 per cent in pickle brines had little or
no effect on the thermal resistance of a yeast that had
caused spoilage in fresh pack pickles. From these and
other observations, it would appear that the salt concen-
tration, within the limits normally employed, would not
influence the degree of heat treatment required for the
pasteurizaiion of fresh pack pickles.

Because of the bacteriostatic and bactericidal propertics
attributed to certain spices and essential oils, it would
seetn possible that these ingredients might inflnence the
pasteurization requirements of fresh pack pickles. Ander-

son e al* reported that a Kosher dill spice oil flavoring

(258 ppm.) and mustard oil (20 ppm.) rteduced the
thermal resistance of a yeast in pickle brinc. Anderson,
Esselen, and Fellers® in studies on the thermal resistance
of Bacilins thermoacidurans found that clove oil and black
pepper exerted a slight action in lowcring the heat resist-
ance of this organism in tomato juice, In five cxperimental
packs of whole fresh pack pickles put up in this labora-
tory, the addition of 20 ppm. of mustard oil appeared to
exert an influence in enhancing the effect of a given pas-
tearization treatment. The results of these lests, sum-
marized in Table 1, arc based on only a limited amount
of data and are not considercd as being conclusive hecause
of the variables in heat penetration rates that may exist
with this product. Although the data do net indicate that
the addition of the mustard oil was significantly effective
in reducing the pasteurization requirctnents, it would ap-
pear that its presence does provide an added safety factor
of importance, cspecially under borderline conditions.
Kosker, Esselen-and Fellers® have studied the effect of
mustard oil (allylisothiocyanate), oil of garlic and oil of

onion on the thesmal resistance of Aspergillus niger,
Saccharamyces elliproidens, and Bacillus thermoacidnyans.
The presence of 10 ppm. of mustard oil in buffer reduc-
tion and in apple and grape juices caused a marked reduc
tion in the thermal resistance of Aspergillus miger and
Saccharomyees ellipsnidens, but Bacillus thermoacidurans
was much less sensitive to this compound, Oil of garlic
and oil of onion had less eflect on the thermal resistance
of the Jatter organisms than did mustard oil.

Movement of Pickles During Pasteurization. In the
course of investigations on heat penetration rates in jats
of whqle fresh pack pickles, data were vccasionally ob-
tained which indicated that during pasteurization -the
pickles in a jar or in certain areas of a jar may move
sufficiently to alter the rate of heating at points where they
are pressed tegether. These jars were not shaken, and it
is assumed that any movement of the producl was due
to its expznsien during heating. ‘As a result of such move-
ment, the rate of heating may be increased or decreased
at a given peint during pasteurization as illustrated in
Figure 2.

The pasteurization or heat treatment requirement of
whole fresh pack pickies is influenced to a considerable
degree by the rate of heat penetration into the product.
Because of the nonuniformity of the product and the way
it is packed into jars the rate of heat penettation varies
greatly. Pasteurization procedures therefore, should be
based on thesc considerations, Although such factors as
acidity (within the limits normally used), ratio of pickles
to brine volume, and esseatial oils and spiccs may not be
of major importance in influencing the effectivencss of
pasteurizalion, they may cxert a definite influence, Lhe
magnitude of which is governed by the rate of heat pene-
tration and other conditions,

LITERATURE CITED

1. Anderson, E. B, Esselen, W, B. Jr., and Fellers, C. R. Iffect
of acids, salt, sugar and other food ingredients on thermal re-
s(x'sinr;m): of Bacrllus thermoacidurans. Food Reserch 14, 499

1949).

Anderson, E. E. Ruder, L. ., Jr., Esselen, W. B, Jr,, Nchesky,
E. A, and Labbece, M, Dasteurized fresh whale pickles, II,
Thermal resistance of microorganisms and peroxidase. Fand
Technol, 5, 364 (1551),

3. Esselen, W, B., Jr, Anderson, E. E, Ruder, L. . Jr., and
Pilug, I, J. Pasteurized fresh whole pickles. I, Pasteuriza-
tion studies, Faed Technol: 5, 279 (1951).

4. Etchells, J. L., and Jones, I. T. Mortulity of mictoorganisms
during pasteurization of cucumber pickle. Food Research 8,
33 (1942).

5. Kosker, O., Essclen, W. B. Jr., and Fellers, €. R. Effect of
allylisothiocynnete and related substances on the thermal re-
sistance of Arpergillus niger, Succharomyces elliproidens, and
Bavillus thermoacidurans. Food Retearch 16, 510 (1931),

R

ACKNOWLEDGMENT

Acknowledgment is due the Glass Container Manufacturers In-
stitute, Tnc:, for its interest and support in the conduct of this
investigation. We alsn wish to thank the following pickle packers
for their intcrest and cooperation in providing facilitics, mate-
rials and experitnentz] packs: Silver Lane Pickle Company, East
Hartford, Conn; National Pickling Works, Boston, Mass; R & S
Pickle Works, Boston, Mass; D. M. Jewett Company, South
Deerfield, Miss; I Miller Company, N. Tonawanda, N, Y:
Brown-Miller Company, Wiggins, Miss; Mount Olive Pickle
Company, Mount Olive, N. C; Budlong Pickle Company, Chi-
cago, III; Squire-Dingee Company, Chicago, Ill; €. €. Lang and
Sops, Freemont, Mich; and Green Bay Food Company, Green
Bav, Wis, '



