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SUMMARY

A gingle variety of cucumber was
nsed to study the effect of haat on the
pickle quality factors of texture, en-
zyme inpetivation, and inlernal dam-
age. The cucumbers were packed with-
in 24 hr of harvest and heat-processed
at 150-201°F for 7-166 minutes {1y
amquivalent minuntes frem GO01 lo 220,
z = 18°F). The product was evalu-
ated immediately after heot processing
and after 1, 10, 40, and 183 days at
75°F. The pickles were pressure-
ested and enf o defermine internal
damage, and the covering brine was
tosted for peroxidase activity.

TIn all treatments, pressures Wwere
sipmificantly lower for the heaf-proe-
cosed piekles than for the raw cucum-
bers, Pressure was maximum at an
e of about @ min, and then deereaged
with inereasing proecss time. The Fya
for o giv.n amomnt of softening ap-
peared 1o be an exponential funetion
of temperature; the negafive recipro-
cul of the slope of the softening eurve
(%) was about 19°¥. At T’y less than
9 min, measurable peroxidase aclivity
was obtained and the presemves de-
ereased slightly with decreasing F
valna and with inereasing storage fime.
Internal damage, largely carpel sepa-
ralion, was evident when the 1%, ex-
ceeded about 2 min, and inereased with
the severity of the heat process. Per-
oxidase ingetivation proeceded in ae-
cordance with estahlished principles.

INTRODUCTION

Tn the manufacture of fresh cuemm-
her pickles, it is axiomatie that under-
pastenrized pickles show hacteriologi-
cal spoilage and that ovarpasteurized
pickles are softened by the heat lreat-
ment, These generalied nolions
{(which are, in fact, definitions of over-
and underpasteurization) deseribe the
prohlem of selecting an optimmm heat
process that will cnsare a low spoilage
rate but retain erisp texfure.

This paper veports the effect of dif-
ferent heat processes ns measured by
pressure test, peroxidase inaclivation,
gnd internal damage. The range of
processes was from o minimum not ex-
pected to prevent mierobiological spoil-
age to a maximwm expected fo produce
significant softening.

REVIEW OF LITERATURE

The principal work giving experi-
mentally defermined Iethalities of cu-
enmher pickle spoilage organisms is
that of Anderson et «f. (1851), who
found z's, depending on the expari-
mental eonditions, in the range of
12.5-12°F. Esselen ot el {1981}, in
their review of the bacteriological
problem, caleulated lethalities with an
assumed 'z of I18°F. Their studies
showed that an Fy, of 2.8 min for
whole fresh cueumber pickles “was re-
guired to prevent spoilage and the de-
velopment of off flavors dne o enzyme
action.” This recommendation is in
general  agreement  with  that  of
Etehells and Ohmer (1941).

The significance of enzyme activiby
has been reviawad hy Nebesky &f ol
(1951). Here, and elsewhere {Eaplan

‘et al.,, 194%; Labbee, 1952), a case is

made for using peroxiduse inactiva-
tion as an inferential lest of flavor
preservation; inactivation of the gen-
evally more resistant peroxidagse sys-
tem provides sume assurance that
nther systems have been inactivated.

Kaplan et al. (194%8) showed that
peroxidase inactivetion proceeds as &
firsi-order reaction, and therefore is
amenable (o analytical treatment in
the same mauner as hacterial spoilage;
their reported z for peroxidass nneti-
valion is 20°F,

Losg of texture, a quality factor as
elusive ag flavor, was measured in
pickles as a funeticm of heat process
by Nagel and Vaughn (1954) in a
study of salt-stock pickles not pri-
marily esoneerned with tfexiure loss,
They showed that the logarithm of
foree, measnred with a fruit pressure
tester (Magness and Taylor, 1923),
was linear with time al a given tem-
perature; they investigated several
temperatures in the range 160 -200°F,
Joffe (1952) examined the loss of firm-
ness in whole fresh cucumber pickles
ag a function of the heat process and
found that the logarithm of fhe pres-
sure could be fitted to a straight-line
curve when plotted sgainst equivalent
proeegs time. The best fit of his data
showed o 2 of goffening of 30°T".

It i beycend the seope of this paper
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to diseuss the relationship hefween
texture and foree measwrements, and
between flavor and peroxidase activity.
But if these quality factors and hae-
terial spoilage are mathematically ex-
pressible in terms of temperatmre co-
efficients of the saveral reactions, then
it shonld be possible to calenlate &n
optimum process.

EXPERIMENTAL

Pickling cuemmbers, variety SMR
18, 1-1% in. in diametar, all harvested
from the same field on Anpmst 12, 1960,
were prepared the nexi day in lots
large enough to make 18 quarts of
fresh wheole eneumber pickles, aceord-
ing to the following proecedure: The
ecnenrmhers wera washed 5 min in cold
water in a tumble-etion washing mu-
china; packed by weight (2L vz) in
quart jars; envered with hot hrine
(125-135°F, 1.4% acetic acid, 5.0%
salt) ; spiced (courlesy of Wm, J.
Stange Company, Ine.) with 1 ml of a
1:100 dilution of dill vil conecentrate;
closed with screw-on caps; heated in
a conslanl-temperature water bath;
cooled In a 90°F water spray; and
cused and stored at about 75°F until
exymined. Table 1 gives the proeess-
ing schedule and the ealenlated steri-
lizing valuc of the varioms treatments.

Pressure tests, All pressure meas-
nrements were made in the ecenter of
one of the prominent lobes of the
pickles with a mechanieal vecording
pressure tester (Pflug of al, 1060)
cquipped with a Magness-Taylor frmit-
pressuve-fester tip %¢ in. in diameter
and operated at a plinger speed of
648 in/min. Pressnre changes dur-
ing stovage were followed by making
readings from each heat treatment ab
five times during storage. At each
storage tima 20 pickles were selected
non-randomly from the contenis of
two jars (average 28 pickles); nub-
bins, croocks, under- and oversized
pickles were not lested. The first pres-
sure test, designated zero days, was
made, depending on the treatment, be-
tween 14 and 3%5 hr after the end of
the heating period (average time was
just over an hour}; the sceond pres-
sure lest, designated 1 day, was made
belween 21%% and 21%% 'hr after the
end of the heating period; the third
was made 10 days after processing;
-the fourth, designated 40 days, was
made between 37 and 42 days after
processing, depending on the frest-
ment; the fifth, and last, test was madas
188 days after processing.

Internal damage. The pickles wera
examined for internal damage 13 and
101 days after processing. Hach pickle
in twa jars from each treatment was
ouf erasswise inte aboaut a dozen slices,

and ths defects snhjestively eclassi-
flad a8 carpal separation, seed eavity,
or miseellaneons. Carpel separation
means the separation of any or all
three of the earpels. This damage may
he what Nagel and Vaughn referred
to as gas pockets (Nagel and Vaughn,
1954). Seed-cavity damage refers lo
any pronounced softening or hole in
the seed cavity nob involving separa-
tion of the carpels. Miscellaneous in-
cludes all other damage: rot, for exam-
ple. The extent of damege varied
from pickle to pickle, but wos re-
corded only as the nmuber of piekles
invelved,

Peroxidase activity. Peroxidase ac-
tivity was determined by Labbee’s
method (1952}, in which {he aeciivily
of the sample is delermined by com-
parison against a set of potagsium
dichromate color slandards arranged
on a seule of 1-10, which 13 approxi-
mately linear with the logarithm of
the potagsiwm dichromate coneentra-
tion; 10 is high activity.
were cstimabed to the nearest 15 stand-
ard number, Tests were made of
duplicate 5-ml portions from the com-
bined ecovering brimes from cach pair
of jars faken for pressure testing on
the 40th day affer processing and also
from each pair of jars for eutting and
pressure testing, respeetively at 191
and 188 days after processing. A dis-
tillad wataer hlank was run with each
set of samples (several daterminations
can he run simultaneously). Sinee the
seale 15 logarithmie, the activity num-
hers wera not adjusted by snbtracting
the ecorresponding reading of the
water blank. The activity numbers of
Lhe blanks were 1.5 or less.

ANALYSIS

Sollening was assumed lo be a loga-
vithmie funelion of healing time, i; ab
& particular temperature, T, given by

log P = —t/5(T) + log P, [1]

where P is the average pressure de-
termined by the mechanieal pressure
tester of fruit initially having an aver-
age pressurc of Py, and where s(T},
an arbitrary constant, is the heating
time that would reduce the pressure to
0.1 its initial value,

The decimal pressure rednetion time,
s(T), was assumed to vary with tem-
perature according to

log s(T) = —(T — T /=

-+ log 5,(T,) (2]

where 5,(T,) is the decimal pressure
reduetion b a reference temperature,
Ty Tquation 2 holds, mutatis mutan—
dis, for any other eriterion, such as the
2(T) for 509 pressure reduetion. The

[2]

Readings .

slope of this curve, —1/z, gives the
varialion in goltening with fempera-
ture, The similarity of cquations 1
and 2 to the cquations governing loga-
rithmie bacterial destruetion is obvions.

The softcning #ime in equation 1 is
time at temperasture T, or ifs equiva-
lent. Sinee, in gencral, the tempera-
turc in the jar is constantly changing
during heating, the equivalent timea
must he ealeniated, The roftening
value (analogons with sterilizing val-
ue) accumulated during  heating,
Uponting: was calenlated from the ex-
ponential integral. The total soften-
ing value, Uy was calenlated by
Utotar = Uneating/p- Values of p Were
defermingd, hy extrapolation o lower
values of m ~~ g, from Ball's and Ol-

- ‘son’s (1957) tahles of p vs. z for vari-

ons values of m + g.
” "The heating rates, f;, and lag factor,
i, nsed to calenlate the equivalent min-
ntes (Ball and Olson, 1967), were
average values based on Joffe's {1059)
data and additional heal penetration
measurements made as part of this
study. Jofle (1959) showed, and his
result was verified by the present worl,
that healing rales in whole fresh
eucnmber pickles decrepsed with in-
ereasing heating-medium temperature
and that lag [laetor, j, was constant.
Values used were j = 100 and £, =
238.2, 23.2, 23.2, 221, 21.0, 20.0, and
19.3 “min, corresponding to the 7
procegsing  temperatures given in
Table 1. The average initial fempera-
ture was 86°F. :

The data were fitted by iteration: a
% was assumed; the best fit of fhe
logarithm of the presswee readings
against cquivalent goftening time at
cach proecszing tempervaturs was eal-
culated by fhe method aof least
squares; the time to reduee the pras-
sure fo 10 1b waz ecaleulated from the
lenst-squares line for eash processing
temperature (10 1b was selacted as a
suitable eriterion henanse pressures
were observed above and bhelow 10 1b) ;
the logarithms of these times wers
plotted against processing tempera-
ture, and the hest lLine (similar to
equation 2} was determined by least
squares; the 7 derived by this last
ealenlation was compared with the
assumed z.

RESULTS

Fig. 1 shows the equivalent minutes
v reduce the pressure to 10 ik This
curve was ealeulated from the average
pressurc measurcments ab 10 days
aftcr proecssing, at proeessing tem-
peratures 170°F or greater, and at
processing times greater than Fi of
1 min. The average pressires were
fivst adjusted by rejecting all readings



+ 2 glandard deviations from the
mean; the maximum correclion was
0.34 1b. At 10 days after processing,
it was argued, the salt and acid eqni-
librium hetween eucumbers and brine
was nearly established, but at zero and
1 days it was not, and at longer times
any storage effects on pressure would
be ineluded in the results. At process-
ing temparatures of 150 and 160°F,
the times were not long encugh to
show appreciable soffening (sce Table
1). At process values less than 1 min,
there was little soffeniug from heat,
and, as discussed below, some ather
soffening effect was operative. On the
last jteration step an assumed z of
19.0°F retwrned a = of 10.2°F.

Fig. 2 shows the 20 average pres-
sure readings used to compute lhe z
of softening plotted against equivalent
minutcs at 180°F. The line drawn
through the points is hased on the
average slope and intereept of the five
lines (one at each temperalure) eor-
regponding to equation L. The inter-
capt, By, is the expected pressurc when
t iz zero. This pressure is less than
the raw-produnet pressure (18.33 Ib)
and may ba the expected pressure that
results from simply pulling cucumbers
in fhe salt-aeid brine witheut any
conking.

-Fig. 3 shows the change in peroxi-
dage inaetivation rate wilh (empera-
ture. Eequations 1 and 2; in which log
P is replaced by the peroxidase ae-
tivity number, deseribe the assump-
tlons made to arrive ab the eurve. The
iteration process, beginning with a z
of 20°F (Kaplan et ai., 1949), gave
18.2°F, which in furn gave 18.0°F.
The extrapolated curve iz given to
show how much f{ime would he Te-
rmired at the lower proecssing tem-
peratures to reduce the aetivity signifi-
eantly. The data used in determining
the z for pervxidase were the averages
of the two determinations at 188 and
191 days after processing, The activi-
t1es measured ab 40 days were higher,

on the average, but linearly velated to .

the avernge of the 188- and 191-day
activitics,. The eurve, showing the
equivalent minufes to vednee the ae-
livity to 5, is hased on activities he-
tween 8.6 and 1.5 when the mnext-
longest heating time showed lower
netivity and when the first reading of
1.6 (which iz approximately equal to
the water hlanks) oceurred at a rea-
sonahle tima. The results at process
temperatures of 150 and 160°F
showed no significant reduction in ac-
tivity, and were not used. The activity
numhers at a processing temperature
of 205°F were 6.6, 1.5, 1.5, and 1.5
and were not used in determining gz,
hnt the first two ure pletted in Fig. 4,

Table 1. Proccss ashadule and data summary.

Process schedule temp. Bt:'f.;.il‘jl:iﬂ[.‘, Average® pressure (1h)
E—'_ reached Fie_ al days X
. Timo o jnr 0 Tevoxidase
("M (min} (°F) {min} o 110 188 nuaher
150 19 133 0.010 14.8 15.8 15.4 2.8
158 35 147 0.18 16.5 14.4 15.8 2.6
150 92 150 1.3 ) 154 1 4_,71— B.5
160 14 130 0.012 17.0 18.9 15.5 4.k
1610 28 148 0.13 16.1 14.4 15.6 R.8
160 45 159 i ™48 142 - | 15.2 £
170 11 130 0.011 17.8 * 1b.B 0T 55
170 16 147 0.10 17.0 14.8 16.3 8.4
170 27 162 0.98 17.0 158 1L5.2 8.5
170 . 165 1.6 16.4 161, 16, AR
170 63 170 ] 135.8 14.8 14.8 .5
i70 104 170 20 ~14.0 4.9 147 5.0
170 166 170 38 13.6 13.1 13.8 1.5
180.3 u 150 0.025 178 15.2 15.0 8.5
IR0.3 13 147 411 16.6 15.6 18.8 BB
180.5 19 168 .85 15,8 15.8 1B.A 8.5
180.8 ] i68 [ﬂ T4.5 15.9 5.4 8.0
180.8 E 42 179 - 14 14.6 T3 4.2 6.4
180.3 62 T80 39 13.4 14.0 12.7 4.0
180.3 a5 1R{ t ag 12.3 125 1.2 1.5
T1g9.87 T 124 0.011 1A.4 145.6 1h.8 8.9
1808 10 143 0.062 18.7 15.9 16.5 9.8
1846.8 15 162 0,65 15.2 15.5 15.6 4.5
180.8 2 173 A4 18.3. 16,4 16.1 2.0
1848.R 88 L85 21 14,0 4.3 L.} 3.7
188 48 188 5 A3 12.4 [1.8 ing 1.5
189.8 68 100 180 8.8 10.2 10.4 1.5
108.8 16 173 2.3 15.0 i35 15,1 7.8
106.8 25 189 BES Tox 13.4 13.5 4.0
108.9 as 104 a3 107 115 inge 1.5
186.6 44 196 140 8.7 a0 8.5 1.6
204.3 15 I7a 4.3 16.4 143 14.5 a.68
2045 21 192 0 13.0 1z.4 14.0 1.5
2045 29 L88 0 10.4 L1.6 12.5 Ll
204.5 35 202 220 9,9 8.5 8.3 1.b

& Twenty plckies in coch lreatment,

Talle 2. Average® force ({Ib) as a funetion of process and storage time.

treljt?z'n :fn - FI% rango B Silorage time (days after processing)

combined {(min) ¢ : 10 40 188
5 0,01i-0.026 17.10 1546 15.26 165.14 15.48
a 0.062-0,18 14.80 15.88 15.0% 16.37 15,96
5 0.65 -1.2 15.47 -16,09 15,358 15.71 15.24
5 1.6 —-4.3 15.78 16.03 1R.88 15.31 15.47
8 8.0 -—B8 13.85 i4.85 13.88 13.95 12.85
7 A3 ~280 L0.57 11.00 10.75 10.64 10.47
a

Twenty pickles in each treatmont.

which shows the activity as a funetion
of equivalenf minntes. 'The line in Fig,
4 js based on g weighted average of the
slopes and infercepts of the four equa-
tiong, one determined for each process-
ing {emperature, corresponding lo
equation 1.

Fig. 5 shows the fraction of defec-
live cueumbers as 4 funetion of maxi-
mumn temperature reached in the jar.
The suggestion of gas poekels {Nagel

and Vaughn, 1954), related, certainly, -

to dissolved gas, provides a (heoratical
basis for plotting these data against
maximum temparature; moreover, of-
forts to fit tha percents delective ta
ceuivalent minntes for any z proved
Iruitless. The ploited poinits arc the
averages of the two delerminations
made 13 and 191 days after proccss-
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ing. By defeefive iz meant the num-
ber showing earpel separation plus o
lew showing seed-cavify damage that
was judged to be cansed by heal. More
defeetive cunenmbers were found al the
firgt cxamination than at the second;
however, two different people made
the examinations.

Tahle 2 shaws the average pressurc
(data gromped hy severily of the
prosess) as a funetion of storage time,
A difference hetween means of sbout
0.6 1h is raquired for significance at
the 49 lavel. Thers were no signifi-
cant changes after the 10th day; the
grentest changes took place in pickles
procassed at small Fue values and oe-
enrred hetween the zere and st days.

" Taken as a whole, the changes with

storage time were small, but at all
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Fig. 1. Hquivalent minutes at process-
ing temperature b reduee the averago
pressura to 10 1h,

treatmentfs and at all storage times the
ayeraga pressures were significantly
lower than the raw-product pressure.
Parhaps tha hest smmmary of the
changes in pressure with storage, as a
funetion of process time, is the rels-
tion hefwesn change in average pres-
sure during storage (188-day minus
0-day) and sterilizing value. On a
seafter diagram of the loss in average
pressure during  slorage ploited
against the logarilhm of (he gsterilizing
into two groups, those below Fyw of 4
min, and those above. The correlation
value (Fi%), the points seemed fo fall
coefficient of pressure changa and tha
logarithm of the sterilizing valne {(F.
< 4 min) was 0.83, 95% confidence
limits 0.36 to 0.89. The correlaticn eo-
efficient for pressure losz and log Fie
for Fiw > 4 min was 0.28, not signifi-
cantly different from =zero. Pressure
loss on storage seems to be a linear,
decreasing funection of sterilizing value
up to values of 4 min, and independent
of sterilizing value beyond 4 min.

DISCUSSION

No claim is advanced that softening
has been conclusively demonstrated to
proceed as a first-order reaction.
Nevertheless, the fit (Fig. 1) is good
enough fo encourage the view that
sofiening, or ab least thal aspeet of
softening that s measured by & me-
chanical recording pressure lester,
follows # first-order law in (he lem-
perature region studied. The 95%
confidenee interval on 2, as determined
from the variance of the five 10-1b
points, ig from 15.7 to 24.7°F, and 13
probably different from Joffe's (10850)
value of 30°F. It is possible that » iy
a funetion of cuewmber varicty or sea-
gon or hoth. The authors believe that

&
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Pig. 3. Teuivalant minutes af procesa-
ing temperature to reduce the peroxidage
aeliviky Lo 5,

the ecurves of texture loss are good
enongh to use, provided z iz known
tor fhe produet, as a predistimg equa-
tinn for softening or, it z is not known,
as a tool to compara varieties in their
resistance (and therefore smitahility)
tn heat processing.

The z of the peroxidase inactivation
curve {(Fig. 3} is in agreement with
that of Kaplan et af. (1949).

It should be mentioned that only one
jar in thig study spoiled, one of the
16 heated 35 min at 1I50°F; however,

[4]
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Fig. 4. Average peroxidase activity af
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Fig, 5. Percent of defective gucumbers
as & funetion of maximum temperaturo
reached in the jar.



the authors are not reeommending such
low processes.

The.lnss of texture on storage—ex-
cept at the very lowesl sterilizing
valunes, which are nol recommended in
any case—is too small Lo worry about.

Tha differences amony the z's for
softaning, bacterial destruction, and
enzyme inactivation are not large
enongh to warrant any blanket stafe-
ment. about possible Tenefits from
higher temperatures and shorter fimes;

" in faet, the vceurrence of earpel sepa-
ration, which appears to be related to
maximum lemperature reached in the
jar rather than sterilizing value, sug-
gests lower proeessing temperatnres.
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