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Effects of Jar Size, Liquor, and Product-to-
Liquor Ratio on Heating Characteristics of

Fresh-Packed Pickle Products-

[Manuscript received May 15, 1957)

DETERMINATION OF THE OORREQT
procvss for frash cueumber pickle pasteurization has
two distinet aspects; first, a determination of the
amounit of heat necessary to nactivaie the spoilage
agent, and, second, a solution of the physical prob-
fem of delivering that heat. Congidserable work has
been done Lo determine the amount of heat required
for pasteurization (2, 3) ; however, the physical aspect
of the problem has not been examined in detail. This
paper deseribes some of the physieal faetors that
influence the rate and amount of heat received by
the fresh packs. The data of this study will aid the
pickle packer in the evalnation of these factors so
thal he may scientifically adjust his process to dif-
ferent paclks.

EXPERIMENTAL

Two cueumber shapes, 2 liquors, 6 jar geomeclrics, and 4
pickle-to-liguor ratios were studied. 1'he ¥ cucumber shapes
used were slices cut 42 in, thick from No. 3 variety SR-6
piekling svueumhber, and apears mada hy slieing tha No. 3
pusumbers lengthwise inle 5 cgual wedges. Brine eontaining
14-grain (1.4%,} acetic acid and 5.0% salt and a syrup econ-
taining 509 sucrose were used as eovering liquors, Jar data
ate pivan in Table 1. Spaar weights of 10.00, 11.25, 12.00, and
13.50 ow. in 16-0m. jars were stodied.

TABLE 1
Jar dimensions

Normal Outside Tlcight te top Jar

Name Ll din. of finish witight

fox.)t {in.) {in.) {tm.)
Vegetahla 14 2 4% 202
Cylindar . 14 2% iy 258
Cylindoer 42 8 T4 366
Novelty. 24 3317 (R 385
Icebox... 28 & 5 348
Regnlar .. ... 3n 364 7% R7h

1 Overllow eapacily is about 3% oz, more,
2 Largest diameter,

The eusumber products were weighed inte tha jara to the
nearest (.25 oz, and the liquor ut 185 == 10° ¥, was added just
prior to placing the jars in the water hath,

Temparatures in the jars were sensed with pencil-type
copper-eanstantan thermoconples similar to thoss deseribed in
{&) and were meagurcd will o 12-point reeording potcniiometer.
Thermocouples were located in the neighborheod of the slewest
heating point along tha central azes of the jars at 0.2k from
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the jar bottom, where h iz the lquid height. Jars were hoated
in a econstanl temperatnre wafer hath in which the paint-to.
poiut varmativn in the region where the jars were placed was
less than 124° ¥, and in which the temperature at any par-
tiealar peint varied about its mesn with o standard deviation
of 4" .

ANALYSIS

Time-tompernture plots of (he experimenlal dabn were made
according to Ball {1), and the heating rate, fu, and lag faetor,
J, were determined. Sterilizing values were ecompnted at the
end of varions fimes uring the fondamental aquation definad
by Ball {1}, in which are implicid (he pssumplions that hoest
ing rate is proportional fo temperature differcnce, and that the
destruction rate of the system eritical in proper pickle pas-
teurization is Togarithmie with an Py of 36 minntes and a 2
of 18° F. ¢2). Values of the F-inlegral were ohlained [rom the
Juhnke-Emnde tables (4). Sigunificant differences, wlere inveafi-
gated, were obtained from an analysig of variance of the data;
any significant differences listed helow ara at the 59, level.

DISCUSSION AND RESULTS

Jar geomtery. The effcet of jar geometry on heat-
ing characteristies of slices in both brine and syrup
was studied for the 6 jar types. Table 2 gives the
mean valucs of the heating characteristics. The 22-0z.
and 24-oz. jars, although of larger capacity than the
16-ax. jars, do not have a correspondingly larger j
or [,. The 28-0z. jars with syrup have o much larger
fy than the 32-0z. jars. Thesc faets reflect the more
favorable geometry of the 22-0z. and 24-oz. jars;
namely, a larger surface-to-volume ratio and a smaller
diameter. By contrast, the 28-oz. jars have a low
surface-to-volume ratio.

Liguor, Results of the studies of cncumber slices
are sumumarized in Table 2. The lag factor, j, was
not significantly different between liguors in all jar
types studied, The £ values for jars containing syrup
wera gignificantly higher than the f, valnes for jars
containing brine. The inerease wag nol the same [or
cach jar type. In brine packs, the £, of the P20z,
2407, 28-om, and A2-0z. Jars is significantly higher
than the f, of the 16-oz. jars. In syrup packs, the
28-08. and 3Y-0z jars have significantly higher f,
values than the other four jar types. These data
indicate the existenee of a jarliguor nteraetion, be-
ecause the order of increasing f; among jars changes
witl a change in liqguor. The following comparisons
refer to bring and syrup. When brine packs were
ecompared with syrup packs, the syrup packs showed
an inereasc in the £, of about 604 in the case of the



TABLE 2

Jar geometry: mean values of heating characteristica of slices

Brine

i fn

1 E R T 1
16 an. CYT. ...

22 ox. UV,
24 oz BOV ...

4 1.32 19.2
4 1.54 19.6
i 1.38 B33
£ 1.27 21.8
28 0z, ICTH ... 4
4

1.23 21.2
202, RIBG ... conisiimsoivens

| 1.24 28,5
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16-0z., 22.0z., and 24-oz. jars, and an increase of about
100% in the case of the 28-0z. and A2-0z. jars. The
sterilizing value at 25 minntes was reduced to about
149 and 3% rvespectively for thesc two groups of
jars. N

Cueumber spears are normally packed in 1B-0%.
vegetable and 28.07. jars; therafore, this study was
restricled Lo these 2 sizes. Results are summarized
in Table 3. Khe lag factor, j, was significantly in-
creaged. by about 40% and the heating rate, f), was
inereased by 1009 in both cases.

Pickle-to-liguor ratio. The effect of increased pickle-
to-liquor ratio was studied in spear products in syrup

in 16-oz. vegetable jars and the results are given in

Figure 1. The points circled represent the individual
data and the vertical lines indicale the mean values.
An analysis of varianee of the data from these 34
jars showed no significant differenca in the lag faector,
1, and a significant diflerence in the sterilizing value,
Figp. The change in f), was not statistieally different;
however, there may be a real decrease in f; with in-
ereased ratio thai is masked hy the Jarge variation
among jars for a given ratio. The inereased pickle-
to-liguor ratio rvesumlted in an increased lag factor,
The 10-0z and 11%4-oz packs were not. different, hut
all other compurisons were statistically different. The
increased ratio resulted in a decreased sterilizing
value. The 10.0z. pack was different from the 12-oz
and 13V4-o7. packs; the 111j-0z. pack was differant
from the 18%-0z. pack. Results indicate that under
these conditions the lag factor, j, and not the £, value
is responsible for the deerease in the sterilizing value
of pickle spears in syrup. : '

A large coefficient of variation was associated with
the £, and j values in all tests where piekle products
ware involved. These values were consislently of the
order of magnitude of 10%; whereas, when brine
or syrup alone was used; the coefficient of variation
was 3%, The ), and j values with acoefficient of vari-
ation of 10% produee a corresponding variation in
sterilizing value, ¥gp, of about 50%.
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Figure 1. Effect of pickle-te-liquor ratio on heating char-
aclerislics,

SUMMARY

The heating rate, lag faelor, and slerilizing value
have been determined for eontrolled packs of eueummn-
ber sliees and spears in Jars with different geometries
and with different ligquors. Effects of jar size and
liquor ¢n the differcnt packs are presented in tabular
form. In general, a product in syrup heats more
glowly than the game product packed in brine. In-
ereasing the producl-to-Hguor ratio, while it does
not significantly change the rate at which the jar
Leats, does inerease the lag factor; the mnef resnlt is
a decrease in the sterilizing value.

TABLE 3
" Mean vatues of heating characteristics of spears
- . Brina Sytup
Jors N, af i f Fmu at No. of ¢ t Fun ab
runs t 25 min, runs 4 . 30 min,
T T 2i 1.21 21.0 32.5 12 1.52 10.8 3.2
280z, ICE ... . *© . . 12 117 24.7 20.4 , 12 1.87 51.6 0.8
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