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HEAT PROCESSING CHARACTERISTICS OF . 
FRESH CUCUMBER PICKLE PRODUCTS 

I. Heating Rates of Spears 

Ry I. J. PFLUG and R. C. NICHOLAS 
D.:PA.l\n.II<I'\T 0 11 Fooo Sc mNI:" 

FRESH CUCUMBER PICKLE SrEARS are fresh cucumbers that have been 
sliced , packed· in jars or cans, spiced, brined or syruped, sealed 

and pasteurized. It is an attractive pack of good tlavor and texture 
that is well received by tl1e consmner. The total production of fresh 
cucumber spear pickles has grown · to the extent that it represents a 
significant percentage of th~ total pickle pack. 

This is the report of a detailed study of the heating characteristics 
o£ spear type cucumber pickles. 

Spears are produced by slicing the cucmn bers lengthwise into 
four, five or six wedges (Fig. 1); the ends may be cut square (Fig. 2). 
Spears are lmnd-packed into containers of such height that the spears, 
when packed vertically, extend to the top of the jar, but leave ade
quate head space. The spears are place-packed with the cut surface 
to the outside. The covering liquor for the dill-flavored pack is a 

Fig. 1. Cucumber spears made by 
slicing the cucumber lengthwise into 
wedges. 

Fig. 2. Cucumber spears with 
square ends made by slicing end cap 
hefore slicing lengthwise. 
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salt-add brine; a sugar-salt-acid syrup is used to make · the sweet
spear product. Preservation of fresh spear products is achieved 
through a heat pasteurization process. 

EXPERIMENTAl I 

The heating characteristics of spears in glass jars and tinplate 
cans were determined by measuring the temperature at the assumed 
point of slowest heating with copper-constantan thermocouples 
sealed in a l/4-inch O.D. Bakelite rod (similar to the thermocouples ·· 
described hy Townsend et aU ). The rod was inserted into the con
tain.er through an Ecklund:.: stuffing hox. 

In Fig. 3 are illustrated the thermocouple rod unit, stuffing box 
parts, <md a jar of spears with the thermocouple in place. The tem
peratures were measured and recorded hy a multiple-point tempera
ture-recording potentiometer. The heating rate data were plotted 
according to the method of Ball and Olson~ and the heating·rate, fh, 

1 Townsend, C. T.b ]. M. Reed, J, McConnell, M. J. Powm.<, W. B. Esselen, I. I. Sommers, 
J. ]. Dwyer, and C. . Ball. ( .194f.l) "Cou:.paralive bent penetration · shtclie• on jarS and cans." 
Food 1'achMl<>C!I. 3 :2Hl-226. 

~ Ecklunil, b. F. ( 1949 ) . " A-ppMnttJS fn• th~ m~H<uremenL (){ the rate of hcnt pcn1llmtio11 
;,\ canned foods." Fond. 'l'twlanology {J, 231-233. 

3 BBll, C. 0 . and F. C. W. Olson. ( 1957 ) . "Sterilization in Fond Tm;lmology." McGraw-llill 
Pub. Cn., N. Y. 

Fig. 3. Apparatus for measuring rate of heating of 
jars of spears. In the foreground are pa.rt~ of the Ecklund 
stuffing box and a lid prcpllred. to receive the stuffing box. 
The thermocouple i~ shown in the center of the picture; 
n jar of spear.~ with thermocouple inserted through .~tuffin~~; 
box is· shown in the rear of the picture. 
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and lag factm~, j, determined. All tests wcr.e replicated and the re
sults of each experiment analyzed statistically. The physical descrip
tion of the containers used and the location of the thermocouple in 
inc11Cs above the container bottom are given in Table 1. 

TABLE 1- Container dimensions 
... ... . . . .. 

Normal Outside Height to Jar Thermocouple 
Name fill diameter top of weight distance from 

(oz.) (in.) finish (oz.) bottom of jar 
(a) (in.) (in.) 

...... .. 

Vegetable jar (No. 303) .. 16 3,00 4.75 7. 1 0 .90 

Tinplate can (No.2) ... . . 20.5 3.44 4.56 ... . 0.88 

Vegetable jar ( No. 2Y:z) .. 28 4.00 5.00 12 . 2 0.90 

(a) Overflow cs.pacity a. bout ¥.: oz. more. 

Tests were <:arried out both in the laboratory and in the field. For 
field tests the laboratory equipment, including the water bath, tem
perature controller, and temperature recording potentiometer, was 
moved into the plant of a commercial manufacturer. 

Laboratory packs were made using the following procedure: The 
cucumbers were washed for 5 miTlutes in a tumbling-action washer, 
then hlanched for 5 minutes at 140° F. The spears were cut by hand 
and place-packed after cutting. The syrup or hrine was preheated 
to 135-140" F . al)d pow·ed over the spears; I ml. of spice oil mixture1 

was added and the jars were sealed and pasteurized. 
The p.icklcs were pasteurized in an automatically controlled water 

bath maintained at approximately 180° F. for all tests except one when 
a temperature of 19.'5" F. was used. The point-to-point variation in 
this bath was determined to be less than 1.25° F., and the standard 
deviation of the temperature variation at any one point was about 
0.25° F. 

The laboratory packed jars were filled with a known weight of 
product. This weight is expressed as a fill ratio, the ratio of the weight 
of the cucumbers to the nominal fluid ounce capacity of the container; 
for example, 12-oz. of cucumbers in a 16-o?.. jar is dcsclibed as a fill 
ratio of 0.75. In the .field studies the production-line-packed, LP, 
product was used for the heating rate studies. The objective in deter-

• CouTt~sy W. J . .Slange Co. 
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mining the heating eharacteristics of the ilne-packed products was to 
compare those data with corresponding data from laboratory packs. 

For the laboratory packs a 1.4 percent acid and 5.0 percent salt 
brine was used to cover the dill spears and a symp containing r51.0 
percent sucrose, 2.8 percent acid, and 4.0 percent salt wa.~ 11sed for the 
sweet pickle spears. The brine or symp used by the pickle manufac
turer was used for the production line packs studied in tl•e field. 

RESULTS 

The results of tests canicd out to determine the effect of the fill 
ratio on the heating characteristics of spears are presented in Table 2. 
The 1955 data show a significant difference between the extreme fill 
ratios, whereas in the 1956 data the differenee is nut sihrnificant; how
ever, there appears to he the same trend toward larger t11 values with 
lower fill ratio.~. The lag factors, j, are cWferent in both years. In gen
eral, these results show that increasing the fill ratio of a syrup packed 
product results · in a significant decrease in sterilizing value for a 
given processing time and temperature. 

The results of tests comparing skin..:in with skin-out arc prcscntcci 
in Table 3. In the first test, the cut surface of the cucumber was placed 
next to the surface of the gl~ss container as is done commercially, 

TABLE 2- Effect of fill ratio on the heating characteristics of sweet cucumber 
spears in 16·oz. Jars 

.. . . .•. --

No. Lag factor (j) Heating rate (fh) min. 
Fill ratio jars - ----- - - - --- --- ---- -----·~ 

in S td. Std. 
test Ave. Min. Mo.x. dev. Ave. Min. Max. dev. 

-·--- - .. ·-- - ------ --- - - ---- --- --
1955 

0. 69 .. " .. 8 1.65 1. 1.1! 2.08 38.3 33 . 1 43.4 

0. '75 ...... 11 1.69 1.43 2.10 . 0.31 36.0 27.4 41.0 4 .78 

0. 82 ...... 12 2.00 1.47 2.62 n.o 22 .1 45 . 0 

1956 
0.62 . . . ' . . 9 1.33 1. 10 1.51 43.3 36 .8 55 . 2 

0.70 .. ..... 12 1 • .36 1.0'7 1.72 40.0 34.8 4'7.6 
0.20 4 . 14 

0 . '75 . ' .... 6 1.63 1.27 2 .04 41.0 37.2 43 . 0 

0.84 . .... . '7 1.97 1. 48 2. 52 38.6 33.2 41.2 
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TABLE 3- Effect of cut-surface position on heating characteristics of sweet 
f resh cucumber spears (fill ratio 0.75; 16-oz. jar; 1957) · 

No. 
jars 
in 

test 

Cut ~urfncn ncrl tn gfASIJ. . ... . . . 8 

Sl<i11 surface ne xt to glas~. . • • • . . 8 

Fill 
ratio 

--
0 .75 

0 . 75 

J,ag factor (j) 
- - --- - --

Std. 
Ave . Min. Max. dev. 
--------

1.64 l. 46 1 . 79 
0.12 

J. 71 1.59 1. 9 1 

HeatinJ; rate (f,,) min. 
------- -

Std . 
Ave. Min . M AX. dev. 
--

Mi.2 .u.~ 39,.'! 
:!.09 

40.9 38.2 43 . 4 

whereas in the second test the skin side of the cucumber wedge was 
placed next to the glass . The results show that there is a difference, 
significant at the 1 percent level, in the heating rate. The jars with the 
cut surface out (skin-in) heated faster than those with the skin out. 

Table 4 presents the results of tests to detennine the effect of 
holding filled, symped, closed containers for 30 minutes before heat
ing. In the first test, the product was syrupcd and sealed and then 
allowed to stand for 30 minute.~ at room tempcratutc b efore proc
essing. This test was compared with a second te.~t .in wl1ich the jars 
were processed immediately after packing. An analys.is o( variance 
i11dicated no significant difference in eitl1er the f 11 or j val11e dtt f! to 
the .30-miTmte hold. There appears to be a trend tuwanl faster heat
ing with increased holding time. 

TABLE 4-Effecl of time between sealing and heating on healing character
istics of sweet fresh cucumber spears (line pack; 16-oz. jars; 1957) 

No. 
iars 
in 

test 

Lag !aclor ( j) H eating rate ( !1. ) min. 

ratio Std. Std. 
Ave. Min . M ax. dev. Ave. Min. Ma... dev. 

Fill ----~-- - - -- - - ----

----------1--- ---- ---- -------- - -
Spears h eld for 30 min. liefore 

hcntin g , . . .... . . . .... . ... . . . 1-P 1.3.~ 1.1~ I' 1 .6.\ . · .lll.~ .~2 . R . 4~.6 
0. 35 I J .ll~ 

~~e-~r_s_ h_sa_ted-in_'m_ e_u_ia-te-ly_ .. _ .. _ .. _,_ __ J 2---'-ll'__,__r. 6:i J • ZS --~~~~- ~- .. -·~···6 30. 8 49. ~---

The eftect of heating medium temperature on the heating charac
teristics of line-packed 16-oz. jars of spears in syrup is shown in 
Table .5. Heating was significantly faster, smaller f11, in the 195°F 
bath , than in the 180°F water bath. There was no significant d1ange 
in the lag factor, j . 

Tests were cru·ried out to detenninc the effect of container typf! 
and size and covering liquor on the heating cl1aracteristics of the 
::~pear p rodncts. Tlwsc data are presented in Table 6. The mean heat-
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TABLE 5-Ef[ect of heating medium temperature on the heating character
- istics of fresh sweet cucum be?' spears (line pack, 16-oz. vegetable j ars, 

thermocouple at cen ter of jar) 

Water bath Num ber Lag factor (.i) H eating ra te (fh) min. 
t~m~uatur~ jars !n -- - - ---- ·--· ·- ... . . --

' F. teat Std . Sid. 
Av e. M in . Mnx~ rlr.v. Ave. Min. Max. dev. 

···- ..... .. - - - - .- - - - - --- - --
180 30 1. 58 1. 18 Z. IB 46 .1 '35 . 2 55 .1 

0 . 44 4.3 
195 10 1. 28 1.28 1.89 36.2 29. 2 4 ! . 9 

ing rate, f1, of 28-oz. symp packed jars, is greater than the heating 
rate of H)-oz. syrup packed jars l1y more than 26 percent, The lag 
factor, j, also ·inc;ease.'l. Increasing the j~r size from 16 to 28-oz. in
creased the heating rate of spears in brine hy only 17 percent, while 
the lag factor remained almost eom;tant. If the hrine packed product 
is compared with a syrup packed product in the same size container, 
the syrup packed product shows an increase in lag factor of about 
10 percent and an increase in heating rate of about 100 percent. This 
effect of the syrup r equires that fresh sweet products be given a 
longer pastemization proceS-s than fresh brine products. 

DISCUSSION 

A- comparison of the heating characteristics of line-packed jars 
of sweet spears in 1960 (Table 5) with r esults of other years (Table 6) 

· suggests that some_ factor in manufacture has changed in 1960 to 
cause the jars to heat more slowly, larger f11• The results in Table 2 
.suggest that this change in heating rate could be due to a decrease 
in fi ll ratio. DiiTercnces in the loc~;~.tion of the thermocouple in the 
jars, at the geometric center (or data in Table 5 compared to 0.90-in. 
above bottom f01~ otl1 er data, should have little or no effect on ti1e 
heating rate since this produc t approaches conduction heating. Com
parison of the data for a healing medium temperature of 195" F. 
(Table 5) vs. a heating medium temperature of 180° F. should hr.ing 
realization that the heating rate is nut constant but is influenced by 
external conditions. It is anticipated tlwt the heating rate will vary 
with the nature of the heating medium in addition to the variation 
due to heating medhtm tempe~·ature. 

The results of these studies on the heating rate of cucumber 
spear products are summarized in Table 7. The average values ob
tained from the data have been statistically r>1·ojected by adding 3.09 



TABLE 6-Effect of container and covering liquid on the heating characteristics of fresh cucumber spears 

No. I :Fill Lag fac tor (j) Heating rate (fb) min. 
jars i Year xatio 

in test Ave. Min. .Max. Std. dev. Ave. Min. Max. · Std. dev. 
- - .• . 

12 1956 i 
I 0.75 1. 52 1.21 2.05 0.21 40.8 21.3 46.0 6.48 

8 1957 0.75 i 1.64 I 
! 

1.46 I. '79 0.12 36.2 33.5 39.3 2.09 

1~oz. jars; syrup pack 8 1958 0.72 1.84 
I 

I 1.52 2.26 0.23 40.7 34.5 46.0 3.40 
- --

12 1957 LP 1.65 1.25 2 . 19 0.34 39.6 30.8 49.2 3.85 

40 1958 LP 1.52 1.25 
I 

2.09 0.18 41.9 36.2 48.4 3.74 
·-· 

No.2 can, syrup pack 6 1957 0.65 1.61 1.40 1.93 0.19 41.3 35.2 48.8 4.37 

28-oz. jar, syrup pack 12 0 1956 0.72 1.67 1.34 1. 97 0.20 51.6 ; 40.8 63 . 3 7.32 
' ---- -- -

16-oz. jar, brine pack· 21 1956 0.75 1.21 1.06 1.48 0.11 21.0 
! 

17.7 25.6 1. 89 

12 1956 0.72 1.17 1.02 1.35 0.08 24.7 23.0 27 .2 1.33 

6 1956 0 . 72 1. 04 0 .97 1.15 0.06 22.0 20.6 23.4 0.88 
28-oz. jar, brine pack 

I ----
' 19 1958 LP 1.20 1.00 1.75 0.22 24.2 20.4 29.8 2.65 

I 30 1960 LP 1.13 O.!M 1.36 0.12 22 . 9 17. 0 . 25.8 2.38 
-
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TABLE 7- Summary of cucumber spear heating characteristics 
-. - .. 

Heatinr, rate (fh) min. Lag factor (j) 
Type of pack and ·-

container size Average l/lOOO(a) Averagr. 1/IOOO(a) 
··- ·-·· -·· ·----

Syrup- 16-oz. jar 40. 1 53. 3 1.57 2 .23 
·-

Brine 16-oz. jar I 21.0 Z6.B 1.21 1.55 
·- - - · - .. ·-·-

Syrup- 2R-oz. jar 51.6 74.2 1.67 2.29 
-- .. 

Brinc- 28-oz. jar 24.0 30.5 1. 16 1.68 
....... --

I 
- - -·· -·· ... ·-

Syrup-No. 2 can 4 1. 3 54.8 l,(j l 2.19 
~ 

- · --
(a) The heatin g m lc nr lng facto~ is eYpected to exceed this value in only one jur nul of t , 0~0. 

times the corresponding standard deviation to give a heating rate 
and lag factor of that jar per thorL~and that will have the largest 
heating rare, f~o, and that jar that will have the largest lag factor, j. 
These or similar projected values should be used in designing the 
paste1n:i'l..ation process. 

SUMMARY 

Rates of heating, f,,j and lag factor, j , detennined midcr both 
laboratory an.d commercial conditions, are presented for spears h1 
brine and syrup in 16-m:. and 28-oz. glass containers and No. 2 metal 
cans. The data indicate that: 

l. Syrup packs heat more slowly than brine packsj more slowly 
than would be predicted by considering the jar size or coveri11 g 
liqu or effects alone. 

2. Holding spears for 30 min. after packing and sealing does not 
signillcantly change the rate of heating. 

3. Packs in whicl1 tJ1e cut surface faces out heat faster than packs 
with the skin side facing out. 

4. The heating m edium temperature affects the heating rate of 
spear.q in syrup. 
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