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Effects of Jar Size; Liquor; and Product-to·­
Liquor Ratio on Heating Characteristics of 
Fresh-Packed Pickle . Products a. b 

(M <Jnu"crirt r~ccivc rf May 15, 19 57) 

D ETERMIN'ATION OF THE OORREOT 

. PJtOcl<:ss for f resh cucumber pickle pasteurization has 
t wo ui::-;tim:t asp!~ [ ·.ts ; first, a .letP.rminatio:n of the 
amounL of heat necessary to inactivate the spoilage 
agent, and, second, a. solution of the physical p rob­
lem of deliverin g that l1eat. Comlid.erable wo1·k has 
been done lu determine the amount of h eat required 
for pasteurization (2, 3) ; however, the physical aspect 
of the problem has not been examined in detail. This 
paper rJes!'.ribes some of the physieal factor.s t11at 
influence the rate and amount of heat received by 
the fresh packs. 'l'hc data of this study will aid the 
pickle packer in the evaluat ion of these facto1·s so 
that h11 may f!Cientiileally adj ust his Jl1'0CeS8 to dif­
ferent packs. 

EXP ERIMENTAL 

Two cuetnnbc1· slulpcs, 2 l iqnoJ"s, 0 .iar gccnnctrics, n nd 4 
pick le-to-liquor rati os were studied. 'l'he :l c.ucum ber shapes 
used were slices cut %2 ill. thick from No. 3 variety 1:3R·6 
pi~.kl ing "1Hmmh e r , n.n!l Rp P:l.TR m:ulA hy Rli~.ing thA No. a 
cucumLcrs lengtlnvi•c .i.n lu 5 equal wedges . Brine con taining 
14-grain ( l.4% ) acetic acid and 5.U o/u sa lt and a sy rup cou­
ta.ining 50% sucrose were used as covering liquors. Jar data 
v.Te givl'ln in Tnhl(l l . RpA.'I.r wP.ightA of 10.00, ll.25, 12.00, and 
13.50 o~. iu Hi ·OS1;. j nrs ·were stu died. 

Nnme 

Ve~etRhle 
Cyliniir.r ... ..... 
Cyliu,le r .. .. .......... ...... 
Novelty ....... ... ........... 
l ee box ..... . .. ..... . . 
Rcgnlu .. ... 

1 OverJio '" cr.paciLy 
0 Lnrges\ diameLcr . 

TABLE 1 
Jar dimensions 

Normal Ounido 
till llin .. 

( oz.)' ( in . ) 

16 a 
16 2% 
:n 9 
24 3'4 ' 
28 4. 
3~ 3% 

is about ¥, oz. 1l'l01'0. 

llc ight to tnp 
of 11n i~h 

( in. ) 

4 'Ji 
!Ph 
7~ 
7'% 
;; 
7'h 

Jar 
wd ght. 
(ltlll . l 

202 
~511 

3()0 
385 
346 
l\70 

T he cneumbcl.' p rodncts weTe weigherl intn t hl'l jn.r~ t.o t.h~ 

nearest 0.20 oz. and thtl l it]uOr ~. t 135 ± 10• F. was nddcd j11 s t 
prior t o p lacing tlte ja rs in t h e wat er bath. 
TAmpAmtur~R in the j a rs were sensed with pencil-type 

copl1Cr·eon.~tan t.an theTmoo~onple~ aimil.'l.r tn t.ho~a rlaRArihed in 
( 5) and were muu~urc<l wi Lh tl 13-p oiitL rccol'ding }JoLcu tiomcter . 
Thermocouples were located in the neighborhood of t he slowest 
h en.ting point .1.l rm g t.hA r.cntml axes n f the jars at 0.2h from 
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thA jtl.T h ot.tom, WhAT A h iR t ho liquid h(\igh t . ,J Rr~ WArA hM.t.Ml 
i11 a. e.on&tmlt tc.mpcratnre wate•· bath in whieh tl•e point-to • 
point variation .in t he rcgiuu wh ere t he j~r3 were plucctl wa~ 
less than 11.4 o 1<' ., a nd in which the temp erature a t a ny par­
t.i~u h r point \'!niBil n.bout. it!! m A:l.ll wit.h :1. ,:;t.:uulnrd <lP.vil'l.t.ion 
of % " F . 

ANALYSIS 

T i nte · LClll}JCrll.tu rc plot~ o£ U!e CX}JCriuwu ~u.l a u tu wo.:rc uutde 
according to .Ball (1), and the hea ting rate, r,,, and la g factor, 
j , were determined. Sterilizing values wer e compntod at the 
end of v n.TiOnR time6 nAing t.he fnn rln.m1.mt.al (l(]llJl.ti m • <le li ne rl 
by Bnll ( 1) , i u whicl• 1.1rc.: iwplicit ~he ~~~~umjl li ums t!Ja.t hcnt· 
i ng rat e is proportion al t o t emperature di:lfercn cc, a11d that the 
destruction rate of the system cri t ica.l in pr op er p ickle pa.s­
teuriznJinn i~; logn.rithmi~. with n.n F,.o of l\6 mim1 t.es n.n il a a 
of 18" F. ( 3). Values o£ the F ·intcgrul were obLa iucd f rom tho 
J ahul<e-E mde t ab lea ( 4). Si guificant uiffer ences, where invest i­
gated, were obtah1ed f rom au analysis of variance of tlte da.ta. ; 
any ~igninr.n.nt. rlifferenr.~A 1i ~t.Br1 h P.l ow :l.r e n.t the !'i % lP.vP.l. 

DISCUSSION AND RESULTS 

J ar geomtery. '!'he effect of jar geometry on heal­
ing· characteristics of slice.c; in both brine and syrup 
was st.uuiHtl £or the 6 jar typex. TahlP. 2 gives th e 
mean values of the heating characterist ics. '!'he 22-oz. 
and 24-oz. jars, although of lar ger capacity than the 
1 6-oz. jar s, do 110t l1ave a correspondingly larger .i 
or f 11 • The 28-oz. jars wlth s,yrup hav!~ a mud\ Jarg·er 
f 11 than the 32-oz. jars. 'l'hesc facts reflect the more 
favorable geometry of the 2-2-oz. and 24-oz. jars ; 
namely, a larger ~ur.fae!·!-to-voltmw. rat io and a smnll e1· 
diameter. By contrast, the 28-oz. jars have a low 
sUl'face-to-volume ratio. 

Liquor. Results of the studies of cucumber slices 
are sumnu1.rizeu i n Table 2. Tlw lag factor, j, was 
not significantly different between liquors in all jar 
types stu died. The :fit values for jars containing syrup 
weTe signi:fieant1y higher t.lta.n th P. f~o va.lnes for jars 
containing br ine. The iucrcase was no t the same for 
each jar type. In brine packs, the fh of the 2~-o~. , 
24-oz., 28-07.., an d 32-oz. jars is significantly h igher 
than the r .. of the 16-oz. jars. In S,Y l'Up paeks, tlw 
2H-oz. and 32-oz. jars have significantly higher f " 
values than the other four jar types. These data 
indi!'.a t.e tl1e existerwf'. of a jar-li<IHOr i l1 term~tinn , he­
cause the order of increasing fh among jnrs changes 
with a change :in liquor. The following comparisons 
r efer to brine and syrup. When brine packs were 
compared \Vith syrup packs, Lhe syrup packs showed 
an increase in t he fh of about 60% in the case of the 



TABLE 2 

Jar geometry: mean values of beating characteristics of slices 

Hrinr. 

Jo.r 
~o. of fh 
ru n~ 

1 6 oz. VE G ...................... . 4 1.32 19.2 
16 o•. CYT. .. .. ....... .... .. .. 4 1.n4 19. 6 

4 1 .36 ll3 .R 
4 1.87 21.0 

22 n7. . C"YL . 
:.110~ . .NO V .... .... .... ... .. .... . 
28 <>7.. I CE ....................... . 4 1 .23 21.2 
~2 oz. R JCG .. ........ ............ . 4 J..24 z.q,::; 

16-oz., 22-oz., and 24-oz. jars, and an increase of about 
100% in the ease of the 28-oz. a11d 32-oz. jars. The 
sleriliz.iug value at 25 mi.nuf:es was !'educed to about 
~4% and 3% r espectively for these .two groups of 
Jars. 

Cucumber spears al'e nonnally packed in 16-oz. 
vegetable and 28-oz. jars; therefore, th is study was 
restrlcled lo t.hest'. 2 sizes. Results are summarized 
in '!'able ::l. 'l'he lag factor, j , was significantly in­
creased by about 40% and the heating rate, f 11 , was 
inc!'ea:;;e<l by 10(}% in llot.h ca.w.s. 

Pickle-to-liquor ratio. The r:rffeet of iner(-!asP-d pir:kl r.­
to-liquo1· ratio was studied in spear products in syrup 
in Hi-oz. vegetable jars and the results are given in 
Figure L The points circled r epresent tl1e individual 
data and thn vertical lines indicate the mean values. 
An analysis of variance of the data from these 34 
ja rs showed no signi:fi.cant difference in the hig· factor , 
j , am1_ a signi:fic;:mt differ ence iu t he sterilizing value, 
F 1oo· The change in £1\ was not statistically differ ent; 
however, there may be a real decrease in f" with in­
creased ratio t hat is masked hy t.hr. large variation 
a.mo11g j a.rs .£or a. given r atio. The increased p icklc­
to-Jiquor ratio resulted in an incr eased lag factor. 
The 10-oz. and 11.~-oz. packs were 110t. diffP.rent., h11t 
Hll nti1er 1~omparisous were statistically different. The 
increased ratio r esulted in a decreased sterilizing 
value. The 10-oz. pack was different from, t he l 2-o7.. 
and 13% -o?.. packs; t he 11:;4-oz. paek was d.ilTerr.nL 
from the 13V2-oz. pack. Results indicate t hat 1mdcr 
these condition:> t he lag factor, j , and not the f,, value 
is r esponsible :for the decrease in the sterilizing value 
of piekle spears iu syrup. 

A large coefficient o:f vnr1a.tion was associated with 
the f 11, and j values in all tests where pi ckle rn·<HllJ(:ts 
were involved. 'l'hesA val iH~s ·were consistently o£ the 
oriJer of mag·n itude of 10ro; whereas, when brine 
or syrup alone was used, the coefficient of variation 
was 3%. The fh and j valuP.s with H:< ~oefficien l; o£ vari­
at ion of ] 0% pi'nduce a corresponding variation in 
s!:er.ilizing value, J!'Jco, of about 50% . 

Syrup 

Fu1o a L No, of 
:l5 min. 1'1111 !-l 

.'h' UICI aL 
, 2/i min. 

32.9 
ao.s 
1 n. 1 
10 .4 
29 .!! 
18.1 .. 

5 1.45 
6 !..42 
1\ !.24 
B 1.~ 1 
{j 1.32 
6 1 .. 17 

ll).OO~ 

u.;~j o-o-®ro-010--<i&--0--0 

31.4 
~2.7 
.H.5 
84 .8 
50.8 
44.8 

1,2.00 0----0-----<Ijl- - 0 -----<;) 

4.6 
a.4 
8 .1 
3 .6 
0.4 
0 .8 

1).50 (:) CD I 0-0--0-·----<0 

1.00 2.00 

10.00 

~ 
)..?, 0() 0~· 1-o-0 

l .MO KHli>-Q-<lD--0 

0 
l'lto (01n\1teo) 

F igure 1. Effect of pickle-to-liquor ratio on heating char­
acteristics. 

SUMMARY 

The heati11g· rate., lag £actor, awl ~tetil.izlng value 
have been determined for controlled packs o£ cucmn­
ber slices and spears in j ars with different geometries 
and with different l i<1nors. E l1'1•.d.s of ja r size and 
liquor. on the different packs arc presented in tabular 
form. In general, a product in syrup h eats more 
slowly than the same p1·od.uct paeked in hrim\. In­
err.as.ing the product-to-liqu or ratio, while it does 
not significantly change the rate at whieh the jar 
heats, does inerease the lag f actor; t he net. rflsnlt is 
a decrell.Se in the sterilizing val ue. 

TABLE 3 
Mean values of heating characteristics · nf spears 

. Brine 

Nn. of flo F.lt!U at N o. of 
runs 2~ min. runs 

16n~. VEG .. ... .. .... . 2i. 1.21 21.0 82.5 12 
28 O>. lCE. 12 1 .17 ~4.7 20.4 12 

l.li2 
1.67 

Syrnp 

<10.8 
51.6 --'----

l1~1cm o.L 
110 min. 

a.2 
O. ft 
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