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INTRODUCTION ANy LITERATURE REVIEW

The process of sweetening pickles is an important
step in pickle making. Generally, sucrose is used for
this nrocess; however, recent work by Fabian and Pivnick
(1) have shown that Sweetose may Dbe substituted up to from
15 to 50 percent for sucrose depending upon the kind of
pickles being sweeten2d. The resulting product will have
consumer acceptance equal to pickles sweetened entirely
with sucrose.

The present eXperiments'were done to find out if the
use of Sweetose for sweetening whole pickles had any
advantages over sucrose in the rate of penetration, the
reduction of shrinkage, or lncreasing the weight of the
final product,

Very little work has been done cn the sweatening
procesas, It 1s krown that when the sugar 1s added to the
pickles there is an initial period during which water is
withdrawn. This iritial period is followed by a recovery
period during which the pickles rezain most or all of the
water lost. During both periods there is a constant pene=-
tration of the sugar into the pickles until an equilibrium
is reached. The decrease in the Brix reading of the liquor
1s due to two cauces; first, the dilution of the sweet

liquor by the water withdrawn from the pickles, and second,



to the penetration of the solids into the pickles,

Switzer and Fabian (2) worked with dextrose and
sucrose in sweetening pickles, Several phases of their
work agree closely with the result found in this experi-
ment. They found that the rate of penetration of dextrose
inte therpickles was faster than that of sucrose. The
time required to reach equilibrium hetween the pickles
and the liquor was the same regardless of the initlal
concentration of the sugar. Eowever, the kind of sugar
had an effect on the rate of penetration cf the sugar into
the pickles. It required from 3 to 5 hours longer for
sucrose than dextrose to penetrate the pickles., Sucrose
caused more shrinkagce than decxtrose but the difference
became less as the concentration of the sugar increased,
Dextrose when mixed with sucrose reduced shrinkage. There
was little difference in shrinkage cf pickles sweetened
with 75 percent sucrose and 25 percsnt dextrose and those
sweetened with all sucrose, It was alsc founrd that from
36-48 hours were required for the pickles to roach equilibrium
but the recovery period may continue for saveral weeks in
the 3,000 size pickles.

Sather and Wiegand (5) tested 100 percent sucrose and
8 100 percent cnzyme converted corn syrup on apricots,
anples, blackberries, boysenberries, loganberries, peaches,
pears, nrunes, raspberries, rhubarb, sweet cherries,

RSP cherries, and strawberries finding little difference



in the drained weisht of these fruits in the two syrupse.

In the case of acid Fabian and Wadsworth (lf) found
that approximately 4O hours were required for acid to
equalize in the pickle and the brine,

Switzer, Richardson, and Fabian (5) found that 1t
required 2 hours to establish equilibrium between the
water and the pickles when the salt was coming out of the
pickles. Fabian and Fulde (3) found the size of the
cucumbers, the salt concentration, and the ratio of the
brine to cucumbers were factors affecting the rate of

salt penetration,



EXPERIMINTAL PRCCEDUKRE

Four hundred five grams of freshened salt stock were
placed in quart msson jars and covered with 460 grams of
liquor. Melted pnaraffin was layered over the too of the
pickles and liqucre. This kept the pickles completely
covered with the liguor, prevented eveporation and keot
the pickles submerged. Ths jars were also cspped to
prevent any loss of liquor due to evaporation. The
following readincs were taken: (a) Brix of the liquor,
(b) The volume of the liquor, and (c¢) The weight cf the
liquor. From these data the weight of the pickles, the
percent gain or loss of weipght of the pickles, and the
percent solids in the pickles were calculated, In this
manner the rate of penetration of the sugar and the
distribution of the liquor could be fcllowed.,

The experiments were run in duplicate; the jars were
set up as follows:

1 and 1A. 405 grams of 15,000 size pickles and 460

grams of 50 Brix sucrose liquor.

2 and 2A. 4O5 grams of 15,000 size pickles and 460

grams of 50 Erix Sweetcse liquor.

3 and 3A. LOS grams of 15,000 size pickles and 460

grams of 5C Brix liquor containing 15 percent
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Sweetose and 85 nercent sucrocse,

and 4Ae. U405 grams of 3,000 size nickles and 460

=

grams of 50 Brix sucrose liquor,

5 and SA. LO5 grams of 3,000 size pickles and U460
grams of 50 Brix Sweetose liquor.

6 and 6A. 105 grams of 3,000 size pickles and 460
grams of 50 Brix liquor containing 15 percent
Sweztoce and 85 percent sucrosse,

All Brix readings were taken with an Abbe! refractometer
and corrected for differences in temperature. The pickles
used were obtained from the H. W. !Madison Company in Mason,
Michigan. These q&ﬂkles were in a brine of 60° salomster
(16 percent salt). They were carefully sorted to obtain
size 15,000 and size 3,000 pickles which are representative
of the small and large sizes used to make sweet plckles,.

The selected pickles were freshened in flowinz water until
the salt was completely removed as shown by~9rinding them
iﬁ a “aring Rlendor and titration with standard silver
nitrate solutlion using dichlorofluorescein as the indicator,
The pickles were presoured to 4O grains. The sugzar
solutions were made up in pallon jars and carefully

sdjusted to 50 Brix.
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DISCUSSICN

The 15,000 Size Pickles

An examination of the data for 15,000 size pickles

shows that whether the sweetening agent was 100 percent

sucrose, 100 percent Swsetcse, or 15 vercent Sweetcse

s

and 85 percent sucrose there was little difference in the
nercent gain of wei~ht and the percent sugar in the pickles
as shown by Tables I, II, III, and Figure 3. There was

nc significant difference in the rate of penetration as
shown by the descrease in Brix, Tables I, II, III, and
Figure 1. The final percent of solids in the pickles

was slishtly greater when all Swestose and when 15 percent
Sweetose and 85 percent sucrose was used than when 100
percent sucrose was used, out the difference was so sli:ht

that it was within the range of experimental error

(Tables I, II, III, and Fiure 3), .

In 15,000 size pickles that were sweetened with Sweetose
and those that were sweetened with 15 percent Sweetose and
85 percent sucrose there was more liquor outside the pickles
at the end of the experiment than in those that were sweet-
ened with sucrose as shown by Tables I, II, III, and
Ficure 2. This indicates that the 1CO0 percent Sweetose

and 15 percent Sweetose and 85 percent sucrose removed more



water, Thils greater pull on the tissues of the pickle
may be the reason the pickles in the 100 perccent Sweetose
and 15 percent Sweetose substitution for sucrose did not
regain as much of the water as the 100 percent sucrose
picklese

None of the 15,000 size pickles regalned as much liquor
as they contained at the beginning of ths experiment even
though there was a gein in weight of the pickles as shown

by Tables I, II, III, and I'i;ure 2.

The 3,000 Size Pickles

A compariscn of the percent solids in the pickles
swezetened in each of the three liquors viz., 100 percent
sucrose, 100 percent Sweetose, and 15 percent Sweetcse
ard 85 percent sucrose, does not show any one liquor
3uperior in rate of penetration to the other two as shown
by Tables IV, V, VI, and Figurs 4. There was a slicht
difference in the percent solids but this was within
experimental error (Tables IV, V, VI, and Fizure 6),

The percent gain in solids was greatest in the all sucrose
sweetened pickles,

A comparison of the volume of liguor in the jars
showed a very great difference in the smount of liquor
removed from the pickles (Tables IV, V, VI, and Fijure 5{.
For example, at the end of 3 hours there was considerably

more liquor removed from the all Sweetose sweetened pickles



than from the all sucrose sweetened pickles and several
more ml removed from the 15 nercent Sweetose and 85 percent
sucrose sweetened pickles than from the all sucrose
sweetered plckles, This indicated that thls size of
pickles was mcre severely shrunken by the Sweectose, and
15 percent Sweetose and 85 percent sucrose liquor. This
may be responsliole for the difference in wcicht at the
end of the experiment. It is possible that the 15 percent
Sweetose substitution exerts a greater osmctié pressure
than the all sucrose liquor bu§4stiit~;;ough Swecetose
particles to penetrate as fast as the all sucrose, The
15 percent Sweetose substitution liquor thus may have a
greater shrinking effect with subsequently less recovery
than either the all sucrose or all Sweetoses

The all sucrose liquor caused significantly less loss
of weight, as shown by the percent gain or loss of wei;ht
column, (Tables IV, V, VI), than either of the other two
liquors. The sucrose sweetened pickles also showed a gain
of welsht sooner than the all Sweetose or 15 percent

Sweetose substitution sweetened pickles,

Comparing the Size 15,000 Pickles to Size 3,000 Pickles

It must be nointed out that there is a much greater
surface area in 405 grams of 15,000 size pickles than
there is in [,0S grams of 3,000 size pickles. This fact
accounts for many of the differences in rate of penetration

and withdrawal of water,



A comparison of the decrease in FPrix of the two cize
pickles showed a much faster rate of penetration in the
15,000 sizs pilckles (Tables I, II, III, IV, V, VI, end
Pigures 1 and l}). There was a much greater surface area
in the small pickles than in the lsrge ones. lowever, as
the Brix neared the equilibrium point the 3,000 size pickles
almcst overtook the 15,000 size pickles and reached equi-
librium only a short time after the 15,000 size pickles.

Much meore water was remcved from the 3,000 sizs
pilcklss ard much less taxen back into these pickles
(Tables I, II, IIT, IV, V, VI, and Fi~ures 2 and 5).

Part of the inability of the 2,000 size pickles to regain

as much water as the 15,000 size pickles may be attributed

to the more severe pressure put on the 3,000 size pickles
e thes gegc

and the lack of elasticity cf the tissues,as compared to

A

the 15,000 size nickles,

7 There is a significant difference in the weight of
the two sizes of pickles at the end of the experiment
(Tables I, II, III, IV, V, VI)e It must be noted thst
the weight of the larger pickles was distriouted over a
much smaller number of pickles indicating much more severe
shrinkage,

The 15,000 size pickles immediately began to gain

welght when the liquor was poured over then while the 3,000
size pickles showed a loss of weisht for several hours even

though sugar was entering the pickles (Tables I, II, IIT,

IV, V, VI)a
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The final percent suzar was a little greater in the
15,000 size pickles although this difference was within
experimental error (Tables I, II, III, IV, V, VI, and
Fizures 3 and 6). However, this difference occurred in

every case,



SUMMARY

Under the conditions of these experiments:

1. There was no difference in the firal weight of
15,000 size pickles swecetened with 100 percent Sweetose,
15 percent Sweetose and 85 percent sucrose, and 100 percent
sucrose.

2. There was no significant aifference in the rate
of penetration of the liquors in the 15,000 size pickles,

3s There was less water recovered in the size 15,000
pickles sweetensd with 100 percent Sweetose, and 15 percent
Sweetose and 85 percent sucrose than in the 100 percent
sucrose sweetensd pickles,

Le There was no significant difference in the rate
of penetration of the three liquors in the 3,000 size
pickles,

5. There was a greater gain in weirht and greater
percent solids in the 3,000 size pickles sweetened with
sucrose than when they weére sweetensd with 100 percent
Sweetose, and 15 percent Sweetose and 85 percent sucroses

6. There was more liquor removed and less liquor
regained when 100 percent Sweetose, and 15 percent Sweetose
and 85 percent sucrose were used than <hen 100 percent
sucrose was used in the 3,000 size picklcss

T Solids penetrated much more ranidly at first in
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the 15,000 size pickles thar in the 2,000 size pickles but
the 3,000 size pickles tended to catch up and reached
equilibrium only a short time after the 15,000 size pickles,
8. There was a greater gain in weight in the 15,000
size plckles than there was in the 3,000 size pickles in
every case,
9. There was more liquor removed frcm the 3,000
size pickles than there was from the 15,000 size pickles
In every case., There was less water recovered by the

3,000 size pickles than by the 15,000 size nickles,
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TAELE I

RATE OF DIFFUSION OF 50° BRIX SUCROSZ LIQUCR
INTO 15,000 SIZE PICKLiiS

rowrs  DpETSY MLt VBOR Ivaimver®  Derdhuhe
pickles pickles in pickles
0 50 353 0 0
3 3646 378 + 5 3062
6 33 382 + 8.7 39.6 ¢
9 31.7 376 + 9.6 h2elt
12 31 370 + Q9.7 L
2l 30 368 + 10.5 162
31 29.8 366 +.ll.u 5.6
51 29,8 361 + 11.4 7.1
103 29.8 359 + 11l.4 L7e1
173 3945 356 + 11l.4 7.1

336 29,6 356 + 1lu4 471
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TARLE IX

RATE OF DIFFUSIOHN OF 50° BRIX SwEETOSE LINUCR
INTO 15,000 SIZE PICKLES

— - —

Degree M1 of 1iq£or Percent change Percer;t of

mowrs  TX dmimalen  UUMALST R

0 £0 35.7 0 0

3 36.6 38.6 + 5e2 3049

6 32,2 38.1 + Te7 L0

9 3047 37.8 + 8.5 437

12 30 374 + 9 L5.3

24 29.4 374 + 9.7 56
31 294l 3742 + 10 L7

51 2847 36.9 + 11.1 478

103 29.l4 370 + 1143 L7.6

173 294 36.8 + 11,3 4748

336 2944 3648 + 11.4 1178
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TABLE TIII

RATE OF DITFUSION OF 50° BRIX 15 PERCENT SwWEETOSE,
85 PERCENT SUCROSE LINUOR INTO 15,000 SIZE PICFLES

f==i Degree;gjzf=ig liqu;;; Percent change Percent‘§?=
Hours Brix drained from in wei ‘ht of totsl sugar
pickles pickles in pickles
0 50 35 0 0
3 35.8 380 + Sl 32.1
6 32.8 376 + 8 3945
9 31 374 + 9.1 L3l
12 3042 370 + 10.3 45.8
2L 29l 370 + 10.5 L7.4
31 29,); 370 + 11,2 L4842
51 29 370 + 11.5 48,0
103 29. 365 + 114 478
173 29.0 366 + 11,! 478

336 29.4 366 + 11l.4 4340
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TAELE IV

RATE OF DIZFUSION OF 50° BRIX SUCROSE LIQUOR
INTO 3,000 SIZE PICKLES3

T —
—_—

Degree M1l of liquor Percent change Percent of

Hours Brix drained from in weight of total sugar
pickles pickles in pickles

0 50 353 0 0

3 3846 Y22 - 643 19
6 35.5 L2 - lre9 2549
9 330k 13 - 2.8 31.6
12 3262 1403 - 1.1 349
2l 30.)4 1400 + 249 4048
31 29.8 394 + 3.1 422
51 2944 358 + 7 45.9
103 2945 384 + 8.1 LSe7
173 29.1 37k + by L7.1

336 29.1 372 + 8.9 L4741




TABLE V
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RATE OF DI FUSION OF 50° BRIX SWEETOSE LIQUOR
INTO 3,000 SIZE PICKLES

rours "REISY Mhatned Taen ineeiene o bober sucar
plckles pickles in pickles
0 50 357 0 0
3 3867 L76 - Ty6 18,2
6 36 432 - Te7 23.1
9 341 y32 - 643 28
12 3247 Lal - 1.8 31.8
2l 30 410 - Ot 39.8
31 2947 1402 + 1.8 h247
51 29 394 + 542 Leb
103 2942 39¢ + Te3 4562
173 29 380 + 8.4 46.8
336 29 378 + By L46.8
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TASLE VI

RATE OF DIFPFUSION OF 50° BRIX 15 PERCENT SWELTOSE,
85 PERCENT SUCROSE LIQUOR INTO 3,000 SIZE PICKLES

Degree M1l of liquor Percent change Percent of

Hours Brix drained from in weirht of total sugar
nickles pickles in pickles

0 50 354 0 0
3 39.2 475 - 76 1643

6 3549 480 - 8.2 23
9 3345 129 - 6.4 2849
12 31 426 - 5.l 34.6
2L 3044 Ll ~ 3.7 38.2
N 294 4,08 - 2.1 40,2
51 2942 398 + 1.8 L2.8
103 29 389 + Le3 Ly o8
173 29 384 + 5.7 456

336 29 380 + 6,2 L5.1
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Legends for Fi;ures 1 to 6

Rate of penetration of Sweetose, sucrose and
a combination of the two sugars into 15,000

size pickles,

Volume of sweet liquor outside the 15,000 size
plckles when sweetened with Sweetose, sucroce

and a combinstion of the two sugars,

Amount of the respective sugars absorbed from a

50 degree Brix solution by 15,000 size pickles.

Rats of penetration of Sweetose, sucrose and a
combination of the two sugars into 3,000 size

pickles,

Voluwne of sweet liquor cutside the 3,000 size
pickles when sweetened with Sweetcse, sucrose

and a combination cf the two sugars.

Amouvnt of the respective sugars absorbed from a

50 degreec Brix solution by 3,000 size pickless
r



BRIX

s0
48 SIZE 15,000 PICKLES IN 100 % SUCROSE LIQUOR

= e wm == == SIZE 15,000 PICKLES IN 100% SWEETOSE LIQUOR
46 e === G)ZE 15,000 PICKLES IN 85 % SWEETOSE , I3 % SUCROSE LIQUOR

Figure | HOURS

VOLUME
390

—— 5,000 PICKLES IN 100% SUCROSE LIQUOR
- e en e {5,000 PICKLES IN 100% SWEETOSE LIQUOR

o axmm o axn 15,000 PICKLES IN 85 % SUCROSE, I5% SWEETOSE
380

L T

37

T

.-._ © GENED ¢ GEEED ¢ GEREED ¢ GEEED 6 EmED

360

\

20 40 60 80 100 120 140 160 180 200 220
Fioure 2 HOURS

s
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PERCENT SUGAR IN THE PICKLES

e 13,000 PICKLES N 100% SUGROSE LIQUOR
o ==enee 18,000 PICKLES IN I00% SWEETOSE LIQUOR
e=cammcem 8,000 PICKLES IN 85% SWEETOSE, I5% SUCROSE

1 1 1 1 A 1 A 1

1
60 ) 100 120 140 160 100 200 220
HOURS

— 3000 SIZE PICKLES IN I00% SUCROSE LIQUOR
= emamese 3,000 S$IZE PICKLES IN 100% SWEETOSE LIQUOR

e=—¢emmemn 3,000 SIZE PICKLES IN 88 % SUCROSE,I5% SWEETOSE LIQUOR _|

-




— 3,000 PICKLES IN [00% SUCROSE LIQUOR

= enenee 3,000 PICKLES IN I00% SWEETOSE LIQUOR
¢ emmm o emn 3,000 PICKLES IN 85% SWEETOSE, 15 % SUCROSE

s 8

8

o

PERCENT SUGAR IN THE PICKLES
3

— 3,000 SIZE PICKLES IN 100% SUCROSE LIQUOR
- enanen e 3,000 SIZE MICKLES IN 100% SWEETOSE LIQUOR
e ammesmn 3,000 SIZE PICKLES IN 88%, 15% SWEETOSE LIQUOR

Figrre &

60 80 100 120 140 160 180 200 220

HOURS

340
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