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8UGAR PENETBATIOI 1!

PIESERVING FRUITS

In the canning and freezing of fruits, sugar plays

a vital role. One of the standards for canned fruits

is dependent on the sugar concentration of the syrup that:

is put on the product. Either the Brix or Balling Scale

is used on hydrometers or saceharometers to indicate the

percentage by weight of sugar going into the solution,

the terms "percentage" and "degree" being synomous when

using these instruments.

The Northwest Canner's Association has adopted

Standards suitable for fruits and vegetables grown in the

Northwest. In their general descriptions of grades,

sugar plays an important part; fruit labeled "Fancy-" must

be packed in extra heavy syrup; "Choice" must be packed

in heavy syrup; "Standard" must be packed in medium syrup.

Second quality fruit, if packed in 10% syrup Is to be

designated "Second"; If packed In water, is to be desig-

nated "Water" and if for bakery use, is to be designated

"Pie." ()

In frozen fruits, the.additjon of sugar, either dy

or as syrup, In maw cases trends to Improve the appear-

ance or flavor of the product. In the case of some
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fruits such as apricots and peaches, the use of syrup aids

in the prevention of discoloration of the fruit due to

oxidation, by coverixig the exposed tissue, excluding

air. (2)

In recent years, the use of dextrose alone, or

sucrose with a dextrose replacement, has begim to enter

the canning trade. Prior to this, suCrose, or cane

sugar, was the only comercial1y important sweetentt

agent which was used. The object of thts research pro

ject has been to study. and compare the sugar penetration

of various sugars used in the preserving of fruits.



A review of the literature showed very little informa-

tion in regard to the penetration of sugar in canned and

frozen foods. Bittl.:ng (1) has listed the effect of vary-

ing degrees of syrup on cutout weights for canned foods,

but the list refers only to drained weights o±. fruits

packed in sucrose.

Stiles () in his book on permeability mentions that

sucrose is chosen as a sstance which penetrates the

cell extremely slowly or not at all, and that the coricen-

trations of other sth stances isotonic with sucrose solu-

tions have been determined chiefly by indirect methods.

Morse (5) has done extensive work on osmotic pressure, but

his work was done with a closed cell and a constant temp-

erature bath and seemed to have little practical applica-

tion to the problem at hand.

The Internattonl Critical Tables (4) list the OsmOtjC

pressure in atmospheres of sucrose and dextrose at different

molarities and at different temperatures. At the same

temperature and the same molar concentration, sucrose

exerts an osmotic pressure of approximately two atmospheres

more than does dextrose. As these results were given in

mo].arity, and not in "percentage" or "degrees", it was

decided to do some preliminary work on the osmotic pressure

exerted by syrups in concentrations used in the carthg

trade.
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The apparatus consisted of an osometer with a cello-

phane membrane. In the first determination a 0.1 molar

solution of anbydroum dextrose was prepared and placed

inside the cell. The osometer and contents were then

introduced into a beaker full of water. To cheek the

pressure, a glass U-tube was made with a right angle bend

on one end and open to the air on the other. The tube was

filled with mercury and the apparatus connected to the

osometer and left overnight. Upon observation the follow-

ing morning, it was observed that so much pressure had

been exerted on the .memrane that it had bulged outwards.

To remedy this, wire screen were placed on the outside of

the membrane.

It was decided to connect the apparatus so as tQ

create a vacuum rather than a pressure and also to e

nearly simulate the eondi1ons fou*d in canned fruits.

For this purpose, a dextrose syrup was made up to 40%.

The apparatus was connected with the cell tilled with

water and placed in a syrup bath. The vacuum which had

been created was so great that the mercury had been pulled

off the gage; so a larger U-tube was nade.



In the first experiment, 'IC) grams of dextrose were

made up to 700 grams. When checked on the refractometer,

the syrup read 10.0%. The apparatus was connected and th

results are given in Table 1. When the apparatus was dis.

connected, the refractometer reading of the water inside

the eel). was 7.4%.

Another 10% dextrose solution was made up, and the

apparatus connected. The results are given in Table 2.

At the conclusion of the experiment, the liquid inside the

cell read 9.0% at 200 C.

In the next determination, sucrose was used in-the
place of dextrose. A syrup was made which tested ].o.o%

on the refractometer. After testing the cell for leaks,

the apparatus was connected and the cell placed in the

syrup bath. The results of the experiment are given in

Table 3.

This experiment conelixted the preliminary work on the

comparative osmotic pressure of sucrose and dextrose throih

a semi-permeable membrane.

The following summary may be made in regard to the

qsmotic pressure of sucrose and dextrose syrups.

1. Apparat* was prepared to check the vacuum created

by ihe passage of later throvgh a semi-permeable membrane

to syrups of' known concentration.



TABLE I

VACUUM CREATED BY 10% DEXTROSE

Refractometer Differenee in
Time Readi Mereurr

3:30 PM 10.0 0.6 cm.

4:00 10.0 0.6 "

9:00 AM 10.0 6.4

9:30 9.5 7.8

10:00 9.2 7.0

10:30 9.2 7.6 "

11:00 9,2 7.8 "

11:30 9.0 8.2

8:15 AM 9.4 17.6

8:45 9.4 17.1 t

10:30 9.8 17.2

11:00 9.6 17.2 "
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TABLE II.

VACUUM CREATED BY 10% DEXTROSE

CORRECTED TO STANDARD CONDITIONS

Time
Refractometer

Reading
Difference
in Mercury

11:45 AM 10.0 0.0 cm.

1:15 PM 10.0 0.2 "

1:45 10.0 0.2 '

3:45 9.8 0.2

4:15 9.6 0.2

4:45 9.6 0.2 "

8:30 AM 95 2.4 "

9:30 9.4 2.8

10:45 9.4 3.0 "

3:00 PM 9.4 3.6 "

10:30 AM 94 5.0 t'

11:30 9.4 56

8:15 AM 9.4 56



TABLE III

VACUUM CREATED BY 10% SUCROSE

Refractometer Differertee in Barometric
tae Tenweratnre eadi Mercuri Pres$ure

UiOO AM 19.0 10.0 0.0 cm. 762.00

11:30 19.5 9.9 0.0 " 162.51

1:30 PM 20.0 9.8 0.0 ' 764.04

4:00 21.0 9.8 0.1 " 765.31

8:30 AM 19.0 9.3 3.0 " 768.86

9:00 19.5 9.3 3.4 " 769.62

9:30 20.0 9,3 3.8 ' 769.12

10:00 21.0 9.3 4.3 770.13

11:00 21.5 9.2 5.2 768.61

11:30 22.0 9.0 5.8 769.12

10:15 AM 3.9.0 9.0 22.5 " 770.15



2. From the experiments, it was found that greater

vacuum was created by sucrose than be dextrose.



GENERAL OBJECT
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The followiug experiments were designed to study the

effect of different types of syrups on the drained weight

and sugar penetration in frozen fruits. Since very few

kinds of fruits were obtainable at the time tli*s project

was started, Newtown apples were selected for the several

experiments which were to be undertaken, as they seemed to

offer greater ease in the handling and preparation of the

experimental lots.

The apples were packed in three separate lots, óonsist-

lug of 40% sucrose syrup, 40% dextrose syrup, and 40%

replacement sy-rup, composed Of one third dextrose and two

thirds sucrose syrups made up to 40%. Each of these lots

was subdivided Into three series of ten cans each. Series

1 consIsted of ten cans of fruit frozen immediately upon

the addition of syrup; Series 2 consisted of ten cans of

fruit which were frozen six hours after the addition of the

syrup; and Series 3 consisted of ten cans of fruit which

were frozen twenty-four hours after the addition of syrnp.

s1$

In the following series of experiments, all procedures

for the preparation of the apples, the preparation of syrup,



the filling of the containers, the determination of
drained weights and syrup weights after thawing, chemical

analyses, and other factors were reduced to a standard

procedure in order to 3ndge individual results as corn-

pared to others. Unless indicated otherwise in the

separate experiments, the procedures followed are as

stated under the following topics.

PreDaration of cans

AU cans the individual series of the three lots

were prepared as follows:

Ten No. 1 Tall cans and lids were coded with copper

sulphate solution. The code marks consisted of 8, D,

and R, signifying sucrose, dextrose, and replacement

syrups respectively, and Fl, D-6, and D-24, indicating

frozen immediately, delayed six hours, and delayed

twenty-sour hours. Each can was numbered, the numbers

ranging from one to ten. The 'ids were coded in a similar

manner.

After coding,each can with its lid was weighed

individually on abalanee accurate to 0.1 gram, andthe

weight recorded.

PreDaratlon 2 eDDies

Fresh Newtown apples were peeled by hand and the
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core was removed by means of a cork borer. The apples

were cut in halves, and run through a slicing machine

which cut the halves Into flat slices and the flat slIeei

Into long itiinal sections the shape of shoestring

potatoes.

Preparation of srw

The syrup was prepared by weighing a definite amount

or sugar and adding the required weight of water to give

a concentration of 40% by weight. The solution was

heated in a steamjacketed kettle to boiling, and allowed

to cool overnight. The following day the syrup was

checked on the refractometer at 200 C., and the con

centration brought to 40% by the addition of the proper

amount of water.

In the case of the 40% replacement syr, a 40%

sucrose syrup, and a 40% dextrose syrup were made in the

manner. Indicated above, and after cooling and checking

the eoncentration, two parts by weight of the 40%

sucrose solution and one part by weight of the 40% dex

trose solution were mixed. The syrup when tested on the

refractometer at 20 C. checked 39.9%.

PillIr. the cans

In order to decrease the experimental error as much

as possible, the empty cans were first weighed and the
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weights recorded as previously stated. When filling the

cans with a sample of sliced apples, the recorded weight.

of the can to be treated was set on the balance, the can

and lid placed on the left-hand pan, and 200 grams added

to the scale. The sliced apples were added to the con-

tainer itil the needle of the balance scale reached the

zero point. At tbis point, 250 additional grams were

added to the scale and the proper syrup was added until

the needle of the balance scale again attained the zero

point. Thus each can contained 200 grams of fruit and

250 grams of syrup. After filling the container, the

can was sealed by means of a power-driven closing machine.

Freezint

The experimental lots of apples were placed in a

freezer at a temperature of 00 F., and allowed to remain

there for four days. At the end of this period, th

were removed and prepared for the subsequent determina-

tions which were to be made.

Determination syruo ejgbt

For the determination of the weight of syrup of each

sample after thawing, the apparatus consisted of a rack

holding ten.funnels with a top diameter of ten inches.

A brass wire screen was placed in each tunnel resting



approximately four inches from the top, upon which the

opened cans of the frozen apples were inverted. The lower

end of the funnel entered a. 500 ml. Erlenmeyer flask,

which had been weighed prior to the beginning of each

determination. At the end of a six-hour thawing period,

the flasks were remo'ved and re-weighed, the difference
in weights being the weight of syrup obtained from each

sample.

Deeaj3on of drained weights

The drained weights were determined by placing the

thawed apple slices in a weighed pan and re-weighing the
pan. The difference in the weight of the pan plus the

fruit, less the weight of the pan empty, represented the

weight of the fruit. After a sample bad been weighed,

the pan was washed and dried and again weighed empty

before deteriing the weight of the next sample.

Preuaration mice

Juice from the thawed apples was prepared in the

following manner. After the drained weight had been

obtained, the fruit was ground in a meat grinder equipped

with a fine-holed screen. The pulp and Juice thus
obtained were filtered by squeezing throngh a dothie

thickness of clean dr muslin, placed in a numbered flask
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and stored in the refrigerator. Before proceeding with

the preparation of the next sample, the equipment was

thoroughly washed and dried. Prior to the preparation

of samples from another series or lot, the muslin used.

as filter cloths was boiled, dried, and ironed.

Reducing sugardeterminations were run on samples

of juice and the syrup of each sample, by means of a

modif±eatlon of the method outlined in Hawk and Berg elm

(3). The strength of the thiosuiphate employed was

approximately 0.1 normal, but varied from week to week

and had to be standardized each day before use. The

method,essential3y, was to add 12.5 ml. of each of the

Fehling solutions to a flask, 50 ml. or less of sugar

solution containing 20 to 200 n. of sugar, and water to

make a total volume of 100 ml. The flask was covered with

an inverted beaker and heated on an asbestos pad over a

flame so adjusted as to bring the solution to boiling in

four minutes. At this point, the solution was boiled

for exactly two minutes, and then cooled under running

water.

To the cooled alkaline solution, 10 cc. of a solution

containing 3 grams of potassium iodide, and 25 cc. of
q

5 normal sulphuric acid were added. The solution was



16

thou titrated with standard thiosuiphate solution, add-

ing 5 cc. of 1% starch solution as an indicator toward

the end of the titration. The titration value was sub-

tracted from a similar blank determination run on the

Febling's solution, the difference representing the

copper reduced by the sar.

From the values obtained and the Munson-Walker

tables given.in Official and Tentative Methods of Analy-

sos of the A.O.A.C, (6), the amount of reducing swar

was obtained.

Inversion was obtained by treating a 10 cc. sample

in a 250 nil, volumetric flask with 10 cc. of approximate-

ly 6.5 normal hydrochloric acldand 10 cc. of water and

allowing it to stand overnight. The following day, 10 cc.

of approximately 6.5 normal sodium hydroxide were added

to the flask which was then made up to volume. BWaz'

was then determined in the manner outlined above.

terminatç .2 total acid

Total acid was determined by diluting a 10 cc.

samIe of uioe with 150 cc. of distilled water and

titrating with standard sodium hydroxide solution, using
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phenolphthalein as the indicator. The sodium 1droxid

used was approximately 0.08 normal and was standardized

before each series of determinations. The results obtained

were calculated as grams of malic acid per 100 cc.

abbreviations

The following abbreviations will be used, part-

icula']y in the tables.

nal. inalysis (0)

Ave. Average

Dr. Drained

Gins. Grams

mv. Invert

Read. Reading

Ref. Refractometer

Red. Reducing

Wt. Weight

The following eiperiments to be described will be

listed under three series with the object and results

of each particular experiment stated. In these lots, the

fruit consisted of Newtown apples, frozen in 40% sucrose
syrup.



Beries J:

Object: The object of this experiment was to

determine the effect on drained weight and sugar pene

tration of 40% sucrose syrup applied to apples frozen

immediately after the addition of the syrup.

Procedure and results: Ten cans contain.irg 200

grams of sliced apples and 250 grams of 40% sucrose

syrup were prepared and placed in the freezer at 00

for tour days. At the end of this time, the samples

were removed and the analyses run, the results of which

are to be found in Table IV for the fruit and Table V

for the syrup.

Conclusions: As indicated by TableIV, the drained

weight had suffered a loss of approximately- 6.5% as.

compared to the original weight of fruit used in the

preparation of the samples of this series. The sugar

content of the fruit bad increased 26.4%. as compared to

the sugar content of the fresh fruit.

8eries

Object: The object of this experiment was to

determine the effect on drained weight and sugar pene

tration of 40% sucrose syrup on apples which had been

delayed six hours after the addition of the syrup before

freezing.



TABLE IV

FRUIT ANAL. OF APPLES FROZEN IMMEDIATEL!

40% SUCROSE

Can Dr. Wt. pH
Total Acid
gms/100 cc. Ref. Read.

Red. Sugar
gniø/100 cc.

mv. Sugar
gmsJlOO cc.

1 187.5 3.70 0.274 17.2 4.9

2 180.5 3.70 0.50'l 17.1 5.5 15.1

3 183.7 3.70 0.289 17.0 4.9 15.2

4 192.0 3.70 0.293 17.5 5.6 15.3

5 181.0 3.75 0.296 17.3 5.4 15.3

6 188.2 3.-68 0279 17.6 5.2 15.3

7 185.0 3.70 0.287 17.8 5.5 15.2
a



TABLE IV (Cout'd)

FRUIT ANAL. OF APPLE8 FROZEN IMMRI)IATELY

40% SUCROSE

Can Dr. Wt. pH
Total Acid
gms/lO0 cc. Ref. Read.

Red. Sugar
gins/laO cc.

mv. Sugar
gnis/lOO cc,

8 191.8 3.74 0.296 17.9 5.1 15.3

9 188.1 3.75 0.263 3.7.8 5.4 15.3

10 189.0 3.70 0.283 17.8 5.7

Ave. ' 186.7 3.71 0.289 11.5 5.4 1.3



TABLE V

ANAL. SYRUP FROM FRUIT FROZEN IMURDIATEL!,

40% SUCROSE

Can Syrup Wt. pH Ref. Read.
Red. Sugar
gms/100 c.

1 * 3.85 33.8 2.3

2 * 3.82 33.9 2.4

3 261.8 3.88 34.2 2.3

4 254.2 3.85 34.5 2.2

5 261.8 3.90 33.9 2.2

6 257.5 3.95 34.2 -
7 258.9 3.85 34.0 2.4

8 251.0 3.90 34.2 2.1

9 257.8 3.88 34.0 2.3

10 256.0 3.85 34.2 2.3

Ave. 257.4 3.87 34.]. 2.3

* Funnel missed flask and part of syrup was 1ot. These

two samples were discarded.



Procedure and results: Ten cans containing 200

grams of. sliced apples and. 20 grams or 40% sucrose

syrup were prepared and allowed to stand for iii hours

before placing in the freezer at 00 F., where they were

left for four days. At the end of this time they were

removed and the analyses run, the results of wich are

to be found In. Table VI for the fruit and Table VIL.for

the syrup.

Conclusions: As Indicated by Table VI, the drained

weight had suffered a loss of approriipately 4.3% as com-

pared with the original weight of the fruit used. The

sugar content of the fruit had increased 45.6% as corn-

pared to the sugar content of the fresh fruit..

Beries

Object: The object of this experiment was to

determine the effect on drained weight and sugar pene-

tration of 40% sucrose syrup on apples which had heen

delayed twenty-four hours after the addition of the syrup

before freezing.

Procedure and results: Ten cans containing 200

grams of sliced apples aM 250 grams of 40% sucrose syrup

were prepared and allowed to stand for twenty-tour hours

before placing in the freezer at 00 F. where they were

left for four days. At the end of this time, they were

removed and the analyses rim, the results of which are



TABLE VI

ANAL. FRUIT DELAXED SIX HOURS

40% SUCROSE

Can Dr. Wt. p1!

Total Acid
gnza/100 CC.

Red. Sugar
gms/100 CC.

mv. Sugar
gm!/100 CC.

1 190.3 3.65 0.342 7.7 19.2

2 189.0 3.'75 0.344 9.2 19.1

3 191.2 3175 0.340 9.2 19.8

4 192.2 3.75 0.343 9.6 19.8

5 191.0 3.74 0.318 6.1 19.1

6 189.3 3.75 0.331 9.3 18.8

7 193.9 3.65 --

F



1ABLE VI (Cont'd)

ANAL. FRUIT DELAYED SIX HOURS

40% SUCROSE

Can Dr. Wt. pH
Total Acid
gms/iOO CC.

Red. Star
gms/100 CC.

mv. &ar
grns/100 CC.

8 195.6 3.18 0.340 10.1 20.6

9 191.4 3.70 0.243 10.1 19.8

10 ---- ---

Ave. 191.5 3.72 0.338 8.9 19.5
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T.BLE VII

ANAL. SYRUP FROM FRUIT DELAYED SIX HOURS

40% SUCROSE

Can Syrup Wt. pH
Ref.
Read.

Red. 8ar
gms/100 cc.

mv. Sugar
grns/100 cc.

1 251.8 4.00 33.4 16.8 35.1

2 254.5 4.00 33.4 16..8 35.5

3 253.5 4.12 33.2 15.1 36.0

4 253.2 4.14 33.0 15.9 35.5

5 253.3 4.12 33.2 18.5 36.5

6 253.6 4.05 ---- 18.6 36.3

7 249.3 4.04 33.2 16.9 355

8 245.4 4.06 33.0 1.2 36.3

9 252.3 4.05 33.2 17.7 35.5

Ave. 251.8 4.06 33.2 16.8 35.8



to be found in Table VIII for the fruit and Table IX for

the syrup.

Conclusions: As indicated by Table VIII, the drained

weight had suffered a loss of approximately 4.9% as com-

pared to the weight of the fruit used in the preparation

of the sples of this series. The star content of the

fr.t had increased 47.6% as compared to the siar con-

tent of the fresh fruit.

6ummar ucrose eriments

From a stiy of Table X, the fo.lowiag conclusions

may be drawn.

1. There is less loss in drained weight in apples

which have been delayed six hours before freezing.

2. The greatest increase in siar. content occurs in

fruit which has been delayed twenty-tour hours before

freezing.

3. TakIng the time factor into consideration,

approximately as great an increase in sngar content may

be obtained with a delay period of six hours as with a

delay period of twenty-four hours.

The following experiments to be described sill be

listed under three series with the object and results



TABLE VIII

ANAL. FRUIT DELAYED TWEN!-FO1JR HOURS

40% SUCROSE

Can Dr. Wt. pH
Total Acid
gma/lOO cc.

Ref.
Read.

Red. Star
gms/100 cc.

mv. Sugar
gms/lOO cc.

1 181.3 3.85 0.284 21.4 4.8 20.3

2 194.1 3.85 0.275 21.2 4.9 20.3

3 191.0 3.94 0282 21.3 4.9 20.1

4 190.7 3.86 0.275 21.4 4.5 20.3

5 188.2 3.84 0.284 22.0 4.4 20.9

6 195.6 3.84 0.260 21.4 4.5 20.3

7 191.4 3.84 0.273 21.0 4.6 20.6



TABLE VIII (Cont'd)

ANAL. FRUIT DELAYED TVENTYFOTJB HOTJR

40% &TCROSE

Can Dr. Wt. pH
Total Acid
gms/100 cc.

Ref.
Bead.

Red. 8ar
gms/l00 cc.

mv. Sar
gms/l00 cc.

8 189.8 3.80 0.275 21.8 4.7 21.3

9 190.7 3.76 0.272 21.2 4.6 20.9

10 189.4 3.85 0.284 21.8 5.1 21.4

Ave. 190.2 3.85 0.276 21.5 4.9 20.6



TABLE IX

ANAL. SYRUP FROM FRUIT DELAYED TWENif-FOUR HOURS

40% SUCROSE

Can Syrup Wt. pH
Ref.
Read.

Red. Svgar
gms/100 c.

mv. S'ugar
gnis/100 cc.

.1 262.8 4.10 32.4 2.6 34.3

2 248.? 4.24 33.2 2.5 35.4

3 251.7 4.20 32.6 2.5 34.9

4 251.5 4.15 32.5 2.7 34.8

5 254.2 4.20 32.6 2.5 34.7

6 246.5 4.10 33.2 2.7 35.].

7 250.7 4.14 33.0 2.1 35.0

8 251.7 4.10 32.4 2.6 34.9

9 250.9 4.14 32.8 2.? 34.7

10 252.6 4.15 32.4 2.8 34.6

Ave. 252.1 4.15 32.7 2.6 34.8



TABLEX

SUMMARY OF FRUIT FROZEN WITH

40% SUCROSE

Series
Fresh Fruit

Anal.
Anal. litter
Freezing

Wt. Fruit mv. Sugar mv. Bugar % Loss % Increase
in Sample gms/100 cc. gms/l0O cc. Dr. Wt. Dr. Wt. SIar

1 200.0 11.8 15.3 186.7 6.5 26.4
Fl

2 200.0 10.9. 19.5 191.5 4.3 45.6
D-6

3 200.0 10.8 20.6 190.2 4.9 47.6
D-24



of each particular experiment stated. In these lots, the

fruit consisted of Newtown apples frozen in 40% detrose

syrup.

Series 3

Object: The ob3ect of this expiment was to

determine the effect on drained we1gt arid sar pene-

tration of 40% dextrose syrup on app1s frozen immediate-

ly. after the addition of the syrup.

Procedure and results:. Ten cans containi 200

grams of sliced apples and 250 grams of 40% dextrose

syrup were prepared and placed in the rreezer at 00 F.

for four days. At the end of this time, the samples

were removed and the ana2yses run, tIo results of which

are to be found in Table XI for bbe frtit and Table Xli

for the syrup.

Conclusions: As indicated by Table XI, the drained

weight had undergone an increase of approximately 1.1%

as compared to the original weight of the fruit used in

the preparation of the samples of this series1 The

srgar content of the fruit hd increased 45.6% as com-

pared to the star content of the fresh fruit.

Series g

Object: The ob3ect of this experiment was to



TABLE XI

FRUIT ANAL. OF APPLES FROZEN IW4EDIATELY

40% DEXTROSE

Can Dr. Wt. pH
Total Acid
gms/100 cc.

Ref.
Read.

Red. 8igar
gms/100 cc.

mv. Sugar
gnis/].00 cc.

1 205.5 3.85 0.412 23.2 17.1 21.6

2 200.5. 3.85 0.378 22.4 11.1 21.3

3 202.0 3.80 0.396 22.4 17.1 21.3

4 204.3 3.84 0.406 22.4 17.1. 21.0

5 204.0 3.80 0.418 22.6 17.1 20.2

6 196.9 3.82 0.406 23.2 17.2 21.6

7. 199.1 3.80 0.421 23.0 17.2 21.8

n



TABLE XI (Cont'd)

FRUIT ANAL. 0? APPLES FROZEN TUURflIATEL

40% DEXTROSE

Can Dr. Wt.
Total Acid
gms/iOO cc.

Ref.
Read.

Red. 8tar
gmsflOO cc.

mv. $tar
gms/lOO cc.

8 Lost Lost Lost Lost Lost Lost

9 198.1' 3.80 0.421 23.4 17.2 22e7

10 210.4 3.70 0.406 23.2 17.3. 22.2

Ave. 202.3 3.80 0.409 .22.9 17.2 21.5
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TABLE XII

ANL. SYRUP FROM FRUIT FROZEN IMMRPIATELY

40% DEXTROSE

Can Syrup Wt. pH Ref. Read.
Red. Sugar
gms/100 cc.

1 240.3 4.00 4.2 35.7

2 245.1 4.00 33.8 34.5

3 240.8 4.00 34.2 35.3

4 242.5 4.00 34.2 35.4

5 238.8 4.09 34.0 35.4

6 248.4 4.05 33.6 34.5

7 244.4 4.05 33.6 34.8

8 -- ___ ___
9 243.3 3.94 34.4 35.4

10 232.8 3.90 34.5 35.9

Ave. 241.9 4.00 34.1 35.2.



determine the effect on drained weight and sitar pene-

tration of 40% dextrose syrup on apples which bad been

delayed six hours after the additjpu of the syrup before

freezing.

Procedure and results: Ten cans containing 200

grams of sliced apples and 250 grams at 40% dextrose

syrup were prepared and allowed to stand for six hours

after the addition of the syrup before placing the freeze?

at O F. where they were left for four days. At the end

of this time they were removed and the analyses run, the

results of which are to be found in Table XIII for the

fruit and Table XIV for the syrup.

Conclusions: As indicated by Table XIII, the

drained weight bad suffered a. lo of approximately

0.3% as compared to the weight of the fruit used in. the

preparation of the samples. The siar content of the

fruit had tncreased 88.6% as compared to the sngar con-

tent of the fresh fruit.

Series

Object: The object of this experiment was to

determine the effect on drained weight and sugar pene-

tration of 40% dextrose syrup on apples which had been

delayed twenty-four hours after the. addition of the

syrup before freezing.



TABLE XIII

ANAL. FRUIT DELAYED SIX HOtIRB

40% DEXTROSE

Can Dr. Wt. pH
Total Acid
gmS/100 cc.

Ret.
Read.

Red. Siar
gms/100 cc.

mv. Sugar
gmø/100 cc.

1 197.5 3.80 0.429 26.7 19.3 25.5

2 206.7 3.75 0.421 26.0 19.3 24.6

3 205.? 3.70 0.416 25.0 24.8 24.1

4 195.1 3.80 0.409 26. 20.2 25,5

5 202.7 3.74 0.430 26.0 20.5 25.5

6 189.5 .3.74 0.443 25.2 19.4 23.9

7 199.6 3.75 0.405 26.0 19.4 25.3



TPBLE XIII (Conttd)

RAL. FRUIT DELED SIX HOURS

40% DEXTROSE

Can Dr. Wt. pH
Total Aetd
gms/100 cc.

Ref.
Read.

Red. Sar
gina/100 cc.

mv. Star
gms/l00 cc.

8 202.0 3.70 0.403 26.2 20.4 25.3

9 197.? 3.70 0.405 25.3 19.3 25.0

10 197.7 3.74 0.419 26.4 19.6 24.6

Ave. 199.4 3.74 0.418 25.8 20.2 24,9



T.ABLE XIV

ANAL. SYRUP FROM FRUIT DELAYED SIX HOURS

40%.DXTROSE

Can Syrup Wt. pH Ret. Read.
Red. Siax'
gms/100.ec.

1 247.2 4.20 32.4 32.2

2 238.1 4.20 33.2 32.6

3 240.1 4.20 338 33.4

4 249.1 4.20 32.2 33.6

5 251.2 4.15 33.2 33.6

6 253.9 4.20 32.6 33.9

7 244.6 4.15 32.8 32.5

8 239.7 4.15 32.8 32.5

9 245.4 4.14 33.0 33.7

10 243.8 4.30 33.6 33.9

Ave. 245.1 4.19 33.0 33.2
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Procedure and results: Ten cans containing 200

grams of sliced apples.and 250 grams of 40% dextrose

syrup were prepared and allowed to stand twenty-four

hours after the addition of the syrup before placing in

the freezer at 00 F. where they were left for four days.

At the end of this time, they were i,omoved and the

analyses run, the results of which are to be found in

Table XV for the fruit and Table XVI for the syrup.

Conclusions: As indicated by Table XV, the drained

weight had suffered a loss of approximately 2.7% as

compared to the weight of the fruit used in the prepara-

tion of the samples of this series. The sugar contenis

of the fruit had increased 104.1% as compared to the

sugar content of the fresh fruit.

From a study .f Table XVII, th following summary

may be made.

1. Fruit frozen iediate1y.with 40% dextrose

syrup undergoes a slight gain in drained weight.

2. The sugar content increases with the length of

the delay period, being the greatest after a delay period

of twenty-four hours.

3. A slight difference occurs in loss of drained

weight between the delay period of six hours and the



TABLE XV:..

ANAL. FRUIT DELAYED TWENTY-FOUR HOURS

40% DEXTROSE

Can Dr. Wt. pH
Total Acid
gms/100 cc.

Ref.
Read.

Red. Siai'
gms/100 cc.

my. 8tar
gms/100 cc.

1 188.1 3.75 0.387 25.2 20.1 25.2

2 194.4 3.80 0.393 e5.2 19.8 24.3

3 196.4 3.85 0.373 25.4 20.2 24.9

4 202.0 3.85 0.370 25.8 20.1 24.9

5 197.4 3.76 0.39? 25.4 19.9 24.8

6 192.2 3.80 0.379 25.5 20.1 25.1

7 190.8 3.75 0.422 25.4 20.8 24.?



TABLE XV (Cont'd)

ANAL. FRUIT DELAYED TWENTYFOUR HOURS

40% DEITROSE

Can Dr. Wt. pH
Total Acid
gms/l00 cc.

Ref.
Bead.

Red. Sa
gms/100 cc.

my. 8ar
gzns/l00 cc.

8 194.0 3.78 0.396 25.4 20.1 24.8

9 193.3 3.70 0.400 25.2 20.4 24.0

10 198.3 3.80 0.355 25.8 20.9

Ave. 194.7 3.78 0.87 25.4 20.2 24.9



TABLE xvi:..

40% DEXTROSE

Can Syrup Wt. pH Ref. Read.
Red. Star
gnw/100 cc.

1 257.5 4.40 31.2 31.4

2 248.8 4.40 31.6 32.3

3 245.7 4.35 31.8 31.9

4 240.1 4.50 31.8 31.4

5 246.6 4.36 31.9 32.6

6 250.7 4.40 31.8 31.2

7 252.6 4.46 31.2 32.4

8 248.1 4.40 32.0 33.4

9 247.0 4.30 32.0 32.6

10 242.7 4.45 31.6 32.4

Ave. 248.0 4.40 3]..? 32.2



TABLE XVII

SUMMABI OF FRUIT FROZEN WITH

40% DEXTROSE

Series
Fresh Fruit

Anal.
Anal.. .&fter

Freezing

Wt. Fruit my. Sugar mv. 8ar % Loss % Increas
in Sample gms/l00 cc. gms/100 cc. Dr. Wt. Dr. Wt. Sugar

1 200.0 12.0 21.5 202.3 1.1 45.6
Fl

2 200.0 13.2 24.9 199.4 0.3 88.6
D-6

3 200.0 12.2 24.9 194.7 2.7 104.1
D-24
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delay period of twenty-four hours.

The following experiments to be described will be

listed under three genes with 'the object and results

of each particular experiment stated. In these lots

the fruit consisted of Newtown apples frozen in 40%

1/3 replacement syr.

Series .

Object: The object of this experiment was to

determine the effect on drained weight and sugar pene-

tation of 40% replacement syrup Qn apples frozen immedi-

ately after the addition of the syrup.

Procedure and results: Ten cans containing 200

grams of sliced apples and 250 grams of 40% replacement

syrup were prepared and placed in the freezer at 00 F.

for four days. At the end of thi$ time, the samples

were removed and the analyses nim the results of which

are to be found. in Table XVIII for the fruit and Table

XIX for the syrup.

Conclusions: As indicated by Table XVIII, the

drained weight had suffered a loss of approximately

2.3% as compared with the original weight of the fruit

used in the preparation of the samples of this series.



TBL XVIII

FRUIT ANAL. OF APPLES FRQZ1N IMM1IATELY

40% REPLACEMENT

Cart Dr. Wt. pH
Total Acid
gms/].00 cc.

Ref.
Read.

Red. Sugar
gs/1O0 cc.

mv. 8ugar
gms/l00 ec.

1 189.0 3.75 --- 22.8

2 195.1 3.80 0.288 22.8 10.7 21.0

3 194.0 3.80 0.309 23.4 10.3 21.8

4 196.9 3.85 0.289 23.4 10.4 21.9

5 193.4 3.85 0.286 24.3 10.6 22.5

8 190.2 3.75 0.292 23.0 10.2 21.7

7 194.9 3.80 0.280 23.6 10.4 22.1

0



TABLE XVIII (Cont'd)

FRUIT ANAL. OF APPLES FROZEN IMMEDIATELY

40% REPLACMJ1IT

can Dr. Wt. pH
Total Acid
gms/l00 cc.

Ref.
Read.

Red. 8ar
gms/lO0 cc.

mv. 8ar
gms/100 cc.

198.8 3.82 0.2?? 23.6 10.5 21.8

9 199.2 3.85 0.274 23.6 10.2 21.8

10 193.4 3.80 0.286 3.8 10.5 22.3

Ave. 194.5 3.80 0.28? 23.4 10.4 21.9
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TABLE XIX

MLAL. SYRUP FROM FRUIT FROZEN IMMEDIATEL!

40% REPLAONT

Can Sup Wt. pH
Ref.
Read.

Red. Sugar
gms/100. e.

mv. Sugar
gms/100 cc.

1 251.9 4.00 32.6 12.1 33e2

2 251.7 4.25 32.5 11.9 33.7

3 252.1 4.25 32.6 12.2 34.1

4 249.5 4.18 32.4 11.9 34.0

5 251.3 3e95 32.6 12.5 32.6

6 254.3 4.05 32.7 11.9 32.6

7 250.7 4.15 32.2 12.1 3.3.7

8 246.4 4.22 3.6 11.?. 34.].

9 256.0 4.20 32.1 11.9 33.6

10 250.8 4.10 32.0 11.9 32.].

Ave 252.1 4.13 32.5 12.0 33.4
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The sar content of the fruit had increased 47.0% as

compared to the siar content ofthe fresh fruit.

Series g

Object: The object, of this experiment was to

determine the effect on drained weight and siar pene-

tration of 40%.replaceent ayrup on spples which bad

been delayed six hours after the addttion of the syrup

before freeziDg.

Procedure and results: Ten cans eontaTh1Ln 200

grams of sliced apples and 250 grams of 40% replacement

syrup were prepared and allowed to stand for six hours

before placiog in the freezer at 0
where they were

loft for four days. At the end of this time, they were

rernoTed and the analyses rl2n, the ults of which are

to be found in Table XX for the fr4t and Table j

for the syrup.

Conclusions: As indicated y Tb1e XX, the drained

weight had suffered a loss of approxiztately 2.9% as com-

pared to the original weight of the fruit used in the

preparation of the samples of this series. The sar
content of the fruit had increased 48.0% as compared to

the stgar content of the' fresh fruit.



TABLE XX

ANAL. FRUIT DELAYED SIX HOURS

40% REPLACEMENT

Can Dr. Wt.
Total Acid
gms/100 cc.

Ref.
Read..

Red. Siar
gms/100 cc.

mv. Sugar
gms/100 cc.

1 193.6 3.70 0.375 25.0 10.5 23.2

2 187.8 3.70 0.324 24.4 10.5 23.1

3 194.8 3.75 0.326 24.4 10.4 23.0

4 194.3 3.70 0.318 24.2 10.4 22.9

5 197.2 3.70 0.335 24.2. 11.4 22.8

6 196.2 3.75 . 0.309 24.0 9.? .. 22.9

7 194.4 3.75 0.321 .. 24.6 10.3 23.2



TABLE XX (Con'd)

FRUIT DELAYED SIX ROUBS

40% REPLACEMENT

Can
-

Dr. Wt. pB
Total Acid
gnis/100 cc.

Ref.
Read.

Red. StEar
gms/100 oç.

mv, Btar
gms/100 cc.

8 195.1 3.75 0.321 24.4 10.3 22.9

9 192.7 3.75 0.303 24.2 10.1 23.2

10 196.4 3.70 0.309 24.5 10.3 23.2

Ave. 194.2 3.73 0.320 24.4 10.3 23.0
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T.BXJE XXI

ANAL. SYRUP FROM FRUIT DELAYED SIX HOURS

40% REPLACEMENT

Can Syrup Wt. pH
Ref.
Read.

Red. 8ar
gmsfloo cc.

mv. Sugar
gms/100 cc.

1 251.6 3.95 31.6 11.2 32.9

2 259.5 3.95 31.4 11.3 325

3 252.0 4.10 31.6 Li.]. 33.4

4 251.0 4.15 32.1 11.2 33.9

5 246.5 4.20 32.2 11.2 33.4

6 259.4 3.75 31.8 11.4 33.8

7 249.2 3.95 31.8 11.2 33.4

8 249.5 4.05 31.8 11.3 33.8

9 251.9 3.90 31.8 11.4 33.8

10 249.]. 4.05 32.0 11.2 33.4

Ave. 252.2 4.00 31.8 11.3 33.4



8eries

Object: The object of this experiment was to

determine the effect on drained weight and sugar pene-

tration of 40% replacement syrup on apples which had

been delayed twenty-four hours after the addition of the

syrup before freezing.

Procedure and results: Ten cans containing 200

grams of sliced apples and 250 grams of 40% replacement

syrup were prepared and allowed to stand twenty-four

hours before placing in the freezer at 0° F. where they

were left for four days4 At the end of this time, they
were removed and analyses run, the results of which are

to be found in Table XXII for the fruit and Table XXIII

for the syrup.

Conclusions: As indicated by Table XXII,

drained weight had suffered a loss of approxim

2.3% as compared to the original weight of the

used in the preparation of the samples of this

The sugar content bad increased 49.5% compared

sugar content of the fresh fruit.

the

ately

fruit

series.
to the

From a stir of Table XXIII, the following sn&ry
may be made.



TABLE XXII

ANAL. FRUIT DELAYED ThENTI-FOUR HOURS

40 REPLACEMENT

Can Dr. Wt. pH
Total Acid
gms/l00 cc.

Ref.
Read.

Red. Sugar
gms/100 cc.

mv. Sugar
grns/lO0 cc.

1 199.0 3.75 0.309 24.4 10.6 22.7

2 195.1 3.80 0.291 24.2 10.4 22.6

3 194.0 3.75 0.309 24.8 10.6 23.1

4 196.9 3.75 0.309 24.0 10.2 22.5

5 193.4 3.80 0.274 24.1 10.3 22.9

6 190.2 3.75 0.321 24.6 10.7 23.1

7 193.9 3.75 0.30 24.4 10.4 22.6



TABLE XXII (Corit'd)

ANAL. FRUIT DELAYED TWENTYFOUR HOURS

-

40% REPLACEMENT

Can Dr. Wt. pB
Total Acid
gms/100 cc.

Ref.
Read.

Red. 8t ar
grns/100 cc.

mv. &ar
gms/100 cc.

8 198.8 3.8Q 0.297 24.4 10.6 23,1

9 199.2 3.75 0.303 24.4 10.4 22.9

10 193.4 3.85 0.245 24.0 10.3 22.6

Ave. 195.4 3.18 0.296 24.3 10.5 22.8



TABLE XXIII

ANAL SYRUP FROM FRUIT DELAYED TWENTY-FOUR HQUR8

40% REPLAC1.NT

Can Syrup Wt. p11

Ref.
Read.

Red. Siar
gms/100 cc.

In'u Siar
.gws/100 cc.

1 249.6 4.00 31.5. --- 33.1

2 251.7 3.90 31.8 11.2 33.].

3 256.6 3.95 30.8 10.9 34.9

4 252.7 3.90 31.6 11.2 33.3

5 248.3 3.90 31.? 11.1 33.3

6 253.2 3.95 30.8 11.0 32.2

7 251.6 395 31.3 11.0 3.2.6

8. 256.8 3.94 31.8 11.1 33.1

9 247.3 4.00 31.6 11.2 33.3

10 249.4 4.10 31.6 11.3 333

Ave. 251.7 394 31.5 11.]. 33.2



TABLE XXIV

.SU1AIARY OF FETJIT FOZN WITH

40% REPLACRILRNT

Series
Fresh Fruit

Anal.
Anal. After
Freezia

%Vt. 7ruit mv. Star mv. S1ar % Loss % Increase
in Sample gms/lOO cc. gms/l00 cc. Dr. Wt. Dr. Wt. Sar

1 200.0 11.6 21.9 194.5 2.3 47.0
Fl

2 200.0 12.08 23.0 194.2 2.9 48.0
D-6

3 200.0 11.5 22.8 195.4 2.3 49.5
D-24



1. The drained weight loss is slight, being approx
imately the same for all series.

2. The sugar conteiit increases very slightly with
the delay periods, the increase being only 1.5% greater
with the series delayed twenfour Qurs than that
frozen immediately.

The preceding experiments have involved a large

number of individual tests and in order to facilitate
the discussion of the results, Table UIV was made which
summarizes the results of the 4ne experiments. Al].

figures in the table are averages of the samples of each
series.

Upon examination of the ta3le it is seen that the
drained weights are higher in the case of sucrose after
the delay periods than when frozen immediately, while

the opposite is true in the case of dextrose. The drained

weight remains practically constant in fruit frozen with
40% replacement syrup.

The percentage loss of drained weight is the highest
in the case of fruit frozen in sucrose syrup, inter
mediate in the case of fruit frozen in replacement syrup,
and only in the case of fruit frozen in dextrose syrup
is there a gain in drained weight.



TBLE XXV

COMPARISON OF RESULTS OF FRUIT FROZEN IN

DIFFERENT 40% S!RUPS

STROSE DEXTROSE REPLACRUR!iT

Fl 13-6 D-24 Fl 13-6 D-24 Fl 13-6 13-24

Dr. Wt. 186.? 191.5 190.2 202.3 199.4 194.7 194.5 194.2 195.4

% Loss In. 6.5 4.3 4.9 1.1 0.3 2.7 2.3 2.9 2.3
Dr. Wt.

% Increase 26.4 45.6 47.6 45.6 88.6 104.1 47.0 48.0 49.5
In augar

U'



With regard to the percent increase in sar, the

greatest gain occurs in the ease or fruit frozen in 40%

dextrose syrup; the next greatest gain 000UDS in the

case of fruit frozen in 40% replacement syrup, while

the gain in sar content occurs least in fruit frozen
in. 40% sucrose syrup.

From the foregoing, ire may conclude that fruit
frozen in 40% syrup may be expected to act in the
following manner.

1. Fruit frozen in 40% sucrose, syrup will have

a higher drained weight if delayed six hours before

freezing than if frozen Immediately.

2. Fruit frozen in 40% sucrose syrup will have a

lower drained weight than fruit frozen in 40% dextrose

or 40% replacement syrups.

3. Fruit frozen in 40% dextrose syrup will have the

greatest drained weight.

4. Fruit frozen in 40% dextrose syrup will have

the greatest increase in sgr content.

5. Fruit frozen in 40%. dextrose syrup twent-

four hours after the addition of the syrup will have

over twice the sugar content of fruit frozen in 40%

sucrose syrup which has been delayed for the same period.

6. Intru4t frozen in 40% dextrose syrup, the

percentage increase in sugar ctmt'ent approximates 100%



after .a delay period of twenty-four hours.

7. Fruit frozen in 40% replacement syrup will have

a higher drained weight than fruit frozen Iii 40% sucrose'
syrup, and a lower drained weight than fruit frozen in

40% dextrose syrup.

8. In fruits frozen in 40% replacement syrup, delay

periods wifl have little effect on the drained weights
and the percentage increase of sar.
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