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INTRODUCTION 

The freezing of fruits is a popular method of 

preservation, commercially as well as in the home. There is 

a destructive effect on the fruit as a result of freezing 

and subsequent thawing which may make the product 

unacceptable to the consumer. These include changes in 

texture, flavor and color. 

Frozen apples are used primarily in the commercial 

production of apple pies and desserts. Home freezing of 

apples is generally not recommended because of the 

difficulty in maintaining firmness and color. Various 

investigators have suggested the use of corn syrup in the 

freezing of other fruits because it aids in the preservation 

of textural characteristics. Corn syrup is more economical 

than sucrose as a sweetening agent in the freezing media. 

The purpose of this study was to investigate the 

effects of freezing apple slices in a sucrose syrup with 

two levels of replacement of regular and high conversion 

and commercial corn syrups. Specific effects studied were 

changes in the dextrose equivalent of the syrup, the 

relationship of cellular structure and firmness, drained 

weight, soluble solids of the fruit and syrup and 

acceptability as judged by a taste panel. These findings 

have provided a simple, satisfactory and economical method 

of freezing apples in the home. 

1 



REVIEW OF LITERATURE 

Introduction 

Frozen fruits were first found on the retail market in 

the 1930·s. Five years prior to that date over 50 million 

pounds of fruit were processed and frozen for use in the ice 

cream and preserve industries (Tal burt , 1955). In 1968, a 

total of 811,717 pounds of frozen fruit were consumed in 

the United States representing an expenditure of $260,977 

(Franklin. and r~rtin, 1970). The increased availability of 

fresh and other market forms of fruit has contributed to 

the decreased consumption of frozen fruits. 

Woodroof (1938) stated that the freezing of fruit 

retains the fresh qualities better than any other form of 

preservation. Other advantages of freezing fruit include 

the deterioration of enzymes and microorganisms (Fennema 

and Powrie, 1964) and the retention of nutritional value of 

the fresh produce (Woodroof, 1938). 

The freezing of fruits presents many problems to the 

manufacturer and the homemaker. These include losses in 

texture, color, flavor and moisture. These alterations are 

dependent on the rate of freezing, choice of freezing media 

(both kind and concentration), variety of fruit, and length 

of storage. Many investigations have been made in order to 

help alleviate these problems. 

Effect of Freezing on Fruit 

The loss of texture in frozen fruit has been the 

2 
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subject of countless investigationso The formation of ice 

crystals cause the death of the cell and consequent collapse 

of structure (Woodroof, 1938). Other causes of the loss of 

firmness include destruction of cellular collodial complexes 

and the withdrawl of more water from cells during freezing 

than is reabsorbed during thawing (Woodroof, 1938). Cox 

and MacMasters (1942) found that dissolved gases, which are 

forced out of solution by freezing are not responsible for 

cell rupture. Cells of the epidermis and xylem of 

strawberries are more resistant to rupture by ice crystals 

than the parenchyma cells (Armbruster, 1967). 

The rate of freezing is dependent on the size, shape, 

composition, heat capacity and conductivity of the product 

as well as the temperature and freezing method (Joslyn and 

l\1arsh, 1932). Woodroof (1938), Fennema and Powrie (1964) 

and Brown (1967) found that a rapid freezing rate would 

produce smaller ice crystals and therefore cause less 

cellular damage. Lee et g1 (1949) found few differences 

in texture, appearance or flavor when differen~ rates of 

freezing were empolyed. 

Freezing Apples 

Boyle and Wolford (1968) stated that the essential 

qualities of a freezing apple are a low tendency to brown, 

good flavor, and texture which will not disintegrate or 

become mealy. Suggested varieties in the eastern United 

States include Rhode Island Greening, Jonathan, Monroe, 
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Webster, York Imperial, and Golden Delicious (Boyle and 

Wolford, 1968; and Tressler and Evers, 1957). The sweetness, 

natural flavor and tartness of raw and processed apples are 

correlated with re'ducing sugar content (Kirkpatrick et aI, 

1959) • 

One of the biggest problems in freezing apples is the 

prevention of browing. In apples, oxygen is present in about 

the same percentage of that found in air, therefore oxidation 

catalyzed by polyphenol oxidase occurs resulting in the 

browning of the tissue (Ponting et aI, 1971). If ascorbic 

acid is present it is preferentially oxidized thus delaying 

the onset of browning (FDA, 1950). The advantages of an 

ascorbic acid treatment are that it does not introduce 

foreign flavors,no heat is required and soluble solids and 

flavor are better retained (Esselen st aI, 1949). Ascorbic 

acid does not penetrate quickly, but this problem can be 

solved by reducing the size of the apple slice and deare

ation (Bauernfeind and Siemers, 1946). Other methods for 

prevention of browning include blanching, treatment with 

sulfur dioxide and deareation (Fennema and Powrie, 1964; 

Esselen et aI, 1949; Grab and Haynes, 1948; Guadagni, 

1949; FDA, 1950; and Bolin et aI, 1964). 

Sterling (1968) in his studies of apple tissue struc

ture described it in the following way; the cells of the 

flesh are more or less isodiametric, which are loosely 

arranged and surrounded by elongated intercellular spaces 
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vascular bundles are usually small and relatively isolated. 

The firmness of raw and processed apples is affected 

by cell size, intercellular spaces and physiological 

conditions (Reeve and Leinbach, 1953: and Moy, 1971). The 

firmness of frozen apple tissue is at best about half that 

of the raw product because of the loss of turgor pressure. 

Iloss of firmness results from the disruption of the tissues, 

which can be lessened with a rapid rate of freezing 

(Sterling, 1968). Esselen et al (1949) found that dipping 

apples in a dilute solution of calcium chloride increased 

firmness. 

Cruess and Seagrave-Smith (1946) have described the 

process of freezing apples commercially. In general the 

following steps are taken; receive apples in boxes of 40 

to 50 pound capacity; move over roller type trash and leaf 

remover; sort out rots; pare and core by machine; trim; 

cut into eighths or twelfths; move through a wooden tank 

of soldium bisulfite solution; sort; filling hoppers; 

fill by weight into double walled cellophane bags inside 

cartons; add sugar and shake down the carton to get a good 

fill; heat seal the cartons and pressure seal with adhesive; 

freeze in an air blast tunnel freezer; and store at 0° F 

or lower. 

Freezing Media 

Corn Syrup 

In 1972, 4.3 billion pounds of corn syrup were 
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shipped for consumption (Hill, 1973); regular conversion 

syrups are used in confections; the canned fruit industry 

uses high conversion corn syrup in combination with sucrose; 

and high dextrose corn syrups are used in the baking 

industry (Hill, 1973; and Lewis, 1955). Several investi

gators have studied its use as a partial replacement for 

sucrose in the freezing of fruit (Wiegand, 1953; Gilbert, 

1954; Winter, 1943; Sather and Wiegand, 1948; Joslyn, 

1949; Tal burt , 1955; and Lewis, 1955). Lewis (1955) 

stated the advantages of using corn syrup in frozen fruit 

as the reduction of fruit dehydration and improvement of 

color, sheen, texture and flavor. However corn syrup 

cannot be used as the sole ingredient of a freezing media 

because of its lower solubility, tendency to affect the 

color of some fruits and lesser sweetness (FDA, 1950). 

Corn syrup is manufactured by the hydrolyzation of 

corn starch by enzymes, acid or a combination of the two. 

The corn starch is heated with hydrochloric acid or sulfuric 

acid under pressure to yield glucose, maltose and higher 

polymers of glucose. Before hydrolysis is complete. the 

conversion is stopped and the mixture is neutralized, and 

evaporated (Griswold, 1962: and Langlois, 1953). A 

diatase enzyme, which is highly specific, is often employed 

and produces a somewhat different product than acid conver

sion. ~nzyme converted corn syrup contains a greater amount 

of maltose and dextrin and lesser amounts of glucose and 
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its polymers (Langlois, 1953; and Hill, 1973). The 

conversion can be stopped at any number of points depending 

on the desired product. Corn syrups are classified according 

to the degree of conversion which is indicated by the 

percentage of reducing sugars (dextrose equivalent) (Lewis, 

1955). Paul (1972) gave the following values of the DE at 

various levels of conversion; regular, 38 to 49 DE; 

intermediate, 50 to 57 DE; and high, 58 and up. Other 

investigators have given similar values. 

Corn syrup has several characteristics which make it 

an important sweetening agent in the food industry. These 

include the fact that it is two thirds as sweet as sucrose, 

it is hygroscopic, inhibits crystallization and imparts 

desirable textural characteristics (Lewis, 1955). As the 

DE increases, sweetness is more pronounced (TNiegand, 1953; 

and Hill, 1973), hygroccopicity increases and viscosity 

decreases (Paul, 1972; and Hill, 1973). 

Dry Pack vs. Syrup' Pack 

The ratio of the fruit to the sweetener varies with 

the fruit, type of media used, end use of the fruit and 

individual preference of the consumer (Talburt, 1955). 

Retail packages are usually processed with a 4 to 1 or 

3 to 1 ratio of fruit to dry sugar (Talburt, 1955). 

Sugar is added to fruit before freezing to give it 

desired sweetness as well as protection against discolora

tion and other destructive changes (Talburt, 1955). 
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Controversy exsists over the use of dry sugar or a syrup as 

the freezing media. Talburt (1955) stated that the greatest 

advantage of the dry pack is its adaptability in the end use 

of the product. The advantages of syrup as stated by Joslyn 

(1949), are minimum discoloration due to oxidation, 

convenience in handling, decrease in the damage to the fruit 

during packing, little change in fruit volume, action as a 

pre-cooling agent, better texture retention and it is 

applicable to all fruits. Syrup also aids in the retention 

of volatile aromas (Fennema and Powrie, 1964). The partial 

replacement of sucrose with honey, dextrose syrups or corn 

syrups, has been shown to be satisfactory in some cases 

(Tal burt , 1955: Wiegand, 1953: Gilbert, 1954; Winter, 

1943; Sather and Wiegand, 1948; Joslyn, 1949; and Lewis, 

1955). 

Changes in color: Dawson et al (1953) found that the 

color of the frozen fruit was affected by the type of 

sweetening agent. Retention of color was superior in 

fruits frozen with corn syrup (LAwis, 1955: Joslyn, 1949; 

and Talburt, 1955). Color is improved with the increasing 

degree of inversion of sucrose (Joslyn, 1949; and Talburt, 

1955) • 

Changes in flavor: In comparison to six other pre

treatments, including partial and complete replacement by 

corn syrup, strawberries packed in a 1 to 4 ratio with dry 

sugar were given the highest scores for natural flavor 
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(Dawson et al, 1952). A 40% sucrose syrup with or without 

enzyme or acid converted corn syrup was given the next 

highest rating. Armbruster (1967) found no significant 

sensory differences between a 40% sucrose syrup pack and 

a 5 to 1 dry pack nor between a 60% sucrose syrup pack and 

a 3 to 1 dry sugar pack in frozen strawberries. Flavor is 

influenced by the degree of inversion of sucrose when corn 

syrup or dextrose is used (Joslyn, 1949; and Talburt, 1955). 

Superior flavor was reported with replacement of sucrose by 

corn syrup at the 40 to 50 percent level (Tal burt, 1955: 

and Sather and Wiegand, 1948). Wiegand (1953) found that 

samples containing 33% corn syrup could not be distinguished 

from pure sucrose packs. 

Changes in texturel Dawson et al (1952) found syrup 

packs to have slightly higher texture scores than dry sugar. 

After ten months storage the highest mean texture scores 

were found with the 40% sucrose syrup pack with 25% corn 

syrup added. Texture of the thawed fruit is dependent on 

the degree of inversion of sucrose (Joslyn, 1949; and 

Talburt, 1955). Improved texture was found when corn syrup 

was added to the freezing media (Wiegand, 1953; Lewis, 

1955; Tal burt , 1955; Sather and Wiegand, 1948; and 

Bedford and Robertson, 1955). Wiegand (1953) stated that 

the density of the syrup is important in the retention of 

firmness. The addition of lighter syrups postpones the 

natural collapse of the frozen fruit tissue, but when 
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absorbed heavier syrups increase the stability of the fruit. 

Drained weight of frozen fruits was significantly 

increased when sucrose was replaced by 40 to 50 percent corn 

syrup (Sather and Wiegand, 1948; and Talburt. 1955), however 

no difference was found at the 20 to 30 percent level 

(Bedford and Robertson, 1955). In canned fruit there is a 

rapid decline in drained weight shortly after processing. 

Over several months storage the weight gradually increased 

until it reached a level slightly above or below its 

original weight (Lenord et aI, 1958; and Sterling, 1959). 

The changes in weight were caused by the osmotic action of 

the syrup and the fact that water involved in the formation 

of ice crystals was not necessarily reabsorbed on thawing 

(Joslyn and Marsh, 1932 and 1953; and Sterling, 1959). 

The type and concentration of the sugar present affects the 

degree of change in drained weight (Ross, 1955; Perry and 

Cruess, 1953; and Lenord et aI, 1958). Fruits packed in 

dextrose tended to loose less weight than those in sucrose 

(Fellers et aI, 1937). Joslyn et al (1955) stated that the 

degree of inversion of the syrup had no effect on drained 

weight. 

Soluble solids were lower in 100 percent sucrose packs 

than those with added corn syrup (Sather and Wiegand, 1948). 

It was not affected by the degree of inversion of the 

sucrose (Joslyn et aI, 1955). Soluble solids content was 

increased when the proportion of syrup to fruit was 
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increased (Joslyn et al, 1950). This increase was due to 

the osmotic action of the added sugar (Joslyn and Marsh, 

1933). Daoud and Luh (1971) found no change in soluble 

solids when corn syrup was used in apple sauce. 



MATERIALS AND METHODS 

The purpose o~ this study was to investigate the 

effects of freezing apple slices in a sucrose media with two 

levels of replacement of regular and high conversion and 

commercial corn syrups. The dextrose equivalent of the 

syrup, drained weight, soluble solids, the relationship of 

cellular structure and firmness and acceptability were 

studied. 

The experimental design for testing three corn syrups 

used at two levels of replacement f'or freezing media of 

apples is shown in Table 1. Forty percent sucrose syrup 

served as the control f'reezing media. In three of the 

treatments one part of corn syrup was added to three parts 

of' the sucrose syrup by weight and in the other three 

treatments two parts of corn syrup were added to two parts 

of' the sucrose syrup. Each lot (eight total) contained two 

samples of' each treatment; one was examined after three 

weeks of' frozen storage and the other after three months. 

Apples 

York Imperial apples were obtained f'rom a commercial 

orchard in Berryville, Virginia. The cultivar was chosen 

because of' its availability and excellent rating in the 

literature for freezing (Boyle and Wolford, 1968; and 

Tressler and Evers, 1957). The apples were picked in 

October, 1973 and held in cold storage at 31° F until 

processed in January, 1974. 

12 
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Table 1. Experimental design for testing 3 DE syrups used 
at 2 levels of replacement for sucrose as the 
freezing media of apples. 

Level of Replacement 

25% 50% 
Corn Syrup storage Time storage Time 

3 wks. 3 mos. 3 wks. 3 mos. 

Commercial 8 rep 8 rep 8 rep 8 rep 

Reg. Conversion 8 rep 8 rep 8 rep 8 rep 

High Conversion 8 rep 8 rep 8 rep 8 rep 
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Twenty apples, three inches in diameter, were randomly 

chosen from a two bushel lot after harvesting and tested for 

firmness with a Magness-Taylor Pressure Tester (7/16" plunger) 

to determine relative firmness. The average force required 

was 17.1 pounds, which for York Imperial apples is considered 

firm-hard. This was the optimum firmness for processing. 

Corn Syrups 

The regular and high conversion corn syrups were 

provided by Corn Products Corporation, Chicago, Ill •• The 

commercial corn syrup was purchased in a Blacksburg market. 

The dextrose equivalents for the commercial and regular 

conversion corn syrups were approximately 42 and approximately 

65 for the high conversion corn syrup. 

Preparation of Syrups 

The formulas for syrups used for the freezing media 

are shown in Table 2. The syrups were prepared one day in 

advance. Fruit Fresh (Calgon, Corp.), a commercial ascorbic 

acid and citric acid preparation, was added before use at 

a ratio of 1000 mg per 960 ml of syrup, to prevent browning 

(AHEA, 1964). 

Processing 

Apples were sorted to remove any obviously under or 

overripe ones. Enough apples (16 to 18) to fill fourteen 

one pint containers were pared with a knee action peeler, 

quartered and had the core removed. Each quarter was then 

sliced into three sections and placed in a mild brine 
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Table 2. Formulas for syrups used for the freezing media. 

Syrup sucgose Corn ~rup Wfhler 

40% Sucrose 600 0 946 

40% Sucrose + 
25% Corn Syrup 600 515 946 
(com, re, or high conv. ) 

40% Sucrose 
50% Corn Syrup 600 1546 946 
(com, reg, or high conv. ) 
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solution (1 tablespoon of salt per 2 quarts of water) until 

ready for mixing with the syrup. The slices were rinsed 

with water and quickly towel dried to absorb any excess 

water. One hundred seventy-five grams of apple slices were 

placed in one pint capacity freezing jars (Kerr, Corp.) that 

had been washed in a soap solution, rinsed in distilled water 

and dried. Two hundred twenty-five milliliters of syrup 

were poured over the slices. A piece of folded wax paper 

was placed in the top of the filled jar so that all of the 

fruit was covered with the syrup. 

Samples were randomly assigned to one of two refriger

ator freezers. A temperature of -100 C was maintained 

throughout the entire storage period. 

Thawing 

Samples were thawed overnight in a refrigerator and 

then allowed to thaw at room temperature for approximately 

4 to 5 hours. The slices were considered thawed when a 

thermometer inserted into the center of the jar read 190 C. 

Objective Measures 

Objective measures were made after three weeks and 

three months of storage to study osmotic effects, texture 

and changes in the syrup. These measurements included 

drained weight, salublesolids. reducing sugar content of 

the syrup, AlIa-Kramer shear press readings of firmness and 

microscopic examination of the apple tissue. 



17 

Osmotic Effects 

The drained weight was determined by emptying the 

contents of the jar (thawed to 19 0 C) onto a pre-weighed 

wire sieve (VV1R No. 8 sieve) and allowing the slices to 

drain for two minutes. 'rhe jar was held inverted over the 

sieve during the first minute. The wire sieve and apples 

were weighed immediately on a Mettler top loading balance 

(type Pl00). The drained weight was found by subtracting 

the weight of the sieve f'rom the weight of the sieve plus 

apples. 

Soluble solids of the fruit and syrup were determined 

with a Baush and Lomb Refractometer at room temperature. 

Samples of the syrups were applied directly to the prisim 

with a dropper. The juice that resulted from the Allo

Kramer determinations of f'irmness was applied to the prisim 

to determine the soluble solids of the fruit. The apple 

slices had been rinsed with water before firmness measure

ments were taken, so that the syrup clinging to the slice 

would not affect the soluble solids of the fruit. 

Texture 

Firmness values were determined with the AlIa-Kramer 

shear press, Model No. S2HE. Shear strength readings were 

obtained with a 1000 pound ring, calibration set at 20% 

and a stroke time of 11 seconds. ~~he amount of pressure 

required to shear one slice was recorded in the form of a 

peak. The area under the peaks was measured with a polar 
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planimeter and used as a measure of relative firmness. 

Cellular structure of the fresh and frozen apple 

slices was examined by microscopic analysis. Microscope 

slides were prepared by the embedded paraffin technique as 

described by Johansen (1940). Vertical sections 0.5 cm 

wide were cut from the center of' each slice. The samples 

were fixed in a formalin-acetic acid-alcohol solution. 

The composition of the formalin-acetic acid-alcohol solution 

is shown in Table 3. The composition and schedule of 

alcohols used for dehydration is given in ~rable 4. Fischer 

tissuemat (550 MP) was used for embedding of the samples. 

The sections were cut at 10 u thickness with a rotary 

microtome (Spencer, No. 820) and mounted on slides with an 
\ 

albumin fixative. The safranin-fast green staining schedule 

is described in Table 5. Cover slips were affixed with 

Permount (Fischer). 

Changes in the Syrup 

The dextrose equivalent of the syrups was determined 

as a measure of the change in reducing sugar content of 

the syrups. (rhe Lane-Enyon method for the determination 
~:~ 

of reducing sugars was used as described in "Offical Methods 

of AOAC (1965) and Lees (1971). ~hree percent solutions 

of all syrups were used for analysis except" thant of the 

50:% high conversion corn syrup treatment at 3 weeks. A 

2/~ solution was used of the 50~~ high conversion corn syrup 

at J weeks to insure accuracy of the determination. The 
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Table 3. Composition of formalin-acetic acid-alcohol 
solution. 

Ingredient 

Formalin Solution 

Glacial Acetic Acid 

95% Ethanol 

Amount 
ml 

5 

5 

90 
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Table 4. Composition and schedule of alcohols used for 
dehydration. 

Type Time Composition 
hr Butanol 9 5;~ EtOH 100~;~ EtOH Water 

ml ml ml ml 

901~ alcohol 24-48 350 548 a 100 

98/~ alcohol 24-48 550 426 0 24 

100% alcohol 24-48 750 0 250 0 

Absolute 24-48 1000 0 0 0 
butanol 
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Table 5. The safranin-fast green staining schedule. 

Xylene 
Xylene 

Solution 

100ib Ethanol 
9 5/~ Bthanol 
701~ Ethanol 
50;0 Ethanol 
Safranin-o (.5%) 
50~~ Ethanol 
5010 .ethanol 
60% Ethanol 
707~ Ethanol 
80~~ Ethanol 
90;;~ Ethanol 
Pa st Green (.5%) 
9 5~·1v hanol 
100/~ .ethanol 
Xylene + 100% 
Et han 0 1 (1: 1 ) 

Xylene 

Process 

Soak 
Rinse 
Soak 
Soak 
Soak 
Soak 
Soak 
Hinse 
Rinse 
Soak 
Soak 
Soak 
Soak 
Soak 
Rinse 
Rinse 
Soak 

Soalr 

1'ime 
min 

5 
2 
5 
5 
5 
5 

180 
2 
3 
5 
5 
5 
5 
0.75 
5 
1 

5 
Until Cover 
Slip :fixed 
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difference of concentration was adjusted by the final 

calculation. The 40% sucrose syrups were excluded from 

this analysis because they did not contain detectable 

reducing sugars. (rhe dextrose equivalent was determined 

by the formula: 

Color 

*Lees, 1971, Table XXIV 

concentration X 100 =. DE 
solids 

Color slides of slices of each treatment were taken 

in order to compare color after three months storage. 

Subjective Measures 

Color, flavor, sweetness, firmness and overall 

acceptability of the apple slices were measured subjectively 

by a taste panel after J weeks and J months storage. The 

scorecard used for the sensory evaluation is shown iri 

Figure 1. The panel was composed of 1 male and 5 females. 

The pairs used for paired comparison sensory analysis are 

shown in 'rable 6. Evaluations of pairs were made in 

duplicate on the same day of testing. Four pairs were 

judged on the first five days and six pairs on the sixth 

day. After rinsing with V-later, the thawed apple slices 

were placed on alphabetically coded plates and covered 

with a plastic bag which was secured with a wire closure. 

Judges were seated in a sensory evaluation room at the time 

of sampling. The judge was asked to choose the sample 

which could best answer the question asked about each 



~Jhich sample has the most 
natural color? 

:,~hich sample has the most 
natural flavor? 

~lhich sample is the sweeter? 

~hich sample is the firmer? 

\'lhich sample do you prefer 
overall? 

I'~ame 

Date 

Code 

Figure 1. Scorecard for sensory evaluation. 

l\) 

"-U 



II' a ble 6. Pairs used for paired comparison sensory analysis. 

Sample 2 

Sample 1 40~~ 25}0 50;~ 25% 50% 25/~ 5010 
Sucrose Com Com Reg Reg High High 

40}'o Sucrose X IT X X X V 
!~ II. 

25:t ...; ;0 Com X X X X 

50% Com X X X X 

25}~ Reg X X X X 

50:1 I'" Reg X X X X 

255"& High X X X X 

50710 High X X X X 
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parameter. 

Statistical Analysis 

The Dunnett-Sabel test was used to compare the control 

with the other treatments, and the t test was used to 

detect changes within" a treatment with time. The .0.5 

level was used to test significance. 



Drained Vleight 

RESULTS AND DISCUSSION 

Objective Measures 

'rhe mean drained weights of treatments at 3 weeks and 

3 months storage are given in Table 7. The means were 

compared with the t test, which indicated that there were 

no siginficant differences among treatments nor storage 

periods. There were no practical differences which were 

defined as an 8 gram or 5% change, a figure provided by a 

processor of frozen apple slices. The variations were 

large which was due to different amounts of syrup clinging 

to the apple slices. The increase in weight was due to the 

osmotic action of water and diffusion of sugars into the 

apple. j~he different weights indicated that the osmosis 

occured at different rates as can be seen in Figure 2, 

which is a graphical representation of the mean drained 

weights of treatments at 0, 3 weeks and 3 months of storage. 

The highest drained weights at the two storage periods 

occured in the two treatments containing commercial corn 

syrup and the lowest drained weight was obtained with a 

syrup containing 50% high conversion corn syrup. ~hese 

findings are in accordance with those of Sather and '.'liegand 

(1948) and Talburt (1955), although they did not work with 

high conversion corn syrup. fl'hese findings indicated that 

the concentration of dextrose in the freezing media 

influenced the drained weight. The addition of corn 

26 
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\ \ 

\' 
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E F G 

_____ 0 

- - _ 3 weeJrs 
A=40~1o 
B=25% 
C=25;0 
D=25:;~ 
'" 50.1 
~:.= ,/(l 

Reg Conversion Corn Syrup 
HiGh Conversion Corn Syrup 
Commercial Corn Syrup 

---.. __ 3 months 

F=50;~ 
G=50:,f~ 

Reg Conversion Corn Syrup 
High Conversion Corn Syrup 

Figure 2. Mean drained weights of treatments at 0, 3 
vJeeks t and 3 months. 
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frable 7. Mean drained weights of treatments at 3 weeks and 
3 months storage. 

~Preatment 

40~~ Sucrose 

25f~ Commerc ial 
Corn Syrup 

25/~ Heg D~ 
Corn Syrup 

25j~ High DE 
Corn Syrup 

50~~ Commercial 
Corn Syrup 

50~'0 Reg DE 
Corn Syrup 

50 <! If" h D1
-" ~~;> 'lg .c 

Corn Syrup 

storage 
3 weeks 3 months 

g g 

190.9 + 3.72 187.2 + 4.98 

193. 5 + 3.44 - 190·3 + 1.56 

191.1 + 3.11 - 187.9 + 3.61 

189.4 + 2.95 189.1 + 1.96 -

193.4 + 3.33 190.8 + 5.14 

188.8 + 3.20 - 187.7 + 3.53 

187.0 + 3·21 185.1 + - 3.37 
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syrups increased the drained weight over those packed in 

sucrose syrup. However, as the DE of the syrup increased 

the drained weight decreased. With a small amount of glucose 

in the syrup there would be a tendency for less water to 

move out of the apple slice into the freezing media, whereas 

if the dextrose content was greatly increased the reverse 

would be true. Although in Figure 2, the drained weights 

may look different it must be emphasized that they were not 

significantly different. 

Soluble Solids 

The mean soluble solids content of the syrups at 0, 

3 weeks and 3 months is given in ~rable 8 _ Analysis with 

the t test showed that in all cases the soluble solids 

decreased significantly from the original. yet there were 

no significant differences between 3 weeks and 3 months. 

The soluble solids content is a measure of the amount of 

sugar dissolved in the aqueous medium, therefore these 

results indicated that there was either a migration of 

sugars into the apple slices or a migration of water from 

the apple into the syrup causing a diltition of the syrup_ 

The later is the more probable cause, however some of the 

other data indicated that there was some migration of 

sugars. 

The mean soluble solids content of the apple slices 

at 3 weeks and 3 months is given in Table 9. These results 

were analyzed with the Dunnett-Sabel test to compare each 
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Table 8. 'rhe mean soluble solids content of the syrups at 
0, 3 weeks and 3 months storage. 

Treatment 
o 
!~ 

40% Sucrose 39.1 

25;0 Commercial 47.6 
Corn Syrup 

25% Reg Conversion 50.6 
Corn Syrup 

25;'~ High Conversion 5 0.0 Corn Syrup 

50% Commercial 6 5 .2 Corn Syrup 

50)~ Reg Conversion 58 2 . Corn Syrup 

50% High Conversion 5 4 
9 • Corn Syrup 

Storage Time 
3 weeks 3 months 

t'ib ~.~ 
I 

32.3 ± 1.23 32.3 + 1.16 

39.2 ± 1.04 40.6 + 2.53 

42.3 ± 1.83 42.0 ± 0.33 

41.9 ± 0.45 42.1 ± 0.35 

45.5 + 2.81 45.6 + 3.35 

40.5 ± 0.77 50.3 + 0.95 

49.7 + .45 49.8 ± 0.45 
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(fable 9. 'l'he mean soluble solids content of apple slices 
at 3 weeks and 3 months. 

storage ~rime 
Treatment 3 weeks 3 months 

d -f 
it) [0 

L~o/~ Sucrose 19.2 ± 1.55 19.0 + 1.49 

25~~ Commercial 22.4 ± 3.01 22.8 + 1.28 Corn Syrup -

25510 Reg Conversion 19.0 + 3.30 21.3 ± 1.25 Corn Syrup 

25% High Conversion 20.9 + 2.01 22.5 + 1.14 Corn Syrup -

50% Commercial 23 . 8 .)~ ± 2.47 22.0 Corn Syrup 

50;;0 Reg Conversion 24.1 
,r 

22.8 2.28 + 3·07 + Corn Syrup 

50% High Conversion 22.4 ± 4.03 24.0 + 1.66 Corn Syrup 
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treatment with the 40% sucrose syrup. At J weeks the 

apples frozen in 50% sommercial and 50% regular conversion 

corn syrups were significantly higher than those frozen in 

4o~;s sucrose. At 3 months all treatments except the 50% 

commercial corn syrup (eliminated from analysis because of 

variation) had significantly higher soluble solids content 

than the apples frozen in 40% sucrose. As stated earlier, 

the greater the dextrose content of the freezing media 

the greater the amount of water that moved out of the apple 

slice. This concentrated the sugars remaining in the 

tissues and thus increased the soluble solids content. 

A graphical representation of the mean soluble solids 

content of the freezing media and apple slices is shown in 

Figure 3. This clearly shows the decrease in the soluble 

solids content of the freezing media and subsequent increase 

in the soluble solids content,of the apple slices. The 

movement of water from the apple slice to the freezing 

media, causing a dilution of sugars in the syrup and 

concentration of sugars in the fruit, was responsible for 

these changes. 

lI'he mean peak areas of the AlIa-Kramer shear press 

measurement of firmness of apple slices from each treatment 

at 3 weeks and 3 months is given in ~rable 10. Analysis 

with the Dunnett-Sabel test showed that those apple slices 

frozen in syrups containing 25% high conversion, 50% 

r~gular conversion and 50~ high conversion corn syrups 
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'liable 10. The mean peak areas of the Allo-Kremer shear 
press measurement of firmness of apple slices 
from each treatment at 3 weeks and 3 months. 

Storage 'rime 
Treatment 3 weeks 3 months 

in2 in2 

40% Sucrose ·30 + - .09 .29 + .06 -

25% Commercial 
·31 + .05 .23 + .06 Corn Syrup - -

25% Reg Conversion 
·32 + .12 .31 + .06 Corn Syrup - -

25;0 High Conversion -r,-
.06 Corn Syrup .37 + .13 .29 + 

50% Commercial 
·31 + .13 .29 + .03 Corn Syrup - -

50"! Heg Conversion . 36~;'!.± /0 .06 .28 + .06 Corn Syrup -

50~~ High Conversion ~; 

.06 • 39 + .05 ·33 + Corn Syrup - -

,.;- Significantly higher than 40;~ sucrose at the 
.05 level. 
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had significantly greater peak areas than those frozen in 

4o~ sucrose after 3 weeks storage. This indicated that the 

former were more firm. ~Phere were no diff'erences among 

treatments after 3 months storage. All treatments at each 

storage period had decreased significantly from the original 

value of .7 square inches. ':Che higher values of these 

particular treatments may have been due to the loss of 

water from the apple tissue and consequent concentration 

of cellulose and other compounds responsible for the firm

ness of plant tissue. 'l'he higher dextrose content of the 

freezing media accounted for the greater amount of water 

that migrated from the apple slice. There was a negative 

relationship between cellular structure and fir~~ess. The 

apple slices which required the least pressure to shear, 

had the most intact cellular structure. This would indicate 

that the shear press was measuring toughness rather than 

crispness, which is dep:e:'1dent on intact cellular structure. 

Photomicrographs of cross-sections of parenchyma 

tissue of apple slices frozen in selected medias at 3 

weeks and 3 months are given in Figures 5 through 12. 

l:f'igure 4 shows the cellular structure of' parenchyma tissue 

of an unfrozen apple slice as described by Sterling (1968). 

In all cases these photomicrographs show a cellular 

structure typical of all slides examined withing that 

particular treatment. 

In all treatments frozen and thawed, it is evident 
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Figure 4. Photomicro
graph of cross-section of 
unfrozen apple parenchyma 
tissue containing a vas
cular bundle. (100X) 

Figure 5. Photomicrograph 
of a cross-section of par
enchyma tissue of an apple 
slice frozen in a 40% 
sucrose syrup for 3 weeks. 
(100X) 

Figure 6. Photomicrograph 
of a cross-section of par
enchyma tissue of an apple 
slice frozen in a 40% 
sucrose syrup for 3 months. 
(100X) 
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gure 7. Photomicrograph 
of a cross-section of par

nchyma tissue of an apple 
slice frozen in a 40% 
sucrose syrup with 25% 

ommercial corn syrup for 
3 weeks. (100X) 

Figure 8. Photomicrograph 
of a cross-section of par
enchyma tissue of an apple 

--~~ slice frozen in a 40% 
sucrose syrup with 25% 
commercial corn syrup for 
3 months. (100X) 

Figure 9. Photomicrograph 
of a cross-section of par
enchyma tissue of an apple 
slice frozen in a 40% 
sucrose syrup with 50% 
high conversion corn syrup 
for 3 weeks. (100X) 
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Figure 10. Photomicrograph 
of a cross section of par
enchyma tissue, containing 
a vascular bundle, of an 
apple slice frozen in a 40% 
sucrose syrup with 50% high 
conversion corn syrup for 
3 months. (100X) 

Figure 11. Photomicrograph 
of a cross-section of par
enchyma tissue containing 
2 vascular bundles, of an 
apple slice frozen in a 40% 
sucrose syrup with 25% high 
conversion corn syrup for 
3 weeks. (100X) 

Figure 12. Photomicrograph 
of a cross-section of par
enchyma tissue of an apple 
slice frozen in a 40% 
sucrose syrup with 25% 
regular conversion corn 
syrup for 3 weeks. (100X) 
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that the cellular structure was damaged. According to 

Vloodroof (9138) this was due to the formation of ice crys

tals whose sharp edges cut the cell walls. 

The extent of cellular damage varied with each treat

ment. The order of the amount of cellular damage to the 

parenchyma tissue from the greatest to the least was; those 

frozen in the 40% sucrose syrup; those containing high 

conversion corn syrup at either concentration; those 

containing regular conversion corn syrup at either concen

tration. The differences may be attributed to the sugar 

composition of the various syrups. The commercial corn 

syrup contains a greater percentage of larger sugar polymers 

(dextrins) than the regular or high conversion corn syrups, 

and the 40% sucrose syrups. Most likely, the presence of 

larger molecules in the intercellular spaces decreased the 

size of the ice crystals, thus preventing excessive cutting 

of the cell walls. Since the sucrose molecules are 

relatively small compared. to the dextrins found in corn 

syrups, they would not offer protection against cellular 

damage. 

There were few differences in the amount of cellular 

damage with storage time, which indicated that this kind 

of damaGe occured during the inital freezing process and 

would not increase wIth time. 

Figures 10 and 11 show vascular bundles typical of 

all treatments. If these are compared to the vascular 
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bundle in Figure 4, it is evident that there was little 

damage to the vascular bundle with freezing. The cell 

ivalls of this particular area are by nature stronger and 

therefore more resistant to damage by ice crystal formation. 

Changes in the Syrup 

Table 11 gives the mean reducing sugar content, as 

dextrose, of 1% solutions of syrups with added corn syrup 

at O. 3 weeks and 3 months of storage. In all cases the 

concentration of dextrose in the syrup decreased with time, 

which was due partially to the migration of~ sugars into 

the apple tissue and dilution caused by water moving out 

of' the tissue. 

The mean changes in the dextrose equivalent of the 

syrups with added corn syrup with time are given in Table 

12. Analysis with the t test indicated that all treatments 

at both storage times except 25% commercial corn syrup 

decreased significantly from the original. The change was 

due to the migration of reducing sugars into the apples. 

Since the dextrose equivalent is a ratio of reducing sugars 

and total sugar content it is unlikely that dilution by 

water from the apple tissue caused the decrease in the 

D~. A very small change in the reducing sugar content of 

the syrup could have a greater effect on the dextrose 

equivalent of that syrup, than dilution by osmotic action. 

Color 

As shown in Figure 13, a greater degree of bro~Nning 
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Table 11. Mean reducing sugar content, as dextrose. or a 
1% solution of syrups with corn syrup added at 
0, 3 weeks and 3 months. 

Storage Irime 
Corn Syrup Percent 0 3 weeks 3 months 

Replacement m~~ mg mg 

Commercial 25 103.6 90.0 88.1 

Regular D-"':'I ~ 25 125.9 92.0 90.0 

High DE 25 200.5 118.5 118.5 

Commercial 50 211.0 143.7 125.9 

Regular DE 50 250.3 182.4 167.3 

High DE 50 375 • .5 261.8 250·3 
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'fable 12. The mean dextrose equivalent of syrups with 
added con! syrup at 0, 3 weeks and 3 months. 

Storage Time 
Corn Syrup Percent 0 :3 weeks :3 months 

HeElacement mg mla.: mg 

Commercial 25 21. I? 5 23·22 22.05 

Regular DB 25 24.87 21.90 21 .96-:;' 

High DE 25 40.09 28. 6}+':~ 28.02 " 

37.54 
" 

29.33 
-:r 

Commercial 50 29.12 

50 43.01 
~;-

36.22 
,. 

ReGular DE 37.03 

63.2 5LI-.78 .. ·· ",~" 

High D~ 50 50.09 

.. ; ~~ decreased signif"icantly from the • • 1 o rl.gl.na_,_ value at the 
.05 level 
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-A 
.. 

Figure 13. Apple slices that had been frozen f or 3 months 
and thawed. ( A, 25% Commercial; B, 251~ Reg 
DE ; C, 25% High DE ; D, 50% Commercial; E, 
50% Reg Dei F; High DB). 
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occured in those apple slices frozen in media without 

added corn syrup. Greater brovming also occured with a 

hiGher concentration of corn syrup and a higher DE of 

the added corn syrup. ~rhis was partially the result of a 

concentration of the phenolic compounds in the apple tissue 

after the water moved out of the tissue by osmosis. Ifhe 

color was related to the degree of cellular damage. ~rhose 

slices having the most natural color, were from treatments 

vlith the least amount of cellular damage. The breaking 

of the cell walls enhanced the mixing of' polyphenol 

oxidase and the phenolic compounds, thus causing brov/ning. 

Subjective Measures 

The si@1ificant responses to the sensory evaluation 

of color at 3 wBeks and 3 months are given in Table 13. 

Color in general was improved with the addition of 25;0 

corn syrup, the greatest improvement occured with the 

lower DE syrups. At 3 months those slices frozen with 

50;;0 corn syrup at any DE were judged as having a more 

natural color than those frozen in 40% sucrose syrup. At 

3 weeks those apples frozen in syrups containing 25% 

corn syrup vvere judged to be superior than those frozen 

in a media contain~ng 50~b of that same corn syrup. l1'hese 

findings are in accordance to those shown in Figure 13 

and with Lewis (1955) and Talburt (1955). 

~~able 14 gives the significant responses to sensory 

evaluation of f'irmness at 3 months storage. Those 
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IJiable 13- Significant responses to sensory evaluation of 
color at 3 weeks and 3 months. 

storage rrime 
3 weeks 3 months 

Panel Level Panel Level 
Evalu- of (",. 

,.)lg- B.'valu- of Sig-
Pair ation nificance ation nificance 

25~~ Commercial vs 11 .01 1~ .01 40;;~ Sucrose 1 1 

25(r"l Regular DE v's 10 .. 10 

• 05 NS 40 4 Sucrose 2 ;0 

25% High DE vs NS 1 .05 40% Sucrose 9 

50'?! Commercial VS 10 /0 NS .05 401; Sucrose 2 

50;;; Regular vs 2 .01 10 .05 Lj,o;;:~ Sucrose 14 2 

505'~ High 'liS NS 11 .01 40}b Sucrose 1 

259; Commercial vs 11 .01 12 .01 50;~ Commercial 1 0 

25 d High DE 10 >0 vs .05 NS .50 ~:~ High De 2 

25./ Commercial vs 12 ~ ;0 NS .01 25); Hegular D_~ 0 

25,·,1 Commercial vs 10 ,/(1 
NS .05 25'" }figh DE 2 ~ ;:~ 

50"./ Regular vs 2 ?,,) 
NS .05 50·,1 High 10 /0 

.. not sig-flii icant 
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ffable 14. Significant responses to sensory evaluation of' 
firmness at 3 months. 

Pair l)anel Level of" 
Evaluation Significance 

50,·1 Commercial vs 1 . I.) 
.01 40% Sucrose 1.1 

25,,1 High Dr.> vs 10 10 i!. .01 40% Sucrose 0 

255~ Commercial vs 2 
.05 25~s High DE 10 

25;;b High DE vs 2 .05 50~'~ High DE 10 

501'~ High DE vs 11 .01 L~O~·s Sucrose 1 



treatments containing high conversion corn syrup at either 

level of replacement were signif"icantly more firm than 

those with 40;'0 sucrose syrups. A panel was able to 

distinguish between the two levels of replacement of high 

conversion corn syrup, the 50;{; level being the firmer. 

The 25;'~ high DE corn syrup was judged to be more firm 

than 25~~ commercial corn syrup. These results are related 

to the results obtained from the AlIa-Kramer shear press. 

f.2he 405~ sucrose syrup treatment was judged more firm than 

the 50% commercial corn syrup, the reason for 'which is 

not understood. 

Recommendations 

These results indicated that there is still a need 

for more research in the area of freezing apples, before 

a definite recommendation can be made. Suggested areas 

of study would be, actual use of the apples in a food 

product, effects of viscosity, measurement of the 

concentration of phenolic comp0l..,mds, and varying the 

level of ascorbic acid with the DE of the freezing media. 

'fhere is also a need to Vlor}\: VIi th other varietie3 of 

apples. 



CONCLUSIONS 

'I'he results indicated that the changes which occured 

in the syrup and the fruit after f'reezing were effected 

by the dextrose equivalent and concentration of corn syrup 

aaded. These changes may be attrtibuted to the osmotic 

flow of water between the syrup and apple slices, and 

cellular damage, which allowed a diffusion of sugars. 

composition of' the corn syrups vias also an important 

factor. These differences were due to more water moving 

out of the apples frozen in high conversion corn syrup 

than those frozen with commercial corn syrup. 

ifhe conclusions are summarized below: 

a. There were no significan t differences in the 

drained weights. There was a trend of increasing 

drained weight with the addition of commercial 

corn syrup at either level and a decrease in 

drained weight in treatments containing high 

conversion corn syrup at 25% and 50;0 concentrations. 

b. As the soluble solids content of all syrups 

decreased, there was a subsuquent increase in 

the soluble solids content of the apple. 

c . S~lhe f'irmness of the apple es as determined 

by the AlIa-Kramer shear press was increased with 

an increase in the dextrose equivalent of the syrup. 

'.chis was attributed to the loss of' turgor pressure 

and to the concentration of cellulose in the 

4e 
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apple tissue due to the movement of water out of 

the tissue. 

d. The photomicrographs showed that there was cellular 

damage with freezing. ~rhis was likely caused by 

the formation of ice crystals. The additionaf 

corn syrup to the sucrose syrup lessened the 

degree of damage. The apples frozen with the 

addition of commercial corn syrup were the least 

damaged and those frozen with high conversion 

corn syrup were the most damaged of those treat

ments containing corn syrup. 

e. The dextrose equivalents of all syrups decreased 

during storage, due to a small migration of sugars 

into the apple slice. 

f. A tendency of increased browning with an increased 

DE was observed. The control in most cases was 

the darkest in color. 

g. The subjective measures indicated that the most 

natural color was found in those treatments 

containing commercial corn syrups. All treatments' 

containing corn syrup were rated as having a 

better color than the 40/10 sucrose. fI'he 25;~ corn 

syrup treatments were given a better rating for 

color than their 50:;'0 counterparts. 'rhe judges 

rated those apple slices frozen in 50% high 

conversion corn syrup, 50';'~ commercial corn syrup 
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and 2.5% high conversion corn syrup as being more 

firm than the slices frozen in 40~0 sucrose. 

On the basis of these results the replacement of sucrose 

syrup with .50% high conversion or regular conversion corn 

syrups would not be recommended because of lowered drained 

weights, greater toughness. increased cellular damage and 

a greater tendency to brown. Irhe addition of 2.5% commercial 

corn syrup to a 40% sucrose syrup would be highly recommen

ded because of the increase in drained weight, slight 

increase in fruit soluble solids, less cellular damage 

and the retention of a more natural color. 



SUMMARY 

The purpose of this study was to investigate the effects 

of freezing on apple slices in a sucrose media with two 

levels of replacement of regular and high conversion and 

commercial corn syrups. 'l'he dextrose equivalent of the 

syrup, drained weight, soluble solids of the syrup and 

fruit, the relationship of cellular structure and firmness 

and acceptability as judged by a taste panel were studied 

after 3 \veeks and 3 months storage. 

Objective measures included ~rained weight, soluble 

solids, reducing sugar content of the syrup, AlIa-Kramer 

shear press readings of firmness and microscopic examin

ation of the apple tissue. Color, flavor, sweetness, 

firmness and overall acceptability of the apple slices 

were measured subjectively by a taste panel. 

The results obtained indicated that there was a 

movement of water out of the apple tissue, the amount of 

which was dependent on the dextrose equivalent of the 

syrup. I.rhere was also some slight migration of sugars 

into the apple slices, after cellular damage occured. As 

the dextrose equivalent of the freezing media increased 

there was a decrease in drained weight and syrup soluble 

solids and an increase in fruit soluble solids, browning, 

cellular damage and firmness. 

'.1: he addition of" 25J~ commercial corn syrup to a 4o;:~ 

sucrose syrup would be highly recommended as a free~ing 

51 
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media for York Imperial apples because of the increase in 

drained weight. slight increase in fruit soluble solids, 

less cellular damage and the retention of a more natural 

color. 
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~uALITY OF YORK IMPERIAL APPLES AS AFFEC'rED BY. THE USE 

OF CORN SYRUP IN THE FREEZING MEDIA 

by 

Nancy Cvleman Burton 

( A BSr.I1 RACrr ) 

This study investigated the effects of freezing on 

apple slices in a sucrose media withtwo levels of 

replacement of regular and high conversion and commercial 

corn syrups. 'The dextrose equivalent of the syrup, 

drained weight, soluble solids of the syrup and fruit, 

the relationship of cellular structure and firmne,ss and 

accpptability as judged by a taste panel were studied 

after 3 weeks and 3 months storage. 

~he results obtained indicated that there was a 

movement of water out of the apple tissue, the amount of 

which was dependent on the dextrose equivalent of the 

syrup. There was also some slight migration of sugars 

into the apple slices. after cellular damage occured.As 

the dextrose equivalent of the freezing media increased 

ehere was a decrease in drained weight and syrup soluble 

solids and an increase in fruit soluble solids, browning, 

cellular damage. 

The addition of 25% commercial corn syrup to a 40% 

sucrose syrup would be highly recommended as a freezing 

media for York Imperial apples because of the increase in 

drained weight, slight increase in fruit soluble solids, 

less cellular damage and the retention of a more natural 

color. 


