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Figure 13. Apple slices that had been frozen f or 3 months 
and thawed. ( A, 25% Commercial; B, �2�5 �1�~� Reg 
DE ; C, 25% Hi gh 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. 


