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than 1 c.c. of oxygen remaining in the headspace. V/hen this 

has reacted with the juice, it should reduce the ascorbic 

acid content by 0.013 mgs. per c.c., thereby making the 

final content in amber the same as in flint glass* The use 

of colored glass to prevent deterioration of vitamin C in 

fruit juices was inadequate* 

r *'■ 

Discussion of Results 

An interpretation of the results indicated that the 

amber glass functioned to decrease the amount of light 

penetrating the glass but did not, however, effectively 

change the reactions occurring within. That is, the oxy¬ 

gen content was apparently approaching zero* The amount 

that combined with ascorbic acid was precisely the same 

whether ox* not flint or amber* glass was used. This i6 not 

in accor*d with the findings of Hauck (1938) who states 

that amber* glass exerts a protective action on the ascorbic 

acid. 

Correlation of Oxygen Loss and Ascorbic Acid Loss 

The group of samples v/ere tested iox* oyygen after a 

period of storage. The results obtained are shown in 

Table III 



Table III 

V 

Light Exposure 
Hours 0 48 96 168 

Refrigerator 
300 control 

Warm storage 
hours 

840 792 744 672 540 

Initial 
oxygen cc. 

8.4 8.4 -8.4 8.4 8.4 8.4 

Oxygen after 
light exposure 

8.4 5.0 3.6 1.2 0.0 • 

Final oxygen 0.14 0.44 0.33 0.17 0.14 4.48 

Discoloration 
from storage 

Dark Dark Dark Dark Dark None 

Flavor Bitter Bitter Bitter Bitter Bitter Good 

Ascorbic acid 
mgs/cc. 

.197 .202 .202 .206 .200 .332 
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Those samples held at the warm temperature showed little or 

no oxygen, but all exhibited a darkening in color and devel¬ 

oped a bitterness of flavor. The control stored in the 

refrigerator lost only 50 per cent of the oxygen and developed 

no bitterness. The darkening of the juice without free oxy¬ 

gen indicated that the oxygen was not necessarily the causa¬ 

tive agent, but that storage temperature was more important. 

;vhen the temperature was held at 60 degrees F.f the light 

exerted no deleterious effects. 

No initial determinations were made on the ascorbic 

acid content. Determinations were made at the conclusion 

of the investigation, however. The values were, within 

experimental error, he same for all samples in which the 

oxygen had been decreased to zero. The final value for the 

ascorbic acid content averaged 0.200 mgs. per c.c., when 

8.4 c.c. oxygen had reacted with the product. This volume 

of oxygen theoretically caused a loss of 0.225 mgs* per c.c. 

in 300 c.c. of juice. The ascorbic acid content at the 

outset of this experiment was 0.425 mgs. per c.c.. The as¬ 

corbic acid content on the control held in the refrigei <^.tor 

was 0.332 mgs. per c.c. when 4.48 c.c. oxygen still remained. 

This sample lost 4.0 c.c. oxygen which caused a theoretical 

loss of 0.105 mgs. ascorbic acid per c.c. of juice. The 

initial value thus calculated was 0.437 mgs. ascorbic acid 



53 

per e.e. of Juice® This was in fairly close agreement- with 

the 0.425 mgs. per c.c. previously obtained. 

If the oxygen remaining in the control, 4.5 c.c., re¬ 

acted with the ascorbic acid in total, the expected loss 

would be 0.113 mgs. per c.c.. Since there was only 0.332 

mgs. per c.c. when the analysis was made, this further loss 

would bring the ascorbic acid content down to 0.214 mgs. 

per c.c.. Analysis showed the final content was 0.200 mgs. 

per c.c.. This second accurate check indicated that the 

loss of ascorbic acid is directly proportional to the loss 

of oxygen and may be predicted from this loss. 

Discussion of Results 

Under normal conditions of packaging the oxygen content 

of the headspace reacted with the ascorbic acid in preference 

to other constituents, whatever they may be. 

The oxygen content of the headspace of grapefruit Juice 

was only reduced 50 per cent and no bitterness of flavor 

developed when the samples were stored in the refrigerator. 

In all samples stored in warm temperature a darkening of 

color and a bitterness of flavor developed. 
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SUMMARY 

1. A year's investigation was conducted on the effect of 

light, heat, and type of container on the ascorbic acid 

content and the rate of oxygen loss in the headspace of 

glass-packed fruit juices. The literature pertaining to 

this subject was critically reviewed to ascertain what 

previous investigations, if any, were conducted. 

2. An apparatus was constructed for the volumetric analy¬ 

sis of headspace gases and dissolved gases. This appara¬ 

tus capable of measuring 30 c.c. was graduated in 0.1 c.c. 

spaces. The ascorbic acid content was measured by the 

2,6-dichlorophenolindophenol dye titration method. Analy¬ 

ses were completed on samples subsequent to exposure to 

diffused and artificial light and to dark storage. 

3. Oxygen in the headspace of glass-packed apple juice 

disappeared in 20 to 30 days when stored in darkness, in 

one-half that time when stored in diffused daylight, and 

in about 60 days when stored in the refrigerator. Storage 

under artificial light required approximately 20 days to 

reduce the oxygen content to zero. 

4. Grapefruit juice required 100 hours to decrease the 

oxygen content to zero when exposed to artificial light 

and approximately 500 hours when stored in darkness. 
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Light, increased the oxidation rate more than four times* 

5. Studies on grapefruit juice packed in glass bottles 

with varying headspace were completed. Sample with 25 c*c. 

headspace required 100 hours to reduce the oxygen content 

to zero, 50 c.c. required 232 hours, 75 c.c. required 280 

hours, and 100 c.c. required 354 hours when exposed to 

artificial light. 

6. The ascorbic acid loss on all samples of grapefruit 

juice is nearly proportional to the oxygen loss, as long as 

oxygen remains present. Because of the high ascorbic acid 
« 4 * . ' . ' ' K 

content of grapefruit juice, the percentage loss is fairly 
• > * > * 

small when compared to the percentage loss in apple juice 
* '» 

whose ascorbic acid content is very small. 

7. The use of amber glass afforded no protection against 

the ascorbic acid loss which results from the union with 

headspace oxygen. However, it does reduce the rate of 

oxygen loss in the headspace. The loss in ascorbic acid 

content is the same in amber as in flint glass. 
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CONCLUSION 

The oxygen in "the headspace of* glass-packed fruit 

juices disappears on storage. Storage under diffused 

light or artificial light increases the rate of oxygen 

loss9 while storage in the dark and in the refrigerator 

decreases the reaction rate. The deleterious effects 

produced during storage are due to heat and not light. 

The decrease in oxygen content is accompanied by a de¬ 

crease in ascorbic acidf a readily oxidizable substance. 

Very few food-stuffs are sold by the canner to the 

consumer. They are generally sold to brokers and stored 

in ware houses. The period of storage undergone by 

glass-packed fruit juices is sufficient to reduce the 

oxygen content to zero. The reduction in oxygen is ac¬ 

companied by the oxidation of a readily oxidizable sub¬ 

stance, ascorbic acid in grapefruit juice, and an unknown 

substance in addition to the ascorbic acid in apple juice. 

The oxidation of ascorbic acid results in the formation of 

a substance which has lost its antiscorbutic property. 

The storage period is generally long enough to offset 

the decrease in the oxidation rate in the use of colored 

glass. The same volume of oxygen and the amount of ascor¬ 

bic acid are lost during storage, irrespective of the tjipe 

of glass container. 
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