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Summary 

This study compared aluminium concentrations 
and acceptability by college students of 
carbonated soft drinks recently packaged in 
aluminium cans or glass bottles with carbonated 
soft drinks stored in aluminium cans for six 
months. Aluminium concentrations of 
beverages packaged in aluminium cans were 
higher than those packaged in glass bottles and 
increased with storage time (p=0.013). An 
untrained sensory panel of 95 American college 
students evaluated blind samples of carbonated 
beverages. While flavour of the beverages 
differed, subjects identified the glass bottle 
packed beverage as having the most and the 
stored aluminium can beverage as having the 
least metallic flavour (p<0.05). Thus, the metallic 
flavour as identified by panellists did not relate 
to aluminium concentration. 
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Introduction 

The lifestyles of the American consumers have 
changed and so too have their preferences 
within the liquid refreshment market (1-4). 
Daily intake of carbonated soft drinks among 
college students has increased tremendously 
since 1977 (1). Consumption of such drinks are 
also increasing elsewhere, including developing 
countries. College students in the United States 
represent approximately 29% of the food 
consumers, and the accessibility of carbonated 
soft drinks in college cafeterias, institutions, 
restaurants, food stores, and fast food outlets 
has contributed to the consumption of these 
beverages (1,5). 

Carbonated soft drinks generally are packaged 
in three different packaging materials; glass 
bottles, plastic bottles and aluminium cans. 
Aluminium is used extensively in packaging 
because of its low specific weight, recyclability 
and its compatibility with printing processes 
which enable it to have a decorative appearance 
(6). Previous research has indicated that acidic 
foods stored or cooked in aluminium containers 
enhance the leaching of aluminium into foods, 
thereby increasing food aluminium content (7-
10). Although controversial, exposure to 
aluminium has been implicated in the aetiology 
of Alzheimer's disease (11-15), dialysis dementia 
(15-16) and dialysis osteodystrophy (17). The 
objective of the current study was to compare 
the aluminium concentrations and taste 
acceptability of soft drinks packaged in 
aluminium cans or glass bottles for varying 
periods of time. 

Materials and Methods 

Prior to the study, a questionnaire was mailed to 
5400 undergraduate students at the University 
to identify popular carbonated soft drinks (pop) 
and preference of packaging (glass, aluminium, 
or plastic). Of the 5400 questionnaires mailed, a 
total of 5022 questionnaires (93%) were 
returned. Results of the survey revealed that 
87% of the students had a greater preference for 
cola soft drinks. Seventy-five percent preferred 
soft drinks packaged in aluminium cans, 23% in 
glass bottles and 2% in plastic bottles. Based on 
these results, all of the regular cola carbonated 
soft drinks intended for the taste acceptability 
study were packaged in aluminium cans or 
glass bottles and were purchased from a nearby 
processing plant. Three different brands of soft 
drinks for which both aluminium can and glass 
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bottle packaging were available were used. All 
the beverages were produced at the same plant 
and were processed at the same time. The age of 
the beverages was identified from the code 
number on the container as explained by the 
manufacturer. Soft drinks were divided into 3 
groups: freshly processed soft drinks packaged 
in aluminium cans; freshly processed soft drinks 
packaged in glass bottles, and soft drinks 
packaged in aluminium cans which were stored 
for six months at room temperature. 

Aluminium concentrations of soft drinks were 
determined in triplicate using atomic absorption 
methodology (Varian Techtron Atomic 
Absorption Spectrometer, Model 1275). The 
procedures used to prevent trace element 
contamination, prepare and analyze samples 
were similar to those reported previously (17-18). 

Taste acceptability of soft drinks was judged by 
a panel of 95 European American student 
volunteers who were recruited by an 
advertisement placed in the campus newspaper. 
There were 40 males and 55 females. Their ages 
ranged from 17-25 years (mean = 23 * 3.5). All of 
the panelists were non-nutrition undergraduate 
students at Ball State University, Indiana, who 
had no previous experiences as palatability 
panelists. The procedures of the panel 
evaluation were explained before testing the 
beverages. The kind and frequency of beverage 
consumed on a weekly basis were also 
identified. 

Using a written questionnaire, subjects were 
asked to indicate which of the following 
beverages they most frequently consumed: milk, 
coffee, iced tea, soft drinks or fruit juices. They 
were then asked to indicate how many times per 
week they consumed their preferred beverage 
and their preference for soft drink packaging 
(glass bottle, plastic, aluminium can, other). 

A three ounce (94 ml) serving of the three 
different brands (A,B,C) of each test beverage 
type (soft drink in aluminium can, glass bottle 
and soft drink in aluminium can stored for six 

months) were chilled and poured into 
individual styrofoam cups, which were coded 
using symbols, and randomly presented to the 
subjects to enable appropriate blind testing of 
the samples. 

To avoid contamination, subjects were seated at 
individual tables, and no communication was 
permitted between panelists during the study. 
Subjects were then asked to taste each of the 9 
samples and to indicate which sample they liked 
the best. Subjects rinsed their mouth thoroughly 
before the test and could rinse their mouth as 
wanted thereafter. In addition, they were asked 
to indicate which was from a newly packaged 
aluminium can, which was from glass-bottled 
packaging and which from six month stored 
aluminium cans. Using a forced ranking test, 
subjects were asked to indicate the intensity of 
the metallic flavour; the most metallic tasting 
sample, the intermediate metallic tasting 
sample, and the least metallic tasting sample. 
Since the meaning of the term "metallic" is not 
universal among all participants and may create 
a great deal of "noise" with regard to this 
particular aspect of the test, the following 
definition was provided to all subjects: A taste 
composed of or resembling that of metals is 
called metallic. 

Since the participants used in this study were 
inexperienced taste panelists and in order to 
obtain greater precision in their ability to 
identify metallic differences, soft drinks stored 
in glass bottles for six months was not offered to 
the taste panelists. Statistical significance of 
relationship in beverage preference, frequency 
of consumption, flavour, packaging and 
acceptability were determined by Chi-Square 
analysis and by Test of Sign (19). 

Results and Discussion 

As shown in Table 1, mean aluminium 
concentrations of glass bottled soft drinks, 
newly packaged canned soft drinks and stored 
canned soft drinks were 0.143 ± 0.002, 0.212 ± 
0.016, and 0.247 ± 0.0212 mg aluminium/1, 
respectively (p<0.05). 
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Table 1. Mean aluminium concentrations of 
soft drinks as determined by 
packaging 

Packaging Mean Aluminium 
Concentrations* 

Glass 0.143 ±0.002 
Stored aluminium can 0.247 ± 0.012 
Newly purchased aluminium can 0.212 ± 0.016 

• P<0.05 

Of the choices offered, 56% of the 95 panelists 
indicated that their choice of beverage was 
carbonated soft drinks. Eighteen percent, 14% 
and 12% of the 95 panelists indicated their usual 
choice of beverage were milk, iced tea and fruit 
juice respectively. Of the 56% who drank soft 
drinks, 31% could be categorized as frequent 
consumers in that they consumed more than 
eight servings per week and 18% could be 
categorized as infrequent consumers in that they 
usually drank one to two servings per week 
(Table 2). Of the individuals consuming 
carbonated soft drinks, 62% indicated that they 
preferred to consume canned soft drinks and 
38% indicated they preferred bottled soft drinks. 

Table 2. Usual number of times/Week of 
consuming beverages of choice 

Number of times 
times per week Subjects consuming beverages 

Milk Coffee Iced 
Tea 

Carbonated 
Soft Drinks 

Fruit 
Juice 

1-2 4 0 0 18 5 

3-4 0 0 2 1 14 

5-6 8 0 4 0 0 

7-8 0 0 0 0 5 

>8 0 0 3 31 0 

As shown in Table 3, 44% of the subjects 
preferred the taste of soft drinks packed in 
newly purchased aluminium cans and 38% 

preferred the taste of the beverage which had 
been stored for six months and had the higher 
aluminium content (p=0.24). This suggests that 
the panelists either didn't care or couldn't 
identify a more matallic flavour. Only 18% of the 
panelists preferred the glass packaged beverage 
(Glass vs New Can, p<0.5; Glass vs Old Can 
p=0.32). 

Table 3. Best liked beverage by taste as 
determined by packaging 

Packaging Number of Panelists % 

Glass 17* 17.9 

Stored aluminium can 36* 37.9 

New aluminium can 42* 44.2 

Total 95 100.0 

Values with no repeated letter superscripts are 
significantly different from one another (p<0.05) 
by Test of Sign. 

Panellists were asked to rank each sample from 
being most metallic, intermediate, to least 
metallic on flavour (Table 4). In the metallic 
characteristic category, the glass packaged 
beverage was judged most metallic, while the 
stored aluminium can beverage was judged 
least metallic in flavour (p<0.05). 

Table 4. Metallic flavour in beverage as 
determined by packaging 

Packaging Number of Panellists Selecting 

Most Intermediate Least 

Glass 48' 28* 19" 

Stored Aluminium Can 17" 30* 48" 

New Aluminium Can 30* 37* 28* 

Values of 95 subjects with no repeated letter 
superscripts are significantly different from one 
another (p<0.05) by Test of Sign. 
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In the least metallic flavour category, as would 
be expected these figures were nearly reversed, 
with stored aluminium can beverage selected by 
forty-eight panelists and glass container 
beverage being selected by nineteen panelists 
(p<0.05). These results imply that there is a 
difference in flavour due to packaging and 
storage, but this difference is not easily 
recognizable as being metallic. 

Subjects were asked to judge which beverage 
was packaged in which container type. When 
the beverage packaged in stored aluminium 
cans was judged, 47 (49%) panelists indicated 
that it was the glass container beverage and only 
20 (21%) indicated the correct response (p<0.05). 
When the glass bottled beverage was served, 43 
(45%) of the panelists indicated that it was the 
old aluminium can packaged beverage and 23 
(24%) correctly judged it to be the glass 
packaged (p<0.05). When the newly purchased 
aluminium can beverage was judged, 41 (43%) 
of the subjects correctly identified it while 28 
(29%) of the subjects each identified it as old 
aluminium can beverage or glass bottle 
beverage (p<0.05). Therefore the group as a 
whole was unable to correctly identify 
packaging of beverages when served as blind 
samples. More importantly, to a significant 
degree, misidentifying of sample was the rule 
rather than the exception. 

When responses of subjects by gender were 
examined using Chi-Square analyses, no 
significant differences among female judges 
were demonstrated although female judges 
tended to be more discriminating than the male. 
More female subjects than male subjects fell in 
the frequent soft drink category. 

Therefore, Chi-Square analyses were done using 
the categories frequent soft drink consumers 
(>8/week), infrequent soft drink consumers 
(1-8/week), and other beverage preferers. There 
was no statistically significant difference 
between frequent soft drink consumers, 
infrequent soft drink consumers and other 
beverage preferrers in choice of most metallic 
and least metallic flavour. However, in the 
intermediate metallic flavour category, there 

was a statistically significant difference among 
the three beverage consumers (p<0.005). This 
indicated that the frequent soft drink 
consumers, infrequent soft drink consumers and 
other beverage consumers were able to identify 
the intermediate metallic flavour from the newly 
purchased aluminium can better than the 
beverage in the stored aluminium can or glass 
bottle. 

In conclusion, metallic flavour apparently is not 
a good indicator of aluminium concentration of 
soft drinks. Females consumed more carbonated 
soft drinks than males. In flavour evaluation 
tests, neither males nor females were able to 
identify the packaging material used for the 
beverage. The higher acceptability of aluminium 
canned carbonated beverages in comparison to 
glass bottled ones may be the result of the more 
common use currently of the type of packaging 
for carbonated soft drink beverages. 

Acknowledgement 

The research was funded by a grant from Ball 
State University. The researcher is sincerely 
grateful to Dr. Constance Kies (deceased), Dept. 
of Nutritional Science and Dietetics, University 
of Nebraska-Lincoln, NE for her advice and 
support. 

References 

1. USDA Human Nutrition Information 
Service. Nationwide Food Consumption 
Survey 1987-1988. Washington, D. C: U.S. 
Government Printing Office, 1992. 

2. U.S. Department of Commerce, Economics 
and Statistics Administration. Bureau of the 
Census. Statistical Abstract of the United 
States. Washington, D. C: U.S. Government 
Printing Office, 1991. 

3. Levandoski, RC. Alcoholic beverages feel 
capital pinch. Beverage Industry 1992, 
83:1-2. 

4. U.S. Department of Commerce, 
International Trade Administration. U.S. 
Industrial Outlook. Washington D.C.: U.S. 
Government Printing Office, 1992. 

The Ceylon Journal of Medical Science 



Soft drink student acceptance 23 

Vol. 38 No. 1, June 1995 

disease and experimental neurofibrillary 
degeneration. Science 1973; 180:511-513. 

13. Crapper DR, Krishnan SS, Quittkat S. 
Aluminium neurofibrillary degeneration 
and Alzeimer's disease. Brain 1976; 99: 67-
80. 

14. Crapper DR, DeBoni U. Aluminium in 
human brain disease - an overview. 
Neurotoxicology 1980; 1:3-16. 

15. Alfrey AC. Aluminium metabolism in 
uremia. Neurotoxicology 1980; 1:43-53. 

16. Parkinson IS, Ward MK, Feest TG. 
Fracturing dialysis osteodystrophy and 
dialysis encephalopathy. Lancet 1979; 1: 
406-409. 

17. Kinoshita H, Kumaki K, Nakano H. Plasma 
aluminium levels of patients on long term 
sucralfate therapy. Research Communications 
in Chemical Pathology and Pharmacology 
1982; 35:515-520. 

18. Smeyers-Verbeke J, Verbeelen D, Massart 
DL. The determination of aluminium in 
biological fluids by means of graphite 
furnace atomic absorption spectrometry. 
Clinical Chemistry Acta 1980; 108:67-70. 

19. Hoel PG. Introduction to Mathematical 
Statistics. New York; Wiley 1984; 338-342. 

5. Farlander L, Oman B. The rise to number 
one. Beverage World 1987; 106:104-105. 

6. Severus H. Aluminium in Food and 
Environment: The use of aluminium 
especially as packaging material in the food 
industry. London: Academic Press 1988; pp 
88-101. 

7. Koning JH. Aluminium pots as a source of 
dietary aluminium. New England Journal 
of Medicine 1981; 303:172-175. 

8. Lione A, Allen PV, Smith JC. Aluminium 
coffee percolators as a source of dietary 
aluminium. Food and Chemical Toxicology 
1984;22:265-268. 

9. Greger JL. Aluminium content of the 
American diet. Food Technology 1985; 73: 
73-80. 

10. Greger JL, Goetz W, Sullivan D. Aluminium 
levels in food cooked and stored in 
aluminium pans, trays and foil. Journal of 
Food Protection 1985; 48:772-777. 

11. Pearl DP, Broady AR. Alzheimer's disease: 
X-ray spectrometric evidence of aluminium 
accumulation in neurofibrilary tangle-
bearing neurons. Science 1980; 208:297-299. 

12. Crapper DR, Krishnan SS, Dalton AJ. Brain 
aluminium distribution in Alzheimer's 


