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Retinol, Total Carotenoids, &Carotene, and Tocopherols in Total Diets 
of Male Adolescents in The Netherlands 
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Division of Nutrition and Food Research TNO, CIVO Institutes, Zeist, The Netherlands 

Over a period of 2.5 years, every 3 months 221 different food items forming a “market basket” were 
purchased, prepared, and divided into 23 food commodity groups. The market basket was based on 
a study of the dietary intake of 18-year-old males. In the (homogenized) food groups vitamin A, 0- 
carotene, and total carotenoids as well as CY-, 0-, y- and &tocopherol were determined by chemical 
analysis. The  analyzed total daily amount of vitamin A (1481 retinol equivalents or 4937 IU) can be 
considered as more than sufficient when compared to Dutch recommendations for male adolescents. 
Also the vitamin E intake (22.4 IU) meets the requirements. The group meat and meat products 
shows the highest contribution to the daily amount of retinol (37%); for the carotenoids, the groups 
leafy vegetables and root vegetables are the most important sources. The group butter, margarine, 
oils is the most important source for the average daily supply of all analyzed tocopherols (32-49% 
contribution). Regarding seasonality, highest daily amounts of most vitamins were observed in the 
months November/December, while lowest daily intakes seem applicable in May. 

During the period 1976-1978 the first total diet study 
in The  Netherlands with the market basket approach was 
carried out (van Dokkum et al., 1982; de Vos et  al., 1984). 

The  aim of total diet studies is to monitor the expo- 
sure to additives and contaminants through habitual diets 
and to estimate the health risk for the consumer, by com- 
paring the actual, analyzed contents with the acceptable 
daily intake (ADI) as established by FAO/ WHO. 

Total diet studies as defined and recommended by the 
FAO/WHO (WHO, 1976, 1985) are also well suited for 
evaluating the nutritional quality of well-defined diets 
(EuroNut, 1988). 

0021-8561 I901 1438-021 1 $02.50/0 

In t h e  1976-1978 study, of all vitamins only CY- 

tocopherol was determined; the present study was designed 
to include other fat-soluble vitamins as well. 

In this paper we report results of the second total diet 
study, carried out in 1984-1986, regarding vitamins A 
and E. In this study the approach of a “market basket” 
survey was chosen, based on a dietary intake by a defined 
population group. The composition of the diet analyzed 
comprised the average total diet of 18-year-old males. 
This group probably has the highest food consumption 
as compared to other age categories and consequently is 
likely to have the highest intake of additives and con- 
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Table I. Market Basket of 18-Year-Old Males (g/Day) 

lo- 

van Dokkum et al. 

A 
a l A I A  

@-@/ 

main sub- 
food group group groups 

1 
1A 
1B 
1c 
2 
2A 
2B 
3 
3A 
3B 
3 c  
4 
5 
6 
6A 
6B 
7 
7A 
7B 
8 
9 
9A 
9B 
10 
10A 
10B 
11 
12 
12A 
12B 

cereal products 
bread 
biscuits 
rice, macaroni, etc. 
potatoes and potato products 
potatoes 
potato products 
vegetables 
leafy vegetables 
other vegetables 
soups 
root vegetables 
legumes 
fruits 
fresh fruits 
canned fruits and fruit juices 
meat, poultry, eggs 
meat and meat products 
poultry and eggs 
fish 
milk and dairy products 
milk 
milk products and dairy products 
oils and fats 
butter, margarine, oils 
nuts 
sugar and sweets 
drinks and drinking-water 
drinks 
drinking-water 
misc group (noodles, pizza, etc.) 

329 
249 
48 
32 

260 
230 
30 

61 
33 

116 

210 

16 
18 

256 
130 
126 

108 
33 

141 

9 
602 

316 
286 

64 
11 

75 

78 
1617 

1257 
360 

20 

taminants, the initial rationale to perform total diet stud- 
ies. 

MATERIALS AND METHODS 

In 1982 and 1983 the food consumption of 187 18-year-old 
males was surveyed (dietary history method with emphasis on 
the food consumption over the previous 14 days). The data 
obtained resulted in a total diet consisting of 426 food prod- 
ucts. Only food items that contributed by more than 0.02% 
(by weight) to the total diet were incorporated in the final mar- 
ket basket. To this end, various products were aggregated into 
groups of similar food items on the basis of food type and nutri- 
ent content. Finally, 221 food products formed the market bas- 
ket of the present study. These products contributed about 
98% to the weight and energy content of the average total diet 
of male adolescents. 

During a period of 2'/, years (1984-1986), every 3 months 
the complete set of (221) foods was purchased in Zeist, a town 
of 60 000 inhabitants, in the center of The Netherlands. The 
sites of purchase were varied, a wide variety of product brands 
was chosen, and seasonal variation in the consumption of fruits 
and vegetables was taken into account. In this way 10 sam- 
plings (market baskets) were collected in the period men- 
tioned. 

The various food items were prepared in the way they would 
normally be served and eaten. Cleaning and cooking were car- 
ried out according to standard procedures and supervised by a 
dietitian. After preparation, the foods were combined into 23 
commodity classes, representing the basic 2-week diet of 18- 
year-old males. Foods in each of these 23 groups were homog- 
enized and frozen at -20 "C. 

Samples from each mixture were analyzed for the presence 
of retinol, total carotenoids, p-carotene, and four tocopherols 
(a, 6,  7 ,  6 ) .  Table I shows the composition of the market bas- 
ket divided into the 23 commodity groups. 

ANALYTICAL PROCEDURES 
Vitamin A was determined in all groups in which food items 

of animal origin were incorporated. The vitamin A concentra- 
tion (total all-trans-retinol = retinol + esters) was analyzed by 

lUlg 

25 1 
0-0 butter. margarine etc 
0-0 meatimeat products 
A - A  milkidairy products 

A-b-A-A-A/ 

0 ,  1 

0 1 2  3 4 5 6 7 8 9 10 
May December May November May 

August February August February August 

1984 1985 1986 
P - ___1 

Figure 1. Seasonal differences of the retinol content in the 
three core food groups of the market basket of 18-year-old males. 
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0-0 leafy vegetables 
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Table 11. Mean Concentrations and Ranges of Compounds in 23 Food Groups Forming the Average Total Daily Diet of 
18-Year-Old Males 

A. Retinol, Total Carotenoids, and @-Carotene 

ErOUD' mean range mean range mean range 
food retinol, IU/g total carotenoids, pg/g P-carotene, p g / g  

1A 
1B 
1c 
2A 
2B 
3A 
3B 
3 c  
4 
5 
6A 
6B 
7A 
7B 
8 
9A 
9B 
10A 
10B 
11 
12A 
12B 
misc 

0.03 
2.29 
0.08 
0 
0.01 
0 
0 
0 
0 
0 
0 
0 
8.68 
2.46 
5.79 
0.85 
1.56 

16.70 
0 
0.20 
0.02 
0 
0.32 

0 . 2  
1.1-3.5 
0 . 7  
0 
0 . 1  
0 
0 
0 
0 
0 
0 
0 
4.90-17.4 
1.60-3.3 
1.50-16.0 
0.60-1.1 
1.00-2.1 
7.40-19.5 
0 
0 . 8  
0 . 2  
0 
0 . 5  

0.60 
1.81 
0.66 
0.75 
5.23 

34.40 
9.73 
2.89 

33.50 
11.60 
5.46 
2.40 
1.11 
5.36 
1.02 
0.19 
0.44 
5.95 
0.99 
0.25 
0.07 
0 
3.98 

0.30-1.0 
1.1-2.7 
0.4-1.1 
0.2-1.0 
1.5-11.0 
22.6-42.6 
1.7-18.8 
0.6-5.1 
22.9-54.0 
9.5-14.1 

1.6-3.2 
0.5-1.9 

0.4-2.4 

3.0-8.7 

4.2-6.9 

0.1-0.4 
0.2-0.6 
3.6-7.0 
0.2-2.2 
0 . 5  
0 . 3  
0 
2.5-7.6 

0.01 
0.36 
0.02 
0.01 
0.22 
5.70 
2.00 
0.77 

20.30 
2.03 
0.28 
0.19 
0.35 
0.10 
0.19 
0.12 
0.32 
3.37 
0.07 
0.04 
0.01 
0 
0.42 

0.06 
0.1-0.6 
0 . 1  
0 . 1  
0 . 8  
3.8-8.2 
1.3-2.9 
0.1-1.6 
9.6-32.2 
1.4-2.7 
0.2-0.4 
0 . 3  
0 . 7  
0 . 2  
0 . 3  
0 . 3  
0.2-0.5 
0.6-5.1 
0 . 2  
0 . 1  
0 . 1  
0 
0.2-0.9 

B. Tocopherols 
food a-tocopherol, pg/g 8-tocopherol, pg/g y-tocopherol, p g / g  &tocopherol, p g / g  

group' mean range mean range mean range mean range 
1A 2.59 1.5-5.4 1.18 0-3.1 
1B 17.00 14.0-19.8 1.45 0.8-2.2 
1c 1.13 0-2.3 0.31 0 . 5  
2A 0.65 0-1.2 0 0 
2B 12.40 5.8-24.0 1.76 0.6-5.7 
3A 8.88 5.5-11.6 0.04 0 . 3  
3B 4.30 3.3-6.1 0.03 0 . 2  
3 c  1.92 1.3-3.2 0.05 0 . 4  
4 6.58 3.2-12.5 0.04 0 . 4  
5 1.24 1.0-1.4 0 0 
6A 3.37 2.1-5.5 0.10 0 . 4  
6B 2.83 2.4-3.2 0.02 0 . 2  
7A 11.30 2.7-20.3 0.94 0-2.0 
7B 17.70 11.3-22.6 0.42 0 . 9  
8 32.70 18.9-65.3 0.52 0-1.2 
9A 1.39 0.3-6.5 0.03 0 . 2  
9B 2.36 1.6-4.0 0.01 0 . 1  
10A 108.00 84.5-136.7 7.03 0-14.5 
10B 78.80 12.0-120.0 3.79 0-6.7 
11 3.03 1.9-3.8 0.12 0 . 5  
12A 0.21 0-1.0 0.05 0 . 5  
12B 0 0 0 0 
misc 5.16 1.9-9.6 0.33 0.2-0.5 

' The code numbers refer to the food groups as mentioned in Table I. 

was concentrated for analysis); the limit of quantitation was 
about 0.30 IU/g of food. 

The amounts of total carotenoids and of @-carotene were 
determined according to Speek et al. (1986) by colorimetry and 
HPLC, respectively. Saponification and extraction of samples 
were carried out as described above for vitamin A. The diiso- 
propyl ether extract was evaporated by vacuum rotation. The 
residue was dissolved in the HPLC eluents. Recovery tests were 
carried out for added @-carotene. The average recovery of added 
8-carotene in HPLC analysis was 96.9% (range 68-126%; n = 
210). 

In the colorimetric analysis of total carotenoids, the recov- 
ery of the same added 8-carotene was 98.6% (range 81-126%; 
n = 204). 

The detection limit was about 0.05 pg of 8-carotenelg of food; 
the limit of reliable quantitation was 0.20 pg of P-carotenelg of 
food for the HPLC determination of @-carotene and about 0.10 
pg of P-carotene/g of food for the colorimetric analysis of total 
carotenoids. 

8.44 
19.30 
1.69 
0.02 

34.70 
4.63 
2.99 
1.06 
2.22 

19.20 
0.15 
0.10 

15.50 
12.70 
21.10 
0.85 
0.23 

187.0 
135.0 

9.16 
0 
0 
6.28 

5.6-12.6 
3.1-34.2 
0.5-3.4 
0 . 2  
11.1-62.0 
2.0-8.2 
0-3.9 
0.7-1.4 
0-4.8 
15.1-25.0 
0 . 5  
0 . 3  
0.7-30.6 
6.0-19.4 
7.1-33.0 
0-8.0 
0-1.0 
99.2-313 
74.8-177 
7.0-11.8 
0 
0 
1.9-12.4 

0.15 
5.36 
0.56 
0 

20.80 
0.38 
0.22 
0.07 
0.52 
0.69 
0 
0.06 
6.87 
2.88 
6.96 
0.31 
0.25 

52.90 
23.30 

1.48 
0 
0 
1.82 

0 . 5  
2.2-10.5 
0-3.0 
0 
8.6-34.3 
0-1.4 
0 . 6  
0 . 5  
0-1.9 
0.4-1.5 
0 
0-0.3 
1.1-15.4 
0-6.2 
1.1-17.4 
0-1.9 
0-1.9 
21.7-148.0 
8.5-34.6 
0.9-2.9 
0 
0 
0.8-4.0 

The various tocopherols were analyzed according to Speek 
et al. (1985). The concentration of vitamin E in the extract 
was brought to ca. 10 pg/mL by dilution in n-hexane or by vac- 
uum rotation evaporation followed by dissolution of the extract 
in n-hexane. 

Recovery tests were performed by addition of a-tocopheryl 
acetate. The average recovery of added acetate was 98.9% (range 
84-113%; n = 218). No recovery tests were carried out for the 
other tocopherols. The detection limit was about 0.10 pg of 
tocopherol/g of food; the limit of reliable quantitation was about 
1.0 pg of tocopherol/g of food. The total vitamin A activity of 
a food sample was calculated from retinol, total carotenoids, 
and 8-carotene contents as indicated in the legend to Table 111. 
Conversion factors for the various tocopherols are indicated as 
well. 
RESULTS AND DISCUSSION 

Table I1 gives the mean concentration and the range 
of retinol, total carotenoids, &carotene, and tocopherols 
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45 - 

40 - 
35 - 

van Dokkum et al. 

Table 111. Vitamins A and E in Total Diets of Male 
Adolescents 

recommendations" 
vitamin total daily amt (range) (for male adolescents) 

carotenoids 6.09 mg (5.27-7.00) 3333 IU' 
vitamin A 2880 IU (2090-4120) 

@carotene 1310 pg (700-1900) 

y-tocopherolb 19.1 mg (11.4-25.7) (l" ''Ig 

a-tocopherolb 13.9 mg (10.4-17.1) 
P-tocopherol* 1.05 mg (0.52-2.15) 

&tocopherol* 5.10 mg (2.43-9.94) 

' Provisional recommendations (Dutch Nutrition Council, to be 
published). * Calculated as acetate. 1 RE (retinol equivalent) is 
defined as 1 pg of all-tram-retinol, which is equivalent to IU 
of vitamin A. The mean daily value for all-tram-retinol is 2880 IU 
of vitamin A (864 RE). The conversion factor is for @-carotene 
and for the other carotenoids analyzed, which means that 6 pg 
of P-carotene and 12 pg of the other carotenoids are equivalent to 
1 RE. From this it can be calculated that 1310 pg of @-carotene 
and 4780 (6090 - 1310) pg of the other carotenoids together are 
equivalent to 617 RE or 2056 IU of vitamin A [6090 - 1310]/12 + 
1310/6 = 617 RE = 617/0.3 = 2056 IU of vitamin A. The total 
mean daily amount is thus 864 + 617 = 1481 RE (=4937 IU of 
vitamin A). 1 IU of vitamin E is defined as 1 mg of (dl)-a-toco- 
pheryl acetate = 0.74 mg of (d)-a-tocopheryl acetate = 1.47 mg of 
(4-6-tocopheryl acetate = 7.14 mg of (d)-y-tocopheryl acetate = 
20 mg of (d)-6-tocopheryl acetate. Assuming that all tocopherols 
present in the foods would have the d structure, it can be calcu- 
lated that average vitamin E intake is 22.43 IU/day: 13.90/0.74 + 
1.05/1.47 + 19.10/7.14 + 5.10/20.00 = 22.43 IU of vitamin E. 

16 IUd 
1 
1 25 

0-0 lealy vegetables 
0-0 root vegetables 
A-A butter, margarine etc 

\ 
10 l 5  1 

0 1 2  3 4 5 6 7 8 9 10 
May December May November May 

August February August February August 

1984 1985 1986 
___5_ _c_c ___2_ 

Figure 3. Seasonal differences of the 0-carotene content in 
the three core food groups of the market basket of 18-year-old 
males. 

9 
l i  g/ 

350 1 
0-0 n -  tocopherol 
0-0 Y - tocopherol 
&-A 6 .  tocopherol 

, 
0 1 2  3 4 5 6 7 8 9 10 

May December May November May 
August February August February August 

1984 1985 1986 
_c_z_ c__ P 

Figure 4. Seasonal differences of the a-,.y-, and &tocopherol 
contents in the group butter, margarine, oils of the market bas- 
ket of 18-year-old males. 

9 
11 g/ 

35 
40 1 0-0 a- tocopherol 

0-0 Y- tocopherol 
A-A 6 .  tocopherol 

0 1 2  3 4 5 6 7 8 9 10 
May December May November May 

August February August February August - I_z_ 

1984 1985 1986 

Figure 5. Seasonal differences of the a-, 7-, and &tocopherol 
contents in the group meat and meat products of the market 
basket of 18-year-old males. 

in the 23 food groups. The range reflects the seasonal 
differences in vitamin content of the various food groups; 
seasonality of the concentration of the vitamins in the 
"core food groups" (those groups contributing most to 

Table IV. Three Food Groups with the Highest Percentage 
Contribution to the Total Amount of the Various Vitamins 
in the Average Diet of Male Adolescents 

vitamin A meat and meat products, 37%; butter, margarine, oils, 

carotenoids: leafy vegetables, 34%; fruits, 12%; root vegetables, 9% 
8-carotene: leafy vegetables, 26%; root vegetables, 25%; butter, 

a-tocopherol: butter, margarine, oils, 37% ;meat and meat products, 

8-tocopherol: butter, margarine, oils, 32% ; bread, 28%; meat and 

y-tocopherol: butter, margarine, oils, 46%; bread, 11 % ; meat and 

&tocopherol: butter, margarine, oils, 49%; meat and meat products, 

28%; dairy products, 16% 

margarine, oils, 12% 

10%; nuts, 6% 

meat products, 11 % 

meat products, 10% 

17%; potato products, 12% 

the daily "intake" of the vitamins) is reflected in Figures 

The total daily amounts of the various vitamins in the 
average diet of male adolescents are presented in Table 
111. For each of the 10 total diet samplings, these values 
were calculated from the concentrations of the vitamin 
contents in the various food groups and the daily amounts 
of those groups in the total diet as mentioned in Table 
I. In Table I11 the mean value of the 10 samplings and 
the range are given, as well as the Dutch recommenda- 
tions for daily dietary intake of the vitamins analyzed. 
For each vitamin the three food groups with the highest 
contribution to the total daily intake are presented in 
Table IV. For all analyzed vitamins, seasonality with 
respect to the total daily amounts is shown in Figures 6 
and 7 .  

As could be expected, high concentrations of vitamin 
A were found in the food groups meat and meat prod- 
ucts and butter, margarine, oils. The contribution of both 
food groups to the daily amount of vitamin A is high. 
Despite a low concentration of vitamin A in the group 
milk products and dairy products, the significance of this 
group for the daily supply of vitamin A is not to be 

1-5. 
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Figure 6. Daily amounts of retinol, total carotenoids, and p- 
carotene in the average diet of 18-year-old males over a period 
of 2.5 years. 

neglected. The high content of total carotenoids in the 
group leafy vegetables results in a similarly high contri- 
bution to  the mean daily amount of carotenoids. In spite 
of a high content of these provitamin A compounds, the 
group root vegetables does not contribute substantially 
to the daily amount of carotenoids. 

The groups root vegetables, leafy vegetables, and but- 
ter, margarine, oils contribute together more than 60% 
to the total daily amount of @-carotene. The other foo 
groups are of minor importance for the daily 0-carotene 

The group butter, margarine, oils is the most impor- 
tan t  one for the total daily intake of the four toco- 
pherols analyzed (a, 0, y, 6). The contents of these vita- 
min E active compounds are highest in this food group. 

The group meat and meat products contributes 10- 
17% to the daily amount of tocopherol. The high con- 
tribution of the group bread to the daily @-tocopherol 
supply is remarkable. As the consumption of nuts by 
the group of male adolescents is limited, the contribu- 
tion of this group to the total daily amount of the vari- 
ous tocopherols is low in spite of the high contents found. 

For most analyses the mean and median values are in 
good agreement. The range in the contents found is sub- 
stantial for the group of tocopherols, particularly in the 
food groups potato products, biscuits, meat and meat prod- 
ucts, fish, butter, margarine, oils, and nuts. This may 
be explained by the use of different types of oils and fats 
during (industrial) food manufacturing as well as by sea- 

supply. 
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Figure 7. Daily amounts of tocopherols in the average diet of 
18-year-old males over a period of 2.5 years. 

sonal influences. However, from Figures 1-5 no clear sea- 
sonal influence on the contents of the vitamins in the 
core food groups could be observed. High concentra- 
tions of vitamin A in, e.g. meatlmeat products, in the 
winter season 1984/1985 were not so obvious in 1985/ 
1986. The high concentrations of y- and &tocopherol in 
the group butter, margarine, oils in December 1984, were 
not observed in November 1985. A random variation of 
the vitamin concentrations in time seems therefore more 
applicable than a seasonal influence. 

The Dutch recommended daily intake of vitamin A for 
male adolescents is 1000 retinol equivalents (RE): 1 RE 
= 1.00 pg of all-trans-retinol, which is 3.33 IU of vita- 
min A. On the basis of the conversion factors for total 
carotenoids and @-carotene (see Table III), i t  can be cal- 
culated that the average daily intake of vitamin A is 1481 
RE (4937 IU). Approximately 60% (864 RE) originated 
from all-trans-retinol and about 40% from the provita- 
min A carotenoids. I t  can be concluded that the recom- 
mendation for vitamin A is almost met by the contribu- 
tion of all-trans-retinol alone. The  Dutch recommenda- 
tion for vitamin E for male adul ts  is 1.0 IU/g  of 
polyunsaturated fatty acids (PUFA). Since the total 
amount of PUFA in the total diet of male adolescents is 
approximately 16 g/day (to be published), the recom- 
mended daily intake of vitamin E is 16 IU. Taking the 
various conversion factors for the tocopherols into account 
(see Table 111), it can be calculated that the mean daily 
amount of vitamin E is approximately 22 IU, which means 
that the recommendation is met. More than 40% of this 
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daily amount of vitamin E originates from the group but- 
ter, margarine, oils, particularly from vegetable oils. 

Although seasonality with respect to vitamin concen- 
trations does not seem so obvious, Figures 6 and 7 show 
that, for most vitamins analyzed, highest daily amounts 
could be observed in November/December, while the daily 
intakes were lowest in May. But even when the lowest 
daily amounts of all vitamins are used to calculate total 
vitamin A or vitamin E intake, the recommendations for 
male adolescents are met. 

In conclusion, the amounts of both vitamin A (or retinol 
equivalents) and vitamin E analyzed in total diets of Dutch 
male adolescents can be regarded as more than suffi- 
cient. For vitamin A, the group meat and meat prod- 
ucts is the most important one for daily supply, for car- 
otenoids the groups leafy vegetables and root vegetables 
are the most important sources, and the group butter, 
margarine, oils is the most important source for the daily 
vitamin E intake. A group of male adolescents formed 
the basis for our total diet study. For other age catego- 
ries, consuming less food, or for groups or individuals 
with a more extreme dietary pattern, conclusions may 
diverge from ours. At present, a third total diet study is 
carried out, in which individual food products are ana- 
lyzed rather than food groups. This approach will enable 
us to evaluate the quality of dietary food intake of any 
population group if their food consumption pattern (or 
market basket) is known. 

Registry No. Vitamin A, 68-26-8; @-carotene, 7235-40-7; a- 
tocopherol, 59-02-9; @-tocopherol, 148-03-8; y-tocopherol, 7616- 
22-0; 6-tocopherol, 119-13- 1. 
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Extraction and Analysis of Volatile Compounds in White Wines Using 
Amberlite XAD-2 Resin and Capillary Gas Chromatography 

Charles G. Edwards*,+ and Robert B. Bee lmad  

Irrigated Agriculture Research and Extension Center, Washington State University, 
Prosser, Washington 99350, and Department of Food Science, 111 Borland Laboratory, 

The Pennsylvania State University, University Park, Pennsylvania 16802 

A rapid and simplified technique for the analysis of major volatile compounds in wines has been 
developed by modification of a previously published procedure for beer analysis. Modifications include 
adjustment of the alcohol content of standards and samples to  10% (v/v) ethanol, use of larger sam- 
ple size, use of two internal standards, and employment of a newly developed capillary column with 
a modified poly(ethy1ene glycol) stationary phase. Relative recoveries of higher alcohols, esters, and 
medium-chain fatty acids extracted from a white wine ranged from 90 to 114%. Precision, as mea- 
sured by coefficients of variation, were less than 5% with the exceptions of isobutyl alcohol (22%) 
and decanoic acid (9%). Analysis of white wines fermented with and without insoluble grape solids 
and/or yeast ghosts revealed differences in the concentration of higher alcohols, esters, and medium- 
chain fatty acids in the bottled wines. 

various techniques for the extraction and analysis of 
volatile compounds in wines have included using extrac- 
tion solvents such as carbon disulfide or Freon (SnY- 
many 1977; Nelson and Acre% 1978; Mar& and Hout- 

man, 1979) or have used other solvents or procedures (Cobb 
et  ale, 1978; Usseglio-Tomasset and Di Skf-0, 1981; 
Simpson and M&r, 1984; Shinohma, 1985; Baumes e t  al., 
1986). Although widely used for analysis of volatiles, these 
methods often require several hours for extraction and 
analysis of one wine sample, a major disadvantage to their 
use. Recently, a technique for analysis of volatile 
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