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Carotenoid Content of Thermally Processed Tomato-Based Food 
Products 
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Tomato-based food products such as tomato paste, tomato sauce, and tomato-based soups are rich 
in carotenoid compounds and are frequently consumed in the United States. Foods such as these, 
which are high in carotenoid content, are of interest because of the demonstrated association between 
consumption of fruits and vegetables and reduced risk of lung and other epithelial cancers in humans. 
Limited analytical data on the carotenoid content of tomato-based products are available in food 
tables and data bases; however, they are usually reported only in terms of vitamin A activity. In 
this study name-brand and store-brand tomato-based food products purchased in three major US.  
cities were extracted and carotenoids were individually identified and quantified by reversed-phase 
HPLC according to methodology developed in our laboratory. The carotenoids that were detected 
and quantified included lycopene, lycopene-5,6-diol, lutein, a-, p-, y-,  and c-carotenes, neurosporene, 
phytoene, and phytofluene. As expected, lycopene was the most abundant carotenoid, ranging in 
concentration from 0.3 mg/100 g in vegetable beef soup to 55 mg/100 g in tomato paste. The 
concentration ofp-carotene ranged from 0.23 mg/100 g in tomato soup to 1.51 mg/100 g in vegetable 
beef soup. Lutein was found at very low concentrations (less than 0.2 mg/100 g) in all products 
analyzed except tomato paste, which contained 0.34 g/lOO g. 

Keywords: Lycopene; tomatoes; carotenoids; cancer; HPLC; antioxidant 

INTRODUCTION 

Epidemiological studies have shown that an increased 
consumption of fruits (including tomatoes) and veg- 
etables is associated with a reduced risk of lung and 
other epithelial cancers (Shekelle et al., 1981; Kvale et 
al., 1983; Le Marchand et al., 1989; Micozzi, 1989; 
Micozzi et al., 1990). Many fruits and vegetables have 
high concentrations of carotenoid compounds. Caro- 
tenoids are known to have antioxidant activity by 
quenching free radicals and singlet oxygen (Sies et al., 
1992). Antioxidant functions are associated with lower- 
ing DNA damage, malignant transformations, and other 
parameters of cell damage in vitro (Sies et al., 1992). 
The ability of carotenoids to function as antioxidants 
may contribute to a reduction in disease risk (Colditz 
et al., 1985; Ziegler et al., 1986; Ziegler, 1989; Graham 
et al., 1990; Sies et al., 1992). Carrots, tomatoes, and 
green vegetables (Le. spinach, kale, broccoli, and green 
beans) are examples of excellent sources of carotenoid 
compounds and are considered to be important con- 
tributors of carotenoids to the human diet. 

Recently, interest in consumption of carotenoid-rich 
foods and in reduced cancer risk has led to further 
research to determine carotenoid content of foods fre- 
quently consumed by people in the United States. A 
data base was developed by the U.S. Department of 
Agriculture (USDA) and the National Cancer Institute 
(NCI) (Mangels et al., 1993) which contains carotenoid 
values obtained from the scientific literature for 120 
individual foods. The data base contains median values 
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for five carotenoids (a- and p-carotenes, lycopene, lutein, 
and P-cryptoxanthin) in foods. Data were evaluated 
according to an artificial intelligence system known as 
CAREX and were given a confidence code indicating 
reliability of each value. Carotenoid values for the 120 
individual foods were then used to estimate the caro- 
tenoid content of over 2400 foods (Chug-Ahuja et al., 
1993) which are listed in the USDA Survey Nutrient 
Data Base Recipe File. This file provides the basis for 
the food composition data base used to calculate dietary 
intake of nutrients for both the USDA Surveys of food 
consumption and the National Health and Nutrition 
Examination Survey (NHANES) of diet and health. The 
foods listed in the recipe file include fruits, vegetables, 
and multicomponent foods containing fruits and veg- 
etables. 

During the development of the CAREX data base 
commercial products such as tomato-based soups con- 
taining vegetables and other tomato-based products 
(tomato paste, sauce, catsup, etc.) were identified as 
important candidates for carotenoid analysis. These 
analyses were necessary because of the lack of available 
carotenoid data, the lack of formulations or recipes, and 
the high frequency of consumption of these foods in the 
United States. 

The objectives of this study were to (1) identify and 
quantify carotenoid compounds in frequently consumed 
commercially processed tomato-based food products 
from three major population centers in the United 
States (New York, Chicago, and San Francisco) and (2) 
examine results for relationships between carotenoid 
content and brand of product (name brand vs store 
brand) and geographic location. 
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MATERIALS AND METHODS 

Food Product Sampling. Name-brand and store-brand 
tomato-based thermally processed foods (soups, whole toma- 
toes, catsup, spaghetti sauce, tomato paste, tomato sauce, 
tomato puree, tomato juice, and vegetable juice) were chosen 
for carotenoid analysis on the basis of frequency of consump- 
tion of these foods in the United States as estimated from the 
USDA Continuing Survey of Food Intake for Individuals, 1986, 
and sales volume data (Nielsen Scantrack Data, A. C. Nielsen 
Co., Northbrook, IL, 1990). Products were purchased from 
three U S .  cities (New York, Chicago, and San Francisco), 
which were chosen to represent three distinct regions of the 
United States (northeast, north-central, and west). These are 
major population centers within the United States with New 
York and Chicago ranking two and three in the nation, 
respectively (Market Scope, MacClean Hunter Media, Inc., 
Stamford, CT, 1993). Although Los Angeles is ranked as the 
no. 1 population center in the nation and San Francisco is 
ranked as no. 29, San Francisco was chosen to represent the 
western region of the United States. This was justified 
because product brand names and relative sales figures were 
similar for Los Angeles and San Francisco. Designated name- 
brand and store-brand products were purchased from the two 
grocery chains having the largest sales volume in each of the 
three cities. Analyses were performed on at least one name- 
brand and one store-brand product from each of the three 
cities. For example, at  least two units (cans) of tomato soup 
(name brand having the same lot number) and at  least two 
units (cans) of tomato soup (store brand having the same lot 
number) were obtained from each of the three cities (New York, 
Chicago, and San Francisco). Name-brand or store-brand 
products having the same lot numbers were combined, from 
which aliquots were taken for extraction. The six samples 
(name brand from each of the three cities and store brand from 
each of the three cities) were extracted and analyzed for 
carotenoids. This sampling scheme was repeated for each of 
the tomato products. Tomato puree and vegetable juice were 
the two exceptions. Sales volume data for all brands of tomato 
puree were similar, and the total sales for this product were 
low compared to  other products such as tomato paste; there- 
fore, a single composite of five brands for all of the cities was 
analyzed for carotenoid content. The sales volume data for 
one name brand of vegetable juice was much greater compared 
to all other name brands and store brands; therefore, only one 
brand of vegetable juice from each of the three cities was 
analyzed. 

Reagents. HPLC grade solvents [tetrahydrofuran (THF), 
methylene chloride, acetonitrile, methanol, and hexane; Bur- 
dick & Jackson, Baxter Healthcare Corp., Muskegon, MI] were 
used without further purification. The THF was stabilized 
with 0.01% butylated hydroxytoluene (BHT; Fluka Chemical 
Corp., Ronkonkoma, NY). The methylene chloride contained 
0.1% N,W-diisopropylethylamine (Aldrich Chemical Co., Mil- 
waukee, WI). 

The internal standard, P-apo-8'-carotenal (Fluka Chemical) 
was dissolved in methylene chloride, filtered through What- 
man No. 42 filter paper, and stored at  -20 "C until needed. 
The stock solution was regularly replaced with a fresh solution, 
as needed, and the purity of the internal standard was verified 
by HPLC and UV-vis spectroscopy. P-Apo-8'-carotenal was 
also injected as an external standard after every 10 sample 
injections to verify operation of the chromatographic instru- 
mentation. 

Extraction and Chromatography. The extraction pro- 
cedure was similar, with a few minor modifications, to a 
published procedure for extraction of carotenoids from toma- 
toes and tomato paste (Khachik et al., 199213). The extraction 
was carried out at  0 "C and under gold fluorescent lights. An 
appropriate amount of internal standard was added to  each 
food sample before extraction (Table 1) to indicate the extent 
of losses as a result of extraction and chromatography. 
Magnesium carbonate and Celite used as a filter aid (each at  
10% of the weight of the sample) were added, and the sample 
was blended for 20 min in an Omni Mixer with THF. The 
mixture was filtered through Whatman No. 1 filter paper on 
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Table 1. Quantity of Tomato-Based Product Extracted 
and Internal Standard Added before Extraction" 

tomato-based quantity P-apo-8'- 
product extracted (g) carotenal (mg) 

soups 
whole tomatoes 
catsup 
spaghetti sauce 
tomato paste 
tomato puree 
tomato juice 
vegetable juice 
tomato sauce 

300 
100 
100 
100 
50 

100 
200 
200 
50 

0.91 
0.91 
0.93 
0.88 
1.15 
0.85 
0.93 
0.93 
0.89 

a Final volume of extract = 50 mL in methylene chloride 

a Biichner funnel. The solid material was extracted two or 
three more times until it was devoid of reaorange color after 
filtering and the filtrate was colorless. The THF extracts were 
combined, and the volume was reduced by about two-thirds 
under vacuum at 35 "C on a rotary evaporator. Components 
of the combined extract were partitioned into methylene 
chloride (250 mL) and salt water (150 mL) in a separatory 
funnel. The organic layer was removed and washed with 
water (3 x 150 mL) containing sodium chloride. If color 
remained in the water layer, it  was washed with methylene 
chloride until carotenoids were completely removed. The 
methylene chloride layer containing carotenoids was dried over 
anhydrous sodium sulfate (powder) and filtered through 
Whatman No. 42 filter paper on a Biichner funnel. The 
volume of the filtrate was reduced under vacuum to ap- 
proximately 10 mL. Preliminary studies demonstrated that 
lycopene was lost if the solution was permitted to go to 
complete dryness (L.H.T., unpublished observations). The 10 
mL concentrated solution was quantitatively filtered through 
a 0.45 pm filter and the volume brought up to 50 mL in 
methylene chloride in a volumetric flask. Appropriate dilu- 
tions were made by transferring aliquots of this solution into 
HPLC injection solvent [acetonitrile (40%), methanol (20%), 
methylene chloride (20%), hexane (20%)]. Twenty microliters 
of the final dilution was injected onto the HPLC column. 

Conditions for the HPLC separations were the same as those 
reported by Khachik et al. (1992b) with a few exceptions. A 
stainless steel Microsorb-MV CIS column (25 cm length, 4.6 
mm id . ,  5 pm spherical particles; Rainin Instrument Co., Inc., 
Woburn, MA) was used. In addition, a column inlet filter (0.5 
pm, 3 mm i.d.1 was placed in front of the Brownlee CIS guard 
column. A Waters Model 990 photodiode array detector and 
Model 5200 printedplotter were used as the HPLC detection 
system. 

Calibration curves based on peak area were established for 
the internal standard and for each carotenoid and were used 
to determine concentration. The wavelength used for calibra- 
tion of standards and integration of peaks from sample 
extracts depended on the wavelength of optimum absorption 
for each carotenoid. Wavelengths other than the monitoring 
wavelength (450 nm) were accessible because of the diode 
array detection system. All carotenoids were quantified at  450 
nm with the exception of the following: lycopene at 470 nm, 
/3-cryptoxanthin at  445 nm, (-carotene at 400 nm, phytofluene 
at  350 nm, and phytoene at  290 nm. 

Establishment of a Control Sample. Aliquots from a 
single large pool of vegetable juice were stored at  -60 "C until 
needed. These were extracted and analyzed at the beginning, 
after every 10 sample extractions, and at  the end of the study 
to give an indication of the reproducibility of the laboratory 
technique over time. Vegetable juice was considered to be a 
suitable product for a control sample because it contained all 
of the carotenoids of interest in concentrations that could be 
easily measured. 

Statistical Analysis of Data. A mean value of carotenoid 
content (milligrams per 100 g) for each of the three cities (New 
York, Chicago, and San Francisco) was calculated for each 
carotenoid and for each product (name brand and store brand). 
A table containing individual values can be obtained by writing 
to  L.H.T. Analysis of variance (ANOVA) and the General 
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Figure 1. HPLC profile of carotenoids in an extract of tomato paste. For peak identification, see Table 4. HPLC conditions are 
described in the text. 

Linear Models (GLM) were used to test the effect of geographic 
region (city) and brand on p-carotene and lycopene mean 
values. Personal Computer Statistical Analysis Systems (SAS) 
version 6.04 was employed. 

RESULTS AND DISCUSSION 

Chromatographic Profiles, Recovery, and Sta- 
tistics. The chromatographic profile for tomato paste 
(Figure 1) and profiles of other tomato products (tomato 
soup, tomato juice, whole tomatoes, catsup, spaghetti 
sauce, tomato puree, and tomato sauce), which were 
devoid of green vegetable ingredients, were similar to 
the tomato paste profile reported by Khachik et al. 
(1992b). In the present study, concentrations of all of 
the detected carotenoids (p-, y - ,  and {-carotene, lutein, 
lycopene, neurosporene, phytoene, phytofluene, and 
lycopene-5,6-diol) were determined with the exception 
of the epoxides (lycopene 1,2-epoxide and lycopene 5,6- 
epoxide), which were present in the extracts but were 
not quanitified because their concentrations were low 
(peaks 4 and 5,  respectively, in Figure 1). Furthermore, 
the epoxides were not considered to be important to this 
study because they are not found in human plasma 

(Khachik et al., 1992a). Therefore, it is likely that the 
epoxides are not directly absorbed from the diet or, if 
absorbed, they do not remain intact. It was suggested 
by Khachik et al. (199213) that lycopene-5,6-diol (5,6- 
dihydroxy-5,6-dihydrolycopene, peak 2 in Figure 1) 
could be the result of acid-catalyzed ring opening of 
lycopene 5,6-epoxide in acidic tomatoes; however, its 
true origin remains uncertain. Lycopene-5,6-diol has 
also been identified in extracts of human plasma 
(Khachik et al., 1992a), and in this case may be the 
result of ring opening of lycopene 5,6-epoxide in the 
acidic stomach during digestion. 

The identification of 1,2-dimethoxyprolycopene (peak 
6 in Figure 1) is only tentative at the present time. 
Previously, the methoxylated lycopenes had been identi- 
fied by Khachik et al. (1992b). A more detailed struc- 
tural elucidation of the methoxylated lycopenes will be 
published elsewhere. 

A typical chromatographic profile for tomato-based 
food products that contained vegetables (vegetable beef 
soup, minestrone soup, vegetarian vegetable soup, and 
vegetable juice) is shown in Figure 2. These chromato- 
grams contained peaks that interfered with the quan- 
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Figure 2. HPLC profile of carotenoids in an  extract of vegetarian vegetable soup. For peak identification, see Table 4. HPLC 
conditions are described in the text. An expansion of the profile from 30 to 39 min is shown in the inset (A). Peak identifications 
are the same as in Table 4 except that the monitored wavelengths are 436,440,464,409, and 409 nm for peaks 9,10,11,12, and 
14, respectively, in the inset (A). 

itification of three carotenoids (neurosporene and y- and 
f-carotene). The identification of the interfering HPLC 
peaks, which are believed to be chlorophyll degradation 
products of the green vegetable ingredients in these 
foods, will be described later in this paper. 

The percent recovery of carotenoids after extraction 
and chromatography was determined by adding a 
known amount of the internal standard, ,B-apo-8'- 
carotenal, to each sample before extraction. Recovery 
of the internal standard was at  least 90% for all 
extractions. This suggests that the losses of carotenoids 
during the extraction procedure were minimal. 

The coefficients of variation (CV) of carotenoid con- 
centrations for the vegetable juice quality control sample 
(bottom of Table 2) indicated the reproducibility of the 
laboratory technique throughout this study. The coef- 
ficient of variation ranged from 4% for phytoene to 13% 
for lycopene-5,6-diol. 

The significance of the effects of product brand or 
geographic region from which samples were obtained 
was determined using statistical analysis. At the 95% 
confidence level, there was no significant effect on 

carotenoid (lycopene and p-carotene) values because of 
brand or geographic region. Therefore, mean carotenoid 
concentration values that appear in Tables 2 and 3 were 
calculated to include data for samples from the three 
cities and for both name-brand and store-brand prod- 
ucts. The only product for which analysis of the effect 
of brand or geographic region was not possible was 
vegetable beef soup. In this case store brands were 
available from only one city (New York). In addition, 
only one name brand of vegetable beef soup was 
analyzed from each of the three cities. As a result, 
insufficient data were available to perform statistical 
analysis of variance for this product. 

/3-Cryptoxanthin, a vitamin A active carotenoid that 
was of interest to USDA and NCI scientists who 
developed the CAREX data base, was not detected in 
any of the foods which were analyzed. This is consistent 
with the literature dealing with tomatoes or tomato- 
based foods (Curl, 1961; Zakaria et al., 1979; Daood et 
al., 1987; Tan, 1988; Heinonen et al., 1989; Khachik et 
al., 1992b). 

Carotenoid Values of Tomato-Based Foods. Val- 
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Table 3. Carotenoids (Milligrams per 100 g) in Whole Tomatoes, Catsup, Spaghetti Sauce, Tomato Paste, Tomato Puree, 
and Tomato Sauce 

sample @-carotene y-carotene c-carotene lutein lycopene neurosporene phytoene phytofluene lycopene-5,6-diol 
whole tomatoes 
mean f SD" 0.23 f 0.04 1.50 i 0.28 0.21 i 0.05 0.08 f 0.02 9.27 i 1.02 1.11 i 0.13 1.86 f 0.29 0.82 f 0.14 0.11 i 0.01 

NC 6 6 6 4 6 6 6 6 6 
CV,h % 20 19 25 32 11 11 16 17 11 

catsup 
mean i SD 0.59 i 0.12 3.03 i 1.25 0.33 f 0.05 ndd 17.23 i 2.18 2.63 i 0.73 3.39 f 0.38 1.54 5 0.18 0.18 f 0.05 
CV? % 21 41 17 13 28 11 12 28 
N 9 8 8 9 9 8 9 9 8 

spaghetti sauce 
mean f SD 0.44 A 0.07 3.02 f 0.42 0.34 i 0.07 0.16 f 0.04 15.99 i 0.90 3.15 f 0.90 2.77 i 0.66 1.56 i 0.53 0.17 i 0.03 
CV,b % 16 14 19 23 26 29 24 34 19 
N 9 9 9 9 9 9 9 9 9 

tomato paste 
mean f SD 1.27 A 0.24 9.98 i 1.15 0.84 f 0.08 0.34 i 0.11 55.45 i 4.33 6.95 i 0.84 8.36 i 0.80 3.63 f 0.38 0.44 5 0.08 
CV,b 9% 19 12 9 32 8 12 10 10 18 
N 9 9 9 9 9 9 9 9 9 

tomato puree 
mean 0.41 2.94 0.25 0.09 16.67 2.11 2.40 1.08 0.17 

tomato sauce 
mean f SD 0.45 i 0.13 3.17 A 0.64 0.29 f 0.03 tP 17.98 i 1.47 2.48 i 0.54 2.95 i 0.43 1.27 f 0.2 0.16 i 0.02 
CV,b % 29 20 12 8 22 15 16 14 
N 9 9 9 9 9 9 9 9 9 

e tr, trace, below 0.005 mg/100 g. 
a SD, standard deviation. * CV, coefficient of variation. N ,  number of values used to  calculate the mean and SD. nd, not detected. 

ues indicating carotenoid concentration [mean f stan- 
dard deviation (SD)I in extracts of tomato-based soups, 
tomato juice, and vegetable juice are listed in Table 2. 
Compared to other carotenoids, lycopene was detected 
in the highest concentration (1.48-10.92 mg/100 g) in 
all of the products except vegetable beef soup, which 
contained high levels ofp-carotene (1.51 mg/100 g). High 
concentrations of lycopene were expected (Klaui and 
Bauernfeind, 1981; Daood et al., 1987; Tan, 1988) 
because tomatoes or tomato paste was among the 
primary ingredients. Among the carotenoids that were 
identified, lycopene is the most efficient quencher of 
singlet oxygen (Di Mascio et al., 19901, which makes its 
presence in the diet of considerable interest. In the case 
of vegetable beef soup, according to the label, there is a 
greater amount of carrots compared to tomatoes. This 
probably accounts for the higher concentration of p-car- 
otene compared to lycopene in vegetable beef soup. 
,&Carotene values were also high in products such as 
vegetarian vegetable soup because of the presence of 
green, yellow, and orange vegetables, which are high 
in p-carotene. 

a-Carotene was detected in vegetable beef, min- 
estrone, and vegetarian vegetable soup as well as 
vegetable juice at concentrations of 0.46,0.21,0.41, and 
0.21 mg/100 g, respectively. Carrots contain approxi- 
mately 3.6 mg/100 g (Mangels et al., 1993) of a-carotene 
and were the likely contributors. Reconstituted carrot 
juice is the most likely contributor of a-carotene in 
vegetable juice. 

Phytoene, phytofluene, 5-carotene, and neurosporene 
are each part of a stepwise dehydrogenation in the 
conversion of phytoene into lycopene in higher plants 
(Goodwin, 1971) and therefore were expected to be 
present in extracts of tomato products. Phytoene, 
phytofluene, and lycopene were detected in extracts of 
all of the tomato-based products (Tables 2 and 3). 

Neurosporene, y-carotene, and <-carotene are present 
in all of the soups and in vegetable juice; however, they 

were not quantified from extracts of products containing 
vegetables (vegetable beef soup, minestrone soup, veg- 
etarian vegetable soup, and vegetable juice) because of 
the presence of pheophytins (degradation products of 
chlorophylls) in extracts of these products. Pheophytins 
from the green vegetable ingredients were extracted 
with the carotenoids and interfered with HPLC detec- 
tion of neurosporene, y-carotene, and [-carotene (Figure 
2, peaks 9-14). Pheophytins were identified from their 
absorption spectra (Goedheer, 1966). Under the chro- 
matographic conditions employed, these three caro- 
tenoids and pheophytins appeared as unresolved HPLC 
peaks which resulted in overlapping absorption spectra 
between 400 and 460 nm as determined by the photo- 
diode array detector. The HPLC peaks of pheophytins 
and the three carotenoids coeluted, making quantifica- 
tion of the carotenoids by peak integration inaccurate 
under these HPLC conditions. It has been shown that 
saponification of food extracts can remove the chloro- 
phylls, resulting in a much simpler chromatographic 
profile (Khachik et al., 1986). However, due to the 
partial loss of carotenoids as a result of this procedure 
(Khachik et al., 19861, saponification was not employed. 

In most cases ingredients listed on food labels were 
the same for similar name-brand and store-brand 
products. In the case of minestrone soup, however, 
ingredients were not identical and carotenoid values 
varied for the two types of products. Although analysis 
of variance did not detect any significant difference 
between carotenoid values for name-brand and store- 
brand minestrone soups, the coefficients of variation 
were quite high, ranging from 38% for phytoene to 56% 
for lycopene and a-carotene. Differences in ingredients 
for the two types of soups (name brand and store brand) 
could explain the variability in the data. 

Table 3 contains carotenoid concentrations for whole 
tomatoes, tomato catsup, spaghetti sauce, tomato paste, 
tomato puree, and tomato sauce. a-Carotene was not 
detected in any of these products, nor was it detected 
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Table 4. Absorption Maxima and HPLC Peak Identification of Carotenoids in Extracts of Tomato Paste and Vegetarian 
Vegetable Soup 
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HPLC peak carotenoid or chlorophyll monitored wavelength, nm U,,, nmlaab 
1 + 1' all-trans-lutein and cis-luteins 450 [424,446,473] 
2 5,6-dihydroxy-5,6-dihydrolycopene (lycopene-5,6-diol) 450 [432,453,4831 
3 P-apo-8'-carotenal (int std) 450 [4571 
4 lycopene 1,a-epoxide 450 [445,472, 5041 
5 lycopene 5,6-epoxide 450 [430,455, (484)l 
6 1,2-dimethoxyprolycopene (tentative identification) 450 [413,435,463] 
7 5,6-dimethoxy-5,6-dihydrolycopene 450 [430,455, (484)l 
8 lycopene 470 [446,473, 5041 
9 pheophytin b 450 [4361 
10 neurosporene 450 [(416), 440,4701 
11 y-carotene 450 [(440), 464,4941 
12 pheophytin a 450 [409] 
13 [-carotene 400 [380,400,4271 
14 pheophytin a isomer and 450 [4091 

<-carotene 450 [380,400,427] 
450 [425,448,4761 15 a-carotene 

16 + 16' all-trans-&carotene 450 [(430), 454,4801 
cis-p-carotene 450 [341,448,474] 

17 + 17' all-trans- or cis-phytofluene 350 [333, 350, 3681 
18 + 18' all-trans- or cis-phytoene 290 [2871 

a Determined in HPLC eluent employing the photodiode array detector (described in the text). Values in brackets represent points of 
inflection. 

in tomato soup or tomato juice (Table 2). This is 
consistent with results reported in at least five previous 
studies in which a-carotene was investigated in toma- 
toes or tomato products (Zakaria et al., 1979; Daood et 
al., 1987; Tan, 1988; Heinonen et al., 1989; Khachik et 
al., 1992b). There are, however, a t  least two reports of 
the presence of a-carotene in tomatoes. Padmavati et 
al. (1992) studied the effect of different cooking methods 
on the P-carotene content of vegetables. Their results 
show that a-carotene was detected at 2.78 mg/100 g in 
tomatoes. The method used to  detect a-carotene is not 
clearly stated and can only be assumed to be the same 
as the method used to detect P-carotene (column chro- 
matography followed by color intensity measurement at 
436 nm). At 436 nm it is possible that 5-carotene was 
mistakenly identified as a-carotene because both caro- 
tenoids absorb in this region of the visible spectrum. 
Bushway et al. (1986) reported a level of 258.9 pg/100 g 
of a-carotene in tomatoes using HPLC and detection at 
470 nm. At 470 nm [-carotene has minimal if any 
absorption; therefore, it is unlikely that the authors 
were detecting 5-carotene at this wavelength and mis- 
taking it for a-carotene. However, the detection of 
a-carotene in tomatoes, in both of these examples, may 
be due to the cultivar of tomatoes that was analyzed. 

Tomato paste, compared to  the other tomato products, 
contained the highest concentration of total carotenoids 
(87 mg/100 g). The higher concentration was due to the 
removal of water from tomatoes during processing to 
form the paste. 

Summary. This study provides essential data, not 
previously available, on carotenoid concentrations of 
single component and multicomponent tomato-based 
foods that are frequently consumed in the United States. 
The concentrations of four carotenoids (a- and @-car- 
otenes, lycopene, and lutein), which were entered into 
the USDA/NCI database, in conjunction with data from 
food consumption surveys, will allow the calculation of 
intake levels of individual carotenoids for nutrition and 
health-related dietary studies. This information in 
conjunction with the identification and quantification 
of other carotenoids ( y -  and <-carotenes, neurosporene, 
phytoene, phytofluene, and lycopene-5,6-diol) may prove 
to be important in the study of antioxidants and their 
role, acting individually or in concert, in diet and health. 
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