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Garotenoid content of fruits and
vegetahles: An evaluation of analytic data
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ABSTRACT: The test of the association between dietary
intake of specific carotenoids and disease incidence requires
the availability of accurate and current food composition data
for individual carotenoids. To generate a carotenoid database,
an artificial intelligence system was developed to evaluate
data for carotenoid content of food in five general categories,
namely, number of samples, analytic method, sample
handling, sampling plan, and analytic quality control. Within
these categories, criteria have been created to rate analytic
data for B-carotene, a-carotene, lutein, lycopene, and B-
cryptoxanthin in fruits and vegetables. These carotenoids are
also found in human blood. Following the evaluation of data,
acceptable values for each carotenoid in the foods were
combined to generate a database of 120 foods. The database
includes the food description; median, minimum, and
maximum values for the specific carotenoids in each food;
the number of acceptable values and their references; and a
confidence code, which is an indicator of the reliability of a
specific carotenoid value for a food. The carotenocid database
can be used to estimate the intake of specific carotenoids in
order to examine the association between dietary carotenoids
and disease incidence. J Am Diet Assoc. 1993; 93:284-296.
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n numerous epidemiologic studies, an increased intake of

fruits and vegetables is associated with a reduced risk of

lung and other epithelial cancers (1-10). The odds ratios of

lung cancer are higher among subjects with lower (vs
higher) intakes of carrots, tomatoes, and dark-green vegetables,
which are foods rich in specific carotenoids (4,5,11). Thus,
consumption patterns of foods rich in carotenoids, such as
lycopene, lutein, and B-carctene, need to be examined with a
food composition database of specific carotenoid values. Food
composition tables in current use provide data on total vitamin-
A activity (eg, reference 12) or total carotenoid content (eg,
reference 13) of foods. In the past, carotenoids were viewed
primarily as vitamin-A precursors so analytic efforts centered
on carotenoids with provitamin-A activity (14).

In addition to lacking data for individual carotenoids, most
food composition tables contain carotenoid data generated by
procedures similar to the official methods of the Association
of Official Analytical Chemists (AOAC). These procedures, as
described by Beecher and Khachik (15), quantify total carot-
enoid rather than individual carotenoids and tend to overesti-
mate total carotenoid content and, subsequently, vitamin-A
activity of plant foods (16). Although a few food tables express
carotenoid data on a weight basis (micrograms per 100 g),
most present carotenoid content of fruits and vegetables as
international units, retinol equivalents, or B-carotene equiva-
lents (15). The recent use of high-performance liquid chro-
matography (HPLC) for the separation and quantification of
carotenoids has resulted in an increase in data quantifying the
amount of individual carotenoids in foods. The quality of data
varies by type and execution of the analytic method, by sample
selection and handling, by the number of samples analyzed,
and by the presence or absence of quality control procedures.

Fruits and vegetables are rich in carotenocids and are the
most important contributors of carotenoids in the typical
human diet (17). Multicomponent foods that contain notable
amounts of vegetables or fruits may also be good sources of
carotenoids; however, few reports of the carotenoid content of
mixed dishes are available for foods commonly consumed in
the United States. Limited data for dairy products, eggs, fats,
and cereals indicate that these foods contain modest levels of
carotenoids (17). Meats and fish contain low levels of carote-
noids (18,19).

In this article, we describe the development of a carotenoid
food composition database that contains values for the five
most commonly occurring carotenoids in fruits and vegetables.
These carotenoids are also among those found in human
plasma. An artificial intelligence system was used to rate
existing information on the carotenoid content of foods. The
purpose of this article is to describe the components of the
evaluation systermn, to document the carotenoid values of
specific foods along with a range of acceptable values, and to
indicate the extent to which the data are considered reliable.
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Categories 3 2

Analytic Published documentation Some documentation; in-
method with validation for foods complete validation stud-

analyzed, including use of ies; including 90% to
appropriate reference ma- 110% recoveries on similar
terial, with results within foods or use of other
acceptable range or 95% method or laboratory on

to 100% recoveries on same sample with agree-
similar food and use of ment within 10%; ade-
other method or laboratory ~ quate processing and sa-
on same sample with ponification of sample and
agreement within 10%; ex-  identification and quantifi-
emplary processing and cation of carotenoid.
saponification of sample

and identification and

quantification of carote-

noid.

Analytic Optimum accuracy and Documentation of assess-
quality precision of method moni-  ment of both accuracy and
control tored and indicated explic-  precision of method; ac-

itly by data. ceptable accuracy and
precision

No. of >10; SD, SE, or raw data 3to 10
samples reported

Sample Complete documentation Pertinent procedures doc-
handling of procedures, including umented, including analy-

analysis of edible portion sis of edible portion only;

only, validation of homoge-  procedures seem reason-
nization method, details of  able but some details not
food preparation, and reported.

monitoring of storage and

moisture changes.

Sampling Multiple geographic sam- At least two geographic
plan pling with description of regions sampled; sample

FIG 1. Summary of data-quality criteria. Key: SD = standard deviation; SE = standard error; CV= coefficient of

variation.

and statistical basis for
sampling and sample rep-
resentative of brands/vari-
eties consumed or com-
mercially used.

is representative.

1

Some documentation; min-
imal validation; including
<8% CV for repeatability
or 8% to 20% CV for re-
peatability along with 80%
to 120% recoveries on
similar food to sample or
use of other method or
laboratory on related food
with agreement within
10%; minimally acceptable
processing and saponifi-
cation of sample and iden-
tification and quantification
of carotenoid.

Some description of mini-
mally acceptable accuracy
and/or precision.

1 or 2; explicitly stated or
not specified

Limited description of pro-
cedures, including evi-
dence of analysis of edible
portion only.

One geographic area
sampled; sample is repre-
sentative of what some eat.

0

No documentation of
method, no reference or
inacessible reference
given; nonchromato-
graphic method used; no
validation studies or failure
to achieve acceptable re-
sults with reference mate-
rial, repeatability (=20%
CV), recovery (<80% or
>120%), or comparison
method or laboratory; in-
adequate processing or
saponification of sample or
identification or quantifica-
tion of carotenoid.

No documentation of ac-
curacy or precision; unac-
ceptable accuracy and/or
precision.

Totally inappropriate pro-
cedures or no documenta-
tion of criteria pertinent to
food analyzed.

Not described or sample
is not representative.

METHODS

A system was developed for the evaluation of analytic data for
levels of five carotenoids in foods: f-carotene, a-carotene,
lutein + zeaxanthin, lycopene, and B-cryptoxanthin. This sys-
tem was based on those previously described for the evaluation
of selenium and copper data (20-22), but was modified to
accommodate carotenoid data evaluation. Objective evaluation
was aided by use of an artificial intelligence system that
incorporated standardized questions and decision pathways
(23).

Development of the Evaluation System
Data were evaluated in five general categories: analytic method,
analytic quality control, number of samples, sample handling,
and sampling plan. These categories represent the major
determinants of data quality and inclusion in the database.
Specific criteria were developed for each category; ratings
for each ranged from 0 (unacceptable) to 3 (highly acceptable)
(Figure 1). Criteria for both analytic method and analytic
quality control were developed to address the acceptability of
methodology for carotenoid analysis and were based on
extensive discussion with experts in carotenoid determination.

Within analytic method, we evaluated the steps involved in
sample processing; carotenoid separation, identification, and
quantification; and validation of the chosen method. Analytic
quality control rated both day-to-day accuracy and precision
of carotenoid determination. Criteria for number of samples
and sample handling were the same as those used for evaluation
of selenium (21) and copper (22). Sampling-plan criteria were
modified from those used for selenium and copper, based on
knowledge of appropriate sampling strategies for food, to
incorporate the international nature of the carotenoid data-
base. After the criteria were established, decision trees were
developed for each category to simulate the human decision-
making process that takes place in data-quality evaluation.
(Further details related to data-quality criteria and decision
trees can be requested from the authors.)

The category-specific criteria and decision trees were incor-
porated into artificial intelligence software. The user-friendly
system queried for specific information in each category.
Questions probed for specific details of steps such as sample
processing, saponification, carotenoid identification and quan-
tification, and validation of the analytic method to determine
the most appropriate rating. Most questions required a yes or
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(T,0) (Q,0)

Frequency

Carotenoid content

The distribution of possible analytic values for a given component
can assume several shapes (eg, normal, skewed). The curve
represents the frequency distribution of values for the component
of interest. Therefore, the area under the curve is refated to the
frequency of occurrence of individual values. The quantitation
limit (Q) bisects the curve of the distribution.

To quantify trace, it was necessary to determine the point on
the x-axis at which the area under the curve from O to that point
is half the area under the curve from O to the quantitation limit.
Thus, half the values in this region lie below this point (T).

Although the curve is not linear, it can be approximated, below
the quantitation limit, by the hypotenuse of a right triangle (A).
The vertical line through the quantitation limit (Q) is the height of
the triangle while the base is the distance from 0 to Q on the x-
axis. The area of right triangle A is 1/2KQ? when the equation of
the line representing the hypotenuse is y=Kx and x=Q=
quantitation limit.

To determine a value for point T, or trace, we chose a second
triangle (B) so that the area of B was half the area of A. Thus, the
area of B=1/2(1/2KQz2) = 1/2KT2. Simplifying, T=1/(2"?)Q. Trace
can be approximated by 0.71 times the quantitation limit.

FIG 2. Quantitation of “trace” level of a carotenoid.

no response; a few were multiple choice or required a numeric
response. Responses were based on information from pub-
lished or selected internal reports containing carotenoid values
for foods. Decision paths were dependent on the user’s
response so that only pertinent questions were asked. Deci-
sions and scoring limiters were invisible to the user, thus
eliminating much of the subjectivity associated with manual
evaluation.

Data Compilation
Only those studies that used a chromatographic procedure
were evaluated. We reviewed more than 180 articles published
from 1971 to 1991, including articles on methodology and
composition. When published information was limited, espe-
cially regarding method validation and analytic quality control,
we contacted authors to obtain additional details. We reviewed
34 responses to 60 queries; 23 of these led to an improvement
in the rating in one or more categories. However, there are no
assurances that similar improvements would have resulted
from the 26 remaining nonrespondents.

Several calculations were performed as needed on published
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data. Dry-weight values with accompanying moisture values
were converted to wet weight and considered for inclusion in
the database. Results that were expressed on a dry-weight
basis without accompanying moisture values were excluded
from the database. Values expressed as carotenal fatty-acid
esters were converted to the amount of the individual carot-
enoid present using a ratio of the molecular weight of the
carotenoid to the molecular weight of the carotenal fatty acid
ester, multiplied by the amount of the carotenal fatty acid
ester.

If a carotenoid was reported as not detected, a value of zero
for that carotenoid was assumed. Preliminary assessment of
collected data sources indicated that some authors reported a
value of “trace.” We collaborated with statisticians to quantify
“trace” and used a technique adapted during our study. The
trace value was estimated as the product of the quantitation
limit of the analytic method and a factor, 0.71. The quantitation
limit for a- specific assay is the lowest point at which the
method can quantify the amount of a component in the sample.
In practice, the quantitation limit is some muitiple of the
analytic detection limit. Among analysts that multiple is
determined by convention for the specific instrumentation
used and component of interest. For HPLC, the quantitation
lirit is generally defined as 2.5 times the detection limit. If the
detection limit (or quantitation limit) was not cited by authors
in the same or another reference, we used the convention of 1
1g/100 g for the detection limit. This convention is based upon
our review of stated detection limits from acceptable studies
(24-27). Figure 2 illustrates the derivation of 0.71 as the
multiplier for the quantitation limit.

The procédure -used by a number of investigators did not
permit separation of Jutein and zeaxanthin so we decided to
report lutein + zeaxanthin. In the few references where lutein
and zeaxanthin were independently measured, their values
were summed and reported as lutein +zeaxanthin. Because
green vegetables, green fruits, pumpkin, winter squash, and
carrots contain. essentially no zeaxanthin (28), the values for
lutein + zeaxanthin for these foods represent primarily lutein.
Peaches and corn contain both lutein and zeaxanthin in varying
ratios (24,29).

Data Evaluation
In the evaluation process, we rated each carotenoid value for
a food in a specific reference by answering questions in each
category posed by the artificial intelligence system. Table 1
provides an example of ratings assigned to various references
for B-carotene in winter squash. Next, a Quality Index, an
indicator of the overall data quality for a carotenoid value in a
food from a single reference or study, was calculated. In
general, the mean of the five ratings was designated the Quality
Index, as shown in Table 1. When the rating for analytic method
was zero or when any three ratings were zero, the Quality
Index for that value was set to zero. A Quality Index of one or
more indicated an acceptable value and was retained. ’
Initially, similar foods were grouped into preliminary aggre-
gates. For example, as shown in Table 1, the aggregate titled
“squash, winter, cooked, canned, frozen” includes microwaved
fresh acorn squash, frozen cooked butternut squash, and
unspecified canned winter squash. After all available data were
evaluated, acceptable values were reviewed to assess the
suitability of the preliminary aggregations. For similar forms of
a single food, all acceptable data were grouped together under
the general food description. If data were widely divergent and
clearly stratified by distinct forms of the food, then the forms
of that food were separated into two or more new aggregates.
For example, pink and white grapefruit were initially aggre-
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Table 1
Worksheet for B-carotene in winter squash (cooked, canned, frozen)
-
Description Reference® Data quality criteria ratings Quality® p-Carotene

Index value

No. of samples Analytic Sample Sampling Quality
method handling plan control
Actual Rating
no.
ug/100g

Acorn, fresh, microwaved 8 min [¢] 3 2 2 1 1 1 1.4 490°
Frozen, commercial p 4 2 1 1 1 1 1.2 2,670 69
Butternut, cooked 20 or 40 min q 4 2 1 1 1 1 1.2 4,570+12
Canned r 2 1 1 1 1 1.0 923
Pressure cooked ] 2 1 1 1 1 1.0 2,800
Canned t 3 2 1 1 0 0 0.8 1,250 =180
Frozen, cooked u 3 2 1 1 2 0 1.2 2,400+570
Frozen, cooked v 3 2 1 1 2 0 1.2 1,400 =600
Acorn, frozen w 1 1 1 1 1 0 0.8 300
Butternut, frozen, cooked X 2 1 1 1 2 0 1.0 850+350
Butternut, frozen, cooked y 3 2 1 1 2 0 1.2 3,600+ 1,600
Frozen, cooked z 2 1 0 1 1 1 0° 800

Summary: Quality Sum'=10.4; confidence code®=A; median® = 2,400 wg/100 g; minimum-maximum" =490 to 4,570 pg/100g

aAlthough the data, including ratings, are authentic, the references are coded.
PA Quality Index =1 is required for data to be considered acceptable.

°Mean.

9Mean + standard deviation.

°Because of zero rating for analytic method, Quality Index is zero.

The sum of the Quality Indexes for acceptable references; it serves as the basis of the confidence code’

$The confidence code is derived from the Quality Sum.

"The median, minimum and maximum are based on the acceptable means. In this case, acceptable values are from references o-s, U, V. X, Y.

gated as “grapefruit, raw” Lycopene and B-carotene consis-
tently appeared to be markedly higher in pink grapefruit;
therefore, pink grapefruit and white grapefruit were listed
separately.

However, if the acceptable data for a single food were highly
variable but no logical pattern of variance could be identified,
the data were retained under the single description. Frequently,
both cooked and raw forms of a food were aggregated because
insufficient data existed to support their separation. Although
season, geographic location, harvest conditions, and many
other factors can influence carotenoid levels, the amount of
available data per food is insufficient at present to permit
aggregation based on these factors. In general, the final
aggregation of data was chosen on the basis of approximate
similarity of food descriptions within the aggregate.

Development of Tables

on Individual Carotenoids in Foods

For each aggregate, we calculated the median and mean for
each carotenoid. After comparisons of the mean and median
for individual aggregates, the median was selected as a measure
of central tendency because of the skewed nature of some
data. Use of the median tends to reduce the impact of a single
observation (30). Some foods had divergent means and medi-
ans, which supported the rationale for reporting medians
rather than means. For example, for the seven B-cryptoxanthin
values for orange juice reported in acceptable studies (14.3,
14.9,16.4,23.7,24.7, 460, and 488.7 ng/100 g), the grand mean
is 150 pg/100 g whereas the median is 24 pg/100 g. For the
four a-carotene values reported for raw winter squash (0, 0,
23.7, and 935 ug/100 g), the grand mean is 240 pg/100 g
whereas the median is 12 pg/100 g. (Zero represents values
reported as not detected at a detection limit specified in the

Table 2 ‘

Assignment and meaning of confidence codes

Sum of Confidence  Meaning of

Quality code confidence code

Indexes

>6.0 A The user can have considerable confidence
in this value.

3.4106.0 B The user can have confidence in this value;

. however, some problems exist regarding the
data on which the value is based.
The user can have less confidence in this
value because of limited quantity and/or
quality of data.

1.0to <34 C

acceptable references.)

We used reported values to calculate the median of each
carotenoid for an aggregate, with equal weighting of each
value. Because 1 pg/100 g is the common detection limit for
HPLC determination of carotenoids (24-27), medians with
digits to the right of the decimal point were rounded using
standard procedures (30). The median was also rounded to
reflect the least number of significant digits in any value
contributing to the median.

Variability of data (as expressed by minimum and maximum
values) and the number and citations of acceptable references
were documented for each food aggregate and carotenoid.
After all studies were evaluated, and Quality Indexes were
assigned, a Quality Sum, that is, the sum of the acceptable
Quality Indexes for a food aggregate, was determined. The
Quality Sum is an indicator of the relative strength of a data
set for a food. Finally, a confidence code was assigned on the
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a. The consensus of éxperts in carotenoid analysis is that this
food does not contain detectabie levels of this carotenoid. Impute
the carotenoid level as 0,

b. Carotenoid present in similar food, For imputation purposes,
cooked broccoli was used to estimate missing values for
asparagus; guava for guava juice; white cabbage for iceberg
lettuce; raw peach for raw nectarine; cucumber for okra; orange
Juice for oranges: green pepper for red pepper; tangerine juice
for tangerines; tomato for tomato juice, tomato paste, and tomato
sauce; and a mixture of greens (mustard greens, kale, parsley,
raw spinach, and cooked spinach) for beet greens, chicory, cress
leaf, endive, collard greens, romaine lettuce, and swiss chard.
Impute carotenoid using the ratio of the missing carotenoid to B-
carotene in similar food muitiplied by the B-carotene content of
the food with missing carotenoid.

FIG 3. Methods for imputing missing carotenoid data,

¢. Impute using unpublished preliminary data for guava from
Nutrient Composition Laboratory, Beltsville Human Nutrition
Research Center, Agriculture Research Service, Beltsville, M.

d. Impute value from similar food with highly similar levels of other
carotenoids. For imputation purposes, carotenoid content of cloud
berries (29) was used to replace missing values for blueberries,
raw broccoli for cooked broccoli, and raw carrots for cooked
carrots.

e. Impute based on unpublished preliminary data, 1988, for
biueberries from Arthur D. Littie, Inc, Cambridge, Mass.

basis of the Quality Sum (Table 2).

The confidence code —either “A”,“B”, or“C”—isan indicator
of the relative quality of the data and of the confidence a user
can have in each median. Confidence codes of “A”, “B” or “C”
all indicate that data were acceptable for inclusion in the
database of carotenoids in foods. A confidence code of “A”
indicates considerable confidence, due either to a few exem-
plary studies or to a large number of studies of varying quality.
Unacceptable data were not included in the database but were
archived as a record of their evaluation.

Missing carotenoid values were estimated for some foods
using composition data for similar foods, For example, only a
limited number of foods are known to contain B-cryptoxanthin;
after we consulted experts in the area of carotenoid analysis,
if no data were available for the B-cryptoxanthin content of a
food and the food was botanically similar to foods not contain-
ing B-cryptoxanthin, we imputed a value of § for this compo-
nent. Figure 3 lists the imputation procedures that were used.
(Full details of the imputation process are available from the
authors.)

RESULTS

Tables 3 and 4 provide information on the carotenoid content
of fruits and vegetables, the most important food sources of
carotenoids. These tables include a median for each food as
well as minimum and maximum values where more than one
acceptable study was reported. A confidence code, based on
both the quality and quantity of existing data, is associated
with each carotenoid value, All values in Tables 3 and 4 derive
from analytic data,

Table 5 includes the number of acceptable values and a
listing of acceptable references for each entry. These refer-
ences provide the user with helpful information concerning
the source of acceptable values for g food and permit inde-
pendent review of individual references by interested users.

Imputed data for carotenoids in fruits and vegetables can
be found in Table 6. The method by which these values were
determined is indicated.

DISCUSSION

The preceding tables represent the most comprehensive
estimates of individual carotenoids in fruits and vegetables.
These estimates are derived from critically evaluated published
and unpublished sources, Users can review the specific criteria
to better understand the rating process and the meaning of
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the confidence codes assigned to the data. Heinonen and
others (18,19,27,31,32) have published limited data for meats,
grains, dairy products, fats and oils, and other foods that
suggest that these foods are relatively poor sources of carot-
enoids. Information on the carotenoid content of these prod-
ucts in the United States is not available and represents an
area for future research.

Results in Tables 3 and 4 present a median based on all
acceptable studies, We used minimum and maximum values to
illustrate variability of food carotenoid levels because all
acceptable citations did not provide standard deviations, which
are essential for calculation of variance across studies, Addi-
tionally, the limited nwmber of acceptable values for many
foods would give little meaning to the concept of a standard
deviation or other measure of variability,

Note that the minimum and maximum values for g food are
really the minimum and maximum means reported by the
sources cited. Unless a study contained only one analytic value
for a food, reported values are means of several determinations
(range 1 to 60, typically 4 or 5). Therefore, the minimum and
maximum values presented in this report do not reflect the
full variability that might be observed if we had access to
individual values, - .

We considered various schemes for weighting acceptable
values in computation of the median, Weighting based on the
number of samples in each study was rejected because this
would attach greater significance to the number of sarmples
category than to the other categories that affect data quality.
A lack of standard reference materials and quality-control
procedures precluded rating based on analytic method or
quality control category scores. Weighting based on Quality
Index score was also rejected because of the narrow range of
Quality Indexes and the resulting lack of resolution. In the
future, as the amount of acceptable data increases, a weighting
strategy could be devised based on the overall quality of the
the quality of the sampling plan used, the number of
samples, or some other ag yet undetermined factor.

Although we believe the carotenoid values in these tables
are the best available estimates of carotenoids in fruits and
vegetables, there are specific limitations in the quantity and
quality of data. For example, 9% of the foods in the carotenoid
database had an “A” confidence code compared with 25% and
14% of foods in the selenium (21) and copper (22) databases,
respectively, that had confidence codes of “A.” The lirnited
quantity of the data is illustrated by the following: 61% of foods
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Table 3
Carotenoid content of fruits and vegetables derived from analytic data®®
Aggregate p-Carotene a-Carotene Lutein + zeaxanthin Lycopene
Median Min-max Conf Median Min-max Conf Median Min-max Conf Median Min-max Conf
code® code code code
«— ug/100g — «—— ug/100g ng/100g ng/100g ——

Apple, raw 26 12-39 C o° 0-0 C 45 42-48 c 0 0-0 C
Apricot, canned, drained  1,500°  560-19,270 B 0 c 2 0-3.5 Cc 65 S C
Apricot, dried 17,600° 551-34,630 C . S 0 A C 864 Cc
Apricot, raw 3,524 6156433 C 0 C 0 C 5 Cc
Asparagus, raw 449 317-581 C 9 0-17 C S S
Avocado, raw 34 o C . S 320 L C C
Banana, raw 0 0-14 Cc 0 0-12 B 0 0-33 C 0 0-0 C
Basil, not dried 350 266-510 B
Beet greens 2,660 2,181-5,028 B 3 0-14 Lo
Beet, canned 1 S C 0 o} 4 Cc 0 C
Bitter melon, raw 50 C - .
Blueberries 0 C
Bottie gourd, raw 4 o C L AN o
Broccoli, cooked 1,300 1,000-2,600 A N A S 1,800 830-4,300 A S
Broccoli, raw 700 480-1,080 A 1 0-73 B 1,900 1,800-2,060 C 0 C
Brussels sprouts 480 340-1,100 A 6 0-11 C . 1,300 920-1,590 A 0 Cc
Cabbage, chinese, )

bok choy, raw 62 15-110 C 1 C 40 C 0 C
Cabbage, chinese, wild 530 100-970 B S S A S . -
Cabbage, red, raw 15 S C 1 o C 26 C C 0 S Cc
Cabbage, white 80° 0-410 A 0 0-1 C 150 - 0-310 C 0 0-0 C
Cantaloupe, raw 3,000° 1,643-25,496 A 35 9-61 o} 0 C 0 C
Carrot, cooked, canned,

frozen 9,800 4,760-26,900 A 3,700 2,200-7,800 A N B o 0 Cc
Carrot, raw 7,900 1,830-14,700 A 3,600 530-8,500 A 260 L. C 0 C
Carrot, A+ variety, raw 18,250 Ca. C 10,650 e Cc 0 C
Carrot, A+ variety,

cooked 25,650 Co C 15,000 B C 0 C
Cashew apple, raw 155 85-225 C 14 8.5-18 C
Cashew apple juice 80 o C .. .
Cassava leaf 3,000 2,820-3,100 C
Cauliflower 8° 0-430 B 0 0-0 B 33° 0-230 B 0 0-0 C
Celeriac, raw 0 AN C 0 e Cc 1 s Cc 0 C C
Celery 710 02900 B 0 0-0 o} 3,600 0-7200 C 0] 0-0 C
Chicory leaf, raw 3,430 o C o L
Coriander, not dried 2,000 16924700 C S - S . A S
Corn, yellow 51 8-74 C 50 Cc 780 500-2,300 A 0 c
Cranberries, raw 22 c 1 o] 28 S 0 Cc
Cress leaf, raw 4,150 C
Cucumber pickle 180 S C 0 L. C 510 L. (o} 0 C. C
Cucumber, raw 6° 0-130 C 0 0-0.9 C 240 0-470 C 0 0-0 C
Currants, raw 62 25-99 ] 0 0-0.9 C 240 47-440 C 0 0-0 C
Dill, not dried 4,500 S Cc 0 o] 6,700 L C 0 C
Eggplant 35 9-87 B
Endive 1,300 960-1,720 C
Fennel leaves 4,440 - C . S - . A
Grapefruit, pink, raw 1,310 279-2343 C 0 C 0 c 3,362 C
Grapefruit, white, raw 14° 2.3-248 B 1° 0.9-8 B 10 s C 0 Cc
Grapes, raw 33 .. C 1 A C 72 . C 0 C
Green beans 630 180-810 A 44 39-64 C 740 440-1,100 B 0 C
Greens, collard 5400 5,400-5510 B S . A .
Greens, fiddlehead 1,950 1,640-2,050 B 280 190-331 B C S o
Greens, mustard 2,700 80-7,400 B C . 9,900 9,400-10,400 C S o
Guava juice 270 . C o L. 3,340 S C
Guava, raw 812 435-1,190 C 5,400 5,340-5,500 C
Jackfruit, raw 23 C
Jellies, jams, preserves 16 C 1 Cc 6 Ca Cc 0 S C

Continued on next page
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Table 3
Carotenoid content of fruits and vegetables derived from analytic data®® (cont)
IR
Aggregate p-Carotene a-Carotene Luteln + zeaxanthin Lycopene
Median Min-max Cont Median Min-max Conf Median Min-max Cont Median Min-max Cont
code® code code code
«— ug/100g —— «— ug/100g —— «—— ug/100g ng/100g
Kale 4,700 2,840-14,600 A L L 21,900 14,700-39,550 B N S
Kale, chinese 140 55-230 C - N .
Kiwi fruit, raw 43 C 0 C 180 C 0 C
Leek, raw 1,000 C 0 ] 1,900 C 0 C
Lemon, raw 3 o C 0 o] 12 o] 0 C
Lettuce, iceberg 480 330-630 C 4 o]
Lettuce, leaf 1,200 980-1,450 C 1 C 1,800 L. C 0 Ce o]
Lettuce, romaine 1,900 1,200-3000 B L - C L . . . .
Lima beans, cooked Ce c . 0 o}
Loofah fruit, raw 47 C
Mango, raw 1,300 23-3,700 A 0 0-0 Cc 0 C 0 C
Mint, not dried 730 C
Mushroom 0 0-0 C 0 0-0 C 0 0-0 o] 0 0-0 Cc
Mushroom, chanterelle,
raw 1,300 o} 1 C 0 0 C
Nectarine, raw 103 0-0 C 0 0-0 C
Okra, raw 170 54-432 C 28 o] . . - .
Olive, green 280 s C 0 o] 510 Cc 0 C
Onion, yellow, raw 160 6.9-210 o] 0 o] 16 - C 0 C
Orange juice 7 0-67 A 6 0-49 A 74 0-240 A 0 0-0 B
Orange, raw 39° 0-500 B 20° 0-400 B 14 0-27 o] 0 . ]
Papaya, raw 99 38-160 C 0 N C [ c 0 Cc
Parsley, not dried 5,300 5,040-5600 C 0 C 10,200 o] 0 c
Peach, canned, drained 100 0-625 B 0 0-0.9 C 28 0-33 B 0 0-0 C
Peach, dried 9,256 . C o S . 188 - o] 0 . C
Peach, raw 99 40-420 B 1 0-2.9 C 14 9.6-43 B 0 C
Pear, raw 17 C o] ] 110 Cc 0 o]
Peas, green 350 110-1,300 A 16 0.9-26 C 1,700. 1,100-2,400 A 0 C
Pepper, green, raw 230 81-276 B 11 0-34 B 700 N C 0 o]
Pepper, red 2,200 2,220-2900 B 60 59-62 C Ce o S .
Pepper, yellow, raw 150 c 92 C 770 C 0 C
Pigeon peas 40 Cc
Pineappie, canned,
drained 18 C 1 C 2 C S S
Plum, raw 430 C S o 240 o] 0 o]
Potato salad 12 o] 2 C S 0 C
Potato, white, cooked 0 Co o] 0 o Cc 0 Co C 0 C C
Potato, white, raw 6 3277 c 0 0-0.9 Cc 36 13-60 o] 0 0-0 Cc
Prune, dried 140 o c 31 S C 120 S o] 0 S Cc
Pumpkin 3,100 490-20,000 A 3,800 0.9-16,000 A 1,500 630-2,300 C 0 0-0 B
Radish, raw 9 C 0 C 12 o] 0 C
Raisins 0 C 0 L o] 1 c 0 o
Raspberries, raw 6 C 6 0-13 C 76 C 0 C
Rhubarb, raw 61 C 0 o] 170 o] 0 C
Roquette, raw 3,460 o] S s C.
Rose hip puree, canned 420 Cc 0 C o Co 780 Cc
Rutabaga, raw 1 o o] 0 C 0 o] 0 C
Scallion, raw 850 391-1300 C 6 C 2,100 C
Spinach, cooked,
drained 5,500 3,300-3,200 A . L 12,600 5,000-20,300 A Co.
Spinach, raw 4100 3,043-6710 A 0 0-0 B 10,200 4,400-15,940 C 0 o]
Squash, summer 420 178-670 o] 12 S C 1,200 500-1,800 C
Squash, winter, cooked 2,400 4904570 A 12° 0-935 B 38 Lo o4
Squash, winter, raw 820° 49-5780 A 12° 0-935 B 38 o] s .
Strawberries 9 C C 2 0-4.5 C 31 o] 0 S C
Sweet potato, cooked 8,800 5,620-19,000 A 0 0-0 C 0 0-0 o]
Sweet potato, raw 8,900 7,620-16,000 B 0 B o] 0 . Cc
Continued on next page
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Table 3
Carotenoid content of fruits and vegetables derived from analytic data*® (cont)
Aggregate g-Carotene a-Carotene Lutein +zeaxanthin Lycopene
Median Min-max Conf Median Min-max Conf Median Min-max Conf Median Min-max Conf
code® ' code code code
« nug/100g — «—— ng/100g ng/100g ng/100g
Swiss chard, raw 3,647 2,725-4568 C 45 32-58 C S S S o
Tangerine, tangelo juice 8° 4.5-38 B 5 3-14 B 135 104-166 C
Tangerine, raw 38 C 20 C 20 C N
Jomato catsup 5,000 C o' C 210 C 9,900/
Tomato juice, canned 900 S Cc o 8,580  50,000-11,600 B
Jomato paste, canned 1,700 . C C 6,500 5,400-15,000 B
Tomato sauce, canned 1,000 S Cc . o S S . S
Tomato, raw 520 115-660 A 100 L C 3,100 879-4,200 A
Turnip, raw 72 C 1 Cc 1 Cc 0 S Cc
Watermelon, raw 230 C 1 C 14 C 4,100 2,300-7,200 B
Yard-long beans, raw 44 Cc . L . S

8Missing values for minimum and maximum (min-max) alone indicate that only one acceptable analytic value was found for that carotenoid in that food.
5Missing value for median, minimum, maximum, and confidence code indicate that no acceptable analytic values were found for that carotenoid in that food.

Refer to Table 6 for imputed values.

°Conf code = Confidence code. See Table 2 for explanation of conf codes A, B, and C.
9Zeroes represent values reported as not detected at a detection fimit specified in the acceptable references.

®Mean for acceptable foods more than two times median.
Values based only on data for Finnish catsup containing carrots.

had more than one acceptable reference for B-carotene
whereas 20% of foods had more than one acceptable reference
for B-cryptoxanthin.

The Quality Indexes of acceptable data range from 1 to 1.8
out of a possible 3. These scores illustrate the idealistic nature
of the criteria that were planned to have long-term relevance
and to provide guidelines for the development of exemplary
methodology and quality control materials for carotenoid
determination. A score of 3 in the category of analytic method
requires use of a standard reference material, characterized
and certified for each carotenoid of interest, or other extensive
validation of the chosen method. Because there is currently
no standard reference material for carotenoids, it is difficult to
achieve a score of 3 in the analytic method category. Given the
recommendation of the Committee on the Nutrition Compo-
nents of Food Labeling to develop additional standard refer-
ence materials for use in food analysis (33), we anticipate the
development of standard reference materials for carotenoids
in the near future.

Alack of published documentation of analytic quality-control
procedures was another reason for low Quality Index scores.
Analytic quality control is concerned with the day-to-day
accuracy and precision of a measurement. Accuracy is moni-
tored by routine analysis of a standard reference material or a
secondary reference material developed especially for a study.
Precision is usually evaluated by calculating a coefficient of
variation of several replicates of the same sample or a quality-
control material. Both acceptable precision and accuracy were
required for a score of 3 in the analytic quality-control category.
Few current studies report any assessment of day-to-day
accuracy or precision; a report including both is rare. Limited
quality contro! information makes it difficult to compare the
relative quality of analytic data.

Despite the critical evaluation process, the carotenoid values
for an aggregate presented in Tables 3 and 4 may or may not
represent the carotenoid levels found in a given individual food
sample because many factors influence the levels of carotenoids

Table 4
B-Cryptoxanthin content of fruits and vegetables derived from analytic
data®

Aggregate Median Min-max Conf®
code
ng/100g
Apricot, canned, drained o S C
Apricot, dried 0 Cc
Apricot, raw 0 C
Cantaloupe, raw 0 c
Cashew apple juice 50 C
Grapefruit, pink, raw o] Cc
Mango, raw 54 C
Olive, green 19 Cc
Orange juice 24° 14-489 A
Papaya, raw 470 S C
Peach, canned, drained 47 C
Peach, dried 251 Cc
Peach, raw 42 12-71 C
Squash, winter, cooked 0 A C
Squash, winter, raw 0 - c
Tangerine, tangelo juice 214 15-304 B

“See Table 6 for imputed B-cryptoxanthin values for foods not found in this
table.

®Conf code =confidence code. See Table 2 for explanation of confidence
codes.

¢Zeroes represent values reported as not detected at a detection limit specified
in the acceptable references.

YMean for acceptable foods more than two times median.
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Table 5
Number of means and acceptable references for carotenoid content of fruits and vegetables
Aggregate/ No.of Acceptable | Aggregate/ No.of Acceptable | Aggregate/ No.ol Acceptable | Aggregate/ No.of Acceptable
carotenoid® means references | carotenoid® means references carotenoid® means references | carotenoid®™ means references
used used used used
Apple, raw Cabbage, chinese, Celery Greens, fiddiehead
B-car 2 29 bok choy, raw B-car 4 29,46, A B-car 4 47,59
a-car 2 29 B-car a-car 2 29, A a-car 4 47,59
lut 2 29 2 29,46 a-car lut 2 29, A Greens, mustard
lyc 2 29 1 29 lut lyc 2 29, A B-car 4 46, A
Apricot, canned, drained 1 29 lyc Chicory, leaf, raw lut 2 A
B-car 3 24,29, 45 1 29 B-car 1 58 Guava juice
a-car 1 29 Cabbage, chinese, wild Coriander, not dried B-car 1 48
lut 2 24,29 B-car 4 46 p-car 3 46, 58 lyc 1 48
lyc 1 24 Cabbage, red, raw Corn, yeliow Guava, raw
B-cryp 1 24 B-car 1 29 B-car 3 29, 46, 65 B-car 2 66
Apricot, dried a-car 1 29 a-car 1 29 lyc 2 66
B-car 2 24, 54 fut 1 29 lut 7 29, A Jackfruit, raw
fut 1 24 lyc 1 29 lyc ] 29 B-car 1 46
lyc 1 24 Cabbage, white Cranberries, raw Jellies, jams, preserves
B-cryp 1 24 B-car 7 29, 46, 57, B-car 1 29 B-car 1 29
Apricot, raw 58, A a-car 1 29 a-car 1 29
g-car 2 24,25 a-car 2 29, A lut 1 29 lut 1 29
a-car 2 24 lut 3 29,57, A lyc 1 29 lyc 1 29
lut 1 24 lyc 2 29, A Cress leaf, raw Kale
lyc 1 24 Cantaloupe, raw B-car 1 55 B-car 1 45, 57, 58,
B-cryp 1 24 B-car 6 24, 25, 55, Cucumber pickle 67, 68, A
Asparagus, raw A B-car 1 29 lut 4 57, A
p-car 2 25, 26 a-car 2 25, 55 a-car 1 29 Kale, chinese
a-car 2 25, 26 lut 1 24 lut 1 29 B-car 2 46
Avocado, raw lyc 1 24 lyc 1 29 Kiwi fruit, raw
B-car 1 29 B-cryp 1 24 Cucumber, raw B-car 1 29
lut 1 29 Carrot, cooked, canned, frozen B-car 3 29, 46, A o-car 1 29
Banana, raw p-car 12 34, 45, 56, a-car -3 29, A lut 1 29
B-car 3 29, A° 59, A lut 2 29, A lyc 1 29
a-car 3 29, A a-car 12 34, 45, 56, lyc 2 29, A Leek, raw
lut 3 29, A 69, A Currants, raw B-car 1 29
lyc 2 A lyc 1 34 B-car 2 29 a-car 1 29
Basil, not dried Carrot, raw a-car 2 29 lut 1 29
B-car 5 46 B-car 14 25, 26, 29, lut 2 29 lyc 1 29
Beet greens 35, 45, lyc 2 29 Lemon, raw
B-car 5 25, 26, 45, 46, 55, Dill, not dried . B-car 1 29
55 58, 60, p-car 1 29 a-car 1 29
a-car 3 25, 26, 55 61, A a-car 1 29 fut 1 29
Beet, canned a-car 12 25, 26, 29, lut 1 29 lyc 1 29
B-car 1 29 35, 45, lyc 1 29 Lettuce, iceberg
a-car 1 29 55, 59, Eggplant B-car 2 25, A
lut 1 29 61, A p-car 5 46 a-car 1 25
lyc 1 29 lut 2 29, 35 Endive Lettuce, leaf
Bitter melon, raw lyc 1 29 B-car 2 45,58 B-car 2 29, 58
B-car 1 46 Carrot, A+ variety, raw Fennel leaves o-car 1 29
Biueberries B-car 1 34 B-car 1 46 lut 1 29
a-car 1 25 a-car 1 34 Grapefruit, pink, raw lyc 1 29
Bottle gourd, raw lyc 1 34 B-car 2 24, 26 Lettuce, romaine
B-car 1 46 Carrot, A+ variety, cooked a-car 1 26 B-car 3 A
Broccoli, cooked B-car 1 34 jut 1 24 Lima beans, cooked
B-car 7 45, 56, A a-car 1 34 lyc 1 24 a-car 1 A
lut 6 56, A lyc 1 34 B-cryp 1 24 Loofah fruit, raw
Broccoli, raw Cashew apple, raw Grapefruit, white, raw B-car 1 46
p-car 6 25, 26, 29, B-car 2 62 B-car 3 25, 26, 29 Mango, raw
45, 55, a-car 2 62 a-car 3 25,26, 29 B-car 11 36, 46, 49,
57 Cashew apple juice lut 1 29 A, B®
a-car 4 25, 26, 29, p-car 1 62 lyc 1 29 a-car 2 A B
55 B-cryp 1 62 Grapes, raw lut 1 B
lut 2 29,57 Cassava leaf B-car 1 29 lyc 1 B
lyc 1 29 p-car 63, 64 a-car 1 29 B-cryp 1 B
Brussels sprouts Cauliflower lut 1 29 Mint, not dried
B-car 9 29, 45, 55, p-car 4 29,46, A lyc 1 29 p-car 1 46
57, A a-car 3 29, A Green beans Mushroom
a-car 2 29, 55 Jut 3 29, A B-car 7 25,29, 55, B-car 2 29
lut 5 29,57, A lye 3 29, A A a-car 2 29
tyc 1 29 Celeriac, raw a-car 3 25,29, 55 lut 2 29
B-car 1 29 lut 5 29, A lyc 2 29
a-car 1 29 lyc 1 29
lut 1 29 Greens, collard
lyc 1 29 B-car 3 45 A
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Table 5 i s
Number of means and acceptable references for carotenoid content of fruits and vegetables (cont) ~
____
bie Aggregate/ No.of Acceptable | Aggregate/ No.of Acceptable | Aggregate/ No.of Acceptable | Agg
es carotenoid® means references carotenoid® means references carotenoid® means references carc
used used used
Mushroom, chanterelle, raw Pear, raw Radish, raw Strawberries
B-car 1 29 B-car 1 29 B-car 1 29 B-car 1 29
a-car 1 29 a-car 1 29 a-car 1 29 a-car 2 25,29
lut 1 29 lut 1 29 fut 1 29 lut 1 29
lyc 1 29 lyc 1 29 lyc 1 29 lyc 1 29
Nectarine, raw Peas, green Raisins Sweet potato, cooked
B-car 1 26 B-car 10 25, 26, 29, B-car 1 29 B-car 13 34, 45, 50,
a-car 25, 26 55, 63, a-car 1 29 A
Okra, raw 64, A lut 1 29 a-car 2 34
B-car 3 25, 46, 64 a-car 3 25, 29, 55 lyc 1 29 lyc 2 34
a-car 1 25 lut 5 29, A Raspberries, raw Sweet potato, raw
Olive, green lyc 1 29 B-car 1 29 B-car 5 25, 286, 34,
B-car 1 29 Pepper, green, raw a-car 2. 25,29 45, 50
a-car 1 29 B-car 4 25, 26, 29, lut 1 29 a-car 2 26, 29
lut 1 29 55 lyc A 29 lyc 1 34
lyc 1 29 a-car 4 25, 26, 29, Rhubarb, raw Swiss chard, raw
B-cryp 1 29 55 B-car 1 ' 29 B-car 2 25,55
Onion, yellow, raw lut 1 29 a-car 1 29 a-car 25, 55
B-car 3 29, 46 lyc 1 29 lut 1 29 Tangerine, tangelo juice
a-car 1 29 Pepper, red lyc 1 29 B-car 3 37,43 70
8, lut 1 29 B-car 3 29, 45 Roquette, raw a-car 3 37,43, 70
), A lyc 1 29 a-car 2 45 B-car 1 58 lut 2 37,43
Orange juice Pepper, yellow, raw Rose hip puree, canned B-cryp 3 37,43, 70
B-car 14 29, 37, 38, p-car 1 29 B-car 1 71 Tangerine, raw
69, 70, A a-car 1 29 a-car 1 71 p-car 1 29
a-car 14 29, 37, 38, lut 1 29 lyc 1 71 a-car 29
69, 70, A lyc 1 29 Rutabaga, raw : Jut 1 29
lut 13 29, 37, 38, Pigeon peas B-car 1 29 Tomato catsup, Finnish
69, A B-car 1 63 a-car 1 29 p-car 1 29
lyc 3 29, A Pineapple, canned, drained lut 1 29 a-car 1 29
B-cryp 7 37,70 B-car 1 lyc 1 29 lut 1 29
Orange, raw a-car 1 29 Scallion, raw lyc 1 29
B-car 4 25,29, A lut 1 29 B-car 2 55, A Tomato juice, canned
a-car 4 25,29, A Plum, raw a-car 1 55 B-car 1 A
Jut 2 29, A B-car 1 29 lut 1 A lyc 4 56, A
lyc 1 A lut 29 Spinach, cooked Tomato paste, canned
Papaya, raw lyc 1 29 B-car 10 45, A B-car A
B-car 2 46, 64 Potato salad lut [§ A lyc 3 A
a-car 1 A p-car 1 7 Spinach, raw Tomato sauce, canned
lyc 1 A a-car 1 71 B-car 6 25, 26, 29, B-car 1 A
B-cryp 1 A lyc 1 7 45, 57, lyc 2 A
Parsley, not dried Potato, white, cooked 68 Tomato, raw
B-car 2 29, 58 B-car A a-car 3 25,26, 29 B-car [ 29, 48, 55,
a-car 1 29 a-car 1 A lut 2 29,57 67,73, A
lut 1 29 lut 1 A lyc 1 29 fut 1 29
lyc 1 29 lye 1 A Squash, summer lyc 5 29,73 A
Peach, canned, drained Potato, white, raw B-car 2 25 A Turnip, raw
B-car 3 24,29, A B-car 3 29, 59 a-car 1 25 B-car 1 29
a-car 2 29, A a-car 2 29 lut 2 A a-car 1 29
lut 3 24,29, A Jut 2 29 Squash, winter, cooked lut 1 29
lyc 2 24, A lyc 2 29 B-car 9 31,72, A lyc 1 29
B-cryp 1 24 Prune, dried a-car 6 31,72, A Watermelon, raw
Peach, dried B-car 1 29 lut 4 72,A B-car 1 29
B-car 1 24 a-car 1 29 B-cryp 1 72 a-car 1 29
lut 1 24 jut 1 29 Squash, winter, raw fut 1 29
49, lyc 1 24 lyc 1 29 B-car 7 26, 45, 46, lyc 4 29, A
B-cryp 1 24 Pumpkin 55, 67, Yard-long beans, raw
Peach, raw B-car 9 29, 34, 45, 72 B-car 1 46
B-car 4 24,29, 42, 64, A a-car 4 26, 45, 46,
A a-car 8 29, 34, 45, 72
a-car 3 25,29, A A Jut 1 72
ut 3 24, 29, 42 lut 2 29, A B-cryp 1 72
lyc 1 24 lyc 3 29, 45
B-cryp 2 24,42
8B-car = B-carotene; a-car = a-carotene; lut = lutein + zeaxanthin; lyc =lycopene; B-cryp = B-cryptoxanthin.
A =Unpublished data provided by Judy C. Harris, Arthur D. Little, Inc, Cambridge, Mass, under NC! Contract NO1-CN-55442, 1988.
°B=Unpublished data provided by Frederick Khachik, Nutrient Composition Laboratory, Beltsville Human Nutrition Research Center, Agriculture Research
Service, Beltsville, Md, 1990.
age
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Table 6
Imputed values for carotenoids in fruits and vegetables
—

Aggregate oa-Car B-Cryp Lyc Lut Aggregate a-Car p-Cryp Lyc Lut

———— ug/100g —— ©g/100g
Apple, raw S 2 Lettuce, romaine 0? 02 0® 5,700°
Apricot, dried 0? o S S Lima beans, cooked® S o? [0 0#
Asparagus, raw . 02 0? 640° Mushroom . 0® o .
Avocado, raw 0? 02 0 L Nectarine, raw o 43° 0® 15°
Banana, raw . 0? . o Okra, raw e 0? 0 6,800°
Beet greens L [0 0? 7,700° Onion, yellow, raw . 0?2 .. L.
Beet, canned S 0° o o Orange, raw 149°
Blueberries® S o 0 37d Parsiey, not dried A 0?
Broccoli, cooked 19 0® 0® Peach, dried 0? A
Broccoli, raw e 0° Pear, raw S [0
Brussels sprouts o 0? Peas, green _ S 0?
Cabbage, chinese, bok choy, raw . .. o Pepper, green, raw S 0?
Cabbage, red, raw o 0? Pepper, red . 0® 02 6,800°
Cabbage, white N 02 o Pineapple, canned, drained S 0* 0? o
Carrot, cooked/canned/frozen S o2 2609 Plum, raw ~ 0" 0? . L.
Carrot, raw S o S Potato salad L. 0? S [0
Cauliflower S 0? Potato, white, cooked S o?
Celery - 02 . O Potato, white, raw Lo 0@
Chicory leaf, raw 0? 0? o 10,300° Prune, dried S 0?
Corn, yellow A 0? L. Pumpkin S 0?
Cranberries, raw o o® AN c Radish, raw oL 02
Cress leaf, raw o 0? 0? 12,5000 Raisins S o
Cucumber pickle S o? S Raspberries, raw o 0*
Cucumber, raw o 02 Rhubarb, raw . 0=
Currants, raw L 0* o o Rutabaga ’ . 0? .
Eggplant 02 0 o2 (o Scallion, raw . L. 0@ 02
Endive 0? 0° 0 4,000° Spinach, cooked- 0? 02 0?
Grapefruit, white, raw o 0? o Spinach, raw N o
Grapes, raw S 0 Squash, summer S 0? 0?
Green beans o [od o o Squash, winter, cooked S S o L.
Greens, collard 0# o2 o2 16,300° Sweet potato, cooked . 02 A o®
Greens, mustard o o 02 - Sweet potato, raw _ S (0 o [0
Guava juice 23° 0? e 0® Swiss chard, raw .. 0* 0® 11,000°
Guava, raw 70°¢ 0?2 o 0¢ Tangerine, raw 106° 0? o
Jellies, jams, preserves .o 0@ S Tomato catsup, Finnish L. 0? ...
Kale 0? 0? 0? Tomato juice, canned S o2 330°
Kiwi fruit, raw e 02 Tomato paste, canned - . 0? e 190°
Leek, raw L 0 Tomato sauce, canned Co [0 C 420
Lemon, raw S 0 . ... Tomato, raw o 0?
Lettuce, iceberg . 0® 0* 1,400° Turnip, raw e 0?
Lettuce, leaf o 02 o Watermelon raw S o?

dSuperscripts correspond to imputation method as described in Figure 3.

®For B-carotene, blueberries have an imputed value of 14 pg/100 g using method e in Figure 3 and lima beans have an imputed value of 0 ng/100 g using

method a in Figure 3.

Key: a-Car = a-carotene; B-Cryp = B-cryptoxanthin; Lyc = lycopene; Lut = lutein + zeaxanthin.

in foods. These factors include varietal differences (34-41),
variable growth and harvesting conditions (40-44), and differ-
ent postharvest handling and processing (28,41,45-51).

The B-carotene content of cantaloupe illustrates the variable
nature of food carotenoid content. Reported values of B-
carotene range from 1,640 pg/100 g for cantaloupe purchased
in Maine (25) to 25,600 ng/100 g for cantaloupe purchased in
Maryland (24). Analytic differences may be partially respon-
sible for this difference but are not likely to be the only cause
for this range of values as both studies met established criteria
for acceptability of analytic methods. Because of the variable
carotenoid content of foods, feeding studies with controlled
carotenoid intakes must continue to rely on analysis of foods.
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Differences noted in Tables 3 and 4 between the carotenoid
content of raw and cooked forms of the same food are more
likely attributable to factors other than cooking or processing
differences. For example, as Table 3 shows, the median of
seven acceptable studies of the B-carotene content of cooked
broccoli is 1,300 ng/100 g with a confidence code of “A”
whereas the median value of six studies of raw broccoli is 700
rg/100 g with a confidence code of “A.” Broccoli is unlikely to
actually gain this much B-carotene with cooking. Results for
cooked and raw broccoli were often generated by different
scientists or laboratories with samples procured in different
geographic locations and seasons and, thus, do not represent
a controlled study of the effects of cooking. As data with more
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detailed descriptions of foods become available, aggregations
can be modified to provide more information about the
carotenoid content of specific varieties of foods or the influence
of growing, storage, and processing conditions.

Table 6 provides a listing of imputed carotenoid values for
foods where no analytic data were reported. Because missing
values are probably the largest cause of errors in nutrient
calculation (62), we decided to impute values rather than leave
them as missing. For example, no analytic values were available
for the lutein content of collard greens. But because other
similar green leafy vegetables, such as mustard greens, kale,
and spinach, contain substantial amounts of lutein (Table 3),
replacing missing lutein values with a zero would lead to
underestimation of the lutein intake of an individual who
consumes collard greens. Values were imputed in an attempt
to provide consistent values for users,

The evaluation of carotenoid content of fruits and vegetables
represents an initial step in the development of reliable data
on carotenoid content of foods. The evaluation system permit-
ted consistent, objective, and efficient rating of data from
numerous references. Quantitative data on the carotenoid
content of common foods will be useful for the estimation of
dietary carotenoid intake and for the evaluation of the possible
effects of carotenoid intake on disease incidence.

IMPLICATIONS

A primary objective for critically evaluating food composition
data is the identification of food items for future laboratory
analysis. Foods believed to contain notable amounts of a
carotenoid, but that had a confidence code of “C” or had no
reliable data, are a priority for additional analyses. Information
about those foods can be used as the basis for development of
a sampling strategy to obtain statistically representative food
samples for carotenoid analysis as has been done for selenium
(53). Because data on the effects of cooking or processing on
individual carotenoids in foods are limited, this is another area
for investigation. Foods with highly divergent values for carot-
enoids are also a priority for further investigation. The evalu-
ation system allows for continual, objective, and consistent
updating of the database.

Data-quality indicators, a part of the evaluation system, allow
users to make informed decisions about appropriate uses for
the data. The inclusion of references for acceptable data also
helps the user make decisions about data applications.

This is the third system that has been developed for the
evaluation of analytic data for nutrient content of foods (20-
22). Although the evaluated components differ, the similarities
of the evaluation systems demonstrate the feasibility of multi-
nutrient evaluation systems. This approach could be useful in
development of multinutrient food composition tables. In
addition, reviewers of manuscripts can use the evaluation
categories and the nutrient-specific criteria as guidelines for
manuscript quality.

Values for specific carotenoids in foods are necessary to
estimate dietary intakes of individual carotenoids in the
population. The dietary intake distribution of carotenoids can
then be used to examine the relationship between individual
and total carotenoid intake and disease incidence. Because
lower carotenoid intake has been implicated as a risk factor in
certain types of cancer, especially lung cancer, this database
could be used to permit greater specificity in examining the
relationship between dietary exposure and cancer risk. W
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