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Increasing interest in the copper (Cu) intake of Americans has generated a need for the compi-
lation, evaluation, and improvement of data for Cu in foods. In order to estimate dietary Cu
intake, accurate and precise Cu values for foods are needed. A system of criteria developed to
evaluate the quality of published selenium data has been adapted to evaluate analytical data for
Cu in foods. Mean Cu values for each food were calculated from the evaluated data and com-
bined with USDA frequency of consumption data, resulting in a list of 218 major contributors
of dietary Cu. The richest sources of Cu are legumes, wheat bran cereals, organ meats, shellfish,
and grains. Confidence codes, indicators of the relative degree of confidence the user of the data
can have in that mean value, were included. More than half of the mean values for the foods
listed are of limited quality or result from a limited quantity of data, indicating a need for im-
provement in food Cu data. This proposed dynamic system for the compilation and evaluation
of Cu data can be used to generate Cu data bases for specific purposes, provide a ranked list
of foods which are significant contributors of that nutrient, and establish priorities for further
improvements in the data base. © 1989 Academic Press, Inc.

INTRODUCTION

Copper (Cu), an essential nutrient for humans, is required for numerous physiolog-
ical and biochemical functions (1-3). The recognition of Cu’s role as an essential
nutrient prompted the establishment of an estimated safe and adequate range of rec-
ommended daily intake of 2-3 mg for healthy adult individuals (4). The majority of
Cu available to the body comes from dietary intake, including drinking water (5).
Studies of the intake of Cu in the United States have indicated lower levels than
previously believed (3, 6-8). Recently, studies of the biochemical effects of diets con-
taining low levels of Cu in conjunction with varying levels of other dietary compo-
nents, including fructose, have demonstrated possible deleterious effects on various
biochemical parameters associated with the development of cardiovascular dis-
ease (9-11).

Results of these studies have led to increased interest in the dietary intake of Cu by
the U.S. population, generating a need for the compilation, evaluation, and improve-
ment of data for foods which are significant contributors of Cu in the diet. A food
can be considered to be a significant contributor if it contains a high concentration
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of Cu or if it is a food with a moderate to low level of concentration but is frequently
consumed in amounts large enough to contribute a substantial amount of Cu to the
diet. Thus, we have undertaken an effort to compile published Cu data for-foods, to
evaluate the relative quality of these data, and to identify significant contributors of
Cu to the diet.

METHODS

The first step in the process was to develop a system for evaluating published analyt-
ical data for Cu in foods and was based on one previously developed for the evalua-
tion of selenium (Se) data. That system encompassed five general categories relative
to generating nutrient composition data and included number of samples, analytical
method, sample handling, sampling plan, and analytical quality control (12). While
these categories were determined to be suitable, the specific criteria within certain
categories (analytical method and quality control) required some modification to ac-
commodate the evaluation of Cu data. The Se evaluation system included a rating
scale, ranging from 0-3, for each category and specific criteria for each rating within
each category. The basis for defining specific criteria for Cu within these two catego-
ries was provided by a knowledge of acceptable methodology, including quality con-
trol for Cu analysis. While a specific analytical method had been specified for Se, the
mention of a specific method for Cu was deleted in order to reflect the acceptability
of several analytical methods. It should be noted that, as with the Se evaluation, the
evaluation of Cu data placed emphasis on the use of a validated method monitored by
quality control materials with measurements above the quantitation limits. A recent
survey of commercially available biological materials indicated that there are more
than 20 reference materials certified for Cu (13). The appropriateness of the selected
materials with regard to sample matrix and Cu level would need to be considered in
order to determine a rating for the quality control category. The Se criteria for num-
ber of samples, sample handling, and sampling plan were appropriate for Cu without
modification. Table 1 provides the detailed description of criteria within categories
for the Cu evaluation system. For further details, the reader is referred to Holden
etal (12).

Once the criteria within categories were established for Cu data, mean values for
individual foods from published reports were evaluated. More than 225 papers in-
cluding methodology and composition papers were collected from the literature.
Consideration was limited to papers published since 1960 which reported Cu levels
in foods consumed by the U.S. population. Within each reference, data for individual
foods were rated according to the criteria in Table 1. Generally, the ratings for the
five categories were averaged to obtain a quality index (QI), an indicator of the quality
of an individual mean for a single food (Table 2). When the rating for analytical
method was 0 or when any three other ratings were 0’s, the QI for the corresponding
mean became 0. The QI for an individual food mean was used to determine the
acceptability of that value for inclusion in the grand mean for a food. Mean values
expressed on a wet weight basis for food items with a QI of one or greater were consid-
ered acceptable. Dry weight values which were accompanied by moisture values were
converted to the wet weight basis and considered for inclusion in the grand mean.
Those dry weight values not accompanied by moisture values were judged unaccept-
able for this purpose.
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TABLE 3

ASSIGNMENT AND MEANING OF CONFIDENCE CODES

QUALITY? CONFIDENCE
SUM CODE MEANING OF CONFIDENCE CODE
26.0 A The user can have considerable confidence in
this value. Two perfect studies would merit
a Confidence Code of "A".
3.4 to 6.0 B The user can have a moderate amount of
confidence in this value.
1.0 to <3.4 [ The user can have less confidence in this value

due to limited quantity and/or quality of data.
A single highly rated study would receive a
Confidence Code of "C".

33ee footnote f, Table 2.

Initially, published analytical data for similar foods were grouped to facilitate the
process of compiling data from various sources. After all of the data were evaluated,
the individual mean values were more carefully aggregated according to the similarity
of the food descriptions, the availability of Cu data for specific forms of the food, e.g.,
cooked, raw, frozen, or canned, and the proximity of their Cu concentrations. In the
case of canned and cooked green beans, the analytical mean values compiled from
various references were similar, as expected, since the products themselves are similar.
As a result, the means for cooked and canned forms of this food were aggregated.
Due to the lack of reported individual values for most studies and/or indicators of
variability about the mean, the various acceptable mean values for a specific food
item/aggregate were averaged to obtain a grand mean. No attempt was made to
weight the individual means that contributed to the grand mean.

Similarly, the various QIs for individual acceptable means within a food aggregate
were summed to yield the quality sum (QS) which served as the basis for the assign-
ment of a confidence code (Table 3). The confidence code, either A, B, or C, 1s an
indicator of the relative degree of confidence the user of the data can have in a grand
mean value for a food. A confidence code of A indicates considerable confidence,
while B indicates moderate confidence, and C indicates limited confidence due to
limited data quantity and/or quality. A single mean for a food resulting from one
highly rated study can receive only a C confidence code. The code serves as a flag to
the user of the data and indicates the need for individual consideration with regard
to the intended use. In Table 4, the confidence code is included with the grand mean
and food description so that the user can easily determine the relative quality of each
mean and the suitability of such data for a specific use.

The third aspect of the project objective, the determination of significant Cu con-
tributors, required the use of food consumption data obtained from the Nationwide



CoprPER CONTENT OF SELECTED FOODS

TABLE 4

NO.
GRAND OF TOTAL
MEAN MIN MAX3 MEANS CONFIDENCE REPS. ACCEPTABLE
FOOD OR AGGREGATE (ug/100g) USED®  CODEC EVAL.d REFRRENCES
BEEF, LAMB, PORK, AND VEAL
beef, ckd 104 80 136 6 A 3 6, 40, 42
beef, raw 58 12 92 12 A 6 19, 40, 96, 103
pork, ham, ckd/end 121 57 210 15 A 2 6,
pork, raw 81 11 390 12 A 4 19, 28, %94, 104
lamb, ckd 145 130 171 3 B 4 6, 51
lamb, raw 87 45 129 4 B 2 19, 51
veal, ckd 114 60 180 7 A 3 6, 78
veal, raw 86 43 140 4 B 2 19, 78
liver, pork, ckd 1820 1820 1820 1 C 4 42
liver, beef, ckd 6434 3425 9310 4 A 10 6, 22, *
liver, beef, raw 3880 2780 4600 4 B 4 19, 40, 101, 109
nmeat loaf, ckd 90 90 90 1 C 1 6
BEVERAGES
coffee, reg, bev 1 1 1 1 C 2 6
coffee, decaf, bev 1 1 1 1 ¢ 1 6
tea, bev 2% 6 80 8 A 6 6,19, 29, 42, 57, 95
soft drink, carbonated 13 1 38 8 A 3 6, 29, 42
fruit flavored drink 62 4 120 2 B 2 29, *
beers & ales 15 3 38 3 B 5 6, 29, *
wines 22 13 31 4 B 5 6, 36
whiskey 24 18 35 3 B 2 6, 29
BREADS
bread, white 132 110 147 6 A 5 6, 19, 44
rolls 135 135 135 1 C 1 6
bread, French 210 200 220 2 C 2 47, 88
bread, Italian 200 200 200 2 C 2 47, 88
bread, raisin 215 200 230 2 C 2 47, 88
bagels 180 170 190 3 B 2 47, 89
muffins, bran 130 130 130 1 C 1 42
bread, whole wheat 360 170 600 9 A 8 6, 19, 24, 44, 47, 88
bread, cracked wheat 225 210 240 2 C 2 47, 88
bread, rye 181 170 192 2 c 2 6, 19
biscuits 102 102 102 1 C 1 6
cornbread 60 60 60 1 c 1 6
READY-TO-FAT CEREALS
shredded bran 965 850 1080 2 c 1 60
bran flakes 533 400 640 3 B 2 19, 60
bran flakes w/raisins 485 485 485 1 c 1 6
Bran Buds 920 920 920 1 [4 1 60
Cracklin Branf 670 670 670 1 c 1 60
corn flakes 44 23 53 4 B 3 6, 19, 60
Cheerios8 368 340 423 3 B 3 6, 19, 60
granola 623 410 850 4 B 3 24, 42, 60
Lifed 490 490 490 1 c 1 60
rice, puffed 190 190 190 1 % 1 60
wheat, puffed 430 430 430 1 C 1 60
rice, crisped 137 85 175 3 B 3 6, 19, 60
special kf 280 280 280 1 C 1 60
Teami 240 240 240 1 c 1 60
wheat flakes 359 290 447 3 B 3 19, 44, 60
shredded wheat 417 170 561 4 A 5 6, 19, 44, 60
Grape Nutsh 370 370 370 1 c 1 60
Total8d 390 390 390 1 [ 1 60
Fruit Loops, Apple Jacksf 114 114 114 1 c 1 6
Product 19f 180 180 180 1 c 1 60
CHOCOLATE PRODUCTS
cocoa powder 5000 5000 5000 1 c 1 19
milk chocolate candy 286 70 453 3 B 3 6, 29, *
chocolate bar, fruit/nut 510 510 510 1 C 1 42
syrup, chocolate 430 430 430 1 [of 1 19
DAIRY PRODUCTS
milk, whole 7 3 10 13 A 18 6,17, 19, 27, 30, 33,
48, 55, 65, 73
milk, lowfat 5 3 8 3 B 3 6, 45, 55
milk, skim 5 2 11 4 B 4 6, 19, 48, 55
buttermilk 7 3 11 2 C 3 6, 55
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TABLE 4—Continued

NO.
GRAND OF TOTAL
MEAN MIN - MAX® MEANS CONFIDENCE REFS. ACCEPTABLE
FOOD OR AGGREGATE (ug/100g) USEDP  CODEC EvAL.d REFERENCES
DAIRY PRODUCTS(Continued)
milk, evaporated 13 9 16 2 [+ 2 6, 55
yogurt, plain 8 4 12 2 C 2 6, 55
yogurt, fruit 43 7 79 2 C 2 6, 55
milk, chocolate 27 27 27 2 [ 2 6, 55
milkshake 95 82 107 2 c 2 6, 58
cream 6 2 10 2 C 2 6, 55
sour cream 19 19 19 1 ¢ 1 55
ice cream, nonchocolate 19 19 19 1 [ 3 55
ice cream, chocolate 149 149 149 1 [¢ 1 6
ice cream sandwich 64 64 64 1 C 1 6
ice milk 17 11 23 2 o 2 6, 55
sherbet 27 22 30 2 [9 2 19, 55
pudding,chocolate,instant 70 70 70 1 C 1 6
brick cheese 24 24 24 1 C 1 2, 55
Cheddar cheese, Colby 73 27 220 5 A 3 6, 24, 55
Swiss cheese 71 32 110 2 [« 2 19, 55
cottage cheese 22 16 28 2 C 4 6, 55
cream cheese 16 16 16 1 ¢ 1 55
American cheese, processed 61 30 110 4 A 5 6, 19, 55, *
FATS AND OILS
butter 10 3 16 4 A 5 6, 55, 71, *
margarine 5 5 5 2 B 2 6, *
mayonnaise 12 12 12 1 C 1 6
vegetable oil 101 1 320 9 A 9 16,24,29,31,38,55,71
shortening,cu-hydrogenated 284 54 409 3 B 3 31, 38
salad dressing, Italian 5 5 5 1 c 1 6
OTHER GRAIN PRODUCTS
sweet rolls 103 103 103 1 [¢ 1 6
tortillas, corn 150 130 170 2 c 2 47, 88
tortillas, wheat 138 138 138 1 C 1 6
cake, chocolate 232 232 232 1 C 1 6
cake, yellow 36 36 36 1 C 2 6
cockie, chocolate sandwich 317 317 317 1 C 1 6
cookie, chocolate chip 228 228 228 1 [« 1 6
cookle, catmeal raisin 300 300 300 1 C 1 24
apple pie 54 54 54 1 C 1 6
doughnuts, cake type 121 110 133 2 B 2 6, 44
coffee cake 132 132 132 1 c 1 6
graham crackers 40 40 40 1 C 1 19
saltine, soda cracker 120 90 150 2 C 2 6, 19
crackers, whole wheat 870 870 870 1 C 2 24
corn chip snacks 220 110 330 2 C 2 6, 42
popcorn 181 181 181 1 C 1 6
pancakes 61 50 72 2 [¢ 2 6, 42
egg noodle/mac/spag, ckd 92 79 100 14 A 6 6, 47, 67, 75, 110
corn grits, ckd 12 12 12 1 [ 1 6
oatmeal, ckd 99 99 39 1 [ 1 6
rice, white, ckd 79 79 79 1 C 1 6
rice, white, raw 210 190 230 2 B 2 72, 102
millet, ckd 330 330 330 1 [¢ 1 24
farina, ckd 26 26 26 1 C 1 6
wheat germ 1143 876 1425 3 C 4 32, 53, 54, 60
LEGUMES
white beans, dry then ckd 308 285 330 3 B 2 6, 34
split peas, dry then ckd 190 190 190 1 C 1 34
lima beans, dry then ckd 238 205 280 3 B 3 6, 34
pinto beans, ckd/end 231 140 272 4 B 3 6, 34, 61
soybeans, ckd/cnd 670 670 670 1 c 1 24
kidney beans, dry then ckd 240 240 240 1 C 1 34
black beans, ckd 290 290 290 1 C 1 24
chickpeas, dry then ckd 470 470 470 1 [ 2 34
cowpeas, dry then ckd 320 320 320 1 C 2 34
lentils, dry then ckd 225 200 250 2 c 2 24, 34
Brazil nuts 2382 2382 2382 1 [¢ 3 29
almonds 1411 1411 1411 1 [ 3 29
walnuts 1335 1270 1400 2 C 4 19, 29
pecans 1203 1100 1264 3 B 6 6, 19, 29
peanuts 613 348 931 12 A 9 6, 19, 29, 46, 56,
66, 68, 100
sunflower seeds 1770 1770 1770 1 C 3 24
sesame seeds 2080 1610 2470 3 B 2 24
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TABLE 4—Continued

NO.
GRAND OF TOTAL
MEAN MIN - MAX® MFANS CONFIDENCE REFS. ACCEPTABLE

FOOD OR AGGREGATE (ug/100g) Usep®  CODEC EvArL,d REFERENCES
PROCESSED MEATS
bacon, ckd 110 110 110 1 C 3 6
frankfurter, ckd 60 60 60 1 C 3 6
bologna 69 60 78 2 C 2 6, 28
sausage, ckd 93 93 93 1 C 1 6
salami 103 78 128 2 C 2 6, 28
luncheon meat 50 20 79 2 C 2 19, 28
MISCELLANEOUS
infant formula, milk 66 9 102 4 A 4 6, 70
infant formula, soy 105 62 149 2 C 2 70, 108
rice cereal, infant 380 380 380 1 C 1 21
cream subst powder 14 14 14 1 [¢ 1 6
gravy 4 & 4 1 C 1 6
sugar, white 29 10 57 3 B 4 6, 29, 42
honey 37 20 70 3 B 3 6, 42
gelatin dessert 5 5 5 1 C 1 6
coffee, Tegular, powder 771 235 1300 4 B 4 19, 29, 106
MIXED DISHES
beef stew w/vegetables 57 40 76 4 B 2 6, 74
chicken/turkey pot pie 527 50 55 3 B 2 6, 74
chili con carne w/beans 144 90 210 4 B 3 6, 20, 74
chow mein, pork 57 50 69 4 B 2 6, 74
hamburger on bun, fast food 105 89 133 3 B 2 6, 58
vegetable beef soup, c¢nd 16 16 16 1 C 1 6
minestrone soup, cad 115 100 130 2 [of 1 42
pork and beans, cnd 186 170 203 2 C 2 6, 19
taco with beef 100 100 100 1 C 1 23
lasagna, hmd 110 110 110 1 C 1 6
macaronil & cheese, pkg 81 60 120 4 A 4 6, 42, 74, e
pasta w/beef/chick/tuna,hmd 88 56 120 2 C 2 6, 74
spag w/meat sauce, hmd 129 109 150 2 ¢ 2 6, 74
spag w/tom sauce, hmd/cnd 74 57 90 2 C 2 6, 74
plzza, cheese 115 90 133 3 B 3 6, 23, 74,
chicken soup w/starch, cnd 10 10 10 1 C 1 6
potato,white,scalloped,hmd 60 60 60 1 C 1 6
tomato soup, cnd 35 35 35 1 C 1 6
POULTRY, OTHER HIGH PROTEIN FOODS
chicken, ckd 61 40 79 12 A 3 6, 40, 98
chicken, raw 46 11 73 13 A 6 19, 40, 59, 98, 99
turkey, ckd 92 40 185 3 B 3 6, 91
turkey, raw 62 37 114 4 C 2 19, 91
egg, ckd 70 52 90 4 A 2 6, 74
egg, raw 80 53 120 3 B 3 19, 42, 93
peanut butter 630 610 670 3 B 3 6, 19, 56
FISH AND SEAFOOD
fish, breaded, fried 59 38 92 5 B 2 49, 74
tuna fish, end, drained 30 11 51 3 B 7 6, 19, 35
fish sticks 76 76 76 1 C 1 6
salmon, cnd 96 76 116 2 C 3 19, 35
salmon, raw 70 47 93 2 C 2 35, 97
crab, ckd 783 590 1061 3 B 2 62, 92
crab, cnd 39 270 510 2 c 4 19, 92
crab, raw 527 366 740 3 B 2 35, 92
scallops, ckd 270 270 270 1 C 1 42
shrimp, ckd/cnd 216 170 300 3 B 3 6, 19, 35
shrimp, raw 193 193 193 1 C 1 35
oysters, ckd/cnd 44996 10692 79300 2 B 3 62, e
oysters, raw 13415 750 60220 5 A [ 26, 35, 62, e
FRUITS AND VEGETABLES
coconut, fresh 370 370 370 1 c 2 24
grapefruit 34 27 41 2 c 5 6, 19
orange juice 25 8 50 4 B 10 6, 19, 61
orange 30 4 45 3 B 6 6, 19, e
apple 26 26 26 1 ¢ 16
applesauce 17 3 29 4 B 5 6, 19, 25, 59
apricot, dried 280 280 280 1 c 1 24
banana 140 100 210 4 B 6 6, 19, 61
cantaloupe 73 14 240 6 A 6  6,19,43,52,61,107
grape 115 35 250 4 A 5 6, 19, 61, e
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TABLE 4—Continued

No.
GRAND OF TOTAL
MEAN MIN - MAX2 MEANS CONFIDENCE REFS,. ACCEPTABLE
FOOD OR AGGREGATE (ug;lOOgs USEDP CODE® EVAL.d REFERENCES
FRULTS AND VEGETABLES(Continued)
peach, fresh 77 55 100 2 C 3 6, 63
peach, cad 67 31 125 7 A 5 6, 19, 41, 61, 63
pear, fresh 86 86 86 1 C 4 6
pear, cnd 44 40 50 3 B 3 6, 19, 61
watermelon 21 17 24 2 C 3 6, 19
strawberry 55 55 55 1 C 2 6
fruit cocktail 58 58 58 1 C 1 6
apple julce 17 10 23 2 c 2 6, 19
grape Jjulce 19 7 40 3 B 4 6, 19, 61
potato,white,bkd/bld/cnd 107 68 140 3 B 3 6, 61
potato chips 353 353 353 1 C 1 6
potato, french fried 155 141 177 3 B 3 6, 58, e
potato, white, mashed 63 55 70 2 C 2 6, 61
broccolt, ckd 28 28 28 1 c 2 6
broccoli, raw 51 11 90 2 C 2 19, 61
carrot, raw 83 11 150 5 A 11 6, 19, 61, 64, 72
sweet potato, ckd/cnd 130 63 190 5 A 4 6, 19, 50, 63
sweet potato, raw 190 130 250 2 ¢ 2 50, 63
squash winter, ckd 92 44 140 2 C 1 6, 19
squash summer, ckd 67 67 67 1 [ 4 6
tomato, ckd/cnd 92 67 114 5 A 3 6, 41, 45
tomato, raw 93 50 180 7 A 11 6,45,61,64,72,77
tomato juice 76 67 80 3 B 5 6, 61, 77
tomato sauce 106 106 106 1 C 1 6
cabbage salad, coleslaw 17 17 17 1 C 1 6
cabbage, ckd 10 10 10 1 C 1 6
cabbage, raw 40 20 60 2 C 5 19, 61
celery 18 10 25 2 C 4 6, 61
cucumber 51 32 70 2 c 5 6, 61
lettuce 38 10 90 5 A 9 6, 19, 46, 61
mushroom, raw 390 390 390 1 C 2 59
green beans, ckd/cnd 52 18 100 9 A 5 6, 41, 61, 69
corn, cnd 27 11 44 4 B 4 6, 19, 105
corn, cream style, end 30 30 30 1 [ 1 6
corn, raw 38 30 45 2 C 2 46, 105
mushroom, ckd/cnd 262 260 268 3 B 3 6, 19, 61
onion, ckd/cend 81 60 102 2 C 2 6, 39
onion, raw 53 35 97 4 A 9 6, 19, 39, 72
green peas, ckd/cnd 101 70 130 4 B 4 6, 19, 76
lima beans, raw 180 180 180 1 [ 1 19
mixed vegetables, cnd 38 38 38 1 C 1 6
cucumber pickles, dill 33 33 33 1 [ 1 6
jellies, jams, preserves 19 19 19 1 C 2 6

4 Grand mean of individual mean values taken from acceptable
studies; also the minimum and maximum acceptable
individual means.

Number of copper values from acceptable references which
were used to derive the grand mean value. For some
foods, the number of mean values reflects the
aggregatlion of related food items.

€ Indicator of the relative degree of confidence a user
can have in a value; the confidence code is a
function of the quality and quantity of available
data.

d Total number of references evaluated
e This grand mean value includes data from Table 5
f Kelloggs Company, Battle Creek, MI 49016
2 General Mills, Inc., Minneapolis, MN 55440
h  General Foods, Corporation, White Plains, NY 10625
i Nabisco, Inc., East Hanover, NJ 07936
J Quaker Oats Company, Chicago, IL 60654
ABBREVIATIONS:

bkd = baked

blid = boiled

cnd = canned

ckd = cooked

hmd = homemade
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Food Consumption Survey, 1977-1978 (NFCS, 77-78) (14). Until the results for the
Nationwide Food Consumption Survey, 1987-1988, are published, the NFCS, 77-
78, is the most recent survey of nationwide food consumption patterns available for
all household types and sex-age categories in the U.S. population. Data from the
NFCS, 77~78, include specific food descriptions for approximately 3500 foods, 3-day
weighted frequencies of consumption for specific foods by 36,255 individuals, and
average portion size consumed. The frequency of consumption for a specific food
indicates the number of eating occasions at which the food was consumed by the
survey participants (15). It should be noted that foods included in this NFCS, 77-78,
file represented edible forms. Foods not normally consumed raw, (e.g., liver) or with-
out further processing, (e.g., enriched flour), did not appear.

In an attempt to limit the task to manageable proportions, the descriptions of foods
were reviewed. Similar foods were aggregated and their frequencies of consumption
were summed. Frequencies for foods which, by description, represented mixed foods
of uncertain formulation, e.g., beef with gravy, were not combined with other beef
items and were retained as individual items. The aggregation of food descriptions
with accompanying frequency data was similar to the aggregation of food descriptions
for the analytical data, so that the two data sets could be merged. Consumption data
for nonchocolate candies, sugar syrups and toppings, and salad dressings were elimi-
nated due to the low frequencies for individual items, as well as the limited availability
of Cu data for these categories. Frequency data for infant foods were not included.

Foods/food aggregates with 3-day frequencies of 300 or greater were selected for a
subset. This subset accounted for 90% of the total food counts recorded by subjects
in the survey. The most frequently consumed food items in the NFCS, 77-78, such
as whole milk, white bread, and beef had {-day frequencies of 34,565, 26,825, and
14,025, respectively, for the survey population. In addition, the evaluation of pub-
lished analytical data indicated a small number of foods (e.g., oysters and legumes),
which contain relatively high levels of Cu. Despite the fact that the frequencies for
these foods were below 300, they were included.

In order to account for the combined effect of frequency and portion weights, the
average portion weights of individual foods were multiplied by their respective fre-
quencies to obtain the gram weights consumed by the population. For aggregates, the
gram weights of individual foods were summed. The ratio of the gram weights of
foods included in the subset to the total grams of food consumed in the survey was
89%. Specifically, tabulation by food group indicated a range of 78-96%. Thus, this
subset of foods/food aggregates represents the majority of the foods consumed by the
survey population. Therefore, it is probable that these foods supply the majority of
nutrients in the diet based on the gram weight consumed. Next, the grand Cu means
for foods/food aggregates which had been calculated from the evaluated analytical
data were multiplied by their respective NFCS, 77-78, weights of foods as described
above. This process yielded the amount of copper contributed by each food for the
total population surveyed. Then, the food/food aggregates were ranked by their Cu
contribution. The amount of Cu contributed by the foods not included in this subset
was judged to be a smail percentage of population intake.

After the food/food aggregates were ranked the authors noticed that values for sev-
eral highly ranked foods (beef liver, oysters, fruit-flavored drinks, and french fries)
had confidence codes of C. Since the rank of a food as a copper contributor is deter-
mined, in part, by its copper value, it is critical that copper values for high ranking
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foods be supported by adequate data. Also, widely disparate literature values for sev-
eral lower ranking foods including margarine, macaroni and cheese, and beer indi-
cated a need for confirmatory analyses.

Limited additional Cu data were generated by the Inorganics Section, Nutrient
Composition Laboratory, for the foods listed above in order to improve or verify
mean values. Two to four samples of each product were purchased in local supermar-
kets, cooked if appropriate, and homogenized in a Cuisinart food processor according
to predetermined protocol. Where the brand of item was relevant, samples were care-
fully selected to represent the major brands in the U.S. market. Samples were pre-
pared in triplicate using an HNO3/H202 wet ash digestion procedure and analyzed
by atomic absorption spectrometry using a Perkin-Elmer Model 603 (16). Analytical
accuracy and preciston were monitored by the use of National Institute of Standards
and Technology (NIST) (formerly National Bureau of Standards) reference materials,
NIST SRM 1567 Wheat Flour (certified value: 2.0 + 0.3 ug/g) and NIST RM 8431
Mixed Diet (reference value: 3.36 + 0.33 ug/g). The results were 2.17 +0.10 and 3.48
+ 0.26 ug/g, respectively.

RESULTS

Cu is widely distributed in the foods Americans consume. Table 4 provides a list
of foods, including both raw and cooked forms of some foods, for which acceptable
data exist. These data include grand means for each food as well as the minimum
and maximum acceptable means reported in the literature. The number of acceptable
means used in the calculation of the grand mean for a food/food aggregate is listed.
In some cases the number of acceptable means includes mean values for similar forms
of a food which have been aggregated under a single, more general descriptor. Individ-
ual means which passed the screening for acceptability were equally weighted. The
total number of references which were evaluated for each food has been included.
Also, included are the references for individual acceptable means so that the user may
retrieve individual studies for review. A confidence code for the mean for each food,
indicating the relative degree of confidence a user can have in that value, is provided.
The confidence code is a function of both the quality and the quantity of available
data. It should be noted that only 14% of the confidence codes for the 218 foods are
A and 24% are B, while 62% are C. In general, the large number of C confidence codes
is an indicator of the paucity of Cu data. For 120 of the foods, only a single reference
was deemed acceptable. The maximum QI [QI (quality index) equals QS (quality
sum) for a single acceptable reference] that an individual reference could achieve
would be 3, qualifying a single study for a confidence code of C (Table 3). In fact, the
average QI for foods with a single reference is 1.8. This is attributable to the large
amount of FDA’s Total Diet Study data which have been included. Relatively high
ratings were given to FDA’s analytical results due to the use of a validated analytical
method, monitoring of batch-to-batch accuracy and precision, and nationwide sam-
pling. While data from other studies may have been evaluated for some of these foods,
those data were determined to be unacceptable for reasons previously mentioned and
were not used in the computation of the grand mean.

Of the 218 core foods, twenty-six provide 65% of the total Cu intake (Table 5).
These include beef liver (rank 1) and oysters (rank 3) which have low frequencies of
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TABLE 5

FOODS REPRESENTING 65% OF COPPER CORE FOOD INTAKE RANKED BY CONTRIBUTIONS TO U.S. DIETS

Number
Copper Content Conf. of Cumal‘
Rank Food Item Mean Min. -~ Max. Code Means %
—————— ug,/100g%——————
1 Liver, beef, ckd 6434 3425 - 9310 A 4 8.7%
2 Beef, ckd 104 80 - 136 Ab 6 15.4%
3 oysters, ckd/cnd 44996 10693 - 79300 B 2 21.7%
4 Bread, white 132 110 - 146 Ab 6 27.0%
5 Tea beverage 24 6 - 80 A 8 30.6%
6 Potato, French fried 155 141 - 177 B 3 33.2%
7 Pork, ham, ckd/cnd 121 57 - 210 A 15 35.6%
8 Potato, white, bkd/bld/cnd 108 68 - 115 Bb 3 38.1%
9 Bread, whole wheat 360 170 - 600 Ab 9 40.5%
10 Soft drink, carbonated 13 1 - 38 Al 8 42.9%
11 Fruit flavored drink 62 4 - 120 B 2 44.7%
12 Milk, whole 7 3 - 10 Ab 13 46.4%
13 Chicken, ckd 61 11 - 79 A 12 48.0%
14 Peanut butter 630 610 - 670 B 3 49.6%
15 Banana 141 100 - 210 B 4 51.2%
16 Potato, white mashed 63 55 - 70 Cb 2 52.6%
17 Orange juice 25 8§ - 50 B 4 54.1%
18 Spaghetti w/tomato sauce&meat 130 109 - 150 C 2 55.5%
19 Rolls 135 135 - 135 C 1 57.0%
20 Tomato, raw 93 50 - 180 A 7 58.3%
21 Egg noodle, mac, spag, ckd 92 79 - 100 A 14 59.6%
22 Rice, white, ckd 79 79 - 79 c 1 61.1%
23 Egg, ckd 70 52 - 90 A q 62.1%
24 Chili con carne w/beans 144 90 - 210 B 4 63.3%
25 Pinto beans, ckd/cnd 231 140 - 272 B 4 64.2%
26 Oatmeal, ckd 99 99 - 99 c 1 65.5%
gEdible portion.

Foods which have maximum values greater than four times the minimum value.

Number of copper values from acceptable references which were used to derive the
grand mean value. For some foods, the number of mean values reflect the aggregation
of related food items.

Cumulative percentage of the daily copper intake/person from 218 core foods,

(see text).

consumption but high levels of concentration. The top ranking foods also include
foods which are not as rich in Cu but are consumed so frequently that they become
important contributors of Cu such as tea, potatoes, whole milk, and chicken. Other
good sources of Cu include other organ meats, grains, and cocoa products.

Table 6 includes the new analytical copper values determined for selected high-
ranking foods (beef liver, oysters, etc.) and some lower ranking foods with disparate
values. Also included are the previous mean values as well as the recalculated means
after the addition of these new data. The new analytical data for each food were
averaged and were assigned ratings prior to their addition to the previously evalu-
ated data.

It should be noted that the new analytical data, if used alone, could achieve no
higher confidence code than a C. However, as a result of the input of a limited amount
of high quality data, it was possible to upgrade the initial confidence codes for the
foods analyzed.

Currently, the variability in the Cu content of a food is not considered in the deter-
mination of the confidence code. In Table 5, seven foods which have maximum val-
ues greater that four times the minimum value have been flagged. This flagging indi-
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TABLE 6

EFFECTS OF ADDITIONAL ANALYTICAL DATA ON MEAN VALUES FOR SELECTED FOODS

Previous Adjusged Nutrient Composition
Mean Mean Laboratory Values
——————————————————— ug/100g——-——— e
1. Liver, beef, ckd. 6500 6434 3425,9310
2. Potato, French fried 159 155 125,170
3. Macaroni & cheese
(from box mix) 81 81 77,86
4. American cheese 62 61 57,64
5. Grapes 125 115 84,76,87
6. Milk chocolate
candy 263 286 270,402
7. Oysters, ckd. 79300 44996 4050, 76409
2640,28410¢
8. Oysters, raw 15353 13415 2870,2300d
1390,9000°
9. Margarine 5 5 5,5
10. Fruit flavored
drink 120 62 4,6,1
11. Beer, reg. 22 15 4,2,3
12. Butter 11 10 9,9
13. Orange 23 30 48,42
14. Egg white, raw 5 14 20,27
15. Egg yolk, raw 10 88 158,174

8Based on the evaluation of literature values.

Recalculated to include Nutrient Composition Laboratory values.

Two to four samples of each product were purchased from local supermarkets,
cooked if appropriate, and analyzed by AAS.

Pacific oysters

Chincoteague, Maryland oysters

cates the wide range of analytical values which contribute to their respective means
and serves as a caution to users. All of these foods have confidence codes of A or B.
The evaluation system permits the inclusion of values from individual references
which demonstrate acceptable procedures for analytical method, sample selection,
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and sample preparation. In general, authors presented limited or no documentation
of procedures for monitoring day-to-day accuracy and precision. In fact, the majority
of the ratings for analytical quality control were zero. Without quality control data,
it was difficult to evaluate the accuracy of a mean from an individual reference.

The tabulation of individual means from various references, as previously de-
scribed, to determine a grand mean for a food, provides a range of values which can
be viewed as a rough estimate of variability about that mean. For many foods the
range is based on less than eight individual means, each representing limited individ-
ual analyses. This estimate of variability, albeit rough, can be used to calculate the
number of analytical samples per food required to estimate a mean nutrient level
with a specified level of statistical confidence (103, 111).

However, this estimate of variability (determined from the literature compilation)
includes analytical variability as well as the inherent variability in the Cu content of
the food. Since these sources cannot be separated without quality control data, it
is difficult to assess the inherent variability in the Cu content of specific food/food
aggregates. For those foods (e.g., oysters) where good quality control procedures have
been reported, divergent analytical data indicate constderable inherent variability in
Cu levels. If published data included documentation of quality control procedures
which ensure the accuracy and precision of measurements, then the inherent variabil-
ity in Cu levels for foods could be quantified. Such information could be utilized
to provide better estimates of Cu values to be used in studies of Cu intake and
metabolism.

CONCLUSIONS

The evaluation of Cu data for foods resulted in a list of 218 foods/food aggregates
which contribute the majority of the Cu to the diet. A systematic evaluation of analyt-
ical data can provide the basis for the identification of food items for future analyses.
A review of the grand means and confidence codes for various foods indicates that
additional high-quality data are needed for several food groups. Breads and other
grain products, good sources of Cu frequently consumed by the population, should
be of first priority. The increased consumption of commercial and home-prepared
mixed dishes indicates a need for improved copper data for these foods. Limited data
are available for many cheeses, yogurt, and frozen desserts. Furthermore, the current
trend toward increased consumption of good copper sources such as seafood products
and legumes will require the availability of improved copper data for those foods.
Finally, the availability of minimum and maximum values, providing a rough indica-
tion of Cu variability (analytical, geography, formulation), indicates the need for
more extensive measurements of Cu values for important dietary contributors.

The assignment of indicators of data quality and the inclusion of references for
individual means allow the user to make an informed decision regarding data applica-
tions. The dynamic nature of the evaluation system facilitates the updating process
and allows for the system’s modifications as the state of the data improves. The au-
thors welcome any constructive comments regarding ways in which this system for
evaluating data can be improved. In particular, ideas for weighting the various accept-
able means in order to determine the best estimate of the copper level in a specific
food need to be discussed and tested.
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