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Trace element intakes of women

By ROSALIND S. GIBSON AND CINDY A. SCYTHES

Applied Human Nutrition, Department of Family Studies, University of Guelph, Guelph,
Ontario, Canada

(Received 19 August 1981 — Accepted 30 March 1982)

1. Energy, protein, zinc, copper, manganese, selenium and dietary fibre intakes of 100 pre-menopausal women
(mean age 30-0 + 6-1 years) from a university community, and consuming self-selected diets, were calculated using
3 d dietary records and food composition values. Subjects also collected a 24 h food composite during the 3d
record period for analysis of Zn, Cu and Mn by atomic absorption spectrophotometry. Daily analysed intakes
were compared with those calculated from the corresponding record day.

2. Mean daily calculated intakes of energy, protein, Zn, Cu, Mn, Se and dietary fibre were 7-54 + 1-61 MJ,
74+ 18 g protein, 10:-1+3-3 mg Zn, 1-9+0-6 mg Cu, 3-1+1-5mg Mn, 131+ 53 ug Se, 19-4+6-6 g dietary fibre.

3. Major food sources for each of the trace elements were (%): Zn meat + substitutes 43, dairy products 23-7;
Cu breads and cereals 22, vegetables 21; Mn breads and cereals 47, fruits 12; Se meat+ substitutes 38, breads
and cereals 30.

4. Highly significant correlations (P = 0-001) were noted for analysed intakes of Zn, Cu and Mn and those
calculated from the corresponding record day. Mean calculated intakes were higher (9;): Zn 138, Cu 142, Mn 121,
than corresponding mean analysed intakes (P = 0-01). However, the mean nutrient densities (mg/MJ) were
comparable: Zn analysed 1-2, calculated 1-4; Cu analysed 0-2, calculated 0-2; Mn analysed 0-4, calculated 0-4.

5. All subjects met the Canadian Dietary Standard (CDS) recommended level for Cu but 489 received less
than the CDS for Zn, 6%, obtaining less than two-thirds of this recommended level. Daily Mn and Se intakes
were similar to recent values for North American diets.

Recent advances in food production and processing have led to significant changes in the
trace element content of foods (Schroeder, 1971). The increasing use of more highly refined
foods and food analogues has led to a reduction of copper, zinc, manganese and chromium
intakes, and nutritional deficiency states for some of these trace elements have been reported
in certain population groups (Levine et al. 1968; Hambidge et al. 1972; Klevay et al. 1979).

Clearly, it is important to monitor periodically the trace element content of human diets
to assess whether existing dietary trace element recommendations are being met or exceeded,
and to assist in establishing dietary recommendations for some of the trace elements.

The purpose of this study was to determine the Zn, Cu, Mn, Se and dietary fibre intakes
of a group of Canadian pre-menopausal women consuming self-selected diets. Dietary trace
element intakes were calculated from 3 d food records using food composition values and
by chemical analysis of a 1 d food composite collected during the 3 d record period.

EXPERIMENTAL

Daily trace element intakes from dietary records
Pre-menopausal Canadian women (100; mean age 3046-1 years) from a university
community and consuming self-selected diets, participated in the study. Consent was
obtained from the subjects after the nature of the study had been fully explained to them.
The study protocol was approved by the Human Ethics Committee of the University of
Guelph. Dietary information was collected using dietary records completed by the subjects
in their own homes during three consecutive weekdays. Subjects recorded all foods and
beverages consumed (including drinking water), in household measures and provided
recipes for all prepared food items. Dietary records were checked on completion by a
nutritionist. Daily intakes of energy, protein, Cu, Zn, Mn, Se and dietary fibre were
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Fig. 1. Daily Zn intakes. ¥ = 10-1, sb = 3-3, n = 100.
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Fig. 2. Daily Cu intakes. ¥ = 1-9, s = 0-6, n = 100.

calculated using the appropriate values for foods obtained from company product
information, food composition tables (Agriculture Handbook, 1976, 1977, 1979 q, b,
19804,b) and the literature (Morris & Levander, 1970; Schlettwein-Gsell & Mommsen-
Straub, 1971a, b, 1972; Arthur, 1972; Meiners et al. 1976; Southgate et al. 1976; Allen
et al. 1977; Ganapathy et al. 1978; Freeland-Graves et al. 1980). Foodstuffs were divided
into food groups to determine the most important sources for each of the trace elements
investigated.

Food composite collection and laboratory analysis
During one of the three record days, each subject collected a duplicate portion of all foods
and beverages consumed, including drinking water, in acid-washed polyethylene bags and
jugs with non-metal lids respectively.
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Table 1. Mean calculated daily intakes of energy, protein, trace elements and dietary fibre
by Canadian women

Mean SD
Energy (MJ) 7-54 1-61
Protein (g) 73-8 182
Zn (mg) 10-1 33
Cu (mg) 19 0-6
Mn (mg) 31 1-5
Se (zg) 131 534
Dietary fibre (g) 19-4 6-6

Food composites were returned to the laboratory and homogenized in a large stainless
steel Waring Blendor (model no. CB5) coated with Teflon. To check for possible trace
element contamination in this homogenization step, distilled deionized water was treated
in the same manner as the food composite. No detectable Cu, Zn or Mn were found.
Beverages were combined gradually with the solid food items during the blending to produce
a single homogenous sample.

After measuring the volume of the total homogenate, portions were poured immediately
into three acid-washed polyethylene containers and frozen at —17° for retrospective
analysis. After thawing, each of these three sub-samples were recombined and blended before
removal of a 25 ml portion using an acid-washed pipette. These portions were dried in
acid-washed Pyrex beakers at 105° to remove moisture and then ashed in a muffle furnace
for 24-48 h at 450°. The ash was dissolved in 10 ml 6 M-hydrochloric acid and analysed
for Zn, Cu and Mn by established atomic absorption procedures using a Perkin Elmer AA
spectrophotometer (model 372). Replicates of one 24 h food composite were analysed to
check on the homogenity of the portions removed from the food composite and the
reproducibility of the method. Mean (+sD) concentrations (xg/g) for four replicates of the
24 h diet were: Zn 4-88 +0-23, Cu 0:70+0-06 and Mn 2:06 4+ 0-05. The amounts of added
Zn, Cu and Mn recovered were also determined at regular intervals. The mean percentages
of recovery for Zn, Cu and Mn were 94-7+0-3, 95-2+0-03 and 94-8 4+ 0-3 respectively. The
accuracy of the method was studied by analysing Orchard Leaves Standard Reference
Material no. 1571, National Bureau of Standards (NBS). Mean (+sp) values (ug/g) for
three replicates were: Zn 25:3+2-2, Cu 13:54+0-2 and Mn 91-7+4. Certified NBS mean
values (ug/g) were: Zn 25+ 3, Cu 12+ 1 and Mn 91 +4. Analysed intakes were compared
with those calculated from the corresponding record day using the paired Student’s ¢ test.

RESULTS
Calculated daily trace element intakes

The calculated mean daily energy, protein, Zn, Cu, Mn, Se and dietary fibre intakes are
presented in Table 1. Frequency distributions of the daily trace element intakes are shown
in Figs. 1-4. Zn intakes ranged from 4-1 to 21-7 mg/d, with a mean value of 10-1 mg/d,
slightly above the Canadian Dietary Standard (CDS) recommendation of 9 mg/d (Depart-
ment of Health & Welfare Canada, 1975) but below the US Recommeneded Dietary
Allowance (RDA) of 15 mg/d (National Research Council, Food & Nutrition Board, 1980).
Of the subjects, 48 and 919 failed to meet the CDS and RDA for Zn respectively, with 6
and 559, receiving intakes of less than two-thirds of these recommended levels.

All subjects met the current CDS estimated Cu requirement (0-2 mg/MJ) although 699,
received intakes below the RDA safe and adequate level (2-3 mg/d) and 5% had intakes
above 3 mg/d.
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Fig. 4. Daily Se intakes. ¥ = 131, sp = 53-4, n = 100.

Daily Mn intakes ranged from 0-7 to 10-8 mg/d with a mean daily intake of 3-1 mg/d.
A CDS recommendation has not been established for Mn and the RDA gives an estimated
safe and adequate intake level of 2-5-5-0 mg/d. Of the subjects, 379 received Mn intakes
below this suggested safe limit and 109, exceeded this range.

Similarly, there is no CDS recommendation for Se. None of the subjects received less
than the lower limit of the RDA safe and adequate level (50 ug/d) but nine of the subjects
received intakes above the upper limit (200 xg/d) of this range.

The percentage contribution of six food groups to the daily trace element intakes are given
in Table 2. Major food sources of both dietary Zn and Se were meat plus substitutes
(includes legumes and soya-bean products), providing 43 and 389 respectively. In contrast,
bread and cereals were the most important dietary sources of Cu (229;) and Mn (47%,).

Analysed Zn, Cu and Mn intakes
Table 3 compares the mean daily intakes of Zn, Cu and Mn derived from laboratory
analysis of the 1 d food composites with mean values obtained from calculation of the
corresponding record day. As might be expected, highly significant positive correlations
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Table 2. Mean percentage contribution of six food groups to mean Zn, Cu, Mn and Se
intakes of Canadian women

Food group Zn Cu Mn Se
Milk and milk products 237 45 21 92
Meat and substitutes 430 168 79 380
Vegetables 90 211 63 79
Fruit 35 147 120 53
Bread and cereals 190 220 470 300
Fats, sugars, -7 207 246 94

beverages, alcohol

Table 3. Mean intakes (mg/d) of Zn, Cu and Mn of Canadian women determined by
chemical analysis and calculation

Analysed Calculated

Mean SD Mean SD

* P < 0-0001.

were noted for the analysed trace element intakes and those obtained by calculation
(P = 0-001). The calculated intakes of Zn, Cu and Mn were 138, 142, and 121 % higher than
the analysed values respectively, and these differences were statistically significant
(P < 0-0001). However, the ratios of the mean of each trace element per MJ of total
dietary energy (i.e. mean nutrient density) obtained from chemical analysis of the 1d
food composite and by calculation of the corresponding record day were comparable:
Zn analysed 1-2mg/MJ, calculated 1-4 mg/MJ; Cu analysed 0-2 mg/MJ, calculated
0-2 mg/MJ; Mn analysed 0-4 mg/MJ, calculated 0-4 mg/MJ.

DISCUSSION

The Zn intakes reported in the recent literature for mixed Western diets range from
8-18-6 mg/d (Guthrie & Robinson, 1977; Holden et al. 1979; Lyon & Smith, 1979; Milne
et al. 1980) with the majority falling near the lower limit of this range and below the RDA
for Zn. It is possible that the RDA for Zn may be too high. Canadian university students
consuming cafeteria meals received a mean Zn intake of 11-6 mg/d (Srivastava et al. 1977).
This is slightly higher than the mean calculated Zn intake reported here (10-1 mg/d) but
comparable to that recently calculated for post-menopausal, Canadian women (11-0 mg/d)
(Anderson et al. 1981). Zinc intakes in this study were also highly correlated with protein
intakes (r 0-739), a finding noted in earlier studies (Hunt ez al. 1979; Anderson et al. 1981).

Calculated 3 d mean daily Cu intakes (mean 1-9 mg, range 0-9-4-0 mg) were comparable
to recently reported values for North Americans consuming self-selected mixed diets
(Holden et al. 1979; Milne et al. 1980) but below earlier estimates (Klevay, 1975). In general,
the majority of the dietary Cu intakes were within the range of recently estimated adult Cu
requirements from balance studies (Cartwright & Wintrobe, 1964 ; Klevay et al. 1980). Low
intakes of Cu were associated with low energy (r 0-527) and low protein intakes (r 0-412)

9 NUT 48
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compared to the CDS recommendations (Department of Health & Welfare Canada, 1975),
a finding also noted by Holden ef al. (1979).

The mean Mn intake (3-1 mg/d) of these pre-menopausal women fell within the range
(2-4 mg/d) reportedinrecent North American studies (Meranger & Smith, 1972 ; Kirkpatrick
& Coffin, 1974; Srivastava & Nadeau, 1978) and was lower than earlier estimates (Schroeder
et al. 1966). These differences may be attributed in part to the increased use of refined cereals
which are lower in Mn (Schroeder, 1971) than unrefined cereals; cereals being a major source
of dietary Mn. In this study, breads and cereals contributed 47%, of dietary Mn, and fruits
129 of dietary Mn. Tea is also a rich source (World Health Organization, 1973) and subjects
with high Mn intakes (i.e. > 5 mg/d) in this study consumed frequent cups of tea (World
Health Organization, 1973).

There are major differences in the Se dietary intakes reported from several countries. This
is attributed, in part, to varying levels of Se in the soil and hence dietary components, as
well as differences in dietary patterns (Thomson & Robinson, 1980). In Canada, the
availability of foods originating from many different areas and supplementation of animal
feeds with Se in North America alleviates any potential problems associated with soils low
in Se (Morris & Levander, 1970). Currently Se deficiency in human populations has not
been described in North America. The calculated mean daily Se intake (xg/d) of the women
in this study (131) was higher than those estimates for persons living in New Zealand (24),
Italy (12-6), UK (60) and Japan (88-3) (Thomson & Robinson, 1980) but comparable to the
levels reported in Canadian Toronto mixed diets (98—-148 ug/d; Thompson et al. 1975) and
the estimated typical daily Se intakes in the USA (132 pug/d; Morris & Levander, 1970).
The dietary requirements for Se are not well established. At least three recent reports have
described features characteristic of acute over-exposure to Se in man (e.g. Diskin ez al. 1979
Van Hubbard et al. 1980). Hence, regular intakes of Se above the level of 200 ug/d, received
by nine of the subjects in this study, are probably undesirable if the risk of long-term chronic
over-exposure is to be prevented. The major food sources of Se for these pre-menopausal
women were meat plus substitutes (389) and bread plus cereals (30%).

Both dietary fibre and phytate have been implicated in reducing the availability of Zn
and possibly other trace elements in the diet (Oberleas & Harland, 1977). In this study,
animal products were the most important sources of dietary Zn and Se (Table 2)and dietary
fibre intakes were within the range noted by others for subjects consuming mixed diets
(Anderson et al. 1981; Marlett & Bokram, 1981). It appears unlikely that absorption of
trace elements from these mixed diets was adversely affected by dietary fibre and phytate.

The discrepancies between the analysed and calculated trace element intakes were not
associated with inaccuracies in the laboratory analysis, as mean ( +sp) values obtained for
the NBS Orchard Leaves compared very closely to the certified NBS values for Zn, Cu and
Mn. Inadequate homogenity of the food composite was also not a source of error as Zn,
Cu and Mn analyses of four replicates of a selected 24 h food composite were comparable.
Furthermore, losses of trace elements due to volatilization during the ashing procedure did
not occur as recoveries were satisfactory. It is possible that subjects either failed to include
certain foods and beverages in their 24 h food composite, or retained smaller portions for
their 1 d food composite than were recorded in their food records. Alternatively, portion
sizes for the record day were over-estimated. Certainly the comparable nutrient densities
obtained for the analysed and calculated 1 d trace element intakes suggests that discrepancies
in portion size, rather than omission of specific food items from the food composite, were
responsible for the reported differences in the analysed and calculated 1 d trace element
intakes. Greger et al. (1978) observed similar relative differences between analysed and
calculated dietary Zn values determined from 51 d menus in two metabolic studies.
However, their differences were apparently due to discrepancies in analysed v. food table
values.
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Energy and selected nutrient intakes derived by calculation from the one record day set
aside for the food composite collection, were also compared using a paired Student’s ¢ test
with mean intakes calculated from the other two record days. Differences were significant
(P < 0-01) suggesting that energy and nutrient intakes on the day of the food composite
collection were not representative of the other 2 d. This suggests that when subjects were
asked to reserve a duplicate portion of all foods and beverages consumed, their eating
pattern was altered. White (1969) attributed the low energy intake of college women
(18-30 years), determined by chemical analysis, to the collection of a 1 d food composite.
In this study results suggest that chemical analyses of a 1d food composite does not
necessarily provide a more accurate assessment of dietary trace element intakes than those
calculated from 3 d food records.

Notwithstanding the uncertainties associated with dietary information calculated from
food records, it is clear from the results of this study that valuable information can be
obtained using this methodology. The calculated and analysed trace element intakes when
expressed on a per MJ basis were comparable, and the values from this study provide new
information on the trace element intakes of Canadian pre-menopausal women consuming
self-selected diets.
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