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GENERATING NUTRIENT DATA
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Washington, D.C.

r TDODUCTION

The importance and axvareness of nutrition in public health issues has
resulted in increased demands for knowledge of the nutrient content of foods.
This knowledge is required by scientists conducting research in such areas as

nutrition, food science, clinical chemistry and epidemiology. Dieticians and
other professionals responsible for formulating diets are requesting detailed
information about the nutrient content of foods. Food industry personnel and
government officials concerned with nutrient labeling and other nutrition-
related programs also have an increased need for detailed nutrient
composition data.

Quantification of all of the nutrients important to human health in all

of the available foods is an overwhelming, if not impossible, task. A con-
servative estimate of about one million analyses xrould be required to

quantify a reasonable number of nutrients in a fexv representative samples of
each of the generic food items available in the United States. A substan-
tial base of nutrient composition information currently exists; nonetheless,
data on many nutrients in many foods are unavailable. Budgetary and manpower
constraints require that priorities be determined for nutrients to be
analyzed and for the foods to be selected for nutrient analysis.

The purpose of this paper is to outline methods of establishing
priorities for generating nutrient composition data. Such factors as the
selection of nutrients and the selection of foods for analysis will be
discussed. Progress that has been made in generating nutrient composition
data will also be highlighted.

SELECTION OF NUTRIENTS FOR ANALYSIS

There are several reasons for quantifying nutrients in foods. These
include research in plant and animal genetics, modifications in post-harvest
technology, research in food science, food product development and nutrient
composition analysis, per se. In the case of those research areas primarily
concerned with nutrient analysis, there must be a rational approach to the
selection of the nutrient (s) to be analyzed. Stewart (1981a) recently out-
lined such an approach; it is shoxm schematically in Fig. 1. The square
represents the large domain of all nutrients. Within the large domain, there
are three smaller domains, represented by circles, that correspond to:

1) nutrients associated with public health problems, 2) nutrients for which
data are inadequate, and 3) nutrients for which analytical methods are good.

60th ANNUAL AGRICULTURAL OUTLOOK CONFERENCE • USDA
OCT. 31-NOV. 3 1983 • WASHINGTON, D.C.

60 YEARS OF SERVICE TO AMERICAN AGRICULTURE

- 308 -



The overlap of all three smaller domains, represented by region 1 (Fig„ 1),
corresponds to those nutrients for which it is appropriate to generate
nutrient composition information, i.e., those nutrients related to public
health problems for which there are adequate methods but inadequate data,,

Region 2 in Fig. 1 represents those nutrients of public health concern for
which there are inadequate data and inadequate methods. The nutrients con-
tained in this region are those nutrients that should receive high priority
research on analytical methodology. The nutrients represented by the other
regions have a lower priority for nutrient analysis. A discussion of each
domain and region follows.

Nutrients and Public Health

Standards of intakes for individual nutrients which are intended to

protect the population against deficiencies have been developed in many
countries. In the U.S., these standards are published as Recommended Dietary
Allowances (RDA)

;
the most recent edition appeared in 1980 (Nutrition

Research Council, Food and Nutrition Board, 1980). Despite the RDA guide-
lines, several diseases and disease states may, in part, be caused by an
inadequate or excessive intake of a nutrient or nutrients. The contribution
of nutrient intake to U.S. public health problems is tabulated in Table 1.

The assessment of the contributions is general in nature and intended to

reflect the concerns of the nutrition research community for the free-living
population. Inclusion of a nutrient in the category "None known" implies
that an association between these nutrients and a public health problem has
not been raised. It does not imply that the nutrient is not required or that

it has no biological function. Inclusion of a nutrient in the category
"Suspected" indicates that a respected research nutritionist has voiced con-
cern about a public health problem associated with that nutrient, whereas

,

inclusion in the "Accepted" category means that many professionals, including
physicians and nutritionists, generally accept a relationship between a

nutrient and a public health problem. It does not imply that a relationship
between the nutrient and a public health problem has been proven.

Knowledge of Nutrient Composition of Food

The United States Department of Agriculture has collected and

disseminated data on the nutrient content of foods for many years. This
activity is currently vested in the Nutrient Data Research Branch, Consumer
Nutrition Division of the Human Nutrition Information Service. Scientists
in this branch have recently re-evaluated the state of knowledge on the
nutrient content of foods; the results of their most recent evaluation are
shown in Figures 2-9.

Careful examination of Figures 2-9 reveals that a considerable amount of

nutrient content data is available for qommodities . These data have resulted,
in part, from the research effort in such disciplines as plant and animal
genetics, food science and technology, post-harvest physiology and agricul-
ture engineering during the past two decades. Analytical information gathered
for nutrient labeling. has also contributed to these data. During the past few
years, a considerable volume of new nutrient content information has become
available; see Stewart (1980) for the state of knowledge of nutrient composi-
tion in early 1980. This phenomenon can be primarily attributed to the' public

demand for these data and the response to that demand as a result of the

awareness of nutrition in public health problems.
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Nonetheless, nutrient composition information is lacking for several
food groups and for several categories of nutrients. A dearth of information
exists for those food groups consisting primarily of highly processed or

manufactured foods, i.e., baked products, snack foods, etc. Changes in the
lifestyle of Americans during the past quarter century have resulted in the

proliferation of convenience foods (fast foods, frozen dinners, restaurant
food, etc.) for which limited nutrient composition data are available. In the

case of entire categories of nutrients, biological effects and requirements
have only recently been described. For some nutrients, lack of knowledge of

their level in foods must be attributed to the lack of accurate, precise and
inexpensive analytical methods. The complexity of foods, the multiplicity
of the chemical forms of the nutrients, and the sensitivity required for

quantitation place special demands upon analytical methodology and the analyst.

Analytical Procedures for Nutrient Analysis in Foods

Evaluation of existing methods . -Valid analytical procedures are essential
for reliable nutrient analysis of foods. Only trained analysts using accurate
and precise analytical techniques can acquire reliable data on the nutrient
content of foods. If analytical techniques are inadequate, then even data
collected by trained analysts should be questioned and as a result, resources
may be wasted. The state of methodology for the analysis of nutrients in

foods is tabulated in Table 2. The boundary between acceptable and unaccept-
able methods lies between substantial and conflicting states of methodology
(Stewart 1980, 1981a). Thus, if appropriate methods are used by trained
analysts, values will probably be correct for nutritionally significant
levels of those nutrients listed as having adequate and substantial
methodologies. In the case of most of the other nutrients, it is doubtful
that valid results can be obtained during routine analysis. For these
nutrients, different methods generally yield different values. Nonetheless,
for a few of the nutrients in the conflicting and lacking category, reliable
values may be obtained if extreme care is exercised by the analyst. There
are also some very promising new methods in these categories and hopefully
they will be quickly validated and adopted.

Accuracy and precision of the resulting data were used to classify the
state of methods for nutrient analysis of food (Table 2) . As suggested by
Stewart (1981a) ,

the analytical value should be within 10% of the true value
when the nutrient of interest is present at nutritionally significant levels
(greater than 5% of the RDA per standard serving or daily intake, whichever
is greater). Many methods fail this criterion. The usual causes of failure
are the presence of interfering compounds or the loss or destruction of the
nutrient during extraction and sample preparation. Sometimes samples are

contaminated from external sources and the resulting nutrient level is

apparently higher than the true level. Some methods lack specificity, a

particular problem when accurate analytical data are required for closely
related molecular structures.. Lastly, some methods lack the sensitivity to

accurately measure nutritionally significant levels of a nutrient.

Precision is also an important consideration in the evaluation of a

method. Common sense must be applied during the evaluation of analytical
precision in nutrient analysis. The method must be sufficiently precise to

yield credible nutrient composition information and at the same time some
imprecision must be tolerated in the interest of time and economics. With
pure standards, the maximum acceptable relative standard deviation (RSD)
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should range between 10 to 15%; attempts to obtain RSD's of 1% or less are
probably impractical uses of resources. In the case of nutrient analysis in
foods, acceptable precision should be tempered by the level of the nutrient
relative to its nutritional significance. Stewart (1981a) has recently shown
that RSD's in the range of 10-15% are adequate for all nutrients except for
those that occur at low levels (5-30% RDA per serving) relative to their
nutritional significance. In these cases precision criteria should be
relaxed by some predetermined standard.

Analysis of identical samples by several laboratories often show
unacceptably large variations among laboratories when different methods are
used or even when the same method is used. Interlaboratory quality control
of nutrient analysis must be improved because most nutrient composition
tables and data bases are compiled from data generated by many laboratories.
The appropriate use of quality control samples and the development and use
of nutrient standards and standard reference materials will greatly improve
the quality of nutrient composition data.

Modifications required to improve existing nutrient analysis methods are
tabulated in Table 2 (footnote b) . Changes to move a method from the sub-
stantial to adequate category may require only minor modifications of the
extraction and quantification steps and/or application of the method to more
food groups by the research community. Changes, however, required to

recategorize an unacceptable method (conflicting or lacking) as acceptable
(adequate or substantial) may require extensive method modification or

development, development of extraction and sample preparation procedures and

application of the new method to several different food groups.

Development of analytical procedures .-Substantial advancements in
analytical instrumentation have been introduced during the past decade. The
application of analytical instrumentation, however, constitutes only part of

a total analytical procedure. Stewart C1980) has outlined the components of

an ideal analytical method for the analysis of nutrients in foods. These
components consist of homogenization and subsampling, extraction, separation,
detection and identification, calculation of results and report generation,
application of standards, standard reference materials and control samples,
and finally validation of results. The development of a reliable analytical
procedure is complex but relatively straight forward if the problem is

approached in a systematic manner.

Scientists at the Nutrient Composition Laboratory (Agricultural Research
Service, USDA) . located at Beltsville, have been actively working on the
development of new and improved techniques for the analysis of nutrients in

foods for a number of years. They have taken a systematic approach to methods
development by evaluating each component of the ideal analytical method, as

detailed by Stewart 0-980). A partial listing of the results of this effort
is tabulated in Table 3. A considerable effort has been expended on devel-
oping techniques that not only quantify the total amount of a nutrient but
also separate and quantify the various forms of a nutrient in a r jod . For
example, methods have been developed to determine the level of the various
forms of vitamin B-6 in foods (Vandersiice et al., 1983). Data generated from
such procedures can be used to calculate the total amount of a nutrient in a

food. More importantly, these detailed procedures will allow the assessment
of bioavailability for specific nutrients or vitamers from food sources and

will permit nutritionists and medical scientists to investigate the influence
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of various forms of a vitamin on the health of human beings. A number of
other procedures have been developed to similar states of sophistication,
e.g., Li et al. , 1982, Slover et al. , 1983 (Table 3).

During the routine analysis of samples with any analytical technique,
adequate standards and control samples must also be analyzed to provide a
basis for the validation of the results from unknown samples (Stewart, 1980).
Only after careful validation of results can data be published and collated
with other data in data bases. Scientists at the Nutrient Composition
Laboratory in collaboration with investigators at the Consumer Nutrition
Division (Human Nutrition Information Service), have developed a code system to

provide information about the quality of data in food tables and provisional
nutrient tables. The system has been recently described and applied to data
on the iron content of food (Exler, 1983); an example of the application of

the system is shown in Table 4. Briefly, the confidence codes of the data
give the user of the data an indication of the confidence he can have in the
mean value given in the table. The codes are based on a critical evaluation
of the data sets from which the mean values were derived as outlined by Exler
(1983). The application of confidence codes to nutrient data provides the
users of these data, for the first time, an estimate of the reliability they
can place in the data. The code system, as proposed, is not intended to be a

"final" system, rather an initial system that can be altered and modified to

provide the desired information to the users.

Procedures for the analysis of nutrients in foods are also often
developed by scientists associated with other government laboratories,
industrial laboratories or academic institutions. These procedures, like the

procedures developed by scientists at the Nutrient Composition Laboratory,
are published in journals of scientific organizations. Periodically, the
state of new procedures are reviewed and published as an article in a journal,
e.g., Gregory, 1983, or as a book, e.g., Charalambous

,
1984. All of the above

forms of documentation aid greatly in the transfer of new technology from the
laboratory where it is developed to laboratories where.it can be applied to a

multitude of samples.

Development of methods for the accumulation of valid data on nutrients
in foods continues to be a major research effort of the scientists at the

Nutrient Composition Laboratory. A partial listing of methods that are

currently undergoing development appears in Table 3. Current analytical
methods for several of the nutrients listed in Table 3, i.e. carotenes,
heme/non-heme iron, are primitive, non-existant, or non-specific, and as a

result, a dearth of data exists. However, the importance of some of these
nutrients to human health, i.e. carotenes, fiber, inorganics, has recently
been emphasized by a report from a committee of the National Research
Council (1982). Mathematically sound procedures for sampling the food

supply of the United States are also being developed at the Nutrient
Composition Laboratory. Application of these procedures will allow scien-
tists to accurately estimate the variability in the nutrient content of

foods across this country. Other important areas for which methods are being
developed include validation of analytical data, automated sample extraction,
and laboratory data management.

Development of instrumentation . -Development of new or improve analytical
procedures for nutrient analysis of foods generally takes advantage of ex-
isting analytical instrumentation. During the past decade however, certain
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characteristics of the analysis of nutrients in foods, i.e., complex matrices,
large numbers of nutrients of interest in a large number of samples and eco-
nomics, have provided the impetus for the development of new analytical
instrumentation. Two examples are the development of the concepts and equip-
ment for 1) flow injection analysis, and 2) simultaneous multielement atomic
absorption spectrometry.

Flow injection analysis (FIA)
,
recently reviewed by Stewart (1981b, 1983),

was developed simultaneously by a group of scientists in Denmark and by an in-
dependent group in the United States located at Nutrient Composition Laboratory.
The U.S. group developed FIA to analyze a large number of samples during a

relatively short period of time with high precision and accuracy. As the
theoretical basis of FIA is evaluated and established (Vanderslice et al.,

1981b), the applications of this new instrumentation appear to be very broad.

simultaneous multielement atomic absorption spectrometry (SIMAAC)

,

invented as a result of the cooperative efforts of scientists at the Nutrient
Composition Laboratory and the University of Maryland, and recently reviewed
by Harnly (3.983) and Wolf and Harnly (1983), represents a combination of the

advantages of atomic absorption spectrometry (AAS) and inductively coupled
plasma, atomic emission spectrometry (ICP-AES) for the quantification of

inorganic nutrients (minerals) . The SIMAAC currently operating in the

Nutrient Composition Laboratory is capable of quantifying sixteen elements
simultaneously from either flame or furnace atomization, has extended analyti-
cal range capabilities, and is insensitive to interferences because background
correction is determined for each element analyzed. Current research with
SIMAAC is oriented toward development of furnace atomization as a more reli-
able atomization source and the development of a microprocessor controlled
instrument.

SELECTION OF FOODS FOR NUTRIENT ANALYSIS

The summaries of the present state of knowledge of nutrient composition
presented in Figures 2-9 show that a considerable amount of information on
the nutrient content of many foods is inadequate or lacking. Nonetheless, in
order to make advances in human nutrition, nutrient composition information
for many food items must be generated as rapidly as possible, consistent with
acceptable techniques of sampling and analysis. The numbers of foods avail-
able for sampling and analysis could overwhelm analytical resources unless
nutrient composition studies are carefully planned.

An approach to the selection of foods for nutrient analysis, suggested
by Stewart (1981a), is shown in Fig. 10. The square represents the large
domain of all foods. Within the large domain, there are four smaller domains,
represented by circles that correspond to: 1) core foods, 2) categories of

foods which lack data (inadequate data)
, 3) foods having high concentrations

of nutrient (s), and 4) foods as eaten. The overlap of the four smaller
domains, represented by region 1 (Fig. 11), correspond to those foods for

which it is appropriate to generate nutrient composition data immediately.
Foods represented by the other regions have a lower priority for nutrient
analysis, but it is hoped that all nutrients in all foods would ultimately
be quantified.
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Recent studies have demonstrated that a small percentage of the total
food items available in the U.S. make up a large percentage of the total
food consumed. About 15% of the available food items account for 90% of the
weight of the diet consumed (Pennington, 1983) whereas about 4% of the total
food items account for 90% of the reported frequency of consumption (Wolf,
1981). These foods with high consumption have been termed "core foods"
(Stewart 1981a). The data in Table 5 compare the 15 highest ranking food
items based on frequency of consumption and weight of consumption. There is

remarkable similarity in the food items that appear in these two lists. Core
food lists identified with specific socio-economic or cultural groups may
vary somewhat -from these lists. Nonetheless, a great deal of information on
nutrient intake can be provided by using the nutrient composition of core
foods.

The extent of the knowledge of the nutrient composition of food is
presented in Figs. 2-9 and has been discussed earlier in this paper.
Analysis of foods containing high concentrations of a nutrient (s) can be
justified because foods that fall in this category as well as in the
categories of foods as eaten and of core foods supply the majority of a

nutrient in the diet. The analysis of low levels of nutrients in a food
(<5% RDA per serving) may require extensive modification of analytical
procedures in order to obtain adequate analytical accuracy and precision.
In this case, a decision must be made in regards to the value of the
analytical data relative to the cost of obtaining it.

Analysis of nutrients in "foods as eaten" provides the most accurate
data on the nutrient composition of foods as consumed by human beings.
These data will permit the total variability of the nutrient content of

foods, influenced by such parameters as cultivar or breed, season, processing
procedure, cooking method, etc. ,

to be estimated. The use of limited distri-
bution centers by many U.S. food suppliers, the widespread consumption of

processed foods and the rigorous quality control systems used by the food
industry have reduced the variability of the nutrient content in many foods.
Several laboratories are currently collecting data and will soon be able to

estimate the variability of the nutrient content in selected foods from
nationwide samplings

.

Scientists at the Nutrient Composition Laboratory have conducted a

number of food sampling/nutrient analysis studies. Studies that have been
completed, studies in progress and studies planned for the near future are
tabulated in Table 6. In addition to the food item sampled, the nutrients
that were analyzed or are planned for analysis, and the distribution of the

nutrient data are also indicated (Table 6) . It should be noted that all
nutrient data generated from food sampling studies are made available to

the Consumer Nutrition Division, the Nutrient Coding Center (National
Institutes of Health, Minneapolis) and several other government agencies and
laboratories for inclusion in their nutrient data bases.

Many of the programs currently ongoing at the Nutrient Composition
Laboratory are cooperative efforts with other government agencies and state
universities. For example, the Heart, Lung and Blood Institute (NIH, HHS)

and more recently, the National Cancer Institute (NIH, HHS) support several

of the programs related to the development of new and improved techniques
for the analysis of nutrients in foods. Several food sampling/nutrient
analysis studies have involved the cooperative efforts of scientists at the
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Meat Science Research Laboratory (Agricultural Research Service, USDA)

,

Consumer Nutrition Division and several state universities (pork, beef, and
chicken). Results from these cooperative efforts have contributed greatly
to the nutrient data that have become available in recent years.

Many federal, state and industrial organizations support studies that
result in data on the nutrient content of foods. The Consumer Research
Division currently has several active contracts that will generate consider-
able nutrient data. Heart, Blood and Lung Institute, National Cancer
Institute, and Food and Drug Administration, through the Market Basket Survey,
all have active research programs that will also result in nutrient data.
Substantial amounts of nutrient data are generated by food processors and the
food industry. Finally, data from many research programs at state and private
universities are also integrated into nutrient data bases. Continued substan-
tial support by a number of federal, state and industrial organizations will
be required to provide complete and accurate data bases on the nutrient
content of foods.

SUMMARY

Generating nutrient data is a complex process requiring decisions at

several steps. Nutrients selected for analysis should be associated with
public health problems, lack adequate analytical data, and have accurate and
precise analytical methods available. In the case of some nutrients, accurate
and precise analytical procedures need to be developed before analysis of

nutrients in foods can proceed. The analysis of nutrients in those foods for
which data are sparse should concentrate on frequently consumed foods which
have been prepared by customary procedures; those foods which contribute large
amounts of nutrients should be the first priority. Compilation of accurate
and precise nutrient data bases will permit health professionals to accurately
assess nutrient intake and utilization and to improve human health through
nutrition education and/or therapy.
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