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Abstract

Dupont, J., and G.R. Beecher, eds. 2017.
History of Human Nutrition Research

in the U.S. Department of Agriculture,
Agricultural Research Service: People,
Events, and Accomplishments, ARS-177.
U.S. Department of Agriculture, Agricultural
Research Service, Washington, DC.

Wilbur Olin Atwater (1844-1907), while

an administrator at the U.S. Department
of Agriculture (USDA) in the late 19th
century, is credited with laying the
groundwork for the science of human
nutrition. His research encompassed four
major areas: food intake, food composition,
metabolism, and nutrition education,
which he established in the programs of
the Department. This publication details
the major scientific accomplishments of
the intramural human nutrition program
of USDA from Atwater’s initial efforts to the
end of the first decade of the 21st century.
Each chapter documents an era or segment
of this program that ranges from “early
beginnings” through the “Home Economics
era” to more recent expansion of scientific
inquiry into the relationship of foods,
nutrition, and health among all age groups
of this country. Many examples in these
chapters demonstrate the role nutrition
research plays for the American citizenry, as
well as gaps in the knowledge base of diet-
health interactions in guiding this mission-
driven program.

Keywords: adolescents, adults, aged,
Atwater, children, food composition, food
intake, food preparation, infants, nutrition
education, nutrient metabolism, pregnancy,
research.
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The Agricultural Research Service conducts
research to develop and transfer solutions
to agricultural problems of high national
priority and provides information access
and dissemination to ensure high-quality,
safe food and other agricultural products; to
assess the nutritional needs of Americans;
to sustain a competitive agricultural
economy; to enhance the natural resource
base and the environment; and to provide
economic opportunities for rural citizens,
communities, and society as a whole.

Mention of trade names, commercial
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specific information and does not imply
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Department of Agriculture over others not
recommended.

Copies of this publication may be purchased
in various formats (microfiche, photocopy,
CD, print on demand) from the National
Technical Information Service, 5285 Port
Royal Road, Springfield, VA 22161, (800)
553-6847, www.ntis.gov.

This publication is freely accessible at
http:/ /www.ars.usda.gov/is/np/indexpubs.
html.
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Preface

The genesis of this book came from two symposia.
The first—the W.O. Atwater Centennial Celebration
Symposium: An Evaluation of Progress in Human
Nutrition—was held in Washington, DC, June 2-4,
1993. (The proceedings were published in the Journal
of Nutrition, volume 124, pages 1707S-1890S,

1994.) The symposium briefly surveyed Dr.
Atwater’s contributions to the initiation of human
nutrition research and education activities at the U.S.
Department of Agriculture (USDA), but it focused
primarily on the current status and future needs

of these activities in the Department. The second
symposium—Legacy of Wilbur O. Atwater: Human
Nutrition Research Expansion in ARS/USDA—was
held during the 2007 Experimental Biology (EB °07)
annual meeting in Washington, DC. (The proceedings
were published in the Journal of Nutrition, volume
139, pages 171-193, 2009.) Again, the symposium
briefly reviewed Dr. Atwater’s initiation of human
nutrition research activities within the Department,
but it highlighted the tremendous expansion of these
efforts during the decades of the 1960s through

the 1980s. Missing in the proceedings of the two
symposia were the details and societal impacts of the
achievements of USDA’s many scientists and other
staff members who quietly worked in their laboratories
and offices for over a century since Dr. Atwater’s era.

Shortly after the second symposium, Mary (Molly)
Kretsch, USDA-Agricultural Research Service
National Program Leader for Human Nutrition,

and Pat Swan, Emeritus Professor at lowa State
University, met with Jacqueline Dupont, a co-editor
of this volume, about the possibility of a manuscript
that would detail the history of human nutrition
activities in USDA since Dr. Atwater’s initial efforts.
An organizational meeting was held in early 2008
to discuss this concept, outline chapter topics, and
identify potential authors.

Originally, it was conceptualized that this work would
appear online only. However, as time elapsed and

the wealth of information began to appear with each
chapter submitted, it became apparent that a printed
volume would be more appropriate to preserve this
important historic information for posterity. Thus,

a 13-chapter volume evolved that details scientific
accomplishments and critical political development
from W.O. Atwater’s initial involvement to the end of
the first decade of the 21st century. This volume also
is available online at http://www.ars.usda.gov/is/np/
indexpubs.html.

Each of the authors in this volume is recognized
for his or her untold efforts as well as for his or her
professional and detailed contribution to this work.
The contributors’ chapters offer a window into

the operation and accomplishments of this critical
nutrition-oriented governmental agency.

Jacqueline L. Dupont
Gary R. Beecher
Editors


https://www.ars.usda.gov/oc/np/indexpubs/
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CHAPTER 1

Introduction
Jacqueline L. Dupont

Jacqueline L. Dupont, Ph.D., is a former
National Program Leader for Nutrition,
USDA, Agricultural Research Service,
Beltsville, MD. She is currently Adjunct
Professor, Department of Nutrition,

Food and Exercise Sciences, Florida State
University, Tallahassee, FL.

Early Recognition of Scientific Research
as a Federal Responsibility

The funding of science (research and
education) by the government was slow to
be accepted by U.S. citizens and legislators.
Recognition of the need was prompted

by the James Smithson bequest to the
United States in 1829 (1). There was a
prolonged period of debate about use of the
funds for the “...Smithsonian Institution,

an Establishment for the Increase and
Diffusion of Knowledge Among Men” (1).
After the arrival of the Smithsonian funds, a
proposal by a U.S. House of Representatives
committee in 1838 called for an Agricultural
Institute to be established in Washington,
DC. Debate continued for years. In

1845, a bill was passed establishing the
Smithsonian Institution, which did not
include agriculture.

During the same era, Henry Leavitt
Ellsworth, a Yale-educated attorney
interested in improving agriculture,
became Commissioner of Patents in 1836,
a position within the Department of State
(2). He began collecting and distributing
new and uncommon varieties of seeds
and plant materials through members of
Congress and agricultural societies. In
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1839 Congress established the Agricultural
Division within the Patent Office and allotted
$1,000 specifically for “the collection of
agricultural statistics and other agricultural
purposes” (2). The Division continued to be
a repository for new plant materials, began
to collect data on crops in different regions
of the country, and applied chemistry

to agriculture. These efforts earned
Ellsworth the sobriquet of “The Father of

the Department of Agriculture.” The Patent
Office was transferred to the newly created
Department of the Interior in 1849, which
heightened agitation for either a separate
bureau within the Department of the Interior
or for a separate Department of Agriculture.

The many years of debates by congressional
committees, professional societies, and
interested citizens set the stage for the
establishment of the U.S. Department

of Agriculture (USDA) and creation

of agricultural colleges by the Morrill

Act in 1862 (3,4). One of the problems
encountered by the early attempts at
establishing agricultural research centers
was the shortage of individuals qualified
as professors. The Hatch Act of 1887 led to
establishment of agricultural experiment
stations (5), which led to gradual increases
in qualified scientists and teachers.



1894

The Yearbook of the
USDA had a section
devoted to physical
activity in human
nutrition research
as it was being
developed under the
leadership of

Dr. W.O. Atwater.

The emphasis in the present history is

on the USDA'’s intramural program of
human nutrition research. As detailed in
the following chapters, human nutrition
research within the Department has been
organized differently through the years.
Over the past several decades, however, it
has been organized and administered within
the Agricultural Research Service (ARS),

the major focus of this history. Though

the USDA was the first Federal agency

to conduct human nutrition research,
today several other Federal agencies are
engaged in important human nutrition
research activities. Limiting the scope of
this history to human nutrition research
within the USDA is not intended in any way
to diminish the importance of contributions
from those other agencies.

Food and Nutrition Science Progress

Early agricultural research in Europe and
later in the United States was concentrated
on improving food crops and animal
husbandry for human food. The State
experiment stations were engaged in
identifying nutrients and quantifying the
quality of food based on its nutritive value
to animals. This led to a greater focus on
human needs, and later, requirements. The

1935
1946

The Bankhead

Jones Act of 1935
was amended by

the Research and
Marketing Act of 1946
to more precisely
define human
nutrition research
activities.

The Bankhead Jones
Act of 1935 required
USDA to conduct
research in various
areas of nutritional
science.

1894 Yearbook of the USDA (6) had a section
devoted to physical activity in human
nutrition research as it was being developed
under the leadership of Dr. W.O. Atwater (7).
Human nutrition, of course, was of interest
and importance to public health, medical
sciences, and the military.

Debate among citizens, legislators, and
professional organizations continued to be
a hallmark of progress in Federal support
of research including nutrition research.
Agriculture appropriations bills specified
nutrition research sporadically. The
Bankhead Jones Act of 1935 required USDA
to conduct research in various areas of
nutritional science. That Act was amended
by the Research and Marketing Act of 1946
(7 U.S.C. 427, 4271, 1621-1629) to more
precisely define human nutrition research
activities.

Continuing Legislative Oversight

Major events in the 1960s focused attention
on the need for greater Federal support

of all aspects of nutrition in the United
States. Congressional hearings were held in
1967, and the Senate Select Committee on
Nutrition and Related Needs was appointed.
Prodding by the public and the nutrition

History of USDA-ARS Human Nutrition Research



Congressional A White House The Food and The Food Security Act of
hearings were Conference on Agriculture Act 1985 required the Secretary
held in 1967, and Food, Nutrition, of 1977 was of Agriculture to submit to
the Senate Select and Health was  passed. Congress “a comprehensive

Committee on held.

Nutrition and
Related Needs
was appointed.

professional community resulted in the
Ten-State Nutrition Survey by the Nutrition
Program of the Department of Health,
Education and Welfare (HEW), now the
Department of Health and Human Services
(HHS) (8). These events led to a White House
Conference on Food, Nutrition, and Health
held in December 1969. The evolution of the
public involvement and the consequences
following the White House Conference,

as well as their effects on the USDA, are
described in this volume (9).

Culmination of all the debate was the
passage of the Food and Agriculture Act of
1977. In Section 1421 (b), the Act states:
“It is hereby declared to be the policy of
the United States that the Department of
Agriculture conduct research in the fields
of human nutrition and the nutritive value
of foods and conduct human nutrition
education activities....” Other legislation
reinforced this message.

Through the 1970s and 1980s, several
reviews and evaluations of human nutrition
research activities were conducted. They
included a 1978 Report to the Congress

by the Comptroller General (10), as well as
plans for food and nutrition research and
new initiatives for home economics research,
extension, and higher education, both from
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plan for implementing a
national nutrition research
program.”

the USDA (11,12). The Food Security Act of
1985 (Section 1452) required the Secretary
of Agriculture to submit to Congress “a
comprehensive plan for implementing

a national food and nutrition research
program.” Such a plan was submitted in
1986 (13).

Human Nutrition Research Activity at USDA

The following chapters describe how the
actual implementation of this historic
evolution took place. The initial activity,
from W.O. Atwater 1894 through 1923, is
presented by Patricia B. Swan. The progress
through the 1920s and 1930s, as well as the
transfer of much of the program to ARS in
Beltsville, MD, is presented by Megan Elias.
Until the 1970s, Washington, DC, and the
nearby suburbs of Maryland—Beltsville and
Hyattsville—were the only sites for USDA
intramural human nutrition activities.
Following the events described through the
1970s, new research sites were developed
(9). These are described with a chapter
devoted to each of the centers, which
include Grand Forks Human Nutrition
Research Center in Grand Forks, ND;
Children’s Nutrition Research Center, Baylor
College of Medicine, in Houston, TX; Jean
Mayer Human Nutrition Research Center



on Aging, Tufts University, in Boston, MA;
Western Human Nutrition Research Center
in Davis, CA; and Arkansas Children’s
Nutrition Center in Little Rock, AR. In
addition, a chapter is devoted to research
advances at the Beltsville Human Nutrition
Research Center during the latter part of
the 20th century and early 21st century.
W.O. Atwater, in his infinite wisdom, also
initiated programs that focused on food
intake surveys, food composition research,
and nutrition education. Chapters for each
of these activities also are included, which
detail their history and achievements within
the Department and various agencies
wherein they administratively resided.
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CHAPTER 2

Laying the Foundation, 1894-1923

Patricia B. Swan

Patricia B. Swan, Ph.D., is Emeritus
Professor, Iowa State University, Ames, IA.

The last quarter of the 19th century was

a period of rapid change in America.
Population almost doubled, largely due to
immigration, as did the number of women
working outside the home. People chose

to settle in cities rather than on farms

or in villages, and America was rapidly
becoming an urban, rather than a rural,
nation (1). After 4 years out of office, Grover
Cleveland again won the presidency of the
United States and began his second term
in March of 1893. He was facing serious
economic problems, both on the farms and
in the cities. J. Sterling Morton, his newly
appointed Secretary of Agriculture, wanted
to sponsor programs that would improve the
plight of both rural and urban dwellers. The
ideal programs would be politically popular
as well as economically helpful. With many
Americans spending half of their income

on food, might food provide a link between
farmers and consumers and, in so doing, aid
the economy?

Edward T. Atkinson, an influential
businessman from Boston, MA, had some
ideas for creating such a linkage. As a self-
styled economist and social reformer, he
was a proponent of the use of scientific and
technological advances to allow the working
poor to become more economically efficient.

To that end, he had invented an oven that
used far less energy to cook a meal than

did conventional methods, and one that

he thought women could conveniently use
if they had to work outside their homes.

He also was interested in developing
information that would allow the poor to
make more economic choices for their food
expenditures. While visiting Agriculture
Secretary Morton soon after the Secretary
took office, Atkinson suggested that the U.S.
Department of Agriculture (USDA) should
sponsor “food laboratories” in connection
with the State agricultural experiment
stations and that these laboratories would
help to establish the “proper nourishment of
human beings.” (2)

To test the popularity of such an idea,
Secretary Morton asked Atkinson to describe
it in a special bulletin (3). For additional
help, Atkinson recommended that Secretary
Morton involve his occasional collaborator,
Wilbur Olin Atwater, a professor of chemistry
at Wesleyan University and the first director
of the Office of Experiment Stations within
USDA, who had more experience than any
other scientist in the country with studies

of food composition and human food
consumption (4,5,6). Welcoming the news
that Atkinson had reached Secretary Morton

History of USDA-ARS Human Nutrition Research



1893

Charles Ford
Langworthy was
appointed W.O.
Atwater’s assistant
for nutrition
investigations.

@)

0
—

Congress appropriated
$10,000 to be used for
investigations leading to
reports of “the nutritive
value” of various foods
and more “wholesome
and edible rations,”
“more economical” than
those commonly eaten.

so early in the new administration, Atwater
swung into action.

Atwater had a plan. First, he suggested

that a short USDA publication be issued,
setting forth the studies that were needed.
Then, the Secretary should offer some
“inducements” to the States to undertake
them (7). Atwater encouraged Secretary
Morton to conduct such studies in
cooperation with the agricultural experiment
station in each State, noting that this would
be both advantageous and feasible and

the value of the studies would be “widely
appreciated.” (8). It would be necessary

for Secretary Morton to recommend, and
Congress to appropriate, special research
funds as inducements.

The position of director of the Office of
Experiment Stations had just become
vacant, and Atwater recommended to
Secretary Morton the promotion of Assistant
Director Alfred C. True to fill it (9). The

son of a Wesleyan professor of classics

and himself an instructor in Latin, True
had been associated with the office since

its formation under Atwater in 1888,

and Atwater emphasized the benefit of
continuity. The Secretary agreed, and True
became the longtime director of this office,
effectively monitoring Congressional activity

History of USDA-ARS Human Nutrition Research

in support of Atwater’s push for funds for
nutrition investigations (10).

In spite of an economic depression, it

finally became clear that Congress would
appropriate $10,000 for the fiscal year
ending in June 1895 to be used for
investigations leading to reports of “the
nutritive value” of various foods and more
“wholesome and edible rations,” “more
economical” than those commonly eaten
(11,12). Atwater sent Director True an
outline of work to be accomplished in the
first year of the new program, the structure
of which became the framework for USDA’s
food and nutrition program for decades (13).
Secretary Morton named Atwater the special
agent in charge of nutrition investigations
and placed the anticipated program within
USDA'’s Office of Experiment Stations.
Atwater’s emphasis on scientific inquiry and
his administrative abilities provided a strong
foundation for the country’s first national
nutrition research program (14,15).

Atwater immediately sought collaborators
both within experiment stations and

in other institutions to begin studies

of what people were eating, as well as
measurements of food composition (16). He
wrote a lengthy article for the Department’s
Yearbook (17) and also began writing the

~



1895
1896

W.O. Atwater wrote the
pioneering bulletin that
summarized available data
regarding food composition,
food digestibility, known
nutritional needs, and the
ways in which investigations
could be conducted to increase
knowledge in these areas.

manual for potential collaborators that

he had suggested earlier to Secretary
Morton, setting forth the needed studies
and methods to be used in conducting
them. This pioneering 1895 bulletin (18)
summarized available data regarding food
composition, food digestibility, known
nutritional needs, and the ways in which
investigations could be conducted to
increase knowledge in these areas. It also
suggested the studies most urgently needed.
For many years this bulletin served as the
textbook on human nutrition investigations
for researchers and educators in colleges
and universities.

Atwater appointed Charles Ford
Langworthy as his assistant for the
nutrition investigations (19,20). A native of
Middlebury, CT, Langworthy had returned
from Germany in 1893 with a doctorate

in chemistry and joined Atwater in his
work at Wesleyan. After 2 years, USDA
asked Congress to increase the annual
appropriation for the nutrition investigations
to $15,000. At first, Congress vowed there
would be no increased appropriations

that year. Nonetheless, Atwater called on
his collaborators, who were now located

in all regions of the country, to urge their
members of Congress to include the
increase requested by the Department.

8

Congress increased
appropriations to
$15,000 for nutrition
investigations.

1896

W.O. Atwater and
Charles D. Woods
published an extensive
and important
compilation of the
composition of foods,
including the energy
values of many of
them.

He also engaged his own effective political
connections. As a result of his efforts,

and with Director True carefully tracking
Congressional activity, the appropriation
was increased to $15,000 beginning in fiscal
year 1897 (21). By 1901, the appropriation
was $20,000 per year, remaining so for
several years (22).

During the first decade of nutrition
investigations, Atwater involved 22
experiment station collaborators in 16 land-
grant and two 1890s colleges, as well as an
additional 8 investigators associated with
other institutions (23). Their work included
measurement of the diets of groups such
as African Americans, Mexicans, Chinese,
and both wealthy and poor populations in
rural and urban, institutional, and non-
institutional settings. Their work also
contributed information on food composition
and the digestibility of foods (24). In 1896,
Atwater and Charles D. Woods published
an extensive and important compilation

of the composition of foods, including the
energy values of many of them (25). This
bulletin was revised as new data became
available and was the major source of
such information until 1945, when a
comprehensive table of food composition
was published (26,27).

History of USDA-ARS Human Nutrition Research



USDA Administration Building
1868-1930

By 1901, the nutrition
investigations
appropriation was
$20,000 per year
and remained so for
several years.

Atwater was keenly aware of the need to
conduct fundamental research to increase
understanding of the use (metabolism)

of food by the body. Thus, at Wesleyan

he chose to conduct his own part of the
nutrition investigations by studying the
energy value of foods and their ability to
furnish energy in the human body. To study
the energy cost of common activities, he and
a physics professor constructed a respiration
calorimeter in which human subjects could
carry out various activities while their
energy expenditure was measured (26,27).
Using information about the release of
energy when foods were burned in a closed
laboratory system, and studies of the
digestibility of these foods, he established
the “Atwater Factors” that remain accurate
and in use today to calculate the energy
value of foods based on their chemical
composition. (The “Atwater Factors” are 4
Kcals per g of carbohydrate, 9 Kcals per g

of fat, and 4 Kcals per gram of protein when
used to calculate energy from mixed diets.)
In 1898, Atwater and Langworthy published
a compilation of data from 3,600 metabolism
experiments (intake of foods and subsequent
excretion) that had been reported up to that
time. Unfortunately, due to illness, Atwater
was not able to continue his career and
might have been unaware that Congress

History of USDA-ARS Human Nutrition Research

Charles Langworthy
was put in charge of
nutrition investigations
and transferred the
calorimetry work

to Departmental
laboratories in
Washington, DC.

provided funds for basic research at the
experiment stations in 1906 (28). His strong
advocacy of basic research during his
association with the experiment stations had
no doubt contributed significantly to this
accomplishment.

In 1905, Langworthy was put in charge of
the nutrition investigations (29), and in the
following year, he transferred the calorimetry
work to Departmental laboratories in
Washington, DC. During the second decade
of the nutrition program, he continued
Atwater’s work, reporting that mechanical
efficiency for subjects doing muscular work
in the calorimeter was nearly 21 percent,
but surprisingly, mental work took very
little energy (30). No new significant areas of
investigation were initiated, and emphasis
within the program gradually began to shift
toward more applied research on foods and
their preparation for human consumption.

Around the turn of the 19th century,
Langworthy had become involved with the
home economics movement, playing a role
in the founding of the American Home
Economics Association. This led to Maria
Parloa, a well-known teacher and writer
on cookery, authoring two publications for
the nutrition program. Shortly thereafter,



1915

Secretary of Agriculture David F. Houston
formed the States Relations Service,
incorporating the Office of Experiment
Stations and a newly created Extension
Service.

Caroline L. Hunt, former dean of home
economics at the University of Wisconsin,
and Helen Atwater, daughter of Wilbur O
Atwater, joined the Department’s program.
Both women were active in the experimental
foods laboratory in Washington, DC, and
both wrote several popular publications
(31,32,33,34).

In 1915, the new administration of
President Woodrow Wilson received pressure
from farmers and consumers for more
scientifically based information. In response,
Secretary of Agriculture David F. Houston,
working with Congress, formed the States
Relations Service, incorporating the Office
of Experiment Stations and a newly created
Extension Service. In response to the home
economics movement, Secretary Houston
also included a separate Office of Home
Economics, incorporating the nutrition
investigations and initiating new programs
in household management and textiles

and clothing (35,36). Alfred True headed

the States Relations Service, while Charles
Langworthy headed the Office of Home
Economics (37).

An almost insatiable demand from the

newly created Extension Service for
educational materials guiding food choice

10

Secretary of Agriculture Henry C.
Wallace began reorganizing the
Department’s work, placing more
emphasis on the home economics
work by creating a separate Bureau
of Home Economics.

and preparation dominated the attention
of Langworthy’s office. Moreover, the
possibility of the Nation becoming involved
in the war in Europe led to studies required
for the development of a special ration

for the military. After the United States
became involved in World War I, the USDA,
cooperating with the Food Administration,
pushed for increased food production by
farmers, and the Office of Home Economics
advocated ways for consumers to conserve
scarce food items such as sugar. This
involved the production of many popular
publications for consumer education
(38,39,40).

By the end of the war, a new science of
nutrition had developed that included

the identification of several vitamins by
researchers in the experiment stations
and elsewhere. Not only milk but also
fruits and vegetables were now considered
“protective foods” and no longer “luxury
items” in the diet. Ways to preserve these
relatively expensive foods while they were
in season and less expensive than at other
times became important for farm families
who were suffering as prices for their now-
surplus production fell dramatically. The
Office of Home Economics developed and
tested guidelines for canning and other

History of USDA-ARS Human Nutrition Research



means for preserving foods and published
materials for teaching women these
techniques (41). In 1921 Warren G. Harding
became President of the United States, and
Secretary of Agriculture Henry C. Wallace
began reorganizing the Department’s

work, placing more emphasis on the home
economics work by creating a separate
Bureau of Home Economics in 1923
(37,42,43).

Thus, the nutrition program had matured
over its first 30 years of existence, thanks
largely to Wilbur O. Atwater, the well-
known and politically astute scientist

who had established the program on a
firm basis by designing a program that
was at the forefront of the science and by
skillfully administering it, thereby fostering
political support for the scientific work.
Immediately following Atwater’s tenure, the
program periodically experienced difficulty
in maintaining such support, but Charles
Langworthy connected it to the home
economics movement. As this movement
gained popular support, so did the USDA’s
nutrition program. This source of support,
as well as external forces such as World
War I, pulled the USDA program toward
application of previously developed basic
knowledge rather than more fundamental
research. Nevertheless, in future years, the
Department would once again include basic
research as part of its nutrition program, as
it does today.

History of USDA-ARS Human Nutrition Research
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CHAPTER 3

The Bureau of Home Economics

Megan Elias

Megan Elias, Ph.D., is Associate Professor
of History, Queensborough Community
College, City University of New York, NY.

The Beginning

For 2 days in June 1923, seven of the
leaders of the home economics movement
gathered in Washington, DC. Henry C.
Wallace, Secretary of the U.S. Department
of Agriculture (USDA), had invited them
there to discuss the establishment of the
national Bureau of Home Economics (BHE)
scheduled to open July 1. Wallace asked the
gathering to develop an organizing plan for
the Bureau. The seven leaders suggested
that it “be divided among the following
subjects: food and nutrition, clothing and
textiles, economics (including household
management), equipment, eugenics (heredity
and the environment, including child care),
[and] art in the home (including the physical
and psychological laws of color, line, and
form)” (1). Wallace also asked the group to
recommend a director for the new Bureau.
He particularly specified that the candidate
should be a “woman of executive ability.”
Wallace’s belief that the position should go
to a woman reflected the predominance of
women in the field of home economics as
well as his own apparent faith in the abilities
of women to serve successfully in high-level
administrative positions. One historian

of the USDA also credits “considerable
agitation by various women’s organizations”
for Wallace’s decision to place a woman at
the head of the Bureau (2).

History of USDA-ARS Human Nutrition Research

Louise Stanley—First Leader of the Bureau of
Home Economics

When the advisory group chose a leader
from among their own number, Louise
Stanley became Chief of the Bureau of Home
Economics and the highest paid woman
scientist in the Federal Government. Her
appointment was met with wholehearted
approval from colleagues in the movement.
The Journal of Home Economics noted that
“Whatever woman had been appointed head
of the Bureau, professional spirit would
have put us behind her. With Miss Stanley
in the position, we can pledge our support
enthusiastically and confidently, individually
and collectively” (3). Stanley herself felt

that by the establishment of the Bureau,
“The field of home economics was again
broadened and this time dignified by the
status of a bureau” (4).

Louise Stanley, whom the Journal of

Home Economics described as “easy to

work with” and of “broad sympathy and
experience,” was born in 1883. She received
a B.S. degree and a B.Ed. degree from the
University of Nashville. She earned an M.A.
from Columbia University and was awarded
a Ph.D. in biochemistry from Yale University
in 1911. She was first an instructor of
nutrition in the Department of Home
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1923

Secretary of Agriculture
Henry C. Wallace
established the national
Bureau of Home
Economics (BHE) and
recommended a woman
be director.

Economics at the University of Missouri

and then, beginning in 1910, Professor and
Chair of the Department, even as she was in
the final year of earning her doctorate. This
kind of promotion was not entirely unusual
in the early days of the field of home
economics, when departments were being
created where there had never been any,
and no pre-existing “experts” could be called
in to lead the way.

As a scholar, Stanley produced work

that was scientific, such as a 1911 study
of phosphorus in cooked meat, and
pedagogical, as when she wrote about the
International Congress for the Teaching

of Household Economics, held in 1913

in Belgium. In addition, Stanley had a
comprehensive understanding of home
economics as a movement and was active in
drawing attention to developments as they
happened. For many of the first generation
of home economists, movement history was
personal history as they defined their field

and their own roles within it simultaneously.

Although she was trained as a nutritionist,
Stanley saw the Bureau’s most important
role as being “a link between consumers
and producers.” Furthermore, the Bureau
could help to shape a more efficient and
responsive economy for it was “in a position
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Louise Stanley became
Chief of the Bureau

of Home Economics
and the highest paid
woman scientist in the
Federal Government.

to give aid, directly toward a planned
economy where consumers’ needs and
production programs are coordinated” (4).
Farmers would no longer have to guess

at what might sell and consumers would

no longer need to simply make do with
whatever they found in their markets. One of
the first things that Stanley did was to call a
meeting of women’s groups from all over the
country to find out what they wanted help
with. Gladys Baker, writing of the history

of the USDA, noted, “These organizations
were to give her strong support throughout
her tenure. She was to need them, for some
of the work in home economics aroused a
storm of controversy” (5).

Under Stanley’s leadership, the Bureau
appears to have been a busy but also a
collegial place to work. Memos from the
1920s have a humorous tone while also
managing the details of Bureau life. In one
1925 memo, the entire staff is invited by
one Mrs. Wharton to stop by, without calling
first, at her family home any Saturday that
they please to enjoy tea and sandwiches (6).
Another wryly informs the staff, “It is the
policy of the Bureau not to give out subject
matter over the phone.” Acknowledging that
some questions may be answered easily
and safely, the memo goes on to note that
“answers to such questions as ... what
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to feed the baby, how to spend the family
income, etc. should not be attempted in
conversation” (7).

As part of the USDA, the Bureau had,

from its inception, a responsibility to help
American farmers find consumers for their
products. Under Stanley’s direction, this
responsibility was realized through the
critical study of the nutritional aspects of
agricultural products. An early study of the
different nutritive qualities of yellow and
white potatoes, for example, resulted in

the development of a hybrid that American
farmers could grow successfully and

that would enrich the diets of American
consumers. This particular potato study was
performed in collaboration with the Bureau
of Plant Industry, and it was typical for the
Bureau of Home Economics to collaborate
with other bureaus in the USDA as well as
other government departments, such as the
Food and Drug Administration.

The Bureau’s organization presented a
simplified version of the divisions suggested
by the 1923 advisory committee. Three
divisions—the Division of Economics, the
Division of Textiles and Clothing, and the
Division of Food and Nutrition—covered

the basic aspects of American home life.
Notably lacking from this organization was
the concept of eugenics, which was a topic of
much popular interest in the 1920s.

As America and other industrialized nations
experienced a surge of technological
innovations, many assumed that
humanity itself could be perfected. The
dubious science of breeding humans for
desirable qualities seemed exciting to
many progressives of the era. In the early
days of the home economics movement,
Ellen Richards had recommended naming
the field euthenics and organizing it as a
sister to eugenics. Where eugenics would
focus on the perfect individual, euthenics
could supply the ideal environment for
this new race. For a government agency,
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however, it probably seemed unwise to
create a division dedicated to something so
speculative and potentially controversial

as eugenics, especially as there was no
obvious connection between the concepts

of eugenics and the work of the USDA. The
kind of breeding of animals that the USDA
oversaw was not likely to be repeated with
human beings. Likewise, it is not surprising
that the Bureau of Home Economics did

not include a division dedicated to “art in
the home,” a common topic in college home
economics courses. While government home
economists could assist American cotton
growers by working out ways to use their
product in textiles and clothing, no easily
identifiable group of agricultural producers
would be aided by research and education in
aesthetics.

A 1929 internal report on the organization
of the Bureau explained the role of the
Division of Foods and Nutrition: “It is
important to set up food standards based on
nutritional requirements, and to emphasize
the importance of a more stable program
of food production and distribution to meet
these requirements. Flexible food standards
which can be adjusted as the knowledge of
nutrition increases have been developed.”
The juxtaposition of the phrases “stable
program” and “flexible food standards”
reflected the Bureau’s dual commitment

to public service and scientific innovation.
Nutritional science is sometimes criticized
by those who see it as simply the purveyor
of the next fad, rather than an endeavor

to constantly increase knowledge about
humans and food. BHE nutritionists of this
era were committed to keeping a collective
open mind in the service of finding the best
ways to feed the Nation (8).

The report went on to describe the day-to-
day work of the Division, noting that it took
place in “various kinds of laboratories,” each
designed for a different kind of research.
Studies of vitamin and mineral content

of foods were performed in “nutrition
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laboratories where rats and guinea pigs
serve as subjects,” as many pages of invoices
collected over the years can attest. The
Bureau seems to have had a policy during
these years of sending rats to other nutrition
labs, particularly those of high schools, free
of charge. Correspondence from this era
indicates that the Bureau’s generosity was
complicated by the fact that it only owned
one travel cage. Many gentle reminders were
sent out to science teachers informing them
that by holding onto the cage in which their
new rats had traveled, they were holding

up delivery to some other equally deserving
school.

Food composition work in these early
years consisted of collection of data “from
numerous chemical laboratories in the
United States and other countries” (8).
Through this data collection the Bureau
performed an important service to other food
scientists and nutritionists, consolidating
a large body of knowledge in one place.
Researchers at the Bureau could use this
information to inform their own work,

and the Bureau could also serve as a
clearinghouse for all food composition
work. As individual laboratories focused
on single elements of composition, the
Bureau kept track of who was conducting
specific research in order to share
potentially valuable information between
laboratories. In 1925 Stanley headed the
Committee on the Vitamin Content of Food
in Relation to Human Nutrition, convened
by the Association of Land Grant Colleges.
Although the committee was not technically
supported by the Bureau, Stanley’s work
for it seems to have been part of her
regular work as Chief. Her office sent out
questionnaires to the heads of agricultural
research stations in all the States. These
research stations were affiliated with the
land-grant universities. The committee
had four goals: to find out what work was
being done, to share that information, to
establish uniformity in research practices
so that results would be comparable,
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and to encourage research in particular
directions. The committee argued: “If the
work in the different States is planned with
big national problems in mind and the
methods are standardized so the work will
be comparable, it will be possible to prevent
duplication and get a more complete study
in a much shorter period of time” (9).

The two main directions for suggested
research were the vitamin content of foods
as affected by methods of production and
the influence of methods of preparation. The
committee suggested that the work could
start with green vegetables and be taken

up in a variety of ways—with some groups
studying the variation in vitamin content,
others looking at the effect of “cultural
conditions” on vitamin content, and still
others considering the effect of storage and
canning. Responses to the committee’s
questionnaires reflect the newness of the
Bureau and its lack of authority in the field.
Respondents, mostly male, routinely referred
to the chief as “Miss Stanley” in their
greetings despite the fact that the request
came from “Dr. Stanley” and that some even
included her title in the address on their
letters. Many dismissed the request with one
line stating that there was no vitamin work
currently in progress and no plans to begin
any.

Perhaps the least respectful response came
from Nevada. The Director of the State
Experiment Station for that State wrote to
Stanley: “We are not conducting any vitamin
projects in this Station for we have not

yet found local problems in which vitamin
studies will serve toward a solution.” Other
experiment station leaders and extension
agents answered more enthusiastically.

P.F. Trowbridge, for example, of the North
Dakota Agricultural Experiment Station
described meat-cooking research under

way for which he was scheduled to travel
through his State and signed his letter
“Chairman Cooking Committee.” Twenty
States were involved in some type of vitamin
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research at the time that the survey was
conducted.

The dietary studies—the more sociological
work of the Division—were performed by
nutritionists in the field, and they were
designed “to find out how the food habits
that exist compare with the requirements
usually recognized as essential for good
nutrition.” Keeping both the vitamin
studies and the food habits research in
mind, food scientists worked in “kitchen
laboratories” to develop effective methods of
preservation and preparation, “working out
facts about the prevention of food spoilage
through canning, pickling, preserving, and
refrigerating.” With the everyday consumer
in mind, the Division also produced recipes
“for making a wide variety of foods not

only palatable and digestible, but also so
attractive that they will be used in homes
the country over to bring about good
nutrition.” The multifaceted approach to
human nutrition, making use as it did of
both a central agency and State stations,
seemed well designed to serve the people.

Reflecting the Bureau’s focus on the
practical, one of the earliest projects under
Stanley’s administration was a study of
refrigerated foods. This study had the
potential to help three groups: farmers,
industrial manufacturers, and consumers.
Electric refrigerators had newly become
available for home use, and there was little
understanding of how best to use them. In
1927-1928, the Bureau made a study of
home refrigeration and found that out of
the 2,350 homemakers from 37 States who
responded to their survey, 1,337 had ice-
cooled refrigerators, 56 had electric, and 857
had none. “In most cases,” the study found,
“ice was used only for a portion of the year.”
It seemed likely, given the common use of
electric refrigerators in food processing, that
these appliances would soon become more
affordable for American families.
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The Bureau of Home Economics study of the
relationship between time, contamination,
and temperature was a simple first step

in helping Americans to employ new
technology to their advantage. Two cubes
of good-quality top round beef were stored,
one in a covered dish, one uncovered, in
five refrigerators kept at 35°, 40°, 45°, 50°,
and 55 ‘’F. BHE employee Anna Pabst
tested the surfaces for bacteria and also
tested for penetration by bacteria. The
study results were “bacterial development
markedly checked at temperatures of 40°
F. and below” and “A decided increase at
temperatures of 45° F. and above” (10).

In 1931 the People’s Ice Company seized

on the findings of the study to promote
their own economic interests. Noting that
“A study was made of the effect of different
temperatures on the increase of bacteria

in meat,” the advertisement particularly
drew attention to the finding that “spoilage
proceeded more rapidly in tightly covered
dishes.” Arguing that only ice could

provide the proper temperature, humidity
level, and air purity for such storage, the
advertisement was designed to make readers
think twice about buying one of the new
electric refrigerators that used chemicals,
rather than ice, to keep food cool (11).
Stanley was involved in subsequent work to
provide industry standards for refrigerators
of both the icebox and the electric type.

Representatives from the food and appliance
industries were very interested in the work
of the Bureau from its earliest days, as
reflected by correspondence. When Dr.
Hazel Munsell, a research chemist in the
Division of Foods and Nutrition, published
results of a study that found that cod liver
oil lost much of its vitamin content when
bottled in extract form, a representative of
the JP Meyer company, which had plans to
produce a cod liver oil extract, wrote to ask
the Division to test their product. Stanley
informed the representative that this was
not the Bureau’s business. Frozen food
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1930

Hagzel Stiebeling was
appointed by Louise
Stanley to head the
Division of Food and
Economics.

pioneer Clarence Birdseye himself, whose
sister Miriam coincidentally worked at the
Bureau, wrote to Munsell to ask about the
effect of freezing on the vitamin content

of foods. Munsell had to report that little
was yet known on this subject. In the early
years, this was a common refrain, as the
BHE received letter after letter requesting
information on some topic not yet studied.
The letters showed a keen interest in the
work of the Bureau and no doubt helped
researchers to determine what kinds of

projects would be most useful to the public.

Hazel Stiebeling—Head of the Division of
Food and Economics

In 1930, Stanley made one of her most
significant decisions as Bureau Chief: she
hired Hazel Stiebeling to head the Division
of Food and Economics. Stiebeling’s first
project was a survey of the eating habits of
average Americans. The study would bring
international attention to the Bureau, and
Stiebeling would eventually replace Stanley
as Chief when she retired in 1943.
Stiebeling was from a farm family in Ohio.
She studied at Columbia University with
pioneer nutritionists Mary Swartz Rose
and Henry C Sherman, earning her M.A.
in nutrition in 1924 and her Ph.D. in
Chemistry in 1928. With Swartz Rose and

20

Hazel Stiebeling
succeeded Louise
Stanley as Chief of
the Bureau of Home
Economics upon
Stanley’s retirement.

another author, she collaborated on a

study on “visualizing” nutrition that offered
useful ideas about how to make nutrition
knowledge accessible to non-scientists (12).
The food “pyramid,” which captured the
public imagination (not always favorably),

is an example of this idea. With Sherman,
she published a study on how to determine
the quantities of vitamin A and vitamin D in
diets, using rats for experimental purposes.
In 1935 the Science News Letter reported on
a similar study performed at the Bureau.
The report included photographs of two
dramatically different rats with the playful
caption “This white rat had Vitamin D, this
white rat had none” (13).

When Stiebeling and Miriam Birdseye
started their survey, the Great Depression
had just begun and American eating habits
were in the first phase of profound change.
The study was not inspired by these
changes—those living at the time had no
way to know how far-reaching they would
be—but when the results were published,
the Bureau and the public were both quick
to recognize how they might help families
struggling with decreased incomes. The
findings were first published in 1931 as
two bulletins: “Adequate Diets for Families
with Limited Incomes” by Stiebeling and
Birdseye and “The Family’s Food at Low
Cost” by Stiebeling, Birdseye, and Clyde B
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Shuman, who was the Nutrition Director of
the American Red Cross (14,15).

The study group included only families

who were not on relief (a precursor to
modern welfare), nor did it include African-
American families. Although the reasons
for designing the study in this way cannot
be found in the records, we can guess that
Stiebeling and Birdseye were attempting

to study “normal” conditions, which would
be a reason to exclude families on relief.

In the era of pervasive discrimination and
segregation, African Americans also were not
considered by most European Americans to
be “normal” members of American society.
Specific studies of nutrition in African-
American communities, however, had been
conducted before the Bureau came into
existence. Often, African-American colleges
(Hampton and Tuskegee Normal Institutes)
and their surrounding communities were
the focal points for such studies (16,17,18).
As early as the 1890s, W.O. Atwater, the
purported “father of nutrition research in
America,” and Isabel Bevier, a noted home
economist, directed dietary intake studies in
this population and subsequently calculated
the nutritional completeness of their diets
based on the then knowledge base. In 1949
African-American home economist Flemmie
Kittrell published a study of nutrition of
African-American families. The research,
performed in cooperation with the BHE
between 1935 and 1936, compared the food
choices of African-American families with
those of White families.

Kittrell reasoned, “The problem of proper
food and nutrition is really in the hands
of the one who selects and prepares

the three meals a day.” In other words,
nutrition is a matter of choices as much
as culture and availability. Her study
found “that Negro families spent money
as wisely as White families. When the two
groups spent the same amount for food,
their diets rated good, fair, and poor in the
same proportions.” How to explain, then,
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that African-American families tended

to have more nutrition-related illnesses

than White families, proportional to their
percentage of the population? Kittrell’s study
revealed the intersection of race, class, and
nutrition: “The records, show ... that on

the whole Negro families have much lower
incomes than White families and, therefore,
have poorer diets in a larger proportion”

(19). In later years, the work of the New
Homemakers of America, the African-
American version of the Future Homemakers
of America, as well as home economics
teachers in African-American communities,
would attempt to battle this problematic
convergence.

Nutrition researchers immediately began

to apply the data Stiebeling and Birdseye
had compiled and, even more extensively,
to use the standards they proposed to
study nutrition in particular populations.
Stiebeling and Birdseye classified the
population into groups shaped around age,
gender, and level of physical activity and
assigned to each an ideal calorie intake and
dietary allowances for protein, calcium,
phosphorus, iron, vitamin A, and vitamin C.
The architecture of this classification system
was integrated into the Recommended
Dietary Allowances and, subsequently,

into the Dietary Reference Intakes as they
were developed. Stiebeling was careful

to distinguish between “minimums” (the
minimum requirement) and “allowances”
(what was beneficial). The values that

she proposed—1,500 calories for a boy
between ages 4 and 6 and a girl between
ages 4 and 7, for example—represented “a
goodly margin of safety over the minimum”
(20). The survey identified an adequate

diet at minimum cost, an adequate diet at
moderate cost, and a liberal diet. The diets
were arrived at through scientific study but
also through survey of the diets of healthy,
active individuals. A.E. Harper has noted
that a report Stiebeling published in 1933
based on this work “Included a set of what
she called ‘dietary allowances,’” apparently
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the first use of this term. Harper also credits
Stiebeling with producing “the first dietary
standard to include quantitative values for
several vitamins and minerals” (21).

Using data from her study, Stiebeling
collaborated with Martha Elliot and

Agnes Hanna from the Bureau of Labor to
produce the pamphlet “Emergency Food
Relief and Child Health for Every Child
Every Day,” which was intended as a guide
for relief agencies (22). For nutritionists,

in government and out, the giving of

food as relief to needy families presented

an opportunity to change American
thinking about food. If food relief could be
coordinated with the latest knowledge in
nutrition, the national diet might actually be
standardized in terms of nutrition. People of
different cultural backgrounds and regions
would continue to eat different foods, but all
would receive the same nutrition from their
food at a level adequate to their needs. Too
often, critics have attacked nutritionists with
the claim that they have wanted all people
to eat the same food. In fact, Stiebeling was
attempting to make sure that all Americans
were adequately nourished, however they
wanted to arrive at that state. Because it
would be difficult for ordinary people to
conceive of their food simply as nutrition,
examples were given of types of food.
However, there is no indication that by using
examples common to their own foodways,
nutritionists like Stiebeling were actually
attempting to impose a single American
cuisine.

Knowing in historical hindsight just how
dire the crisis was to become, Stiebeling’s
bulletin makes for poignant reading.

The pamphlet’s cover provides the basic
requirements for a child’s diet while
simultaneously emphasizing that this is
the bare minimum and not what children
really should have in a soundly functioning
economy. The requirements, referred to as
the “irreducibles” were “At least one pint
of milk (he should have 1% to 2 pints);
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two teaspoonfuls of cod-liver oil if he is

less than 2 years old (he should have 3

to 4 teaspoonfuls); one vegetable or fruit
(he should have three or four); and also
plenty of bread, cereals and other energy
and body-building foods.” Stiebeling used
the important phrase “margin of safety” in
this pamphlet to subtly argue that the bare
minimum could not be acceptable when
there was no crisis. One can sense that
Stiebeling and her coauthors feared that

if they gave these bare minimums, relief
agencies would accept them as sufficient
and not try to provide more. At the same
time, they clearly wanted to make sure that
these minimums were met. As the pamphlet
explained, “The standard of all relief should
be such as to provide a fully adequate diet,
which allows variety and an ample margin
of safety in all the nutritive essentials and
every effort to maintain such a standard
should be made even under emergency
conditions.” The minimums were not an

invitation to scrimp, rather a base upon
which to build.

The pamphlet’s authors understood the
conditions on the ground. They had, after
all, been researching them and knew that
many communities were running short

of relief. In these cases, “at least enough
money must be allowed to provide the
‘irreducible amounts’ of the protective and
other foods,” but these were “not adequate
for long-time use [italics in original].”
Fearing, correctly, that the worst was yet to
come, Stiebeling and her coauthors made
suggestions for “Conditions of Extreme
Economic Distress,” when “the need for
relief may be so widespread as to resemble
conditions following disaster.” In such
circumstances, the government would need
to step in. State or local agencies could buy
milk in bulk to distribute it, particularly to
children, and basic sustenance could be
achieved if “Clean whole wheat or crushed
wheat, locally prepared, [was] cooked in
large quantities and distributed by a central
agency.” Here the three authors were
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subtly making an argument about national
nutrition and government policy.

Contrary to President Herbert Hoover’s
strategy of relying on private and community
aid, they suggested that it was the Federal
Government’s responsibility to make sure
its people were fed and to take nutrition
into account in doing so. Equating economic
depression with natural disaster was not

a rhetorical move that everyone would
accept. For many conservatives, sending
in the National Guard to sandbag in flood
plains was one thing, feeding those who
could not feed themselves was something
else altogether. Essentially, the fear was
that the citizen would become dependent on
the government and, through dependence,
become a strain on its resources. For
government nutritionists, the idea that
Americans would become “dependent” on a
basic level of nutrition seemed like a good
outcome from a terrible crisis. While they
stopped short of suggesting a federally
directed food relief effort, Stiebeling and
her coauthors did warn that “Irregular,
unplanned, or uncoordinated food relief
given to a family by several agencies is
undesirable” because it made it impossible
to know whether the family was getting
proper nutrition. It is easy to imagine, for
example, that given poor funds, all relief
agencies in an area would provide the
cheapest food possible, perhaps bread,
potentially stale. Families would receive
food, certainly, but not nutrition. The kind
of coordination required would probably be
easiest at the county or State level.

Furthermore, relief must come with
education or its potential would go
unfulfilled. Families might “need help in
learning to use and prepare unfamiliar foods
to the best advantage and to adapt them to
personal and national customs.” Because so
few Americans had knowledge of proteins,
vitamins, and other basic principles of
nutritional science, they probably would
need help figuring out how to make the
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best use of whatever relief they received.

For an example not given in the pamphlet,
rather than eating bread on its own, a
family might make breadcrumbs that could
serve to “stretch” meat or bean dishes. It

is worth noting here, too, that Stiebeling
advocated helping the hungry maintain
their foodways rather than “converting”
them to one particular cuisine. She clearly
understood that food that was not palatable
would not be eaten, even in dire straits. And
if families could adapt and adopt new food
sources, their chances for living nutritionally
balanced lives after the Depression seemed
much greater. Having assimilated soybeans
during the crisis, for example, they might be
more likely to try something else new and
nutritious once times were not so lean. To
reach the people, the pamphlet’s authors
recommended that “Relief agencies contact
local home economics teachers as well

as public health nurses, dieticians, and
nutritionists.” At the same time that she
was doing the Bureau’s work of helping the
needy, Stiebeling was also creating broader
social authority for home economics as

a field, one way of insuring the Bureau’s
survival in tough economic times.

By 1932, Hoover and his limited approach
to the Depression were out of favor, and the
Nation had a president in Franklin Roosevelt
who seemed to share Stiebeling’s sense

that the government had a responsibility to
help the needy directly. In a 1934 article,
Stiebeling took up the idea of wide-scale
coordination and planning for an adequately
nourished nation. She cited estimates

made by Dr. O.E. Baker as to how many
acres of land would be needed to produce
enough food to keep all Americans at one

of the three levels of diet. It was clearly
Steibeling’s hope that Baker’s data would

be used proactively by government agencies
to ensure adequate diets for all Americans.
Stiebeling acknowledged that this was

not a foregone conclusion: “Whether we

can succeed in the program of bringing

fully adequate diets within the reach of
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1939
1945

The Food and
Agriculture Organization
of the United Nations
was founded and
adopted Hazel
Stiebeling’s standards
for determining adequate
nutrition.

The Yearbook of
Agriculture provided
much of the
information that the
public would need
to achieve good
nutrition.

all depends on how earnestly we apply
ourselves to the challenge of entering an
economy of planned abundance.” While

the mere suggestion that the American
Government might attempt a planned
economy for the welfare of all citizens may
surprise contemporary readers, Stiebeling
was writing in a time of international
interest in just such reforms. The Great
Depression had prompted governments in
Europe as well as America to try to establish
some kind of control over the vagaries of the
economy.

The standards that Stiebeling set for
determining whether individuals were
receiving adequate nutrition were quickly
adopted by the Food and Agriculture
Organization of the United Nations after its
founding in 1945 and by the World Health
Organization when it was established in
1948. They also quickly attracted the anger
of flour millers, who felt that the bulletin
“was designed to reduce the use of wheat
and wheat products” (23). Stiebeling recalled
the controversy: “Agricultural economists
calculated that this country’s capacity to
produce would find no problem in supplying
demand if everyone in the population were
consuming the nutritionally adequate diets
at these food budgets, expenditure levels;
and that there would follow an increased
demand for milk and for deep green-and
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The World Health
Organization was
established and
chose to follow Hazel
Stiebeling’s standards
for adequate diets.

yellow-colored fruits and vegetables, leafy
greens in particular. But the meat industry
was upset with the diet plans because the
most economical budgets included less

than average-per-caput amounts of lean
meat. Wheat growers were unhappy because
the most costly budgets included less of
grain products than average-per-caput
consumption” (24).

As a journalist noted in 1935, “It used to
be conceded that a government bureau

was safe in working out and publicizing
diets the use of which would be of great
value to millions of families on relief.” The
Bureau, however, had “run up against a
high pressure lobby which threatens its
existence.” Led by lobbyist H.T. Corson,
farmers, millers, and bakers, as well as
Chambers of Commerce, flooded Congress
with telegrams objecting to “an alleged BHE
attempt to reduce wheat consumption.” This
“attempt” could be found in “Diets at Four
Levels of Nutritive Content and Cost” (25).

Debate erupted during consideration of the
budget for the Department of Agriculture.
U.S. Representative from Kansas Clifford
R. Hope (R) claimed that “every one of
these diets” described in “Diets at Four
Levels” “suggests the use of a smaller
proportion of cereals and wheat flour than
the average consumption in this country
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today.” Hope accused the BHE of “typical
bureaucratic arrogance” in not consulting
wheat producers, millers, and bakers as
they developed the recommended diets.
Dismissing the bulletin as “propaganda,”
Hope supported a rider to the budget
appropriation that would prohibit the USDA
from publishing any material that called for
limited consumption of any food produced
by American farmers or manufacturers (26).
Nutritionists, however, had enough friends
in Congress to secure a proviso to the rider
that essentially nullified it.

Ironically, journalist Rodney Dutcher
calculated that the wheat consumption
suggested in “Diets at Four Levels” was
actually higher than the national average at
the time. What wheat and bread industry
lobbyists objected to was the setting of

any limit, even if it was only suggested, for
consumption of their product (25).

The 1930s were busy years for the
nutritionists at the Bureau, who cooperated
with researchers in other USDA divisions

to improve foodstuffs in the interests

of improving nutrition without asking
Americans to change their eating habits.
Writing in Scientific Monthly, a popular
science newsletter, Louise Stanley reported
on three projects that the Bureau was
involved in during 1933. In collaboration
with the Bureau of Animal Industry, BHE
nutritionists worked to increase the levels of
vitamin D in eggs with the goal of improving
the nutritional quality of children’s diets
without changing what children actually
ate. Feeding castor oil to laying hens, the
study revealed, translated into higher levels
of vitamin D in the diets of children who
consumed these eggs.

Stanley reported that, also in collaboration
with the Bureau of Animal Industry, “Meat
studies are in progress to determine the
influence of such production factors as
breed, sex, feed and age of the animal, on
the edible quality of the meat” (27). These
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studies drew the attention of the national
press. In 1931 local newspapers across the
country noted, “Uncle Sam is paying some
of his employees to eat!” In the early days
of the Depression, this would certainly have
drawn attention. The article went on to
reassure readers that all this was done in
their own interest: “This eating is done to
safeguard the health of food consumers and
guarantee them the tenderest meats.” What
the writer termed “epicurean exercises”
were not performed “with the intent to fill
an empty stomach,” and the testing was
made potentially less enjoyable by the
absence of seasonings (28). On the women’s
pages of newspapers, too, the work of the
Bureau was noted. “In the last four years,”
one “Household Hints” column explained,
“the bureau of home economics ... has
been accumulating meat shrinkage data in
connection with the nation-wide co-operative
study of the factors that influence the
palatability of meat” (29).

The palatability study was a remarkable
attempt to provide an entire nation with
reliable information on how to get the most
out of the meats they were able to buy. Too
often, nutritionists have been portrayed

as uninterested in taste, seeing food as

fuel rather than a part of sensory life. This
study is a good example of the careful work
nutritionists have done to understand not
just what people ought to eat, but what they
would like to eat. As a writer in Scientific
Monthly noted in 1934, “until recently

we have not been able to make definite
comparisons of muscle to learn the effects
of breeding, feeding, and management upon
the palatability and food value” (30).

Over the course of their experiments, from
1925 to 1931, the Bureau “roasted 2,200
legs of lamb, 800 rib roasts of beef, 450 cuts
of fresh pork, and about 50 cured hams

for judging.” One of the most important
outcomes of the Bureau’s meat research in
this period was the popularization of the
meat thermometer, a device that had not
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been commonly used in American homes.
The Bureau had a thermometer made to
its own specifications and encouraged its
use through publication of recipes that
called for precise temperatures. Use of the
thermometer would, it was hoped, make

it “possible to write household recipes for
cooking meat that are more definite than
recipes ordinarily found in cookbooks.”
Interestingly, although some recipes do
specify a temperature for “doneness,” this
has not over the intervening years become
the standard in recipe writing. This gap
between progress made at the Bureau
and progress made in the home was not
unique to the matter of meat thermometers.
The story of the Bureau, and indeed of

all nutrition work done by the USDA, is
partly a story of this failure of the public to
assimilate Bureau research into ordinary
life. It is also a story of life-saving success,
but the failures must be seen as equally
important in looking to the future.

In 1939 the question of how to bring the
results of Bureau research in nutrition into
ordinary American homes was the topic

of several articles in USDA’s Yearbook of
Agriculture. Louise Stanley wrote about

the major change that the development of
the field of nutrition had brought. Where

for generations families had relied on local
traditions and folk wisdom to tell them
which foods to eat, they could now turn

to scientific results for guidance. Stanley
expressed respect for folk wisdom, developed
as it has been “by trial and error over long
period, with much suffering by the way.”
However, in modern society, food was
different from that enjoyed by our ancestors.
More of it was processed, and some of it was
new in that it was eaten in parts of the world
where it was not grown. “In this situation,”
Stanley argued, “tradition and habit are

no longer safe guides to the selection of
foods.” Worse, “they can lead to dangerous
mistakes.” Nutritional science was not out
to replace folk wisdom, to “wipe out habits
and traditions.” Tactfully, diplomatically,
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Stanley reassured readers that they were not
being dismissed as ignoramuses. Nutrition
instead “supplements” traditions, perhaps
sometimes “corrects them” and “shows

how to use them intelligently” (31). While
traditions might be important culturally

and could very well be sound, the research
of nutritionists must also be taken into
account for health in the modern world.

How to blend tradition and science to

the best effect was the difficult work

of the Division of Foods and Nutrition.
Hazel Stiebeling wrote thoughtfully about
how traditions formed, while Paul Howe
considered whether habits related to food
could actually be changed. Both questions
are vital to the practice of nutritional
science. Stiebeling was hopeful in her
outlook, assuming that education would
be enough to change American food habits.
The trouble was what form that education
could take. She argued that people typically
took their lead in foodways from those they
considered their social betters. It is open

to debate whether all social groups do take
their cues about food in the same way, but
accepting Stiebeling’s premise, this habit
could be bad for public health, because
whoever comprised that emulated group
might not themselves have good nutritional
habits. Perhaps Stiebeling was implying
that by educating the wealthy in nutrition,
a trickle-down effect could be counted on to
improve nutrition across classes, because
the middle class emulated elite foodways
while the poor copied the middle class.

Another problem with nutritional education
that Stiebeling identified was the human
body itself. It would be useful if one could
see the effects of bad nutrition clearly as
they occurred and “if obvious manifestations
of the effect of diet on nutritional well-being
followed day-by-day food consumption with
dramatic swiftness.” The body, however,
inconveniently for nutritionists but very
conveniently for human survival, has the
ability “to store certain reserves during
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periods of plenty to be drawn upon in times
of dietary poverty.” While the effects of
conditions like pellagra could be seen—and
the BHE was able to make huge strides in
wiping out pellagra—the results of other
kinds of malnutrition were much subtler.
Worse, the benefits of good nutrition were
not visible as such to the average person.
This continues to make it difficult to sell the
idea of nutritional education to the American
public.

Stiebeling believed that although much
research remained to be done in nutrition,
enough had already been completed to
significantly improve the human diet

if only “present knowledge, incomplete

and far from precise though it is, were
widely disseminated and put into common
practice.” Inhibiting this beneficial shift

in food habits, Stiebeling cited lack of
understanding of the benefits of good
nutrition, poor consumption habits, and,
unusually severe in the era in which she
wrote: “the lack of purchasing power on the
part of many urban families, and especially
in the case of rural families, insufficient
success in planning and carrying out a food-
production program designed to complement
food purchases” (32). These same barriers
to nutrition education continue to plague
Americans in the 21st century.

In the same year that she published this
more abstract musing on nutrition and
society, Stiebeling also made important
adjustments to the USDA’s dietary
allowances. As Alf Harper relates, she
and another important USDA researcher,
Esther Phipard, “expanded the dietary
allowances to include thiamin and
riboflavin ... increased the number of age
groups and ... proposed that to establish
allowances, average requirements should
be increased by 50% to allow for variability
among the requirements of individuals
in the population” (21). Harper identifies
the increase of average requirements as
a fundamental improvement in the work
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of determining “dietary standards and
daily allowances” across international
organizations and up to the present day.

Paul Howe offered the imagined internal
monologue of a “housewife who had good
knowledge of nutrition,” planning her
family’s dinner. The monologue is worth
quoting at length and with commentary for
the way in which it reveals nutritionists’
ideals.

“Soup?” the fantasy figure asked herself,
“It’s appetizing and not too filling.” Howe
recognized the importance of stimulating the
appetite, aware that good nutrition could
not be achieved where palatability was not
considered.

“Meat?” Howe’s housewife continued, “Yes.
No animal protein for the grown-ups so far
today.” Good nutrition was not just a matter
of knowing about vitamins; it required
keeping track of the whole family’s food
experiences throughout each day in order to
achieve balance.

“Potatoes? Yes.”

“Other vegetables? Broccoli, turnips, beets,
or carrots? Make it broccoli and carrots—
not enough Vitamin A so far.” Here she
performed a quick assessment of the meal
and analyzed it for vitamin content. She
would have to know not only that broccoli
and carrots were good sources of vitamin A
but also that the foods she had chosen so
far were not.

“Salad? Lettuce with cottage cheese and
pineapple—more carotene and more
calcium.” Again she checked for what was
missing and added it in a way that she
thought would be palatable to the family.

“Dessert? Cottage pudding? No; calcium
is still low.” In order to raise the meal’s
calcium content, she decided to “make
it pumpkin pie and a cup of coffee with
cream.”
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To double check, she then rattled off the
meals of the day:

“We had grapefruit this morning, tomato
juice this noon, and broccoli, carrots, butter,
and salad tonight to provide sufficient
vitamins C and A. The meat, bread, and
cottage cheese, and the peanut-butter
sandwiches this noon provide plenty of
protein. The calcium may be a little low,

but pumpkin pie has helped and there was
skim milk in the bread. The children have
had milk for breakfast and lunch, so their
calcium intake is well taken care of.” And
although “we only had white bread,” the

“B factor,” could be accounted for because
“there were meat, peanut butter, cheese, and
vegetables to help out” (33).

While Howe admitted that “most of us do
not go through an analysis such as this,”
it seemed to be his wish that one day those
“with the responsibility for inducing us

to eat foods that are needed even though
we may not like them” would receive the
kind of education that would make this
monologue not only possible but routine.
Howe thought that, beyond education,
habits might be changed by using the
human attraction to novelty. “Man,” Howe
reasoned, “likes what he is used to, but he
also likes change.” Howe suggested using
the insights of the new field of psychology
to induce people to eat nutritiously. Good
research and reasonable arguments would
not be enough, for “man’s instinct is so
overlaid by conditioning that he cannot be
trusted to select food with any relation to
his physiological needs.” Yet in the end, he
had faith in early nutrition education for
children and well-designed bulletins like the
BHE'’s “Market Basket” for adults to change
the food habits of the Nation.

Other articles in the 1939 Yearbook of
Agriculture provided much of the information
that the public would need to achieve

good nutrition. Using simple language and
compelling examples, D. Breese Jones wrote
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of “The Protein Requirements of Man,” Henry
Sherman and three other authors described
“The Mineral Needs of Man,” and Lelia
Booher and five other authors presented
“The Vitamin Needs of Man.” The coauthors
for Sherman’s article were Mabel Dickson,
Margaret Cammack Smith, and Esther
Petersen Daniel; and those for Booher’s were
Elizabeth C. Callison, O.L. Kline, Sybil L.
Smith, Frederick W. Irish, and E.M. Nelson.

As of 1939, Booher and Callison could
report, “with dramatic rapidity, the vitamins
are now being purified, definitely isolated
and even produced synthetically in the
laboratory”—all of which made it much
easier to perform experiments testing their
properties. Vitamin A had been found in
many foods, particularly “fatty food products
of animal origins” and was associated with
the presence of carotene and cryptoxanthin
in vegetables. The best food sources of
vitamin A, Booher and Callison reported,
were animal livers, particularly those

of certain fish. Milk and eggs, the latter
depending on the hens’ diet, could also be
good sources. The first sign of deficiency in
vitamin A was night blindness, for which
tests on young infants had been devised.

To better understand the vitamin A

needs of the human body, a study was
performed on five adult volunteers between
1937 and 1938. Three women and two

men “consented” to be participants in

this 6-month study by the BHE. During
this period, the five ate only food that

was prepared for them in a BHE kitchen
laboratory. “Literally every bite these

people ate was weighed.” Although “the

diet was neither unpleasing nor unduly
monotonous,” the vitamin A content was
kept as low as possible. In order to reassure
readers that the experiment did not qualify
as torture, a sample menu was given.
Breakfast, “the least variable of the meals,”
was “grapefruit, toast, bacon, oleomargarine
(with no added Vitamin A), honey, skim
milk, and black coffee.” A “representative
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dinner” would consist of “chicken, potatoes
and oleomargarine, cauliflower, a small
portion of cranberry sauce, pears, and skim
milk.” For supper, the lucky five might

dine on “navy bean soup, saltines, a small
serving of apple, celery, and nut salad with
lemon juice dressing, cocoa, and angel food
cake.”

The subjects neither gained nor lost weight
during the experiment, but all lost night
vision. The length of time it took for night
vision to be lost varied from subject to
subject. Booher and Callison surmised that
this was probably because each person had
different amounts of vitamin A stored in
their livers based on pre-experimental diets.
When night blindness set in, adding doses
of cod liver oil to the diet restored night
vision. Once it returned, the cod liver oil was
taken away, and night blindness returned.
Subjects were then given supplements of
carotene crystals dissolved in cottonseed oil.
To restore night vision, much more of this
second supplement was needed than the
amounts of cod liver oil that had performed
the same function. As of 1939, it was “not
understood exactly why this should be true.”
Because vegetable sources of vitamin A were
important parts of “low-cost dietaries,” the
Bureau was working to discover why it was
that vitamin A from these sources was “not
better utilized.”

Reporting on studies of vitamin B, O.L.
Kline of the Bureau noted that although
vitamin B1 had been first recognized at the
end of the 19th century, it was not until
1936, just 3 years before the report, that it
had been synthesized in a laboratory. The
crystalline form was now “being widely used
in the study of the physiological function

of the vitamin in the human body.” As yet,
researchers had only been able to determine
minimum vitamin A requirements, and
“there is little agreement as to the increased
amount that may be required for optimum
conditions.” Kline expressed the hope that
“improvements in methods for determining
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the Vitamin B1 content of blood and urine
and the use of crystalline B1 in clinical
studies will yield in the future more reliable
information on the minimum, as well as
optimum, requirement.” While the Bureau
had not repeated its vitamin A experiment
for B1, data from a study of American family
diets indicated that most were getting at
least the minimum required amount of B1 in
their diets. Beriberi, the main B1 deficiency,
was not common among American families.

Like vitamin B1, Sybil Smith reported,
vitamin C had only recently been recognized
as the reason that green vegetables,
oranges, and lemons cured scurvy and

had only about 6 years previously, been
“finally separated from foods, identified as

a chemical compound of known structure,
and manufactured for use in laboratory and
clinical work.” However, also like B1, “there
is still considerable uncertainty as to how
the vitamin acts in the body and how much
of it is needed by people of different ages.”
One problem was that although scurvy

was now very rare, many other conditions
of vitamin C deficiency existed with much
more subtle symptoms so that it was very
hard to tell when people were suffering
from it. Other difficulties in studying C were
that it is “quite unstable and easily lost”

in consumption and that it was difficult to
use color tests to determine its presence

in foods. As Smith explained, “thus far no
test has been found that will react with
vitamin C and not with other reducing
agents,” so, because C reacts more rapidly
than most other agents, test results had

to be read very quickly to get any idea of
the C content of foods. Using guinea pigs,
researchers had been able to determine that
C helps to keep intercellular material “in

a stiff jellylike ... state.” It seemed also to
help prevent infection and to speed healing
from wounds. Like vitamin B1 researchers,
vitamin C researchers were not attempting
to understand the relationship between
minimum and optimum levels of C in the
diet. Capillary strength, urine, and blood
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tests were all methods to study C content
and the effect of differing levels of the
vitamin. Smith admitted that although
experiments like those performed for vitamin
A were “a tedious process beset with many
difficulties, open to many errors, and subject
to many interpretations,” they were also the
most popular kind of study and “most of the
attempts that have been made to determine
human requirements have been based” on
the model.

One of the controversies involved with
these studies was the question of whether
the optimum level of a vitamin was the
saturation point—the point at which the
vitamin was no longer being absorbed and
began to appear in urine. In the case of C,
Smith reported, research seemed to suggest
that saturation was the optimum because
C had so many health benefits. Despite
much research using guinea pigs to study
the relationship between C and gingivitis,
stomach ulcers, and recovery from wounds,
“there are many unanswered questions
that make it difficult to give requirements
for vitamin C with certainty.” It did seem,
however, that minimum and saturation
levels had been determined and that within
this range, age would determine individual
needs.

Reporting on contemporary knowledge of
vitamin D, Frederick Irish, a chemist with
the Food and Drug Administration (FDA),
echoed the theme that all the previous
writers had sounded: much was still to

be learned. “The mechanism by which
vitamin D functions,” he explained, “has not
been determined with finality.” What was
understood so far was that D helped the
body to absorb calcium and phosphorus.
Recognizing that vitamin D needs varied
significantly through the year, with sunlight
replacing the vitamin when days were
longer, experts still were unable to agree

on D minimums for infants and young
children. This disagreement arose “in part
from the use of different criteria in judging

30

the adequacy of a particular vitamin D
intake.” Some used prevention of rickets

as the standard, while others looked at

total calcium retention. Optimal vitamin D
amounts for older children, adolescents, and
adults had not yet been determined, though
data from a study of children in orphanages
in and around New York City suggested that
summer sunshine was sufficient, even in
areas of urban air pollution.

E.M. Nelson, chief of the Vitamin Division
of the FDA, began his report with the
admission that “The vitamin E requirement
of man is not known.” Only recently had

it been “reported that a substance having
the properties of vitamin E has been
synthesized in the laboratory.” In rats, E
deficiency was associated with reproductive
difficulties, and there was some thought
that it might be responsible for miscarriages
in humans. Goats, however, seemed to
manage fine without it. By 1939, “studies
on human requirements for vitamin E have
been confined” to studies of the effect of
wheat germ oil on sterility and repeated
miscarriages. So far, wheat germ oil, a
source of vitamin E, had had no effect on
either condition. Nelson reasoned that
should vitamin E be found at some later
point to be essential to human nutrition,

it was found in so many foods that there
would be no threat of deficiency in the
population at large.

As with vitamins A, B1, and C, Lelia Booher
reported that the significance of riboflavin
was not truly understood until very recently.
In 1933, English and American scientists
working independently both announced the
“discovery of the biological significance of
this substance,” the “water soluble, yellow
pigmented vitamin” that could be found in
many foods. Booher, who was Chief of the
Foods and Nutrition Division at this time,
described the gruesome effects of depriving
laboratory rats of riboflavin while feeding
them a diet adequate in all other nutrients.
Loss of hair, dermatosis, and the loss of
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digits, joint-by-joint, were, however, happily
halted and (except in the case of lost digits)
reversed by the restoration of riboflavin.
Booher explained that many foods contained
small amounts of riboflavin and that it was
thus very difficult to test for the substance.
Even as she wrote, “methods strictly
chemical in nature are in the process of
being developed.”

In contrast to E.M. Nelson’s tone of
disinterest in vitamin E, Booher’s writing
suggested real excitement at being part of a
new science finding its way one experiment
at a time. The data on riboflavin that existed
in 1939 had mostly been acquired through
the “biological assay” method, like that used
for the vitamin A studies, but with rats as
subjects rather than humans. Because
riboflavin was so widespread in the foods
humans eat, Booher explained, deficiency
was probably not a problem. She did note,
however, that a recent study by Henry
Sebrell and Roy E. Butler had reported on
what appeared to be riboflavin deficiency
connected to cases of pellagra in humans.

Once readers had discovered the vitamin
“needs” of their own bodies, they could
turn to Esther Daniel’s explanation of the
“Vitamin Content of Foods” to learn how
to fill those needs efficiently. Charlotte
Chatfield and Georgian Adams explained
how to read food composition tables, a skill
that could be invaluable to the consumer
but which few had acquired, leaving such
understanding to experts without realizing
both how accessible and how important
this information can be. The pair gave lists
of foods that would help readers think of
meals in terms of nutritional value as well
as flavor. Far from pushing on the public
foods that were healthy but unpalatable,
the article offered many choices within
categories of foods that were “excellent” or
“good” sources of particular nutrients.

The lists included foods such as sesame
seeds, sweet potato tops, and burdock
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roots that might not have been familiar
outside regional cuisines, giving the
national public an opportunity to make an
exercise in good nutrition also an exercise
in newness. This was the tactic Paul Howe
had suggested: appealing to the human
interest in change that coexists with our
love of continuity. Chatfield and Adams
noted that contemporary knowledge of
nutrition, even among experts, was far from
complete and that much more work must be
done before the public would have the best
possible information with which to make
food choices. For example, while the authors
could list foods rich in calcium, magnesium,
or iron, “It is not enough to know how much
of each of these elements is present in the
food materials. Chemists are now being
called on not only to give the quantity of
calcium or iron in different substances but
also to supply information that will throw
light on the availability of these elements

to the body.” After all, knowing that turnip
greens are rich in calcium would be useless
if it was determined that this calcium was
not accessible to the metabolisms of those
who ate the greens.

The lists that Chatfield and Adams provided
suggested a new way of thinking about
food—the model proposed by Howe’s
fictional housewife. Using this method, one
thought about nutrition and the composition
of foods first and flavor second. Flavor was
essential, but it was not the driving force in
decision-making. Because of this ranking,

it has been hard both for the message of
nutrition to spread and for critics to see that
nutritionists do not dismiss palatability, only
rate it differently from the hungry person in
the restaurant.

Faith Clark and Hazel Stiebeling offered
further help to the average consumer with
“Planning for Good Nutrition,” and Miriam
Birdseye addressed “What the Modern
Homemaker Needs to Know” about food

in order to get the most food value for her
family’s budget. The main point of Birdseye’s
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article, which contrasted a Christmas dinner
of the 17th century with one of 1939, was
that the majority of Americans’ foodstuffs
were now industrially processed where once
they had been produced in and around the
home.

Stiebeling, Marius Farioletti, F.V. Vaughn,
and J.P. Cavin took a broader view of the
problem in “Better Nutrition as a National
Goal.” The 1939 Yearbook of Agriculture
provided not only a report on the state

of food in the United States but also a
platform for action on the individual

level and the national stage. Articles by
Harry Gorseline and A.K. Balls discussed
issues of food preservation, while Edward
Joss, Ernest Kelley, and Marius Farioletti
wrote about national food standards and
inspections, both of which were the result
of efforts by consumer advocacy groups.
Beyond piecemeal legislation to protect the
food supply chain, Stiebeling suggested

a national program that would integrate
ideas of nutrition both with citizenship and
with Federal regulation of the economy.
Bringing Americans to proper nutritional
status, “is far more than an individual
problem,” she warned, and to solve it “would
require a great deal of education; increased
purchasing power, or lower food distribution
costs, or both.” And if existing problems
were really to be solved, “considerable
increases in production of the so-called
protective foods” would be necessary.
Contrary to American cultural and social
traditions, the government might have to tell
farmers what to grow.

As of 1939, the average American’s diet was
nutritionally inadequate despite the fact
that “if our present knowledge of foods and
nutrition were generally applied, it would
revolutionize dietary habits and have far-
reaching implications for national health
and agriculture.” In an interview the same
year for Country Gentleman, Stiebeling’s
language was even more dramatic: if
Americans could apply existing nutrition
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knowledge, “we would be a different race”
(34).

To bring Americans to good nutrition,
consumption of leafy green and yellow
vegetables would have to be increased by
100 percent, tomatoes and citrus by 70
percent, eggs by 35 percent, and milk and
butter by 20 and 15 percent, respectively.
Better nutrition would mean lower hospital
expenses (and since most of those who were
poorly nourished were themselves poor, this
meant public expense), higher productivity
in industry and agriculture, and longer life
spans, also resulting in greater demand for
agricultural products. Stiebeling was making
the economic case for better national
nutrition. The government, industry, and
agriculture—no one could afford poor
national nutrition.

Studies of family food expenditures had
revealed the fascinating information

that well-to-do families spent a smaller
proportion of their income on food than did
poor families. Indeed, the richer a family
was, the smaller a proportion of its weekly
budget went for food. To Stiebeling, this was
an indicator of mistaken priorities, and “the
question is often asked whether families,
particularly those at low-income levels,
would spend appreciably more for food if
incomes were increased or whether the extra
income would go chiefly for automobiles

or clothes, or other uses.” Studies had
determined that wealthier families tended
to consume more of the “protective” foods
than poor families did. The question, then,
was how to get these foods to those with
low incomes. Could prices be reduced,
either by simply reducing prices relative

to incomes or by raising incomes? And

if they could be reduced, how low would
they have to go to increase consumption?
However, the problem was not purely an
issue of economics; the public had to learn
what it needed. Many agencies existed that
were dedicated to propagating nutritional
information. Extension agents and workers
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in public health clinics, among many
other evangelists, were working with great
commitment to educate the people. The
question was, Stiebeling concluded with

a hint of bitterness, “whether the general
public can be persuaded that the matter
is worth its attention and worth the price.”
The price, presumably, would be a major
overhaul in the national management of
production and employment.

While the general public may have remained
largely uninterested, Federal authorities
became intensely interested in national
nutrition just 2 years after Stiebeling’s
report, when America entered the Second
World War and large numbers of recruits
were found unfit to fight because of poor
nutrition. By 1940, in anticipation of the
possibility of America’s entry into the war,
the National Research Council established
the Committee on Nutrition, a government
advisory board. Responding to a national
sense of urgency, the council’s chair, Russell
Wilder, gave three people less than 24 hours
to come up with a standard to be used in
evaluating both civilian and military diets.
Stiebeling was a natural choice for this
group and was joined by Dr. Helen Mitchell
and Dr. Lydia Roberts. Given their task in
the evening, they were requested to provide
a standard by the next morning. The team,
as directed, delivered a “tentative standard”
to use in continuing research into the
problems of national defense (21). Beginning
with a synthesis of existing research,

the larger working group then consulted
with scientists active in related research
and opened the topic up to a meeting of

the American Institute of Nutrition. The
standards were first released in 1941

and then more widely published in 1943,
thereafter serving as a starting point for all
future research in standards (21).

In 1941 President Franklin Roosevelt

called together leaders in the field of
nutrition and emergency management
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1940

Prior to America’s entry into
WWII, the National Research
Council established the
Committee on Nutrition.
Hazel Stiebeling, Helen
Mitchell, and Lydia Roberts
provided a“tentative
standard” to be used in
evaluating both civilian and
military diets.

for a National Nutrition Conference for
Defense, recognizing that “if people are
undernourished, they can not be efficient in
producing what we need in our unified drive
for dynamic strength.” Although doubtless
fully committed to the effort of the moment,
some nutritionists might have wondered
why poor nutrition only seemed to be an
emergency during wartime. Reporting on
the conference, Rowena Carpenter of the
BHE noted data provided by the Bureau
that 45 million Americans lived on diets
that were nutritionally inadequate even
“when measured by the most conservative
standards” (35). The problem went far
beyond cases of pellagra, beriberi, rickets,
and scurvy, Carpenter reported, to the more
widespread “hidden hunger” of those who
had lived for long periods on barely adequate
diets. Over time, malnutrition took its toll
on their muscle tone, teeth, stomachs, and
psyches. It was now the task of Helen S.
Mitchell— under the direction of Paul V.
McNutt, Coordinator of Health, Nutrition,
Welfare, Recreation, and Related Activities
for the Federal Emergency Management
Administration—to pool the resources of

all the States to raise levels of nutrition
throughout the Nation.

For the most part, these resources consisted
of educators of various backgrounds and
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1941

President Franklin
Roosevelt called
together leaders in the
field of nutrition and

The Bureau of Home
Economics moved

to the 12,000-acre
facility in Beltsville,

emergency management  MD.
for a National Nutrition
Conference for Defense.
B

affiliations. In every State, “Every person
professionally trained in medicine, public
health, nutrition, dietetics, nursing,
social service, and allied fields should be
mobilized for nutrition work in their own
communities.” Some practical measures
already agreed upon were the extension
of existing school lunch programs and
the Food Stamp Plan, part of the USDA’s
Surplus Marketing Administration, created
during the depression to help manage
the fact that widespread hunger occurred
despite agricultural surpluses.

At the 1941 conference, Dr. Lydia Roberts,
of the University of Chicago, presented
“diet standards” devised by the Food

and Nutrition Committee of the National
Research Council. “The new defense

diet standards,” presented in the form

of Recommended Dietary Allowances,

were “suitable for any time but especially
important to follow right now” (36). Although
an attempt was clearly being made to

help Americans consider the standards

as permanently useful, the language of
emergency—-right now”—simultaneously
undermined that message. The standards
as announced were “one pint of milk daily
for an adult, more for children. One serving
of meat. One egg daily or some suitable
substitute such as beans. Two servings
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of vegetable daily, one of which should be
green or yellow. Two servings of fruit daily,
one of which should be a good source of
vitamin C, such as citrus fruits or tomatoes.
Bread, flour and cereal, most and preferably
all of it whole grain or the new enriched
bread, flour and cereals. Some butter or
margarine with vitamin A added. Other
foods to satisfy the appetite.”

A lasting benefit that came from this
conference was the establishment of
enriched breads and flours as the industry
standard. The Committee on Food and
Nutrition, which became the Food and
Nutrition Board, set “minimum and
maximum limits for the enrichment of bread
and flour with thiamine, riboflavin, niacin
and iron.” This was a controversial move, as
E. Neige Todhunter remarked years later:
“Some have maintained that the public
should be educated to the use of natural
foods that would supply all nutrients.”
What, after all, were all the bulletins for, if
nutritionists were going to admit that no one
was following their advice to consume whole
grains? Todhunter the realist admitted,
“Experience of centuries has shown that
people are reluctant to change their food
habits and that education regarding food
choices is a slow process. Nutritionists
could (and did) continue recommending
whole grains, but in the meantime the
slow-changing public might as well get its
nutrients from enriched flour” (37).

1941 was also the year that the Bureau
moved to Beltsville, MD, an adventure
chronicled humorously by Ruth O’Brien.
“To get its research units into less

crowded quarters,” O’Brien explained, the
laboratories were moved to the 12,000-acre
facility in Beltsville. The day of the move
was a “cold, rainy day,” which presented

a problem for the Bureau’s “living test
tubes,” or rats. O’Brien reported that “more
than 3,000 of the ‘very special’ ones made
the 17-mile journey in stylish fashion
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(carried in air-conditioned ambulances); the
remainder of the rat colony went in heated
trucks.” This was because “as parts of long-
term experiments, they represented large
investments.” The utmost care was taken to
protect them, including spreading canopies
between trucks and buildings to keep the
rain off their scientifically precious backs
(38).

Once the relocation was completed, a press
release announced, “The Bureau’s staff,
being foresighted, is looking ahead into the
home freezing of foods, as well as studying
the effect on palatability and nutritive
values of different methods of processing
and packaging foods.” In addition, “there
are the home-front information programs
on nutrition, food conservation, and the use
of temporary food abundances.” Truly, “the
Bureau cooperates manfully (even if it is
mainly staffed by the ‘opposite sex’) with [the
Office of War Information]|” (39).

Throughout the duration of the war,
newspapers and magazines published
advice from BHE nutrition experts on how
to make the most of rations nutritionally.
For example, an article published in the
Science News Letter in 1942 reported the
BHE response to sugar rationing: “To help
[homemakers| meet their families’ cravings
for sweets, the Department of Agriculture’s
Bureau of Home Economics has published a
carefully tested list of more than a score of
reduced-sugar recipes.” Using professional
advice, “Americans will discover that even
with less sugar it’s a sweet world after all”
(40).

In the film Wartime Nutrition, produced

by the Office of War Information, Surgeon
General Thomas Parrish urged viewers to
“make a real effort to choose a nutritious
diet” and argued, “Every citizen should
have a down-to-earth working knowledge of
modern nutrition.” Each one of us “must do
this,” Parrish declared, “for today we have
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no choice. War demands that no one waste
food.” In order to learn how to make the
most of what was available, an announcer
noted that public nutrition courses had
been established in “churches, schools, and
factories.” A classroom full of young women
watching attentively as instructors prepared
a meal, while frequently referring to a food
chart, underscored the film’s message that
“appetite alone is not a safe guide to good
nutrition.”

One of the more unusual ways in which
government nutritionists attempted to

help Americans make the most of what
they could get in wartime was a series of
“nutrition tests” of wild game in 1944. The
research was performed in the College
Park, MD, laboratories of the National

Fish and Wildlife Service, but the goal

was to determine what role game animals
could play in human nutrition. Vitamin
assays were made, protein and fat content
determined, and moisture assessed for the
following: boiled, roasted, and baked beaver;
roasted muskrat; broiled and roasted
opossum; baked, broiled, fried, and roasted
rabbit and parts of rabbits; and boiled and
roasted raccoon and raccoon livers (41).

The growing recognition of the “vital
importance of nutrition in a national crisis”
was reflected in the reorganization of the
Bureau in 1943. That year, BHE was
merged with USDA'’s Division of Protein
and Nutrition Research in Beltsville, MD,
to become the Bureau of Human Nutrition
and Home Economics (BHNHE). The
nutrition work of the Office of Defense
Health and Welfare Services was also
placed within the newly named bureau.
Gladys Baker, historian of the USDA,
argued, “these administrative moves
helped to establish the preeminence of the
Department of Agriculture as the seat of
nutrition research and programs among
government agencies” (42). Stanley stepped
down as Chief of the Bureau but continued
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1943

The Bureau of Home Economics
was merged with USDA’s Division
of Protein and Nutrition Research
in Beltsville, MD, to become the
Bureau of Human Nutrition and
Home Economics. The nutrition
work of the Office of Defense
Health and Welfare Services was
also placed within the newly
named bureau.

working as Coordinator of Research in
Home Economics for USDA’s Agricultural
Research Administration. She was given the
important responsibility of consulting with
other nations concerning food problems and
research.

The Journal of Home Economics reported
proudly, “Because of Dr. Stanley’s rich
background, she was the one asked to

head up this work.” The appointment

was significant in the history of home
economists, especially nutritionists,

and of women. It reflected well on the

efforts of nutritionists that the Federal
Government viewed their work as a point for
international collaboration and support; and
it was a milestone in the history of gender
ideologies in America that a woman should
be chosen to represent the United States

in this strategic area. Stanley retired from
the Agricultural Research Administration

in 1950, completing almost 30 years of
government service. Her work had paved
the way for home economists internationally
by providing a model for fruitful scientific
involvement of the government in the issues
of daily domestic life. Under her leadership,
the American public became aware of, and
to some degree educated in, the science of
nutrition and how it could improve lives

and strengthen communities. The fact that
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Louise Stanley stepped
down as Chief of the
Bureau but continued
working as Coordinator
of Research in Home
Economics for USDA’s
Agricultural Research
Administration.

Henry Sherman
was placed in
charge of the
newly reorganized
Bureau, but he
only served one
year.

that important effort continued after her
departure reflected well on the standards
she set for the Bureau in particular and the
field of human nutrition in general.

Hazel Stiebeling—Leader of the Bureau of
Human Nutrition and Home Economics

Henry Sherman was placed in charge of
the newly reorganized Bureau, but he

only served one year and was replaced in
1944 by Hazel Stiebeling, who had served
as his assistant director. The fact that
Stanley, Sherman, and Stiebeling were all
nutritionists reflected nutrition’s rapid rise
to an accepted science and its power, greater
than that of any other division of home
economics, to capture the attention of the
public and their leaders.

Stiebeling was to shepherd the Bureau
through the next 19 years as America
entered the Cold War and an era of rising
spending power and consumerism. While
political leaders emphasized the need for
a nation strong in every way, consumer
goods manufacturers, including food
producers, attempted to create new markets
by appealing to the individual’s sense of
entitlement rather than to his reason.
After a depression and a war, didn’t a
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Disney released
the film “Something
You Didn’t Eat,”

Hazel Stiebeling
replaced Henry
Sherman and

shepherded the produced for the
Bureau for the next USDA and the Office
19 years. of War Information

and intended for
classroom use.

working man or busy housewife deserve a
cream-filled cake or salty snack? What if
nutritionists shook their heads in dismay?
The crises passed; did we still really need
to listen to those killjoys? Nutritionists

in the USDA found themselves called on

to resist communism by ensuring a well-
nourished populace and simultaneously
help consumers resist or at least understand
the lures of industrial capitalism, especially
when it came to food.

Stiebeling’s years of research into diet

were put to use in 1944 when agricultural
production goals were set and “the nutrition
research that had been carried on in the
Department [of Agriculture] all through

the thirties” was used to define production
goals. A 1943 study conducted by the
BHNHE in collaboration with the Bureau of
Agricultural Economics had “indicated that
certain changes in American production
and consumption habits would result in
more efficient overall use of” the Nation’s
productive capacity (42). In order to set
viable goals, one historian of the USDA
wrote, “it was necessary to forecast the
extent to which farmers could and would
shift production patterns and the degree

to which consumers would accept dietary
changes.” The example given was that

of skim milk, a staple of many American
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The Journal of Home The BASIC 7 FOOD GROUPS

Economics reported that
“a weak spot has been
remedied” in the “Basic
7” chart that the Bureau
produced to popularize
knowledge about
nutrition.

i

diets in 2008, but considered better for
livestock in 1944. Studies, however, had
indicated that skim milk could “provide
essential nutrients more efficiently than
pork chops, poultry, or eggs,” so farmers
were encouraged to raise production

levels while, presumably, food science and
consumer research staff at the BHNHE were
charged with the responsibility of teaching
Americans how to use it.

By 1945, the year the war ended, it seemed
that the work of the Bureau’s nutritionists
had made real changes in the American
diet. According to a study comparing food
consumption data from the years between
1909 and 1945, the yearly per capita
consumption of tomatoes and citrus had
more than doubled, rising to 119 pounds
from 44. One writer argued that this was
due to “an extensive educational campaign”
designed to promote the importance of
vitamin C. It now seems clear that the
expanded use of refrigeration and the growth
of the canning industry also contributed

to this increase and to the simultaneous
increase in per capita consumption of

leafy green and yellow vegetables from 77
to 134 pounds (43). Where technological
developments made these fruits and
vegetables more available, the work of
nutritionists had helped to make them more
desirable.
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In 1946, the Journal of Home Economics
reported that “a weak spot has been
remedied” in the “Basic 7” chart that the
Bureau produced to popularize knowledge
about nutrition (44). The Bureau had been
working towards this chart since the 1930s
when Stiebeling and Birdseye produced
their recommendations for relief agencies.
A wartime eating guide had been issued in
1941 and another chart issued in 1945.

It seemed essential to nutritionists at the
Bureau for Americans to have nutrition
information in the simplest and most
compelling form possible.

As of 1945, the chart had lacked
recommended daily consumption figures for
the food groups. It had been hard to assign
figures “with shortages and surpluses still
plaguing us,” in the aftermath of the war,
but “our nutrition staff took on the job,”
Ruth Van Deman was proud to announce,
and quantities had been added to the chart.
Moving from an era of scarcity through a
period of rationing suddenly into bounty
and prosperity, Americans would need

to think carefully about consumption.
Taking a cue from the field of advertising,
nutritionists simplified their message and
made it graphic with their basic seven-food
chart. “A Guide to Good Eating” featured
bright color illustrations of foods against a
blue background. The basic seven and their
recommended daily servings were milk—
two to three glasses for an adult, three to
four for a child; vegetables—two or more
servings (other than potato); fruits—two or
more servings; eggs—three to five, one a day
optimal; meat, cheese, fish, and poultry—
one or more serving; cereal and bread—two
or more servings; and butter—two or more
tablespoons. Smaller print encouraged use
of whole grains for bread and cereal and
suggested dried beans, peas, or peanuts

to take the place of meat and cheese
“occasionally.”
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Lest Americans lack the culinary
imagination to turn this chart into three
meals a day, the Bureau also produced a
chart of suggested menus for a day of full
nutrition. Breakfast would be fruit, cereal,
toast, bread, and a “beverage.” Lunch and
dinner both featured a meat/fish/cheese/
egg dish, vegetables, bread, and butter,

but lunch also included fruit and milk
while dinner included potatoes, salad, an
unidentified “dessert,” and an unidentified
“beverage.” In the accompanying photos,
the dessert appeared to be something like
ambrosia—which might have contained one
fruit serving—while the beverage was coffee.
The inclusion of dessert in these sample
menus was interesting, as sugars were not
included in the basic seven. Perhaps the
chart’s designers worried that if they did
not include the dessert that was traditional
to mainstream American foodways, readers
would not accept their recommendations as
real meals. Recognizing that the American
family was undergoing change as the war
ended and millions of GIs returned home

to new brides, the Bureau issued a popular
bulletin titled “Food for Two” to help these
small families begin their lives together with
good nutrition. Existing cookbooks tended to
be directed at an audience of large families,
and some still assumed the presence of a
household servant despite the fact that the
war had largely put an end to the use of
servants by American families of the middle
class.

A related bulletin was “Food for the Family
With Young Children,” which responded to
the beginning of the baby boom. Parents

of young children who had themselves

been raised during the Depression, a time
of scarcity and a time before widespread
knowledge of nutritional science, were not
necessarily able to turn to their parents for
guidance on all issues of childcare, because
the postwar era was so different. Younger
parents had larger numbers of children,
and there were many more consumer goods
available, including food.
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A writer in What’s New in Home Economics
declared, “Thousands of GI couples have
stretched their food dollars and, at the same
time, lived well because Hazel Stiebeling
and her staff provided them with this
direct and simple guide” (45). The bulletin’s
authors used a real family, Richard and
Margaret Wright and their two children,

to reach readers and assure them of the
information’s relevance. The style of the
bulletin was similar to a particular kind of
spread that appeared in popular magazines
like Life that followed a day in the life

of a celebrity. With this kind of article,
readers experienced a sense of intimacy
and familiarity with the family. Because
readers were already familiar with this
formula, BHNHE writers could rely on the
public to respond to it positively and, more
importantly, to identify themselves with
the Wrights. When celebrities participated
in this kind of journalism, they did so to
sell their own work—the movies they were
appearing in or books they had produced.
For the BHNHE, the “feature” on the Wrights
was selling ideas and behavior that would
improve nutritional status.

The Wrights, like an increasing number of
young American families, lived in a single-
family home in a suburban setting. Both
children were younger than school age, and
Margaret’s day revolved around housework
and childcare, while Richard worked outside
the home. This traditional gendered division
of labor, which put women in charge of
family nutrition, had been somewhat
disrupted during the war, as large numbers
of men were away from home and woman
had gone into the paid workforce. During the
Depression, too, families had experienced
unfamiliar domestic arrangements.
Unemployed men had stayed home while
women—who tended to work or be able to
find work in sectors not as affected by the
Depression as the industrial sector—were
out of the house during the day. In addition,
in many families, all members had to work
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to discover and exploit new food sources.
For example, children might get their only
meal of the day at school while women
working as domestics might be fed by their
employers. Postwar foodways and thinking
about nutrition represented an attempt to
return to an idea of “normal,” which was
now complicated and potentially enriched
by the spread of nutrition education.
Indeed, in answer to the question “How does
Margaret select food and prepare meals?”
the bulletin’s authors explained that “she
follows good nutritional advice, practicing
what she learned in classes” (46).

This mention of classes could serve to jog
the memory of female readers and remind
them that they, too, had taken home
economics classes that could help them
manage the new role of family meal provider.
Unlike former generations of women in

her family, Margaret had been educated to
think of her husband and children in terms
of their nutritional needs, not just their
likes and dislikes. She knew the quantities
and kinds of food they needed for optimum
health, and she took a rational approach to
her children’s diets, introducing new foods
in small amounts and when the children
were hungry. The Wrights’ food sources were
somewhat different from those of the typical
suburban family and more reflective of older
foodways. Milk was delivered to the house,
as were chickens and fresh eggs. The family
grew vegetables in their own small garden,
and Margaret canned and preserved some
of them, although the bulk of their food was
purchased from a local market. Notably, the
bulletin encouraged readers with infants to
breastfeed them, using the phrase “feeding a
baby nature’s way,” rather than the blunter
modern term. Where social conventions of
the time tended to favor formula feeding,

the BHNHE nutritionists came out subtly

in favor of “mother’s milk” because it
“increases the baby’s chances for growing up
without sickness or feeding difficulties.”
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The bulletin emphasized the importance

of milk for young children, a concept

that was still new to the general public.
Because many Americans had not grown
up consuming the amounts of milk now
considered healthy, the recommended
quantities could seem overwhelming.
Margaret Wright dealt with this problem

by being creative about how she served
milk to her children: “Instead of having the
children drink all of their milk, Margaret
often uses part of it in custard, ice cream,
junket, or milk soups for variety.” Mothers,
who were (and still are) largely responsible
for family nutrition, would have to learn to
think of meals in terms of their composition
of numerous chemical elements, not just
as a combination of dishes or flavors. The
ideal diet of “foods that are good for the
whole family,” and that which the Wrights
enjoyed, included at least three cups of
milk per day for each member and “citrus
fruits and tomatoes, eggs, liver, green leafy
vegetables, and whole grain or enriched
cereals and breads.” Notably missing from
the list was red meat, a staple of traditional
American diets. While the Wrights’ weekly
shopping list included 7 %2 to 8 %2 pounds of
meat, poultry, or fish, and one of these was
served “at least once daily,” traditional cuts
of meat were deemphasized and “at least
once a week, Margaret tries to serve liver,
heart, or kidneys, for these variety meats
are particularly high in iron and vitamins.”
Her menu list also included beans, peas,
and eggs as alternates for animal protein.
Lunches were very light and essentially
vegetarian, including unusual dishes like
apple-cabbage salad and cottage cheese and
nut sandwiches. These choices made the
Wrights unusual among their peers, and
the otherwise enthusiastic reader’s interest
might falter here, for organ meats were not
typically enjoyed in mainstream American
foodways. Similarly, Wartime Nutrition
recommended “chicken, fish, liver, or
sweetbreads” as “excellent main dishes” for
the evening meal, despite the fact that the
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last two were not popular among American
consumers.

Further setting the Wrights apart from their
national cuisine, sweets were limited to
“simple puddings made of milk and eggs and
fresh and cooked fruit.” Instead of candy,
the children enjoyed chewing on soft dried
fruit. To an American woman raised to think
of the perfect layer cake as her crowning
achievement and in a land where taffy pulls
could be major social events, this kind of
rethinking might feel like too much too soon.
Even if adults were treated to the occasional
pie—pastry was considered inappropriate
for children—adopting the Wrights’ diet

was farther than most families would be
willing to go. Nonetheless, the grocery

lists and menus included in the bulletin
could encourage readers to begin thinking
differently about food.

Advice on “how to reduce your food bill”
encouraged readers to think seasonally,
because produce tends to be cheaper when
it is in season, and to remember that “you
pay for the fat on the meat you buy,” so

it makes sense to save and use the fat

for cooking. To help families save money,
the bulletin also suggested using dried or
evaporated milk and buying cheaper cuts
of meat, as well as the “variety” meats that
were “bargains in vitamins and minerals.”
Beans and peas, including soybeans, were
suggested as main dish fare, and molasses
was praised as a healthier sweetener than
white sugar. Whole grains were, of course,
preferred, and “expensive ready-baked
items” were to be avoided for their cost but
also, presumably, because they tended to
lack significant nutritional value.

Margaret’s model menus are notable

for their variety as much as for their
resourcefulness. A pot roast served on
Sunday supplied meat for a beef casserole
on Monday and hash on Wednesday,
while a lamb shoulder (another unusual
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meat for Americans) became minced lamb
on riced potatoes for Saturday dinner.
Oatmeal left over from Monday morning’s
breakfast became a pudding with prunes
for dessert on Tuesday at lunchtime. The
innovation here was that Margaret Wright
was planning her leftovers, rather than
coming up with something to do with scraps
as they occurred. This kind of forethought,
which was not usually showcased in sample
menus, took careful planning and a broad
knowledge of nutrition and cuisine.

Lest this life of calculation seem too
complicated, the bulletin reassured
readers, “Most of the time Margaret is able
to plan the same meals for all. Otherwise
the days would never be long enough for
housework, nor would she have enough
energy left to enjoy her little family.” This
acknowledgement that thinking about
nutrition could seem time-consuming
could have another positive effect aside
from giving readers the courage to try a
new way of thinking about food. Preparing
the same foods for children and adults
probably meant improving the diet of most
adults. Where most Americans would have
recognized that children needed a particular
diet to achieve proper development and
health, when it came to adults, the issue
seemed less important. Thus to serve to
adults the same balanced meals served

to children would be more than just
convenient.

Battling the idea that nutrition was a drag
on culinary pleasure, the bulletin boldly
declared, “Eating is fun at the Wrights’
table.” The family tried new things and
Mr. Wright always modeled good behavior
by complementing Mrs. Wright “when
something is especially good.” This was a
family who did not overanalyze, but who
also did not take food for granted. To help
American families make their own wise food
choices, the Bureau published a useful
guide to Food Values in Common Portions,
which outlined the quantities of all the
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basic nutrients and vitamins in average
servings of commonly consumed foods such
as milk, eggs, and meat when these foods
were prepared in the most popular ways.
Thus, a reader could learn not just the
nutritive value of a glass of milk, but also

of a serving of pudding made with milk,

and of different cuts and preparations of
beef (47). Just as Bureau nutritionists had
borrowed from the techniques of advertising
to create the basic seven charts, advertising
copywriters quickly picked up the language
of nutritional guidelines and used it to

sell goods. Maltex cereal, for example, was
advertised in the Journal of Home Economics
as central to the “Maltex 100% Breakfast,”
offering “four of the “Basic Seven” types of
food in a single meal: fruit, buttered toast,
milk, and Maltex—the hot brown, Toasted
Wheat and Malted Barley cereal” (48). The
company even offered to send readers a

free “Daily Diet Record” so that they could
keep track of their consumption of the Basic
Seven (49). In 1945 Disney released the film
“Something You Didn’t Eat,” produced for
the USDA and the Office of War Information
and intended for classroom use. A pamphlet
about the film showed a family marching
together under the call to action, “US Needs
Us Strong. Eat the Basic 7 Every Day.”

The 9-minute cartoon about the “basic
seven” was shown to college and adult
home economics clubs as well as to school
children. A review in the American Journal of
Nursing found the film an “unusually good
presentation, entertaining and convincing”
and praised sound, editing, and “technic”
as “excellent” (50). Administrators at the
BHNHE were clearly thinking of the most
modern means of getting their message to
the public.

In the meantime, they were also continuing
an ambitious program of research into

foods and nutrition. Bernice K. Watt and
Margaret A. Attaya, for example, brought
together the results of 17 studies to report
on “Vitamin Retention in Quantity Cooking
of Vegetables” in 1945. Although the BHNHE
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1946

The Journal of Home Economics
published a study by two Bureau of
Human Nutrition and Home Economics
researchers that revealed the amount
and “Nutritive Value of the US Food

Supply.”

always considered individual homemakers
its audience, institutional managers were
an equally important group, because
through good nutrition in institutional
settings, many people might be subtly but
permanently educated in the nature of a
nutritionally sound diet. While many studies
had so far determined the vitamin content
of foods, Watt and Attaya explained, none
had yet explored the effect of cooking on
the vitamin content compared to the raw
food. This was data that nutrition-minded
cooks would need to know in order to make
wise purchasing and preparation decisions.
Interestingly, and a source of frustration for
Watt and Attaya, some of the studies had
been made “in actual feeding operations”
rather than “under experimental conditions”
(51). In some cases, preparation included
adding ingredients, which could complicate
calculations of vitamin content remaining
after cooking. Although their data were
clearly imperfect, Watt and Attaya were
able to produce a range of vitamin loss for
potatoes, sweet potatoes, carrots, tomatoes,
squash, a variety of dark leafy greens, peas,
beans, asparagus, broccoli, cauliflower,
cabbage, turnips, parsnips, and rutabagas.
Their major conclusion, not surprisingly,
was that more study under more perfect
conditions was needed before truly reliable
figures could be given.
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Hazel Stiebeling was the U.S.
representative to the Food and
Agriculture Organization (FAO) of the
newly formed United Nations and
attended the group’s conference in
Copenhagen, Denmark.

In 1946 the Journal of Home Economics
published a study by two researchers with
the BHNHE revealing the amount and
“Nutritive Value of the US Food Supply.”
Faith Clark and Jeanette McCay calculated
that simply as a matter of supply data, the
United States produced enough food to
keep each man, woman, and child healthily
nourished and with calories to spare. This
was truly remarkable in comparison to the
situation in other countries in the immediate
post-war period. However, Clark and McCay
cautioned that simply because the food
existed did not in any way mean that all
Americans had access to an equal share of
it (52). By taking data from the USDA that
indicated how much food was produced for
domestic human consumption and taking
into account non-edible parts of edible foods
such as pits and bones and by dividing this
quantity by the national civilian population,
Clark and McCay arrived at figures for the
nutritive values available if all Americans
had an equal share of the national food
supply. What they found surprised them.

Clark and McCay thought that “every
nutrition student who studies” the tables
they had produced “will be struck by facts
he has never appreciated before.” Among
the “surprises” they listed were the fact
that “milk contributes much of our protein”
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In the Journal of Home
Economics, Hazel Stiebeling
argued that sharing the world’s
resources was not just ethical but
actually essential to world peace.

and that grains supplied almost as much

protein as meat, fish, and poultry combined.

American diets had increased by more than
10 percent for six nutrients since before the
Second World War, and they had increased
in calories by 2 percent and in protein by
14 percent. Thiamin consumption had
increased nearly 50 percent, largely due to
the enrichment of bread flour. The authors
of the study generously concluded that
America could share its food wealth with
less fortunate nations and still feed its
people well.

In a 1947 article in the Journal of Home
Economics, Hazel Stiebeling argued that
sharing the world’s resources was not just

ethical but actually essential to world peace.

The world would never “have lasting peace
until we make considerable progress in
eliminating the present great disparities in
health and levels of living.” She identified
food as a central element to health. The
world food situation was improving but

still grim. Although estimated shortfalls
had decreased, the world would still be

8 million metric tons short of “grains,
bread, or its equivalent” (53). Stiebeling
was reporting the findings of the Food and
Agriculture Organization (FAO) of the newly
formed United Nations. She was the U.S.
representative to the FAO and had attended
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The Flannagan-Hope Act
provided Federal funding

for agricultural production
research, including research
into “the problems of human
nutrition and the nutritive value
of agricultural commodities.”

the group’s conference in Copenhagen,
Denmark, in September 1946. Although the
FAO had managed to compile interesting
data on the composition of diets in countries
with high-calorie, medium-calorie, and low-
calorie diets, Stiebeling cautioned that data
were lacking on what individual families
actually ate versus what was theoretically
available to them. Studies of family
consumption must be made before the truth
about national diets could be known. It was
very likely, she suggested, that many people
in high-calorie diet countries were living on
diets much like those of people who lived in
low-calorie diet countries. Bringing this data
and these issues to the general population
of nutritionists was an important service

in that it might inspire new and sorely
needed research.

Federal support for such research came in
1947 with the Flannagan-Hope Act, which
directed that Congress make available
funds for research into improvement in
agricultural production and research. Title I
of the Act also directed that funds be made
available for research into “the problems of
human nutrition and the nutritive value of
agricultural commodities.” Foods, textiles,
and building materials were included in
these commodities, so the bill was really

a boost for several divisions of the Bureau
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(54). The law supported cooperation among
Federal, State, and local agencies by
specifying that “research facilities owned by
the federal government, state agricultural
experiment stations, and the facilities of
the federal and state extension agencies
shall be used in carrying out the provisions
of Title II.” Title II involved improvement

of the marketing and distribution of farm
products. In particular, the USDA was
encouraged to research possible uses for
anything that American farmers produced
or could produce in excess of demand. For
research into “the utilization of agricultural
products involving the development of
present, new, and extended uses,” USDA
laboratories were to be used as much as
possible, although the option to contract the
work out to private agencies was left open.

Perhaps most exciting for home economists,
projects funded through this legislation
were to be taken up “in addition to” and

not instead of existing projects. The Act
would expand the work of home economics
research groups throughout the country.
Although no appropriations had yet been
made, leaders in the field were busy
preparing to take full advantage of funds
once they became available by sketching
out research ideas. A committee of the Land
Grant Colleges Association that included
Agnes Fay Morgan, Lita Bane, and Hazel
Stiebeling was providing leadership, and
“many regional and national conferences are
being held for joint thinking and planning.”

By January 1948, Ruth O’Brien and
Georgian Adams could report that many
projects funded through the Flannagan-
Hope or Research Marketing Act were
underway. Many were not directly of interest
to home economists, but some, particularly
those funded through section nine of the
Act were of interest to home economists. As
an example, O’Brien and Adams described
the “nutritional status study,” a cooperative
project of researchers at the Bureau

and at the Western, North Central, and
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Northeastern regional experiment stations.
It was “planned as a comprehensive study
of the nutritional requirements of different
population groups as indicated by the
nutritional status of individuals in relation
to their food intake (55). Simultaneously, the
Bureau was collaborating with experiment
station researchers in the Southern region
to collect data on the “food consumption
and food habits by families in typical
tobacco farming communities, in typical
cotton farming communities, and in typical
mountain farming communities of the
South.”

At the same time as these conferences were
meeting, Americans were being asked to
think about food internationally. President
Harry Truman convened the Citizens’ Food
Committee (CFC) in 1947 to encourage
Americans to reduce their use of foods

that could be shared with the Nation’s
former allies who were still struggling in the
postwar period. Taking up the work initiated
by Katherine Fisher of Good Housekeeping
Magazine, who served on the Committee,
Callie Mae Coons, Assistant Head of the
BHNHE, prepared menus and recipes that
the CFC published daily in an attempt to
get Americans to “Save Wheat, Save Meat,
Save the Peace.” Coons’ suggested meals
were published in newspapers as the “Peace
Plate,” reflecting the belief that in a volatile
postwar world, peace could only be assured
if everyone had enough to eat. Wheat- and
meat-free “peace plates” included such
treats as “Golden Fish Sauté” and “Baked
Caramel Custard.” Despite the herculean
efforts of Coons and her coworkers at the
BHNHE to help Americans conserve food,
pressure from meat producers (especially
poultry producers angered by the call for
eggless days), brewers, distillers, and the
restaurant industry proved too much,

and the Federal Government’s support for
the program faded within a year. Home
economists were not eager to abandon the
campaign, and one wrote in 1948 in the
Journal of Home Economics that “the food
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conservation program is still on. The food
emergency will last for some time—through
this crop year, next crop year, and maybe
the next. A group of home economists

has formulated a workable program.
Hundreds of others have contributed to its
effectiveness. All of us can continue to carry
it out through our individual professional
activities and our own personal lives.”
Intelligent use of food resources might be

a fad for the Federal Government, easily
forgotten when business interests objected,
but for home economists, it was a basic
responsibility (56).

In 1947, the American Home Economics
Association legislative committee committed
to support legislation that would provide
appropriations for the BHNHE, as well as
supporting work of the home economics
experiment stations and cooperative
extension services. Some of the important
studies completed over the next decade
included a series of studies to investigate
whether a “growth factor” could be passed
from hen to chick in the egg. This series

of studies, carried out by Frank Csonska
with collaboration from other researchers,
could presumably have an impact on diets
fed to poultry but might also serve as a
starting point for further research in human
prenatal nutrition. Another series of studies,
conducted by BHNHE researchers Madelyn
Womack and Mary Marshall, looked at
nitrogen balance and amino acids in rat
diets. Womack was also involved in research
that discovered a quick way to find the
nutritional value of cottonseed proteins,
offering innovation in methodology as well
as scientific findings.

While many researchers worked on projects
of their own design, others made use of the
great collection of data provided by their
peers. Summing up several years’ worth

of studies involving more than 1,000 rats,
D. Breese Jones and Alvin Caldwell made
the interesting discovery that, regardless

of the purpose of the experiment, female
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1948

The Bureau of Human
Nutrition and Home
Economics celebrated
its 25th anniversary.

rats had a greater ability than male rats

to survive on low-protein diets. In 1951,
another team of BHNHE researchers

asked the simple question of what kinds

of conclusions could be drawn relevant to
human nutrition from work with rats as the
experimental model. Feeding rats a diet of
“foods cooked as for human consumption”
did not produce ideal health for the rats.
Therefore, the authors concluded, “it is
evident that the application of the results
of animal studies to recommendations

for human dietary practices should be
undertaken with caution, and the task of
interpreting experimental data in the light
of human needs should be kept in mind in
planning such studies” (57). Researchers
must keep in mind physiological differences,
differences in metabolism, and the different
rates of aging between rats and humans, as
well as the different signs and symptoms of
nutrition-related diseases in the two species.

25th Anniversary of the Bureau

The BHNHE celebrated its 25th anniversary
in 1948. During the annual meeting of the
American Home Economics Association

in Minneapolis, MN, 600 conference
attendees went to a celebratory banquet
where they dined on “Minted fruit cocktail.
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Beef tenderloin with fresh mushrooms.
Parsley potatoes. Garden asparagus. Spring
salad. Relishes. Hot rolls. Ice cream” and
a birthday cake with coconut frosting

(58). A photograph from the event shows

a smiling Stiebeling, bride-like, wielding a
cake knife. The crowd was urged to join in
singing “Gone Are the Days” to the tune of
“Old Black Joe.” The words to this song,
apparently composed for the occasion,
celebrated the increased participation of
women in the public sphere:

“Gone are the days when only men can roam,
Gone are the days when the girls all stay at home
For now you’ll see women working everywhere,
There’s not a single line of work they will not dare
These women, these women,

How they do love to roam;

You'll find them almost any place

Except at home.”

A celebration at the Bureau itself took
place on July 1, 1948. Employees and
guests were treated to a lively afternoon of
tributes, followed by dinner in the USDA
cafeteria. The fare on this occasion was

no doubt a little blander than that served
in Minneapolis, although selections from
the usual cafeteria menu were apparently
followed later by cake and ice cream.
Stiebeling asked Ruth O’Brien to find

out how other divisions of the USDA,

such as the Forestry Service and the Soil
Conservation Service, had celebrated their
anniversaries. O’Brien found that these
bureaus, headed by men, had enjoyed very
little in the way of birthday parties. The
difference might have been one of gender
roles, since women are typically expected to
observe anniversaries more faithfully than
men, or it might have been a question of
subject matter. Those who studied aspects
of everyday life, including food and housing,
might be expected to have parties on the
mind more than those who studied soil and
trees.
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In preparation for the party, Kathryn
Cronister of the Information Division sent
out a call for limericks on the theme of the
BHE. To start them off, she provided this
frame:

“There was a queer lady from Maine
Who thought all our work was in vain

And now days she counts it all gain.”

Busy researchers only needed to come up
with one rhyming couplet to show their love of
the Bureau. Rising to the challenge, the staff
provided 72 couplets, among which were the
following:

“Til our figures she checked/Found them correct”
“Til we heeded her hollers/on spending her dollars”
“Then we helped her with canning/And financial
planning”

“We showed her examples of well-laundered
samples”

“With soaps and detergent/We proved it was urgent”
“In her kitchen by preaching/We cut stoops and
reaching”

“We kept right on pitchin’/Came up with a kitchen”
“Til our taste-testing of spuds/Helped her buy some
new duds.”

While most of the “poets” expressed pride in
the Bureau’s work, one employee submitted
the less self-congratulatory “By golly she’s
right/But we put up a fight” (59).

For the press statement announcing

the anniversary, Stiebeling described

the Bureau’s origins: “Our Bureau was
established because women of the country
... and particularly those in the American
Home Economics Association, kept asking
the Department of Agriculture and State
Colleges for information on food, clothing,
and housing, which could come only from
research” (60). That Stiebeling credited
both experts and amateurs for the Bureau’s
existence reflects the huge role that the
Bureau was able to play in the development
of the many fields that together made up
home economics. After 25 years, the BHNHE
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was “considered a small bureau”; it had a
staff of 240 serving the 32 million American
women who, as full-time homemakers, were
the “nation’s largest occupational group,”
according to Stiebeling. Stiebeling was
obviously proud of the immense amount and
high quality of work her bureau produced,
but the juxtaposition of the small staff

with the huge audience certainly suggested
that resources might be improved through
greater funding that could support a larger
staff. Even the anniversary celebrations
suffered from lack of funding, as a poem

in the archives mourns that the planning
committee “put out a plan with bated
breath /But everyone gave it the kiss of
death. In a land that flows with milk and
honey/No one in Home Economics had any
money” (61).

The theme of insufficient resources emerged
again in a skit prepared to celebrate the
Bureau’s anniversary with a little comedy
at the expense of legislators. In the

skit, a fictional Senator Claghorn asked
preposterous questions of the Bureau’s
staff before he would approve its funding.
Addressing Kathryn Cronnister, the fictional
senator said, “Many of my clients, and
some members of Congress, charge that
your division is causing strife in the land
by telling the truth. I need not point out to
you that this is a serious charge against a
Government Bureau.” An example of one
way to remedy this terrible truth telling
problem, he suggested, was to “change your
publications so as then to advise people to
eat more cereals which will keep easily and
less of the perishable fruits, vegetables, and
milk.” As for the ever-popular bulletins,
Claghorn asked why they needed updating
at all, “Since Mrs. America lives in an
obsolete house, is now busily adjusting
obsolete clothing to present needs, has
obsolete equipment for home canning,

why not continue the obsolete canning
direction? Why not help Mrs. America to be
consistent?”(62).
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Bureau employees also celebrated the

silver anniversary with the release of a film,
Research for Better Living, which provided

a virtual tour of the Beltsville facilities. A
script and shot list indicate that the film
showed a wide variety of food and nutrition
research in process. One shot showed
“Hammerle inoculating jars: Gilpin inserting
thermocouple and putting jar in canner,”
while a voice over explained “We come first
to the laboratories where we work to improve
home methods of food preservation and
preparation. Here are carrots, being canned
experimentally in family-sized equipment.
Some of the jars are inoculated with spoilage
organisms. After processing, they will be
incubated ... and later examined for keeping
qualities” (63).

More appetizing shots of palatability tests
on turkey legs and frozen strawberries (not
served together) were offered along with the
image of a Bureau employee assembling a
cake that used dried apples. For the turkey
leg, the voice over explained, “Some of our
work deals with unfamiliar forms of foods.
Many of the turkeys now raised are too big
for the average buyer. But a turkey leg ...

or quarter ... or a turkey steak may be just
right.” Frozen strawberries were assessed by
“trained judges from our staff,” who tested
“the berries for natural flavor, for sweetness,
tenderness, and general acceptability.” Not
only “trained judges” were used, the film
revealed. Dishes designed for school lunches
were tested by school children, shown
enjoying (or perhaps not enjoying) creamed
carrots and peas.

The Bureau’s favorite “living tool[s],” lab
rats, also were featured in the film, as was a
newer technology, the “power pack,” which
“by its ten thousand volts ... can separate
materials differing only slightly in physical
or chemical nature.” Lest the Bureau’s

work seem too technical and perhaps self-
contained, a conference of “policy makers,”
was portrayed, discussing “milk charts.”
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The film summed up the work of the Bureau
as “(1) food preparation and preservation,

(2) composition and nutritive value of food,
and (3) nutritional requirements. A fourth
and relatively new area relates to food and
nutritional problems of the school lunch
program.”

This “relatively new area” came to be part
of the Bureau’s work with the passage of
the National School Lunch Act in 1946. The
Act gave the USDA the power to administer
a school lunch program through State
agencies. States hired dieticians to design
menus and oversee lunchrooms while
USDA nutritionists set to work researching
children’s nutrition. Susan Levine, in her
history of the school lunch program, has
referred to the passage of the Act as “an
uneasy compromise among an unusual

set of allies” (64). It was, she argues, “a
historic act and a triumph for a generation
of home economists, nutritionists, and child
welfare advocates who had long struggled to
improve American diets.” But it was “also a
triumph for the Department of Agriculture
and a generation of farm policymakers who
believed that government-supported price
supports were essential to the growth and
prosperity of the farm sector.” The interests
of the farm sector were not always aligned
comfortably with the best possible nutrition
for America’s school children or with feeding
the poor. Because the Act required schools
to accept agricultural surpluses, farmers
came to see the lunch program as a kind of
insurance against overproduction. Beyond
guaranteed “staples such as dry milk, lard,
flour, rice, and cornmeal,” Levine writes,
lunchroom administrators and staff “never
knew what other foods might appear.

One year, for example, the Department of
Agriculture distributed six million dollars’
worth of beef but the next year offered

only half that amount.” Participants in a
national conference on nutrition held in
1952 and discussed in greater depth below,
noted that this “plentiful foods program,”
while potentially a good thing for national
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nutrition, seldom provided much advance
warning about which foods would be
plentiful when, making it difficult to plan
balanced meals. A discussion group reported
“the [plentiful foods| program was only
indirectly related to improving the nutrition
of the Nation’s population, but that its value
could be greatly increased if information on
nutritional characteristics could be included
with information on supplies” (65). This
would be especially helpful to school lunch
programs, struggling not just to feed the
hungry but also to educate the Nation’s
future consumers in the tenets of good
nutrition.

Another problem with the administration
of the Act was that while the Act created
the need for school dieticians in each

State to design nutritious menus, many
States scrimped on funding, hiring only
one dietician to supervise all schools and
leaving daily food production to untrained
and poorly paid cafeteria workers. According
to a 1959 report by Marvin Sendstrom of
the USDA, however, funding was provided
for “inservice training for local school lunch
workers” and the Federal Government also
supplied “aids in menu planning, food
buying, standardized quantity recipes,
food handling, and storage, and equipment
requirements for preparing and serving
foods” (66). The Consumer and Marketing
Services of the USDA administered the
program. Guidance in nutrition and training
for workers were administered through

the State educational agencies with the
cooperation of “colleges and universities
within the state.” To assist local agencies
in meeting dietary guidelines, the Bureau
prepared a set of recipe cards for use in
school lunchrooms. Published in 1947,
these “school lunch recipes for 100”
suggested “main dishes which conform to
the recommended protein requirements,
vegetables, salads, and salad dressings,
breads, desserts” (67).
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The Second Quarter-Century—Its Start

Meanwhile, having made important progress
in understanding food composition, Bureau
researchers embarked on a series of studies
of food consumption that attempted to
create a map on which to draw dietary battle
lines. Finding out what people really ate
could help nutritionists identify weak points
in national nutrition. Once these weak
points were identified, researchers might use
studies of food habits to develop meaningful
ways to intervene or offer new food options.
In the winter of 1948, for example, Bureau
researchers studied “the Nutritive Content
of Homemakers’ Meals” in four American
cities. Knowing what the people who made
most of the Nation’s meals were themselves
eating could serve as a starting point for
changing habits and improving nutrition.
The study included “approximately 1,000
homemakers” in Birmingham, Al; Buffalo,
NY; Minneapolis, MN; and San Francisco,
CA; and it was “based on reports of their
meals for a 24-hour period.”

Having completed a number of studies of
family nutrition that looked at the family

as a single unit, Bureau researchers were
shifting their focus to individuals within the
family to get a clearer picture of the complex
that was family feeding. Faith Clark and
Lillian Fincher chose to look at homemakers
for several reasons, including the fact that
because they were responsible for most
family meals, homemakers were likely to
have a good sense of quantities and thus be
good at self-reporting. Homemakers were
chosen also because “several investigators
have reported that the homemaker may
have the poorest diet in the family” (68).
Despite the difficulty of calculating exact
quantities of individual foods consumed,
Clark and Fincher were able to determine
that the average homemaker in their study
consumed approximately 1,780 calories per
day.
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While this number was above the basal
energy requirements for “a woman
corresponding to the average height and
age of the group,” it was below the 1948
Recommended Dietary Allowances (RDAs) of
2,000 calories for a sedentary woman, 2,400
calories for a moderately active woman, and
3,000 calories for a very active woman. The
difference between recommendation and
practice “raised several questions about

the interpretation of food consumption

data in relation to recommendations for
food intake.” Although many of the women
seemed to be overweight, “the data for 1
day suggest ... that many of the diets may
have been low or borderline in protein.”

Of the nutrients studied, diets were most
deficient in calcium, reflected by the finding
that “the average homemaker in this study
used a little over a cup of milk a day or its
equivalent in cream, ice cream and cheese.”

In general, older homemakers consumed
fewer calories and had lower levels of
essential nutrients in their diets. The

higher the family income, the higher the
level of education a homemaker had; and
the younger she was, the more likely she
was to have a diet approaching the RDAs.
Clark and Fincher made the interesting
suggestion that “their food habits may

thus be indicative of changes that take
place as new generations are influenced by
nutritional knowledge.” A valuable discovery
of the study might well be that such studies
(and the dissemination of their findings) had
value.

For 3 days in 1952, “more than 400
representatives of governmental and
nongovernmental agencies” involved in
food and nutrition programs gathered in
Washington, DC, to discuss the state of
nutrition science and education. They
were there to attend the National Food
and Nutrition Institute sponsored by the
USDA, the National Institutes of Health, the
Food and Nutrition Board of the National
Research Council, and the Interagency
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Committee on Nutrition Education and
School Lunch. In the foreword in the
published proceedings of the meeting,
Stiebeling wrote that the “broad base of
sponsorship for the conference, which
included participation by many other
agencies within and outside the government,
resulted in a conference that gave
perspective to a wide range of problems,”
all related to “our common interest—the
nutritional betterment of our people”(69).

Speakers at the meeting celebrated the
amount of discovery about human nutrition
made in the past 20 years and urged their
colleagues to expand their research to

build on this foundation. They presented
summaries of the latest research on the
nutrition of adults, children, the elderly,
and rural and urban families, which yielded
a rich portrait of the Nation’s nutritional
status and prospects. Experts in the field
addressed laws affecting food supplies and
the effect of food processing on nutrition.
Presenters also spoke about nutritional
deficiency as a factor in disease as well as
addressing a newer problem, the threat of
atomic warfare. Roy Lennartson, Assistant
Administrator of Marketing of USDA’s
Production and Marketing Administration,
discussed the need to organize food supplies
for emergency preparedness while Vincent
B. Lamoureux, Radiological Defense
Consultant with the Federal Civil Defense
Administration, offered the grim advice that
“food animals ... that have received a heavy
dose of radiation should be slaughtered
immediately and used for food.” The
radiation itself would not make livestock
“unfit for consumption,” but the longer an
animal such as a cow suffered the effects of
a blast, the less appealing its meat would be
(70).

Dealing with less grisly but perhaps more
pressing matters, National Institutes

of Health Director W.H. Sebrell, Jr., an
authority on human nutrition, noted that
most of the deficiency diseases had been
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controlled nationally through the successful
introduction of fortified and enriched
dietary staples. But another danger loomed:
“Obesity has replaced the vitamin deficiency
diseases as the number one nutrition
problem in the United States.” Sebrell
reported that one quarter of the Nation’s
adults were obese and that obesity was
associated with a host of illnesses as well as
shorter life spans (71).

While it was important to focus on solving
global nutrition problems, obesity of the

U.S. population deserved close attention
from nutritionists in the future. Sebrell felt
confident of the abilities of the Nation’s food
and nutrition researchers to solve future
problems, because their past work had made
a significant difference to the population.

By markedly reducing rates of dietary
deficiency diseases, nutrition programs had
contributed in an “outstanding” way to the
strength of the Nation’s economy. Nutrition
programs “and allied sciences—to speak in
purely economic terms—have led to a more
productive population, and thus to higher
purchasing power and consumption.” Noting
that most of the existing work on nutrients
had been done “in vitro,” Sebrell called for
more research into “actual body processes.”

Charles Glen King, Scientific Director of
the National Nutrition Foundation, Inc.,
and a professor of chemistry at Columbia
University, singled out recent research in
fats as the most important ongoing work
(72). Esther Phipard, Assistant Head of
the Family Economics section of BHNHE,
supported both Sebrell’s worries about
obesity and King’s interest in fat with

her report that the percentage of protein
remained constant while that derived
from fat in the average American diet had
risen “rather markedly” over the 43 years
between 1909 and 1952. Phipard noted,
“whether or not this shift in the source of
our calories ... is nutritionally desirable is
questionable” (73). Phipard reported that
while consumption of important nutrients
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appeared to be rising in diets at all economic
levels, the rich and well educated still ate
better than the poor and less educated,

and most people did not achieve perfect
nutrition no matter their socioeconomic
status or education. In particular, calcium
and vitamin C were in shortest supply in the
diets of average Americans.

Discussion groups tackled the topics of
food supplies, food distribution, nutrition
education, food laws, and emergency food
planning, bringing together the Nation’s
experts to reflect on current conditions and
propose action for future improvements.

A panel discussion on coordination of
nutrition programs gave as a good model for
organizing the collaborative efforts among
the Public Health Service, the American
Dietetic Association, and the American
Diabetic Association in putting together
materials to educate diabetics on the role
of diet in their disease. The panel saw
elementary school lunches as the most
important site for collaboration, noting that
in these schools there were “26,000,000
boys and girls at the age when food habits
were being established and are susceptible
to the concerted influences” of the adults
around them (74). Most heartening of

all the Institute’s recommendations was
the exhortation for nutrition educators

to remain “aware of the importance of
maintaining a healthy attitude toward food
and of retaining some of the fun of eating.”

In 1953, the same year the proceedings

of this important meeting were published,
the Bureau was “abolished” by the order

of the Secretary of Agriculture. Despite

the harsh terminology, in reality, the work
continued much as before, with the Bureau
now a division within USDA’s Agricultural
Research Service (ARS). This might be

seen as an attack on the work of home
economists, a group that was predominantly
female, except that many other bureaus,
such as the Bureau of Entomology and the
Bureau of Animal Industry, mostly staffed
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by men, also became divisions of the ARS
as part of this major reorganization. In
1957 ARS was reorganized again, and all
home economics work was centralized in
three divisions under the Institute of Home
Economics. Stiebeling was Director of the
Institute, Callie Mae Coons headed the
Human Nutrition Division, Gertrude Weiss
headed the Household Economics Division,
and Esther Batchelder headed the Clothing
and Textiles Division (75).

Throughout the 1950s, food and nutrition
researchers in the ARS published an
important series of bulletins on staple
foods. Each of these bulletins, subtitled
“Facts for Consumer Education,” focused
on a single foodstuff—tomatoes, peaches,
pork, milk, bread—and provided all known
nutrition information, a history of usage
and national consumption data, as well as
instructions for purchasing, cooking, and/
or preserving. Bulletins concerning fruits
and vegetables also gave values for seasonal
and regional availability. Meat bulletins
discussed different cuts. The bulletins

also included a section of “Questions from
Homemakers” that reflected the massive
amount of correspondence received by
ARS food experts. Here, a reader could find
answers to such common questions as “is
an iridescent or ‘rainbow’ film on the cut
surface of ham a sign of spoilage?” or “Is
bread fattening? Should it be included in a
reducing diet?”(76, 77).

By 1954, Stiebeling could confidently claim
that “Progress has been made in getting
knowledge about nutrition to the public,
and families have become increasingly
conscious of the importance of good
nutrition to health” (78). Gertrude Weiss
noted of homemakers, “When they are
asked about their food choices, references to
vitamins and minerals are frequent in their
answers. Many are specific and accurate
about the food value they are seeking.”
Although “some still have false ideas about
the nutritive value of foods ... the important
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point for marketing is that the consumers
are nutrition-conscious” (79).

While the average homemaker typically
responsible for family meals was the main
intended audience of bulletins produced by
ARS’s Human Nutrition Research Branch,
the Branch also produced material to

assist professionals in the field. Probably
the most important publication of the
1950s for practicing nutritionists and food
scientists was the 1955 Energy Value of
Foods: Basis and Derivation. Updating the
work of Atwater, Annabel L. Merrill and
Bernice K. Watt wrote that their book had
been “prepared to provide more background
information on food energy data than that
given in current textbooks and food tables
and to show the basic data drawn upon in
deriving the revised calorie factors now used
in tables of food composition in this country”
(80). As up-to-date as the work was, Merrill
and Watt acknowledged that there was
much yet to learn. In particular, like Sebrell,
they saw the need for more research in

fats. There were, the two wrote, “problems
with direct bearing on the digestibility of
protein, fat, and carbohydrate that have
not been resolved satisfactorily at this
time.” Revisions were “anticipated” as more
research was conducted on “the various
constituents in the nitrogenous matter, fat,
and carbohydrate of food.” Certainly no
nutritionist who read the work would have
disagreed that theirs was still a new and
evolving science.

To make important choices easier for the
nutrition-conscious public, the Human
Nutrition Division of the ARS published

new food guidelines in 1958 (81). The Basic
Four was, according to ARS historian Dr.
Helen Souders, “a new and simplified dietary
guide based on most recent research on
food consumption habits, nutritional needs,
and nutritive value of foods” (82). Taking
what they knew not only of food composition
but also of how Americans ate, Division
workers were able to assemble a guide that
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they believed could be understood and
therefore acted upon by the ordinary person.
Simple and colorful, with a contemporary
design style, Leaflet No. 424 was designed
to make good nutrition look easy, modern,
and even fun. Daily allowances from each
of the four groups—milk, meat, vegetables,
and bread/cereal—were provided in the
simplest possible terms. Adults were
encouraged to have two or more cups of
milk or milk products, two or more servings
of meat including fish, poultry, and eggs
(with dry beans, peas, or nuts as suggested
alternatives), four or more servings of fruit
and vegetables (with one serving a citrus or
another source of vitamin C), and four or
more servings of whole grain, enriched, or
restored bread or cereal.

The fine print at the bottom of the page
invited supplementation: “plus other foods
as needed to complete meals and to provide
additional food energy and other food
values.” What the average reader would
make of this addendum is not clear. The
vagueness of the wording “complete” made
room for cultural differences in meals. The
authors might be referring to foodstuffs that
were used for flavor rather than sustenance,
things like herbs, spices, or onions and
garlic. They might be referring to sweets,
which were notably missing from the four
groups, though they could certainly be
assembled from elements of each group.

Where the “Basic Four” pamphlet was aimed
at the consumer with the least amount

of nutritional education, another bulletin
published the same year was designed

to help diet and nutrition professionals
such as extension agents and home
economics teachers convey this important
information to the public. Louise Page and
Esther F. Phipard, both employed in ARS’s
Household Economics Research Branch,
wrote Essentials of an Adequate Diet: Facts
for Nutrition Programs in consultation with
workers in the Human Nutrition Research
Branch (83).
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Here, the message in the fine print of the
Basic Four pamphlet was made clear.

The recommended daily servings of the
four groups were designed to provide a
“foundation for a good diet.” In real life,
very few would restrict themselves to the
foundation: “To round out meals and to
satisfy the appetite, many people will use
more of these foods and everyone will use
foods not specified—butter, margarine, other
fats, oils, sugars and unenriched refined
grain products.” Often, these extra foods
would be “combined” with those from the
Basic Four in “mixed dishes, baked goods,
desserts and other recipe dishes. Other
foods, such as oils and sugar, would be
added to the basics “to enhance flavor and
improve appetite appeal.” Ever mindful

of the fact that palate is king, Page and
Phipard encouraged nutrition workers to
be understanding of menus that used more
than just the basics.

Based on past research, “experience shows
that with the patterns of eating in this
country, the additional foods will bring the
calorie level up to or beyond 100 percent.”
This in itself should not worry workers
involved with nutrition programs; what
mattered was whether dietary needs were
being met. Was the foundation there, in
other words, or was most or all of the meal
“extras?”(83). To make it easier for nutrition
workers (and potentially the public) to
understand the differences among foods
that supplied the same nutrients, the
bulletin assigned points to foods. The points
were assigned based on milligrams of each
important nutrient within a foodstuff. Thus,
a cup of whole milk counted for 10 points
toward calcium allowance, while one-quarter
cup of cottage cheese earned 2 points. The
goal was to reach about 20 calcium points,
or at least 600 milligrams of calcium in one
day’s diet.

Since Americans had rather quickly caught
on to the idea of calories and the possibility
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(for better or worse) of counting them, this
system theoretically made sense. Twenty
meat points per day, which could be
reached using a variety of protein sources
including dried beans and eggs, would
provide about 30 grams of protein daily.
Because milk products also supply protein,
any quantities above those required to
meet calcium requirements could also be
counted in this category. Many vegetables
contain, in common serving sizes, more
than the recommended daily allowance

of some vitamins. The bulletin therefore
encouraged readers to think in terms of
weekly consumption of foods in the fruit
and vegetable category. Page and Phipard
recommended “at least 140 vitamin A
points a week,” which of course came to
20 points per day but which could be eaten
in whatever way that made sense to the
individual or family.

Using the points system to ensure basic
nutrition, one would still come up short
on recommended calorie intake, so Page
and Phipard suggested that most people
would eat more servings in any one category
than what was required, and that some
of the foods not considered to be among
the basic four would also add to calories.
Variation was, they stressed, as essential
to understanding diets and working with
individuals as food values themselves.
Convenient as it might be, it would not be
possible to design one diet for all people
because of “differences in nutritional needs
of individuals and variation in nutritive
value of foods.” A food guide that would
serve the Nation would also need to be
“flexible enough to allow for regional and
seasonal differences in food supplies,

for food preferences, and for different
food budgets.” Nonetheless, the bulletin
did include sample menus for 2 days,
interesting from a modern perspective for
their generous inclusion of iced cake at
lunch and chocolate sauce on ice cream
with dinner. Despite the acknowledgment
of regional differences, the meals are
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resolutely of the Northeastern or Midwestern
cuisine that had come to be understood

as mainstream American. The nutrition
extension worker in any other region

would simply have to work out for herself
how much cornbread or tortilla was the
equivalent of a “roll, enriched” that appeared
with lunch.

Taking up the question of regional variation
not in diet but in nutrition research, the
ARS participated in a nationwide study,
which was published as the Nutritional
Status of the USA in 1959 (84). This
publication represented the contributions

of experiment stations in all 50 States as
well as the activities of the Human Nutrition
Research Branch. The report was something
like a nutritional census of the Nation.

Paul Sharp, Director of the California
Agricultural Experiment Station, prepared
the introduction to the report. The goal

of the study, he explained, “was to obtain
factual information of the nutritional level of
the nation by means of sampling appreciable
numbers of the population of the United
States with reference to such variables as
age, sex, geographical location, etc.” The
study would serve “as a bench mark for the
nutritional status of our people.” Noting
that “Never before has a program involving
such breadth and depth of information

been undertaken,” Sharp suggested that it
be repeated in 5 to 10 years to learn if the
“nutritional status of our people is improving
or deteriorating” (84).

Four technical committees, each assigned a
region, conducted the study. The committees
were composed of researchers from each
State in the region and a representative of
the Human Nutrition Division of the USDA.
The Northeast group investigated how best
to collect nutritional data. In some studies,
skilled nutritionists interviewed people who
had been trained to keep food diaries. In
others, food inventories were made at the
beginning of a week and rechecked at the
end of the week. The quantity missing at
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the end of the week was then divided by the
“household size in equivalent persons,” a
number determined by dividing the number
of meals served in the house by 21. A
problem with this kind of calculation, which
the report acknowledged, was that this gave
information of meals prepared, not what was
actually eaten. Despite national abundance
and widespread availability of nutrition
education, researchers in the project found
American diets lacking in vitamins A and

C, calcium, and iron. Americans needed
more fruits and vegetables, specifically,
Agnes Fay Morgan suggested, “the choice
should be in favor of dark green and deep
yellow vegetables, and tomatoes, berries,
citrus fruits and melons.” Despite these
deficiencies, which seemed to stem from
national foodways in which these strong-
flavored foodstuffs were not preferred,
Morgan confidently declared that the
national nutritional status “on the whole
was found to be good, probably the best
that has ever been reported for any similar
population groups.”

The research that the USDA nutritionists
had been doing received the greatest
recognition when Hazel Stiebeling was
awarded the Distinguished Federal Civilian
Service Award in 1959 (85). Stiebeling was
the only woman among the five to receive
the award. The award noted “the translation
of her vast scientific knowledge into practical
dietary guides has improved the health of
all Americans.” While Stiebeling’s ability

to consolidate and disseminate nutrition
research earned her the award, the efforts
of the many scientists who produced that
“vast scientific knowledge” and worked to
make it accessible to ordinary Americans
were being recognized at the same time.
One Chicago journalist mourned that
Stiebeling’s award did not get more attention
from the press. Guessing “She’d rate high
with Saint Peter,” Edwin Lahey speculated
that the Distinguished Service Awards did
not attract much attention from the public
because nobody cares about “payrollers”—
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the Federal employees whose work was
recognized by the award (86). Furthermore,
only one of the awardees, Lahey wrote, really
deserved the award. Stiebeling “made a truly
wholesome contribution to our lives,” he
informed his readers, “She has been working
for your federal government since 1930.”
Despite Stiebeling’s noble service, however,
Lahey rather floridly continued, “She is just
another one of the tired middle-aged women
you see on the bus in Washington when the
day is done.” In fact, an article published
just 2 years later rescued Stiebeling from
this inaccurately drab portrait. She “uses
her Buick car for pleasure trips and also

for journeys to Beltsville, where she visits
the laboratories,” a writer for the The Milk
Industry explained (87).

In 1959, the year the Nutritional Status,
U.S.A. was published, the Yearbook of
Agriculture was once again dedicated to
research on food. In the 20 years since

the last “Food” Yearbook, much had
changed, but nutritionists still had a sense
of their field as new and full of potential.
Elizabeth Neige Todhunter declared the
story of nutrition, “a story of a fight against
ignorance and superstition,” an old story,
but also “primarily a story of progress in
this century—indeed in the last few years;
a story so new that it is far from its end”
(37). She noted, “The problems of nutrition
continue to grow more complex.” It was
not enough to have identified nutrients,

for “New discoveries reveal that there is
close interrelationship between many of
the nutrients.” Because “Numerous factors
affect the availability of the different
nutrients as they exist in food,” she
explained, “the biochemical individuality of
each person must be kept in mind.” In other
words, there would be no one-diet-for-all
solution to the problems of malnutrition.

The information that each individual would

need to understand her own nutritional
needs was collected and disseminated at
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the national level by the Food and Nutrition
Board of the National Research Council. In
the 1959 Yearbook of Agriculture, Stiebeling
explained how this organization operated:
“This Board, made up of 24 scientists

from universities, research organizations,
and industry, interprets scientific opinion
on problems of food and nutrition for the
Government.” Representatives from each

of the government branches “concerned
with food and nutrition attends the
meetings.” Once consensus was reached,
and here it is important to remember that
industry representatives were part of the
conversation, the Board then “publishes
dietary allowances that say how much of
each nutrient is recommended for persons
differing in age and activity” (88).

These recommendations were then
translated into simpler language and a
more usable form by USDA nutritionists
and published as “food guides and

weekly market lists.” The diet plans were
“revised from time to time” to pass on the
newest knowledge in nutrition to ordinary
Americans. Stiebeling was able to report
marked improvement in national nutrition.
Referring back to the 1930s, when she
herself published the first important studies
of American nutrition, Stiebeling explained,
“A third of our families then had diets that
were classed as poor.” If the studies were
repeated in 1959, however, “only about

10 percent of households would have

poor diets.” This was cause for pride, but
Americans still tended to “neglect” certain
foods, those rich in vitamin A, vitamin C,
calcium, and riboflavin, so that “the food
consumed by some families in the United
States still falls somewhat short of scientific
goals.” Years of nutrition research had also
revealed to Stiebeling and other nutritionists
that diet was but “one of the complex set

of conditions” contributing to health. As
one of the indications of the success of
nutrition education and of bread and flour
enrichment, as well as improvements in
food processing, American children were
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growing up to be “sturdier and taller” than
their ancestors. Asking what the value of
this change might be, Stiebeling made what
now seems like an odd claim that there
was some connection between body build
and intelligence, citing the work of Dr. Ales
Hrdlicka of the Smithsonian Institute and
Francis Galton, the most famous proponent
of eugenics. The fact that she would refer
to studies that were hardly scientific seems
strange, but it perhaps can be attributed to
her enthusiasm for the great improvements
of the past 20 years.

Faith Clark and Berta Friend also
celebrated improved nutrition over the
half-century between 1909 and 1958,

but they simultaneously drew attention

to a potentially troublesome trend (89).
Americans were getting more of their calories
from fat than had their ancestors. This was
the same trend Esther Phipard had noted
in 1952 at the National Nutrition Institute.
Clark and Friend attributed the “increasing
richness of our diet” to the increasing
richness of the Nation. “Foods high in fat,”
they noted, “generally are expensive. It has
been said that a country’s wealth can be
measured by its consumption of fat.”

Four chapters in the Yearbook dealt with
the difficult problem of how, in a capitalist,
free-market society, ordinary people learned
about food and nutrition. Of particular
concern to ARS nutritionists were food
fads and misinformation (90). As slow as
Americans were to adopt the research-
backed recommendations of government
experts, they were just as quick to fall for
the latest diet offered by the least qualified
charlatan. Helen Mitchell offered the
sobering calculation that “Ten million
Americans ... waste 500 million dollars a
year on quack diets and fake pills and the
junk of non-scientific medicine men.” With
evident rage, Mitchell warned readers away
from food fads, taking time particularly

to debunk the Dr. Hay diet, devised by

56

William Howard Hay, which was based in
the idea that acid and alkali foods could
not be digested together. She described

the workings of the for-profit diet quack

in an attempt to empower readers to resist
his lures. Most insidious, she noted, were
those who used the language but not the
research of nutrition to sell their products
with “half-truths and misinterpretations of
scientific data.” These people “know how

to use lingo that sounds like science to
promote their own moneymaking projects.”
Unscientific diets were potentially dangerous
to the person who followed them, but

even more frightening, especially from
Mitchell’s perspective, they discredited

the field of nutrition itself. A food fad that
recommended some particular way of eating
as a cure for illness “tends to undermine
public confidence in scientific nutrition

and threatens true progress in the sciences
supported by true agencies.” Because the
public had come to rely on science for
answers, unscrupulous people were able to
use scientific-sounding terminology to win
confidence, which in turn, because their
claims were false at best and fatal at worst,
cheapened the public’s opinion of science
itself. Despite the muckraking work of the
Committee on Government Operations,
which published a report on false and
misleading advertising of diet products, and
despite the strong influence of “tradition”

in American foodways, “High-power
advertising has had a significant effect on
the buying and eating habits of Americans,”
and advertisers have not always felt “a
responsibility to consumers to the extent of
checking the authenticity and implications
of their claims.”

Hazel Stiebeling also commented on

the relationship between tradition and
aspiration in food choices (91). Although
“the group in which we are born and
develop first determines what tastes good
to us and what first tends to bring physical
and psychological pleasure,” our choices
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were also shaped by whom we aspire to be.
A study had revealed, for instance, that
nearly 90 percent of married women avoided
serving foods that their husbands did not
like. In the interests of being a “good wife”
as the role was culturally defined—a woman
who pleased rather than challenged her
husband—these women avoided foods that
they or their children might very well like or
need.

Stiebeling also understood that “Many
people come to like foods that they think
will enhance their social position and

to avoid foods they fear may lower their
status.” This aspirational eating could have
negative consequences as, for instance, in
the case of “White bread, white sugar, white
rice,” which were once “prestige foods and
still are for some groups,” or when food
was gendered as when “Some think salads
belong to women’s parties and rabbits and
are not for men.” Looking at how we make
our food choices, Stiebeling mused, could
tell us a lot about our society: “Advertising
and other promotion bring familiar and
new food products to our attention and
influence our choices in countless blunt
and subtle ways. There is much in all this
to give us thought about human behavior.”
Stiebeling advocated keeping an open mind
and inquisitive palate in the interests of both
health and pleasure and encouraged readers
to learn to like what was good for them,
clearly considering taste as much or more a
matter of nurture than of nature.

Whether because of the strength of tradition
or the persistence of ignorance or issues

of supply, one-tenth of the American
population had diets that could be classified
as “poor” in 1955. Two researchers in the
Division of Household Economics, Faith
Clark and Corinne Le Bovit, assessed the
nutritional health of the Nation in relation
to a variety of factors, such as education,
location, and family wealth (92). Clark and
Le Bovit compared figures from 1936, 1942,
1948, and 1955 to determine what changes
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had occurred and to answer again the
question “Are We Well Fed?” They found that
among those who did not have a generally
poor diet, there were nevertheless significant
nutrient deficiencies, especially in thiamine.
Although the poor had been catching up to
the middle class in terms of nutrition from
1936 to 1948, their progress seemed to have
stalled by 1955, although those who were
better off economically were still not meeting
100 percent of recommended consumption
of all nutrients. Challenging the persistent
myth of the “picture of the dining table in
the farm home groaning with dishes of meat,
vegetables, and milk and pie,” Clark and

Le Bovit found that although farm families
consumed more calories, there was no
difference between them and urban families
in terms of “allowances in all nutrients.”

Looking to the future of national nutrition,
Ruth Leverton published the latest revised
Recommended Dietary Allowances (RDAs) in
the 1959 Yearbook of Agriculture (93). Over
the previous 40 years, the idea of the calorie
had captured public imagination, and many
diets were based on half-truths or outright
lies about how many calories the human
body needed to function and what else it
needed, besides calories, to maintain health.
Carl Malmberg had written as far back as
the 1920s of a trend to “eat and puke” as

a way of staying slim, and there were more
diet books, pills, teas, and “salts” on the
market than anyone could keep track of.
Leverton’s information, as up-to-date as she
could make it, had the potential to replace a
fog of impressions with a simple science of
eating. Giving different recommended calorie
intakes for people of different age, sex,
height, and weight, Leverton made it clear
that there was no one magic number for all.
The amounts recommended were “intended
for persons normally active in a temperate
climate,” a sort of middle ground. Using the
recommendations, a person could judge his
or her own level of activity and climate and
adjust accordingly.
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The RDAs were not minimums, as those
published in Canada, nor were they
designed for the average person, as the
British standards were. Instead, they were
“intended to cover the needs of substantially
all healthy people and to provide a margin of
safety as well.” It was this margin of safety
that made the RDAs unique, as postwar
Americans could feel comfortable about their
food supply. As Leverton noted, however,
they were not the final word on nutritional
requirements. “The recommended
allowances are not referred to as optimal—
the best possible—amounts,” she explained.
Nutritionists knew that these amounts

were better than minimums and included
the margin of safety, but future research
would have to determine whether “larger
amounts will bring additional benefits in
health.” Likewise, requirements for a variety
of nutrients such as zinc, potassium, and
importantly, fat and carbohydrates were not
yet known. A continuously researched and
periodically revised set of dietary allowances
would thus be “the tools for planning food
supplies and consumption for a healthy
individual, family, and Nation.”

Among the articles in the Yearbook to
address some of these nutrients, perhaps
the most important for future research

was Callie Mae Coons’s discussion of fats
and fatty acids (94). Coons summarized
several years of research into the properties
of fats and fatty acids, noting that really
sophisticated research in this field had
become possible only after the Second World
War. Coons credited “the use of radioactive
elements” for making it “possible to follow
fatty acids, cholesterol, and other lipids
(fatlike substances) through digestion

and absorption to their destination in the
body organism.” Simultaneously, the role
of fats and fatty acids in the American

diet was undergoing change as more and
more calories were derived from fat and as
dietary fats became less visible, through the
increasingly complex processing of foods
that marked modern foodways, particularly
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in the northern region of the Nation. As

yet, “the chemist has not found out all that
happens to a fat or oil during processing”
and “Biochemists and physiologists cannot
yet tell us how the body utilizes some of the
products formed during hydrogenation, such
as isoacids, transisomers, and conjugated
fatty acids.” Nonetheless, much was already
known about mortality rates and cholesterol
levels, and Coons pointed to interesting
studies of how rising dietary cholesterol
levels increased mortality levels. Supplying
average cholesterol levels as well as charts of
grams per 100 grams of fatty acids in a wide
variety of foods, Coons brought the most up-
to-date knowledge on this topic to the public
and suggested important avenues for further
research.

Hazel Stiebeling Retires

On June 30, 1963, Hazel Stiebeling retired
from public service “after a fruitful and
distinguished career of 33 years of public
service.” The American Home Economics
Association passed a resolution recognizing
her achievements, specifically celebrating
her promotion of “practical interpretations
of research for the betterment of families,
and ... [development of] methods for
obtaining data on food consumption and
nutrition of population groups” (95). New
York State Congressional Representative
Benjamin Rosenthal (D) honored Stiebeling’s
commitment to public service but

worried that her departure was part of a
movement to limit the effectiveness of the
ARS. The same day that her retirement
was announced, Rosenthal noted, “the
Department announced that the two
research divisions formerly headed by

Dr. Stiebeling would be consolidated with
the four research divisions assigned to
development of improved utilization of farm
commodities.” Rosenthal feared that this
reorganization would be “a sad case of a
whale swallowing a valiant fish” in which
“the Department’s consumer-oriented
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research will inevitably be subordinated

to its vastly larger program of commodity
utilization research which is conducted
primarily in the interest of producers” (96).
How nutritionists of ARS negotiated their
role as intermediaries between producer
and consumer forms an important part

of the story of the years since Stiebeling’s
retirement.
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In 1941, the food and nutrition research activities of the Bureau of Home
Economics moved from Washington, DC, to Beltsville Building 307 (Beltsville, MD),
pictured above. Many of these activities remained in this facility for six decades
before moving to new buildings nearby. The Bureau of Home Economics was
administratively incorporated into the Agricultural Research Administration when it
was formed in 1942. The agency was renamed the Agricultural Research Service
in 1953. Redirection of research programs and reorganizations in the late 1950s
and early 1960s resulted in the removal of “Home Economics” from organizational
names.

Source: National Agricultural Library Digital Exhibit “Apron Strings and Kitchen
Sinks: The USDA Bureau of Home Economics.”

History of USDA-ARS Human Nutrition Research




CHAPTER 4

Research at the Beltsville Human
Nutrition Research Center,
1963-2010

Gary R. Beecher

Gary R. Beecher, Ph.D., is formerly
Research Chemist and Research Leader,
USDA-ARS Beltsville Human Nutrition
Research Center, Beltsville, MD. He is
now retired.

Abbreviations

AOAC Association of Official Analytical
Chemists

ARS Agricultural Research Service,
USDA

APHIS Animal and Plant Health
Inspection Service

BARC Beltsville Agricultural Research
Center

BHE Bureau of Home Economics

BHNRC Beltsville Human Nutrition
Research Center

CFEI Consumer and Food Economics
Institute

CFERD Consumer and Food Economics
Research Division

CNC Consumer Nutrition Division

DLW double labeled water

DRI Dietary Reference Intakes

EPNL Energy and Protein Nutrition
Laboratory

FAO Food and Agriculture
Organization of the United
Nations

GFHNRC Grand Forks Human Nutrition
Research Center

GRHNRL Grand Forks Human Nutrition
Research Laboratory
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GRAS
GTF
HDL
HNC
HNIS
HNRD
HPLC
IOM

LDL
NASA

NCI
NCL
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Introduction

In the late 19th century, W.O. Atwater
established an extensive and comprehensive
research program on all aspects of human
nutrition. He directed these programs within
USDA'’s Office of Experiment Stations, while
concurrently a professor of chemistry at
Wesleyan University and Director of the

new Storrs (CT) Experiment Station (1,2).
Following Atwater’s illness (1904) and death
(1907), many of his research programs were
transferred to the USDA in Washington, DC.
His successor at the Office of Experiment
Stations, Charles F. Langworthy, maintained
Atwater’s research focus for a while, but he
soon became interested in practical issues
of food preparation and storage. These
interests predominated throughout the

first half of the 20th century, as evidenced
by the formation of the Bureau of Home
Economics (BHE) in 1923 (3). Nonetheless,
a research program was maintained

that investigated nutrient and dietary
requirements, the composition of foods,

and tabulation of the consumption of these
foods. Often this research was conducted

at State’s experiment stations and later
under contracts from BHE and its successor
organizations. In an earlier chapter in

this volume, Megan Elias traces activities
within this Bureau (3). This present chapter
describes accomplishments and activities in
nutrition research from about 1963 to 2010.
Other chapters describe food consumption,
food composition, and nutrition education
activities within USDA (4-6).

Administrative Chronology

As noted above, all human nutrition-related
activities within USDA were originally
located in Washington, DC. However, due

to space constraints, research activities
requiring laboratory and animal facilities
were moved in 1941 to generous, new space
at the Beltsville Agricultural Research
Center in Beltsville, Maryland (BARC),
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1969

Willis A. Gortner,
appointed Director of
the Human Nutrition
Research Division

in 1964, completely
reorganized the division
in 1969.

where these functions remain today (3).
The Consumer and Food Economics
Division, which included diet appraisal,
food consumption, food composition data
tabulation, family economics, and survey
statistics, was relocated to offices in
Hyattsville, MD, in 1963; and it has moved
several times since.

In 1963 Senator Milton R. Young (R) of North
Dakota submitted a proposal to Congress
for substantial increases in funding of the
food and nutrition program of USDA (7). The
proposal was adopted. It called for physical
expansion of the “Beltsville Center,” doubling
of the scientific effort, and considerable
increase in funding. In addition, the
appropriation language established

three regional human nutrition research
laboratories; however, only the centers at
Grand Forks, ND, and Houston, TX, were
developed under this initiative (8,9). The
concept for the Jean Mayer USDA Human
Nutrition Research Center on Aging at

Tufts University in Boston, MA, came from
the White House Conference on Nutrition

in 1969, other national meetings, and
political activities of the era (10). At BARC,
the immediate response to Senator Young’s
proposal was to hire several “new” scientists
and staff, including Willis A. Gortner as
Director of the Human Nutrition Research
Division (HNRD) (table 1).
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Gortner, son of world-renowned biochemist
Ross A. Gortner of the University of
Minnesota, was trained in the Department
of Biochemistry and Pharmacology at

the University of Rochester. He had been

a faculty member of Cornell’s School of
Nutrition and later transferred to Beltsville
from the Pineapple Research Institute in
Honolulu, HI (11).

Perhaps Gortner’s boldest action was to
completely reorganize the Human Nutrition
Research Division (HNRD) in 1969 and
redirect programs to expand research on
human nutrient requirements and nutritive
value of foods (table 1). “Food science”
research was greatly diminished with
administration of applied investigations,
e.g., food preparation, transferred to the
Consumer and Food Economics Division,
although staff and facilities remained at
Beltsville. The reorganized HNRD consisted
of four laboratories, each responsible for
research on a broad class of nutrients,

i.e., carbohydrates, lipids, proteins, and
vitamins and minerals. Each laboratory
had at least two investigative units that
focused on nutrient requirements and food
composition (table 1). Simulteneously,
strong research /administrative leaders
were recruited for each laboratory. This
leadership team consisted of Gortner,
Director; C. Edith Weir, Associate Director;
Leon Hopkins, Assistant to the Director
(and Acting Laboratory Chief, Carbohydrate
Nutrition Laboratory, until Sheldon Reiser
arrived); and Sheldon (Shelly) Reiser,
James (Jack) Iacono, David Vaughan, and
Walter Mertz as leaders of Carbohydrates,
Lipids, Proteins, and Vitamins and Minerals
laboratories, respectively. Except for Gortner
and Weir, who were already ARS scientists,
the other team members were recruited

as follows: Hopkins from the U.S. Food

and Drug Administration (USFDA); Reiser
from the Veterans Administration Hospital,
Indianapolis, IN; Iacono from the University
of Cincinnati College of Medicine, Cincinnati,
OH; Vaughan from the U.S. Air Force Arctic
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1972

Walter Mertz was
appointed Director of
the newly renamed
Nutrition Institute after
ARS underwent a major
reorganization.

Aeromedical Laboratory, Fairbanks, AK;
and Mertz from Walter Reed Army Institute
of Research, Washington, DC. Although

the original laboratories have changed
leaders, modified their mission and name,
and new laboratories and groups have been
added or transferred to/from the “Beltsville
Center,” the primary focus of research has
remained to “...define ... the role of food and
its components in optimizing human health
and in reducing the risk of nutritionally
related disorders in the diverse population.”
(A. Yates, personal communication).

During 1972, the USDA Agricultural
Research Service (ARS) underwent a major
reorganization to regionalize administration
of its many field stations and units (table 1).
At the same time, a National Program Staff
was established to coordinate nationwide
research programs within the agency. One
effect of this change on the newly renamed
Nutrition Institute (NI) was to separate the
Grand Forks Human Nutrition Research
Laboratory (GFHNRL) into an independent
research center (GFHNRC). This laboratory,
instituted as part of the general program
expansion nearly a decade earlier, had been
a satellite of the Vitamins and Minerals
Laboratory and had provided human
studies facilities for HNRD. Because the
Grand Forks facility became independent,
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Table 1. Organizational changes and related events of Beltsville human nut

Date

Detail of events

1963

1963

1964
1969

1970

1972

Nutrition and Consumer Use Research merged with ARS Utilization Research
(regional utilization laboratories) under one Deputy Administrator (Fred Senti, Deputy
Administrator; Ruth Leverton, Assistant Deputy Administrator for Nutrition-Related
Activities).

Two divisions were formed: Human Nutrition Research Division (HNRD) (C. Edith Weir,
Acting Director) and Consumer and Food Economics Research Division (CFERD) (Faith
Clark, Director).

HNRD laboratories—Experimental Nutrition, Food Composition, Food Quality and Use,
Human Metabolism

CFERD-Family Economics Branch, Food and Diet Appraisal Branch, Food Consumption
Branch, Survey Statistics Staff. CFERD relocated from Washington, DC, to Hyattsville,
MD.

Report to Congress, “Proposed Program for Expanded Research in Food and Nutrition,” in
part called for the expansion of the “Beltsville Center” and thus the doubling of scientists
and five-fold increase in funding over 3 years.

Willis Gortner was appointed Director of HNRD.

Human Nutrition Research Division was reorganized and programs were redirected to
emphasize research on human requirements of nutrients and on nutritive value of foods.
Research on “food science” was discontinued, and research on food preparation, quality,
and acceptability was transferred to CFERD (W. Gortner, Director, C.E. Weir, Associate
Director, and Leon L. Hopkins, Assistant to Director.) Research programs were divided
among four laboratories: Carbohydrate Nutrition, Lipid Nutrition, Protein Nutrition,

and Vitamin and Mineral Nutrition. Each laboratory had two investigations units: food
composition and human requirements. Carbohydrate Nutrition Laboratory also had a
Human Nutrient Metabolism Investigations Unit, and Protein Nutrition Laboratory also
housed the Histopathology Investigations Unit.

CFERD renamed Consumer and Food Economics Institute (CFEI).

Human Nutrition Laboratory at Grand Forks, ND, was dedicated and was established as
a “field station” of HNRD with mission to investigate trace elements and conduct human
metabolic studies.

Robert Rizek was appointed Director of CFEI.

The Agricultural Research Service (ARS) was reorganized to regionalize administration

of research programs into four regions—Northeast, North Central, South, and West. The
National Program Staff was established to coordinate nationwide research programs. W.
Gortner was appointed the first National Program Staff Scientist for Nutrition and Family
Living.

HNRD was renamed Nutrition Institute (NI); Walter Mertz was appointed Director.
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rition research programs 1963 to 2010

Date

Detail of events

1973

1975

1976

1977

1978

1978

1980

1981

The Dairy Products Laboratory located in Washington, DC, was transferred to the Eastern
Regional Research Center, Philadelphia, PA. Cheese and Butterfat Investigations Section
of this laboratory, located in Building 157 at the Beltsville Agricultural Research Center
(BARC), was transferred to NI as Dairy Foods Nutrition Laboratory. Several other scientists
and technical staff of the Washington, DC, operation transferred to various NI and CFEI
laboratories /branches.

Non-Ruminant Nutrition Laboratory, Nutritional Microbiology Laboratory, and Ruminant
Nutrition Laboratory, which focused on animal nutrition, transferred from Animal Sciences
Institute at BARC to the NI.

Human Nutrition Laboratory at Grand Forks became an independent research center—
Grand Forks Human Nutrition Research Center (GFHNRC).

Building 308 at BARC was renovated to accommodate meal preparation and supervised
feeding of human subjects.

Nutrient Composition Laboratory (NCL) was formed in response to the request from NIH
National Heart, Lung and Blood Institute (NHLBI) for accurate and extensive data on fatty
acid, cholesterol, and selected mineral content of foods.

Dairy Foods Nutrition Laboratory was abolished. Personnel retired or transferred to other
laboratories within NI.

Gortner retired.

James (Jack) Iacono was appointed National Program Staff Scientist for Nutrition and
Family Living

Science and Education Administration (SEA), USDA, was formed under the new
Democratic Administration. All human nutrition research activities moved from ARS to a
parallel organization, Human Nutrition Center (HNC), within SEA.

D. Mark Hegsted was appointed Administrator, and James (Jack) lacono Associate
Administrator. Research programs were coordinated from the Administrator’s Office.

CFEI was renamed Consumer Nutrition Center (CNC).

Animal nutrition-oriented laboratories were transferred back to the Animal Sciences
Institute at BARC.

Energy metabolism program was initiated within Protein Nutrition Laboratory. It was
renamed Energy and Protein Nutrition Laboratory.

SEA was abolished under the new Republican Administration. The Human Nutrition
Research Centers were integrated into ARS regional organization.

NI was renamed Beltsville Human Nutrition Research Center (BHNRC).
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Table 1. Organizational changes and related events of Beltsville human nut

Date

Detail of events

1981

1982

1990

1992
1993

1994

1995

1995

1997

Gerald F. Combs, Sr., was appointed Nutrition National Program Leader to coordinate
human nutrition research activities within USDA and among Federal agencies in response
to the 1977 Congressional mandate that USDA coordinate human nutrition research in
areas of mutual interest between USDA and the Department of Health, Education, and
Welfare.

CNC formed a new agency, Human Nutrition Information Service (HNIS). It was
administratively placed under the Assistant Secretary for Food and Nutrition Service
separating it from the Assistant Secretary responsible for ARS. Consumer Nutrition
Division (CND) and Nutrition Monitoring Division (NMD) were developed within HNIS. Food
Consumption Research Branch (food consumption surveys) and Nutrient Data Research
Branch (food composition data) were organized within NMD, with Robert Rizek as Director.
Food and Nutrition Information Center of the National Agricultural Library also was
administratively transferred to HNIS.

Collaboration initiated between NIH’s National Cancer Institute (NCI) and BHNRC on
metabolic research of nutrients and food components as related to changes of markers for
cancers.

Jacqueline L. Dupont was appointed Nutrition National Program Leader.
W. Mertz retired.

Joseph Spence was appointed Director of BHNRC.

W.O. Atwater Centennial Celebration Symposium was held “to commemorate 100 years of

human nutrition research in the U.S. Department of Agriculture and to honor the memory
of its initiator and mover, Wilbur O. Atwater.” Proceedings were published as a supplement
to the Journal of Nutrition (1994;124(9S):1707S-1890S).

HNIS activities were transferred to ARS (HNIS was abolished). Food consumption survey
and food composition data activities were administratively moved to BHNRC as Food
Surveys Research Group and Nutrient Data Laboratory, respectively. Nutrition education
component (Dietary Guidelines, Pyramid, etc) of HNIS was moved to USDA Center for
Nutrition Policy and Promotion (CNPP). Metabolism-related laboratories of BHNRC were
renamed with minor reorganization: Diet & Human Performance, Metabolism & Nutrient
Interactions, and Nutrient Requirements & Functions.

Carotenoids Research Unit was formed—a new organizational unit to bring together
scientists conducting research on health-related metabolism of carotenoids and to make
research more visible. Beverly Clevidence was appointed first unit leader.

Food Surveys Research Group and Nutrient Data Laboratory moved from Hyattsville to
Riverdale, MD; occupied building jointly with several Animal and Plant Health Inspection
Service (APHIS) organizations.

Phytonutrients Laboratory (PL) was formed. Carotenoids Research Unit activities were
integrated and its mission was expanded to include metabolic studies on a broad range of
health-related plant components. Beverly Clevidence was appointed first Research Leader.
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rition research programs 1963 to 2010—Continued

Date

Detail of events

1998
1999

2000

2002
2003
2004

2006

2007

2008
2009

2011

Scientists with expertise in plant physiology and in plant isotope labeling techniques
transferred to PL from other BARC laboratories.

Carla Fjeld was appointed Nutrition National Program Leader.

Food Surveys Research Group and Nutrient Data Laboratory moved from Riverdale, MD, to
Building 005, BARC.

Kathleen Ellwood was appointed Nutrition National Program Leader.

Community Nutrition Research Group was formed, primarily from Food Surveys Research
Group, and with specific mission to monitor and assess the capacity of communities

to meet their food and nutrition needs for a better understanding of linkages between
nutrition, agriculture, health, and community. Ellen Harris was appointed Group Leader.

Immunology program moved from Animal Sciences Research Institute to BHNRC and
was incorporated into Nutrient Requirements and Functions Laboratory. It was renamed
Diet, Genomics, and Immunology Laboratory. Joe Urban was appointed Research Leader.
Expertise was added to use swine as model for immunological and associated research
relevant to humans.

Joseph Spence was appointed Acting Nutrition National Program Leader.
BHNRC occupied facilities in two new buildings on BARC campus.

Joseph Spence was appointed Deputy Administrator for Nutrition, Food Safety and Quality.

Mary “Molly” Kretsch and David Klurfeld were appointed Nutrition National Program
Leaders.

Allison Yates was appointed Director of BHNRC.

Phytonutrients Laboratory was abolished. Some of its personnel retired, transferred to
other BHNRC laboratories, or moved to academia.

Metabolism units of BHNRC were reorganized, with a total of six laboratories/groups:
Food Surveys Research Group; Nutrient Data Laboratory; Food Composition and Methods
Laboratory; Food Intake and Energy Regulation Laboratory; Food Components and Health
Laboratory; and Diet, Genomics and Immunology Laboratory.

Joseph Spence was appointed Director of Beltsville Area, which included BARC.

Molly Kretsch was appointed Deputy Administrator for Nutrition, Food Safety and Quality.

John Finley was appointed Nutrition National Program Leader.

Allison Yates was appointed Associate Director of Beltsville Area.
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1978

D. Mark Hegsted
was appointed
Administrator

of the Human
Nutrition Center
within the newly
formed Science
and Education
Administration.

renovations began on the third floor of
Building 308 on the Beltsville campus to
convert it into facilities for controlled meal

preparation and feeding of human subjects.

During and following facility modifications,
collaborative studies were conducted at
universities that had the required facilities
and access to an appropriate population
of subjects, e.g., University of Maryland at
College Park (UMCP). Also, Gortner was
appointed the first National Program Staff
Scientist for Nutrition and Family Living,
Mertz was appointed Director of NI, and
several laboratory units were added to the
Institute (table 1).

Shortly thereafter, James C. Smith, Jr.,

at the Veterans Administration Hospital,
Washington, DC, joined the Institute as
the Leader of the Vitamins and Minerals
Laboratory, the position vacated by Mertz
when he became Director. Mertz, a native
of Germany, was trained as a surgeon at
the University of Mainz, University Hospital
of Frankfurt, and County Hospital in Bad
Hersfeld, Germany (12). As part of his
medical training and early in his career,

he chose experimental research in the field
of diabetes as a thesis topic. In 1953 he
was awarded a research fellowship funded
by the US Brewers’ Yeast Council to work
at the National Institute of Arthritis and
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James (Jack) Iacono
was appointed
Associate
Administrator

of the Human
Nutrition Center
within the Science
and Education
Administration.

Metabolic Diseases, part of the National
Institutes of Health (NIH). At the NIH, Mertz
teamed with Klaus Schwarz, and they
identified glucose tolerance factor (1959) as
an organic complex that contained trivalent
chromium and demonstrated its effect on
glucose uptake by fat tissues. This was the
first indication that a form of chromium
was biologically beneficial. From 1961 to
1969, Mertz was Head of the Department
of Biological Chemistry at Walter Reed
Army Institute of Research, Washington,
DC, where he and his colleagues showed
that chromium nutriture affects glucose
metabolism in humans (12). These studies
were the first to show that chromium (III) is
an essential nutrient for humans and that it
potentiates the action of insulin in glucose
uptake. In 1969 he moved to HNRD as Chief
of the newly organized Vitamin and Mineral
Nutrition Laboratory (table 1).

A new laboratory, the Nutrient Composition
Laboratory (NCL), was formed in 1975.

This was accomplished by selecting one
scientist and one staff person from each of
the “original four HNRD” laboratories for
the new operation. Kent Stewart (Protein
Nutrition Laboratory) was appointed the
first leader of this group. Although there
had been activity on the composition of
foods within the USDA since Atwater’s time,
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Gerald Combs, Sr.,
was appointed
the new Nutrition

National Program
Leader within ARS.

the formation of this new laboratory was
prompted by a request from the Director

of the National Heart, Lung and Blood
Institute (NHLBI) of NIH for accurate and
extensive data on the fatty acid, cholesterol,
and selected mineral content of foods, all of
which were thought to be part of the etiology
of chronic disease (13). At the same time,
cooperative agreements were established
between NHLBI and NCL, Consumer and
Food Economics Institute (CFEI), and the
School of Public Health at the University of
Minnesota (Nutrition Coordinating Center)
to provide “tools” for the investigation of
potential relationships between vascular
disease, diet, and nutrient intake. Thus
with the re-emphasis of food composition
research and tabulation, and scientific and
financial collaboration with NIH, human
nutrition research activity of the USDA

was propelled into the new era of “diet and
chronic disease.”

A change in the administration at the
highest levels of ARS occurred in 1978 with
the formation of the Science and Education
Administration (SEA). All human nutrition
research activities, including research on
requirements and health, food composition
activities, food surveys, and nutrition
education, were moved from ARS into a
parallel organization, Human Nutrition

History of USDA-ARS Human Nutrition Research

Center, within SEA (table 1). World-
renowned nutritionist D. Mark Hegsted was
appointed Administrator of the new Center.
He selected Jack lacono as his associate
for his knowledge of the “federal system,”
as well as for his accomplishments as a
scientist.

During this administration and with an
infusion of funds for a room-size human
calorimeter, associated instrumentation,
and facility modifications, research on
energy metabolism of humans began at
Beltsville and restarted within USDA after

a long hiatus from the days of Atwater. This
activity was administratively located in the
newly renamed Energy and Protein Nutrition
Laboratory under the leadership of C.E.
Bodwell. A few other minor administrative
changes occurred at the same time (table

1). Administratively, SEA and the Human
Nutrition Center existed for only a few

years until the Reagan Administration. At
that time, research programs at Beltsville
were reincorporated into ARS, but the
former CFEI (food composition tabulation,
food surveys, and nutrition education)

was formed into a new agency, Human
Nutrition Information Service (HNIS). Also,
the human nutrition research programs

at Beltsville were renamed the Beltsville
Human Nutrition Research Center (BHNRC).
Gerald Combs, Sr., was appointed the new
Nutrition National Program Leader within
ARS, and several coordinating committees
were formed that continue today and that
foster coordination of nutrition research
activities within USDA, as well as across all
Federal agencies (14). In the early 1980s,

a new collaborative program was begun
with scientists at the National Cancer
Institute (NCI), part of the NIH (table 1). This
program had its origin with a committee of
the National Academy of Sciences whose
publication, Diet, Nutrition, and Cancer,
reported the committee’s extensive findings
(15). Mertz was a member of this committee,
and through his vision a long and productive
collaboration was established that
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investigated numerous dietary components
on markers for cancer inhibition and
suspectability.

During the decade of the 1980s and early
1990s, administrative changes were
minor. Combs retired; Jacqueline Dupont
and Frankie Schwenk were named his
replacements; Mertz retired; and Joseph
Spence was appointed as BHNRC Director.

Spence transferred from the State University

of New York (SUNY) at Buffalo, where he

was Professor of Biochemistry and Associate

Dean for Research and Graduate Studies at
the School of Medicine. He also had served

as a Health Science Administrator at NHLBI.

In the mid-1990s, HNIS was abolished
with administrative responsibility for its
units transferring to ARS-BHNRC (for food
consumption surveys and food composition

data) and to the newly created USDA Center

for Nutrition Policy and Promotion (CNPP)
(for nutrition education). After 13 years
of administrative separation, with these
changes, all USDA food survey and food
composition activities were together again
within ARS.

Also during the 1990s, there were minor
modifications of programs and unit names
within BHNRC, as a result of the change
in direction of research on diet and health-
related issues (table 1). For example, a
Carotenoids Research Unit was formed to
bring together those scientists conducting
metabolic research on this group of plant
components. Because this group did

not easily fit into BARC’s organizational
structure or into the accounting and
reporting framework of ARS, soon it was
established as a more traditional unit as
the Phytonutrients Laboratory. Beverly
Clevidence was appointed Research
Leader, a similar position she had held
with the Carotenoids Research Unit.

Later in the decade, Clevidence became
Research Leader of the Diet and Human
Performance Laboratory, and Earl Harrison
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1990

Joseph Spence
was appointed
BHNRC Director.

was appointed Research Leader of the
Phytonutrients Laboratory. Scientists

with expertise in isotope labeling of plants
(Steven Britz and Charles Caldwell) were
transferred in 2000 from a plant physiology
unit at BARC to this laboratory, which

gave the group unique expertise in the
development of labeled foods as well as

the capability to follow the label through
ingestion and metabolism. Also, National
Program Leaders changed during the 1990s.
Carla Fjeld succeeded Dupont and Schwenk;
and Kathleen Ellwood, a former scientist at
BHNRC, succeeded Fjeld (table 1).

Early in the 21st century, a small
immunology program within the Animal
Sciences Institute at BARC was transferred
to BHNRC, which reformed the original
Vitamins and Minerals Laboratory (now
Nutrient Requirements and Functions
Laboratory [NRFL]). Orville Levander, who
was Research Leader at NRFL, returned to
full-time research, and Joe Urban became
Research Leader of the newly renamed Diet,
Genomics and Immunology Laboratory. A
series of retirements permitted the addition
of scientists with appropriate expertise

to expand the program of nutrition and
immunology using pigs as a model for
humans. However, the events of September
11, 2001, and the subsequent Iraq War
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Ribbon cutting for
BHNRC buildings
that included a
large kitchen and
dining facilities for
ambulatory human
studies, expanded
calorimeter
accommodations,
and new
laboratories.

Allison Yates was
appointed Director
of BHNRC.

greatly limited any increased funding and
further expansion of the program. Two
additional scientists (Tom Wang and Jae
Park) were transferred to this group from
the Phytonutrients Laboratory when it was
abolished in 2006. Nonetheless, a small but
strong program focused on nutrition and
immunity was developed.

Spence moved to the National Program Staff
in 2002 and subsequently to the position

of Deputy Administrator of ARS, where he
exerted great influence to increase resources
for the human nutrition research program
within ARS. In 2008, he became Director of
the Beltsville Area, which included BARC
and BHNRC. However, BHNRC operated with
a series of acting directors for several years,
which in retrospect was quite detrimental

to the program, especially during a period

of scarce budget increases and less than
favorable political environment for human
nutrition research.

Finally, Allison Yates was appointed Director
of BHNRC in 2006. Yates brought extensive
experience in human nutrition policy and
research. She had been Director of the

Food and Nutrition Board, Institute of
Medicine (IOM), National Academies for a
decade, specifically during the expansion of
Recommended Dietary Allowances (RDAs)

History of USDA-ARS Human Nutrition Research

to Dietary Reference Intakes (DRIs). Prior to
that, she was a member of several university
faculties where she instituted new programs
on nutrition research, dietetics, and health
sciences. In mid-2011, Yates joined Spence
as Associate Area Director, which once again
left BHNRC without permanent leadership.

Mary (Molly) Kretsch and David Klurfeld
were appointed National Program Leaders
for Human Nutrition after Spence moved
to the position of Deputy Administrator
(table 1). Kretsch followed Spence as
Deputy Administrator when Spence was
appointed Area Director, and John Finley
was appointed National Program Leader to
fill her position.

The largest physical change during this
period was the construction and occupancy
of two new research buildings for BHNRC
in 2003. These long-awaited new facilities
provide about 40,000 net square feet of
space that includes large kitchen and dining
facilities for ambulatory human studies,
expanded calorimeter accommodations,
and new laboratories for those experiments
dealing with nutrition and metabolic
research. Food composition activities and
food survey work also are currently located
on the BARC campus but in separate
buildings.
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Much like Gortner 40 years earlier, Yates
reorganized the research programs at
BHNRC to provide emphasis on those
nutrition- and health-related issues that
are prominent in the U.S. population and
to begin the long rebuilding process. As of
2011, the program consists of Ellen Harris
as Acting Director, about 40 scientists, a
host of post-doctorates, and support staff
organized into 6 groups or laboratories.
These include Diet, Genomics, and
Immunology Laboratory; Food Components
and Health Laboratory; Food Intake and
Energy Regulation Laboratory; Food
Composition and Methods Development
Laboratory; Nutrient Data Laboratory; and
Food Surveys Research Group. In addition,
there are two small support groups: Human
Studies Facility, which provides dietary,
menu, and meal assistance in the conduct
of human studies; and an Administrative
support group that is part of the Director’s
Office.

Although there have been many
administrative changes within ARS and the
Beltsville human nutrition research program
over the past half-century, the scientists
have remained highly focused and have
continued to design and conduct creative
studies. The data from these relevant
investigations have helped to advance the
frontiers of human nutrition research and
thus have contributed greatly to expand
that knowledge base. Also, the numerous
technical support individuals, post-
doctorates, visiting scientists (domestic and
foreign), and students have been critical to
the success of a complex Federal research
organization such as BHNRC. Highlights of
these research findings are discussed in the
following section.

Early Research Accomplishments

In an earlier chapter, Megan Elias
focused on the many “home economics”
contributions of scientists within the agency
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1962

Mary Marshall
was one of

the scientists
intimately involved
in metabolic
research and food
composition.

during its early history (3). However, there
also were efforts in metabolic research

and food composition during that time.

A significant accomplishment was the
development of a strain of rats for the
specific purpose of investigating non-
insulin-dependent diabetes mellitus (16).
The parent strain originated in 1942
through the cross of an albino Osborne-
Mendell strain with rats of a hooded strain
from Pennsylvania State University. Mary
Marshall, one of the scientists intimately
involved with the project, named the new
strain “BHE” in honor of the Bureau of
Home Economics (M. Marshall, personal
communication). Extensive records were
kept and summarized on life span, response
to different diets, and tissue histology
(17,18). Research on the metabolic response
to dietary alterations of these animals
continued through the 1970s when the
colony was relocated to a contractor (19,20).
A sub-strain was later developed, BHE /cdb,
that had less animal-to-animal variability
relative to age-related abnormal glucose
tolerance and glomerulosclerosis, and fewer
complications of obesity and other kidney
diseases (16). Although not commercially
available, the BHE strain has been supplied
by the NIH Division of Research Resources,
and the sub-strain by former BHNRC
scientist Carolyn Berdanier through the
University of Georgia.
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In the mid-1950s, a group of scientists
were presented with a USDA Distinguished
Service Award for “Establishing vitamin

A requirements of young adults,
demonstrating variation in the bioavailability
of carotenes from different foods and
improvement of the vitamin A bioassay.”
This award was based on research by

Lelia Booher, Elizabeth Callison, and

their colleagues, who conducted human
studies on vitamin A requirements and
laboratory experiments with foods to assess
concentrations and bioavailability (21,22).

About a decade later, a USDA Special
Service Award was presented for “The
development and use of microbial methods
for determining the amino acid content

of protein and food and determining

their nutritive value.” During the 1940s,
M.J. Horn and colleagues developed
microbiological and/or colorimetric methods
for the measurement of each of the essential
amino acids in proteins and foods. These
procedures were published in a series of
scientific articles and summarized in a
USDA publication that formed the basis of
the award (23).

The early research of D.B. Jones, a
colleague and coauthor of Horn’s, must

be highlighted. Jones carefully isolated
proteins from a large number of foods and
subsequently determined their nitrogen
content. It is these seminal data that
established the average nitrogen content

of proteins at 16 percent and from which
the factor 6.25 was derived that is applied
for the conversion of nitrogen to protein
(24). Although Jones was administratively
part of the Protein and Nutrition Division
of the Bureau of Agriculture Chemistry and
Engineering while he conducted this work
(1920s-1930s), his group was transferred to
the Bureau of Human Nutrition and Home
Economics in 1943, which brought Jones
and Horn together administratively. Jones
and colleagues subsequently evaluated
proteins of cereal grains for “their growth
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promoting value,” precursor research to the
protein efficiency work of Womack et al. 2
decades later (25,26).

Much of the early metabolic research with
human subjects was conducted under
contract or cooperative agreement with
universities and State experiment stations,
due in part to the lack of human studies
facilities at Beltsville. Studies conducted in
the mid-1950s established levels of linoleic
acid in healthy infants and children, a topic
that received attention through the latter
part of the 20th century (27,28). During that
time, a multi-center study was conducted
involving female subjects to investigate

the bioavailability of vitamin C from fruits,
vegetables, and crystalline ascorbic acid
(29). During the late 1950s and early
1960s, many studies were sponsored and
conducted that established human amino
acids requirements, evaluated the Food
and Agriculture Organization of the United
Nations (FAO) amino acid reference pattern,
and demonstrated that wheat alone could
nearly meet protein needs for humans
(30-32). At the same time, studies were
funded and conducted that demonstrated,
for the first time, increasing linoleic acid
content of a standardized diet (33) resulted
in decreased concentrations of serum
cholesterol (34,35). These experiments
were the first of many that later would be
conducted at BHNRC to demonstrate the
health benefits of dietary unsaturated fatty
acids.

Later sponsored human studies
demonstrated that high amounts of dietary
protein resulted in negative calcium
balance (36). These studies were part of a
program at the University of Wisconsin-
Madison to examine the generally high
protein consumption as part of the etiology
of osteoporosis and hip fractures. This
hypothesis was later questioned also by
sponsored research in Yugoslavia that
indicated that adequate nutrition was an
important determinant in the accretion of
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bone mass in young adults, but it had little
effect on age-related bone mass later in life
(37).

M. Isabelle Irwin and her small staff
provided scientific oversight for grants and
contracts during this period. However,

as resources diminished for this activity,
Irwin turned her attention to the review

of literature for human nutritional
requirements for specific essential nutrients.
She and her collaborators published nine
conspectuses in the Journal of Nutrition
that summarized research for amino

acids, protein, calcium, zinc, copper, iron,
vitamin A, vitamin C, and folacin (38,39

as examples). The Nutrition Foundation
published a book in 1980 with a foreword
by Gortner that combined all nine of the
conspectuses (40). Much of the information
in these publications was incorporated

into documentation for subsequent
Recommended Dietary Allowances (RDAs)
published by the National Academy of
Sciences. Unfortunately, Irwin’s productive
career was cut short by a tragic auto
accident near BARC as she was commuting
to her office.

Protein Chemistry, Availability, Quality, and
Health Effects

The relative importance of proteins in
human nutrition at the time is evident with
the establishment of the Protein Nutrition
Laboratory (PNL) as part of the 1969
reorganization (table 1). However, there was
considerable protein nutrition research

at HNRD. Madelyn Womack, who had
received her advanced training under W.C.
Rose at the University of Illinois—in whose
laboratory, threonine, the “last” essential
amino acid had been discovered in 1935 and
where human studies had been conducted
on essential amino acid balances—and
Mary Marshall, who was trained at lowa
State College (now Iowa State University),
had conducted studies with rats on the
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Madelyn Womack
trained under

W.C. Rose at the
University of Illinois—
in whose laboratory
threonine, the “last”
essential amino acid,
had been discovered
in 1935.

utilization of various food proteins and on
the interaction of amino acids and proteins
with other dietary components (41,42).
These studies were extended to investigate
protein quality and adult human protein
requirements, albeit with new collaborators,
C.E. Bodwell and D.A. Vaughan, who were
part of the scientific expansion of HNRD
(43,44). As food technology advanced to
produce semipurified protein fractions from
soybeans, collaboration was established
between the soybean industry and BHNRC
that demonstrated that the addition of soy
protein to ground beef had little effect on
protein, iron, or zinc status in a large group
of men, women, and children (45). The
results of this study provided the nutritional
“safety” information and resulting impetus
for the addition of soy proteins to many
food products including ground beef for the
Armed Forces.

As amino acid and protein requirements
became established for humans, concern
focused on laboratory methods for
determining the availability of amino acids
and digestibility of proteins in foods and
diets. Procedures based on microbiological
growth were developed in the mid-1950s
(46) and evaluated again 30 years later,
but with different microbes and/or for a
limited number of amino acids (47,48).
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Despite the advantages of microbes as
“experimental models,” laboratory rats
provided more relevant data for humans.
As a result of numerous experiments,
Womack and collaborators reported a
“Modified PER” (Protein Efficiency Ratio)
procedure for estimating bioavailability of
individual essential amino acids (49). These
concepts were developed into a “protein
digestibility-corrected amino acid score”
method, the digestibility component of
which was subjected to an eight-laboratory
collaborative study with results in highly
acceptable precision and repeatability

(50). Based on the results of this major
cooperative study and those of many
preceding experiments, the rat bioassay for
protein digestibility obtained “official status”
from the Association of Official Analytical
Chemists (AOAC) shortly thereafter (AOAC
991.29—True protein digestibility of foods
and food ingredients).

Several additional scientists recruited during
the HNRD expansion were experienced in
protein chemistry and metabolism (Gary
Beecher, Irwin Hornstein, Sam Lipton,
Phillip McClain, and Kent Stewart). Lipton,
originally a member of the food composition
group, conducted amino acid analyses (51)
and later retired when this research was
phased out. McClain focused on collagen
structure and contributed significantly to
the understanding of the structure of these
unique proteins (52). He retired early for
medical reasons. Horstein relocated from the
Meat Laboratory at Beltsville to PNL, where
he investigated the structure of muscle
proteins in collaboration with Bodwell

and McClain (53,54). In around 1970 he
transferred to the United States Agency for
International Development (USAID). Stewart
developed procedures for the isolation and
characterization of trypsin inhibitors (55),
while Beecher investigated the effects of
exercise and high dietary protein levels on
protein metabolism and on bone health of
rats (56,57). Shortly after coming together
at PNL, Stewart and Beecher developed
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new instrumentation for the rapid analysis
of samples in solution (58), which is

the sample introduction component for
several current sophisticated analytical
instruments. Stewart transferred from PNL
in 1975 to become research leader at the
new Nutrient Composition Laboratory, and
Beecher followed in 1982.

With the introduction of the energy program
into PNL in the early 1980s (table 1), the
waning of issues relative to protein nutrition
in the U.S. populace, and the retirement or
transfer of key scientists who had conducted
research on the many aspects of protein
nutrition, this program had become phased
out by 1990. Simultaneous with this decade
of change, the laboratory was renamed the
Energy and Protein Nutrition Laboratory,
and it was subsequently renamed again

to more accurately describe the energy
research being conducted by the group (see
Energy Metabolism and Associated Research
below).

Animal Models for Nutrition and Chronic
Disease Research

While the BHE rat provided a model for

the investigation of non-insulin-dependent
diabetes mellitus, it was intentionally

bred as a non-obese animal. However, as
early as the 1970s, it was obvious that
obesity, diabetes mellitus, hypertension,
and associated diseases were occurring in
the U.S. population simultaneously and for
which there was a dearth of animal models.
Although the Zucker (fa/fa) rat had been
bred elsewhere in the early 1960s as an
obese, and possibly hypertensive, model, it
lacked other chronic disease characteristics,
most notably diabetes (59,60). In the early
1980s, Carl Hansen at the NIH developed a
spontaneous hypertensive, corpulent (fat) rat
strain (SHR/N-cp) that exhibited metabolic
and histopathologic characteristics similar
to type Il diabetes of humans. Subsequently,
scientists at BHNRC, most notably Michaelis

79



and Sam Bhathena, and many other
supporting associates, collaborated with
Hansen to fully characterize the metabolic
response to dietary alterations of this new
animal model (61,62). Somewhat later,

a substrain of these rats was developed

to be salt sensitive (DSS/N-cp), and it
thereby provided a model in which obesity,
together with diet, hypertension, and its
complications, could be studied (63). The
untimely death of Michaelis, the retirement
of Bhathena, and separation or retirement
of other BHNRC collaborators marked the
end of this scientifically far-reaching and
productive joint endeavor.

Carbohydrates, Fibers, and Human Health

There was a concerted and long-term effort
at HNRD and its predecessor organizations
to investigate metabolic responses to various
dietary carbohydrates, similar to that for
proteins. Much of the early work focused on
characterizing the response of the BHE rat
to dietary alterations of carbohydrate type
and amount (19). When new investigators
arrived as part of the 1960s expansion,

they also investigated specific aspects of
this model’s metabolism. Thus, insulin
levels and enzyme activities in response

to carbohydrate meals were characterized
(64,65), and the increased requirement

for biotin by this strain was identified

(66). A unique finding for the BHE rat was
that ingesting specific types of dietary
carbohydrates early in its lifespan altered its
metabolic pattern at maturity (67,68).

Carolyn Berdanier, Bela Szepesi, and Mei
Ling Chang investigated metabolic responses
of rats to “starve-refeed” protocols during
the 1970s. When the “refeeding” diet
contained only sucrose as the carbohydrate
source, glycogenesis initially occurred

but shortly (within 1 day) was replaced by
extensive lipogenesis, manifested by fatty
livers (69). The observed enzyme “overshoot”
of that regimen was directed by the hormone
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glucocorticoid, which was involved in the
synthesis of specific RNA for pentose shunt
enzymes (70-72). This was the first time that
scientists had demonstrated the involvement
of glucocorticoid in the regulation of

pentose shunt enzymes at the DNA
transcriptional level. This model became
popular with other investigators who were
interested in hormonal control of metabolic
enzyme activity. Shortly thereafter,

Szepesi and coworkers demonstrated that
dietary polyunsaturated fatty acids and
triglycerides inhibited hepatic glucose-
6-phosphate dehydrogenase and malic
enzyme, enzymes involved in the pentose
shunt and gluconeogenesis, respectively
(73,74). However, they failed to connect
these observations to control at the DNA
transcriptional or RNA translational level.

Research by David Trout and collaborators
on dietary influences of gastric empty in

the rat showed that when mixed diets were
fed, the carbohydrate component left the
stomach first (75). However, this effect could
be slowed when xanthan gum was added

to the diet and when the carbohydrate

was glucose (76). In terms of meal-eaters

vs. animals fed ad libitum, contents of
stomachs of meal-fed animals emptied more
rapidly than those of their “nibbler” partners
(77). In general, water-soluble components
of the meal tended to exit stomachs of

rats faster than the more lipid-compatible
nutrients.

One of June Kelsay’s areas of research,
after her returning with a Ph.D. from the
University of Wisconsin-Madison, was to
test the feasibility of parotid saliva as a
non-invasive source of biological fluid, a
research area outlined in a brochure on the
HNRD program issued in 1971. Although
Kelsay and her colleagues focused only on
changes in dietary carbohydrates to induce
changes in saliva content, they showed that
concentrations of blood (serum) and saliva
lactate and pyruvate responded similarly

to a wide variety of ingested sugars and
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carbohydrates (78). In addition, responses
were not changed if the test dietary
carbohydrates were ingested in the absence
or presence of foods (79). In contrast, when
saliva amylase and protein concentrations
were followed with the same experimental
protocol, large inter-individual variability
resulted even though intra-individual
deviations were relatively small (80). These
experiments demonstrated the feasibility

of saliva as a selected source of biological
fluid components similar to serum. Kelsay’s
group next investigated the interaction

of oral contraceptives with the type of
carbohydrate (sucrose vs. starch) in the diet
of women. In general, oral contraceptives,
but not carbohydrate source, increased
several markers for diabetes and vascular
disease over the relatively short duration

of the studies (81,82). Kelsay subsequently
initiated long-running studies on metabolic
effects of dietary fibers, and she also was a
driving-force behind the “Beltsville One-Year
Dietary Intake Study,” both of which are
discussed below.

Shortly after Reiser and his technical
assistant, Judith Hallfrisch, arrived

at Beltsville, the Select Committee on
GRAS Substances (SCOGS) published a
report that stated in part, “...Other than
the contribution made to dental caries,
there is no clear evidence in the available
information on sucrose that demonstrates
a hazard to the public when used at the
levels that are now current and in the
manner now practiced” (83). This stimulated
a formal response by Reiser and Szepesi
that contested the generality of the decision
of SCOGS and highlighted specific areas

of research in support of their position

that sucrose consumption was part of the
etiology of diabetes (84). This document set
the stage and provided the stimulus for the
direction of the balance of Reiser’s research
career. He and his colleagues examined the
metabolic effects of sucrose and fructose
ingestion (vis-a-vis high fructose corn
sweeteners introduced in 1967) with both
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rats and human subjects (85,86). The many
studies conducted by these investigators
were summarized in a journal article (87)
and at least two books (88), and the results
were discussed in the 10th edition of the
Recommended Dietary Allowances (89).
However, the most succinct summary

was published in a letter to the editor by
Hallfrisch and Reiser, the last paragraph of
which stated, “Our research over the last

10 y in both animal and human studies has
consistently shown that sucrose or fructose
substitution for complex carbohydrate
results in adverse changes in risk factors
for heart disease and diabetes” (90). Reiser
retired in 1990 and died in 2012.

Early in the 1970s, Denis Burkitt and Hugh
Trowell of the United Kingdom generated
interest in dietary fiber based on their
association of unrefined foods and fiber
intake with reduced disease processes in
West Africa and England, respectively.
Shortly thereafter, Kelsay initiated a long-
term dietary fiber research program at
Beltsville by first reviewing the literature
(91) and then by conducting studies

with humans, along with Kay Behall and
collaborators at the University of Maryland
at College Park (UMCP) who addressed
some of the gaps of knowledge in the “fiber
story.” Generally, diets high in fiber (fruits
and vegetables vs. their juices, which are
low in fiber) resulted in decreased apparent
digestibility of energy, nitrogen, and fat,
and increased stool weights; but they

gave variable results relative to mineral
balances, which may have been caused by
experiments of different durations (92,93).
Digestibility of fiber fractions ranged from
very high for hemicellulose, intermediate
for cellulose, and low for lignin (94).
Subsequently, Behall carried the “fiber
banner” and began to investigate the effect
of dietary soluble fibers on markers for
diabetes and vascular disease. She first
teamed with scientists at the Johns Hopkins
University School of Medicine in Baltimore,
MD, to investigate the effects of guar gum,
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which indicated that this fiber was safe

for subjects with non-insulin-dependent
diabetes mellitus, attenuated their insulin
response, and reduced hyperlipidemic
effects in men (95,96). Next, dietary amylose
and amylopectin were compared by an in-
house team who demonstrated that amylose,
but not amylopectin, normalized insulin
response in hyperinsulinemic subjects

and lowered fasting triglycerides (97).

These data suggested that amylose had
potential for diabetic management through
dietary means. Behall and Howe went on

to provide evidence that resistant starch,

a small (~15%) component of amylose, as
well as poorly digestible fiber, contributed
some energy (2+kcal/g fiber) to human
subjects (98). However, ingestion of either
amylose or amylopectin had no significant
effect on energy expenditures (99). These
observations, demonstrated previously

in ruminants, validated the biological
importance of lower gastrointestinal tract
microflora and their contribution to dietary
energy in humans, especially when healthful
diets containing fiber are consumed.

Hallfrisch, who had earlier received a Ph.D.
at UMCP while at Beltsville, returned from a
fellowship at the National Institute on Aging,
part of the NIH, following the retirement of
Reiser and was appointed research leader
at the Carbohydrate Nutrition Laboratory
(subsequently renamed Metabolism and
Nutrient Interactions Laboratory). She
teamed with Behall and Scholfield to study
the metabolic effects of cereals and cereal
grains, a program they pursued for the
remainder of their research careers. In
general, inclusion of amylose, soluble fiber
from oats or barley, or incorporation of these
grains into the diet all had beneficial effects
on glycemic response and on cardiovascular
risk factors in subjects who were at risk
(100-103). Studies with whole-grain diets
(wheat, rice, and barley) reduced blood
pressure in mildly hypercholesterolemic
men (104). However, Z-Trim®, a non-
caloric fiber isolated from grains, was less
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effective than native soluble fiber in terms
of moderating glycemic response (105).
Results of several of these studies, along
with those of other investigators, were cited
in the IOM-DRI report for macronutrients
(106), all of which have contributed greatly
to our understanding of the health benefits
of cereal grains.

Lipids, Diet, and Vascular Disease

Limited research on dietary lipids had been
conducted at HNRD or sponsored by the
Division prior to the 1969 reorganization.
However, when Iacono was appointed
research leader, he brought interest

and experience in lipid metabolism. He
immediately conducted a small nutritional
epidemiological study that showed a
beneficial relationship between habitual
diets and the lipids of platelets and
erythrocytes of men living in Milan and
Sicily, Italy, and Cincinnati, OH (107).
Several additional events helped the lipid
research program at BHNRC. These included
several small studies with human subjects
that showed encouraging results between
diet and vascular disease risk factors, the
appointment of Joseph Judd as research
leader after Iacono became the National
Program Leader for Nutrition, and expansion
of the human studies facilities. Coupled
with these activities was the appointment
of Norberta Schoene, who immediately
specialized in metabolism of platelets

(108), and the transfer of two groups from
the Dairy Products Laboratory (table 1):
Aldo Ferretti and Vincent Flannagan, who
were specialists in chemical separations
and mass spectrometry, and Elliot Berlin
and his group, who had expertise in
physical chemistry. Ferretti and Flannagan
developed sophisticated techniques for the
measurement of prostaglandins in biological
fluids (109), while Berlin’s group focused
on membrane fluidity and the influence of
dietary lipids on this important biological
parameter (110). Beverly Clevidence later
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joined the team, and dietitians and staff
perfected the techniques and details for
conducting well-designed and highly
controlled nutrition-related human studies
(111).

Research in the late 1970s and early 1980s
demonstrated that dietary polyunsaturated
fatty acids reduced moderately elevated
blood pressures in adult men who were fed
diets having both normal and low amounts
of fat. These investigations provided

the strongest evidence at that time for
moderating mild hypertension in adults by
dietary means (112,113).

In controlled feeding studies with adult
men, relationships were determined between
modest changes in the amount of ingested
dietary fat and essential fatty acid (linoleic
acid) on blood pressure and eicosanoid
metabolite (PGI, and PGF, ) excretion.
Prostaglandin excretion was positively
correlated with systolic and diastolic blood
pressures. Also, alterations in excretion of
metabolites were related to variation in the
amount of essential fatty acid consumed.
Prostaglandins have well-established roles
in blood pressure control, and these studies
provided a possible explanation for the
beneficial effects of polyunsaturated fat
intake on blood pressure (113-115).

Controlled diet studies with healthy

adult male volunteers demonstrated that
modifications in the amount of dietary fat
and fatty acids and other nutrients (e.g.,
dietary fiber) could modulate concentrations
of plasma cholesterol, triglycerides,
lipoproteins, and apolipoproteins. In a study
with healthy adult men, it was determined
that feeding low-fat diets with reduced
cholesterol, as compared with high-fat diets
with high cholesterol (typical U.S. diet), did
not reduce plasma cholesterols unless there
was a simultaneous increase in the intake
of polyunsaturated fatty acids. In another
study, changes in the type and amount of
dietary fat combined with increased dietary
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fiber intake were associated with major
improvements in plasma lipid profiles of
healthy adult men. Such dietary changes
could be achieved with moderate effort and
have the potential of decreases in major risk
factors for cardiovascular disease (116-118).

In the mid-1990s, two major studies

at BHNRC demonstrated that when
compared with oleic acid, dietary trans
fatty acids raised LDL-cholesterol to a
concentration similar to that of the most
hypercholesterolemic saturated fatty

acids, lauric, myristic, and palmitic acids.
Further, high trans fatty acid levels resulted
in reductions of HDL-cholesterol. This
research refuted a body of evidence that
had led to acceptance by most scientists,
regulatory agencies such as the Food and
Drug Administration (FDA), and health
professionals that dietary trans fatty acids
at levels in the U.S. diet had no major
health effect. As a result of this study, major
reconsideration of the safety of partially
hydrogenated fats was undertaken in the
United States, Canada, and England.

Scientists at BHNRC demonstrated that
margarine manufactured with and without
partially hydrogenated vegetable oils was
effective in improving plasma lipoprotein
profiles compared with butter when fed to
46 normocholesterolemic men and women
as part of a controlled diet typical of that
consumed in the United States. Earlier
work at BHNRC on dietary trans fatty acids
formed during partial hydrogenation of
vegetable oils led to questions regarding the
advisability of continuing the consumption
of margarine prepared in this manner.
Furthermore, the cholesterol-raising effects
of trans fatty acids were being widely
interpreted in the lay press and in some
influential scientific circles as indication
that a return to use of butter with its

high levels of saturated fatty acids might
be desirable. This investigation provided
strong evidence that this was not so. This
study served to place the findings of the
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earlier trans study in a practical perspective
for public health recommendations in the
United States (119-121). Later, a large study
with human subjects (~100) was conducted
to elucidate differential metabolic effects
between naturally occurring and industrial-
produced trans fatty acid isomers (122).

In two recent dietary studies at BHNRC,
scientists have shown that the cholesterol-
lowering effects of sterol esters are
independent of both the fat level in the
product supplemented with the sterols and
of the type and amount of fat in the diet with
which the sterol esters are consumed. The
lowering of LDL cholesterol by sterol ester
supplementation of foods offers one of the
most effective dietary means of reducing this
cardiovascular disease risk factor. Further,
research at BHNRC showed that this is
equally effective in typical American diets
and diets moderately reduced in fat level
and saturated fat (123,124).

Simultaneous with many of the human
studies that investigated the effect of diet
on plasma lipids and other cardiovascular
disease markers, Schoene evaluated the
response of platelets to dietary alterations.
Her team was the first to demonstrate
mechanistic release of arachidonic acid
from platelets for conversion to a thrombotic
econsanoid (108). Using spontaneously
hypertensive /stroke-prone rats as a model,
this group showed that diets containing

fish oils decreased the development of
hypertension (125). This was important new
evidence showing that n-3 fatty acids in fish
oil were counteracting the overproduction
of eicosanoids from arachidonic acid and
thereby reducing the risk of chronic disease.
Meta-analyses of clinical trials recently
reported that dietary n-3 fatty acids lowered
blood pressure in human subjects. Other
dietary factors that have been shown by
Schoene’s group to be important in platelet
health include adequate selenium and soy
isoflavones (126). As part of these studies,
apparent platelet volume has been proposed
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as a new biomarker for early activation of
these blood cells (127).

Scientists at both BHNRC and the National
Cancer Institute (NCI) became interested in
the effects of moderate alcohol consumption
on lipid and hormone metabolism, those
associated with hormone-sensitive cancers,
such as breast cancer. In a controlled-

diet study with premenopausal women,
moderate alcohol consumption was found
to be beneficial to plasma lipoprotein levels
(128). However, similar experiments with
both premenopausal and postmenopausal
women showed possible harmful effects of
moderate alcohol intake on those serum
hormones associated with breast cancer
(129,130). These observations provided a
possible explanation for the epidemiological
association found between alcohol
consumption and incidence of breast cancer.

P.P. (Uni) Nair came to NI/BHNRC in the
late 1970s with interest and expertise

in the relationship of diet and colonic
cancers. He was one of the “prime movers”
in the development of a multi-center study
to investigate this association (131). At
Beltsville, he and his group pursued the
purported association of fecapentaenes,
potent mutagens in the stools of some
individuals, with the incidence of colon
cancers. An early case-control study
demonstrated a lack of this association
(132). Further studies on stool samples
collected from a large number of subjects in
the area showed that 50% of the mutagenic
samples (Salmonella mutagenicity assay)
contained elevated fecapentaenes (133).
However, fractionation of the mutagenicity
of these samples indicated that other
components of stool were important in

the etiology of colorectal cancer. This
assumption was validated by genotoxicity
studies of the individually isolated
facepentaenes from human stools (134).
Subsequently, Nair and his group developed
a procedure for the isolation of exfoliated
colonic epithelial cells from stool samples
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(135). Nair and the group with whom he

later associated employed this procedure
as a sensitive, noninvasive technique for
the potential identification of markers of
colorectal cancer (136).

Beltsville One-Year Dietary Intake Study

Several observations converged in the late
1970s and early 1980s that prompted the
“Beltsville Year-long Diet Study” led by
Kelsay and Mertz. These included decreased
caloric intake reported by subjects in the
1977-78 Nationwide Food Consumption
Survey (NFCS) compared with similar

data from the 1965 NFCS even though

body weights increased slightly over the
same period, caloric intakes 300-400kcal
below then current RDAs for several

groups of women reported from Health

and Examination Survey II (1976-80),

and observations from several studies at
BHNRC wherein caloric intake needed to

be increased above subject-reported values
so that body weights could be maintained
throughout experiments (137). Thus, 29
“healthy” subjects, partitioned about equally
among gender and age classification,

were enrolled into a one-year-long study.
Dietary food intake was recorded daily,

and duplicate foods and beverages were
collected for 1 week, 4 times throughout

the study, as were samples for nutrient
balance studies. With the exception of
calcium and iron intakes for females,
reported intakes of calories and 19 nutrients
met or exceeded the 1980 RDAs (138).
However, daily caloric intakes were nearly
13% lower during diet collection periods
compared with the mean recorded for the
entire year (139). In addition, there were
significant reductions in reported intakes of
all nutrients during the collection periods.
This later observation calls into question the
validity of the negative balances reported

for several minerals (Cu, Mg, Mn, Zn) and
other measurements that relied on duplicate
diet collections. A follow-up study with
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over 250 free-living, middle-aged human
volunteers of both sexes indicated that
energy intakes calculated from 7-day daily
food records collected prior to the study

did not maintain the subjects’ weights
during the 45+-day study (140). On average,
the underreporting of calorie intake via

food records was 18%, based on weight
maintenance. Subsequently, Mertz raised
the question: “Food intake measurements:
is there a ‘gold standard’” which he
answered with an unequivocal “no” based
on the above observations and several other
lines of evidence (141). As a result, dietary
recall techniques that were used for all U.S.
national food consumption surveys were re-
examined, modified, and validated. Details
of these studies have been summarized by
Moshfegh (4). Kelsay retired in 1987.

Vitamins and Minerals Research, and
Interactions With Food Components

Like several other areas of nutrition
research, there already was longstanding
activity in vitamins and minerals research at
the Bureau prior to the 1969 reorganization.
As noted previously, Booher and Callison
were awarded the USDA Distinguished
Service Award for their research on the
establishment of vitamin A requirements

of humans and bioavailability from foods
(21,22). Sweeney and Marsh followed

this work with investigations of the
bioavailability of carotene isomers from
foods and their conversion to vitamin A in
rats (142). However, much earlier (1927),
McLaughlin reported on the utilization of
calcium from spinach by human subjects
(143). In the early 1960s, Hathaway
published a comprehensive summary of
metabolic data on magnesium in human
nutrition, which included estimates of
requirements for several age groups (144).
This compendium served as a major
resource of scientific information for several
subsequent RDA deliberations.
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The increased funding for HNRD, the
arrival of Gortner, and the reorganization
of the division resulted in the hiring of
several scientists with expertise in mineral
nutrition. All of these scientists came with
training in laboratories of then world-
renowned mineral nutritionists: Leon
Hopkins (Wm Hoekstra and Klaus Schwarz),
Eugene Morris (Boyd O’Dell), Walter Mertz
(Klaus Schwarz), Orville Levander (Carl
Bauman and Wm Hoekstra), and James

C. Smith, Jr. (Klaus Schwarz). The ability
to attract scientists with such outstanding
credentials is a testament to the foresight
and tenacity of Gortner and Weir (and later
Mertz) to build an outstanding mineral
research organization.

Although Hopkins was hired as assistant

to Gortner, he also conducted research and
reported the essentiality of vanadium for
chicks (145). Unfortunately, he left HNRD
shortly after the 1972 reorganization (table
1). Morris bridged the 1969 reorganization
by initially measuring the mineral contents
of wheat and wheat products (in the food
composition group), but he subsequently
elucidated an important iron complex

of wheat. He and Rex Ellis, an organic
chemist who had transferred from the Dairy
Products Laboratory, isolated and reported
monoferric phytate as the major form of iron
in wheat (146). They further demonstrated
this form of iron as readily available when
fed with meals to rats, dogs, or humans
(146-148). At the same time, they observed
that a soluble fraction of whole-wheat bran,
from which phytate had been removed, was
quite inhibitory to iron absorption (148).
Further characterization of this fraction was
not conducted. Morris retired in 1996.

When Mertz transferred to HNRD as
Laboratory Chief of Vitamins and Minerals,
he brought with him an active research
program on chromium nutrition. At NIH
and at Walter Reed General Hospital, he and
his colleagues had shown that chromium

III is an essential nutrient for humans and
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that it is a component of a “factor” (glucose
tolerance factor [GTF]) that potentiates

the action of insulin in glucose uptake by
tissues. He and his team at HNRD—Iled by
E.W. Toepfer, who had been in charge of the
food composition group and who had been
trained by H.C. Sherman—evaluated a series
of foods for chromium content in relation

to biological activity (149). Subsequently,
they isolated and partially purified a GTF
from brewer’s yeast and further showed

that it contained chromium III, nicotinic
acid, and several amino acids, including
histidine, which was thought to complex
with chromium III as part of the factor (150).

Shortly after Mertz was appointed Director
of NI, Toepfer retired, and the “chromium
torch” was passed to newly hired Richard
Anderson. Mertz, however, remained very
active on the nutrition research front,
served on numerous National Academies
and international nutrition committees, was
coauthor of three RDAs, and wrote scientific
reviews vociferously, even after he retired in
1992 (12). One of the National Academies
committees he served on was Diet, Nutrition
and Cancer (15), which prompted a long-
standing collaboration with Peter Greenwald
and his colleagues at the Division of Cancer
Prevention, National Cancer Institute, NIH
(table 1). Most importantly, Mertz was an
outstanding ambassador for Beltsville, had
an open-door policy for scientists, technical
staff, and visitors alike, and always enjoyed
a good discussion about nutrition research.
He received many awards and accolades for
his outstanding research achievements and
contributions to the field of nutrition. (See
Professional Awards section.)

In the early 1970s, the levels of chromium
in biological fluids was very much in
question. Although the practical application
of atomic absorption spectrometry for
mineral determinations was a little more
than a decade old and held promise

for increased sensitivity over previous
colorimetric and other methods, published
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values for chromium in human biologics
kept declining with instrumental and
procedural improvements. Interlaboratory
comparisons often varied by as much as

two orders of magnitude and could not

be reconciled. Barbara Guthrie, a visiting
nutritionist at HNRD from the University

of Otago, New Zealand, along with staff
scientists Claude Veillon and Wayne Wolf,
identified and corrected the analytical

issue (background [smoke] interference)
with atomic absorption spectrometry (151).
They then reported lower normal biological
values for chromium employing definitive
isotope dilution techniques (152). These
observations ushered in the application of
Certified Reference Materials to establish
accurate measurements in biological
samples and ended the dramatic downward
trend in biological chromium values due to
analytical errors (153). While Wolf moved

to the newly formed Nutrient Composition
Laboratory, Veillon remained at the Vitamins
and Minerals Laboratory, where he was
instrumental in the preparation and
analysis of a contaminant-free bovine serum
as a Certified Reference Material for selected
minerals in biological materials (154), and
where he developed many new, state of-
the-art techniques for the measurement

of important elements and their isotopes

in biological systems (155). Many of these
procedures allowed cutting-edge metabolic
studies to be conducted on trace elements at
Beltsville and other research centers. Veillon
retired in 2003.

Anderson and his team characterized several
aspects of the metabolism of chromium

in humans. These included dramatic
increase in serum levels by providing
200ug CrCl, as a dietary supplement (156),
nonlinear absorption of dietary chromium
as the intake of the trace element was
raised (157), increased urinary excretion
of chromium when high-sugar diets

were fed (158), reduced excretion with
exercise training (159), normalization

of abnormally high or low blood glucose
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levels during a glucose tolerance test when
additional dietary chromium was provided
(160), and alleviation of hypoglycemia

with supplementation (161). The latter
observations were extended to Type II
diabetics, who benefited substantially from
chromium supplementation (162). Recently,
heterogeneous response of diabetics to
additional chromium has been attributed in
large part to variability in baseline insulin
sensitivity (163).

This group also determined that it is difficult
to reach a safe and adequate intake of
chromium (50-200ug/da) in well-balanced
diets of normal foods, suggesting that
supplements are required (164). Although
tri-chloride and picolinate are common
forms of chromium as a supplement,

both are limited in their bioavailability.

A histidine complex of chromium was
developed that is substantially more
bioavailable than other forms and is stable
over time (165). U.S. and international
patents have been granted for this
formulation, which has accelerated its
commercial availability as a supplement.
The toxicity of chromium supplements was
re-examined by feeding rats two forms of
this trace element that were equivalent to
several thousand times the recommended
upper limit for human beings without
adverse affects (163).

A survey of foods and spices that evaluated
insulin potentiating factor in vitro as

well as chromium content indicated

that several of these dietary components
increased insulin activity but had low

to nominal concentrations of chromium
(167). Cinnamon was further investigated,
and tea was later studied (168). Human
studies by Anderson and his collaborators
involving subjects who had Type II diabetes,
metabolic syndrome, or insulin resistance
indicated that cinnamon supplementation
benefits many of the markers associated
with these maladies (169). Fractionation of
both cinnamon and teas suggested that the
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active, non-chromium, insulin-enhancing
component(s) may be a series of complex
polyphenols (168,169). In collaboration with
other scientists of the newly reorganized
Diet, Genomics, and Immunology
Laboratory, a recent study indicated that a
green tea extract along with a high-fructose
diet fed to rats regulated gene expression

in the glucose uptake and insulin-signaling
pathway (170). These results provide a

new vision in terms of understanding the
mechanism of the complex insulin-mediated
glucose uptake process.

Orville Levander transferred from the FDA
in 1969 as part of the HNRD reorganization.
He brought with him experience in selenium
nutrition as well as its interaction with
other heavy metals. Levander and his team
demonstrated selenium to be a highly
effective catalyst for the reduction of
cytochrome c by glutathione (171) with the
resultant oxidation of sulfur and selenium,
and their potential carcinogenic affects.
However, this group was most interested in
the role of selenium in human nutrition per
se. In collaboration with scientists at the
University of California at Berkeley, they
conducted the first short-term depletion/
repletion study with human beings that
demonstrated rapid biochemical changes
when low amounts of selenium were fed
(172). The results of these experiments
provided the first estimates of selenium
requirements for adult men. These subjects
were fed liquid formula diets and housed in
a metabolic ward. As part of the Beltsville
Year-long Diet Study, estimated intakes

to maintain selenium balance for healthy,
free-living men and women were 80 and

60 micrograms per day, respectively (173).
The first study to employ a stable isotope of
selenium with human subjects determined
that pregnancy required additional
selenium (174). While it may be easy to
make a statement relative to the outcome
of this human study, considerable effort
went into the labeling of the chickens and
the resulting tissues that were used as
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food sources of "°Se for this study (175).
The results of all of these investigations
provided corroborative data for the 1989
RDA for selenium (176). With sponsorship
by NCI and collaboration with scientists
from several universities, a study was
conducted in South Dakota (a seleniferous
soil area of the United States) to examine the
health of individuals, primarily ranchers,
exposed to higher-than-normal dietary
intakes of selenium (177). Although intakes
were considerably higher in this area than
average for the United States, there was no
evidence of selenosis in these individuals.
These observations were used by the U.S.
Environmental Protection Agency to set a
toxicological level for selenium as part of
clean up of superfund waste sites.

Levander and his group also developed

an animal model for determining the
bioavailability of selenium in foods (178).
Platelet levels of glutathione peroxidase
were found to be a useful index of selenium
status. Subsequently, these procedures
were applied in a human study in Finland (a
country that had low soil levels of selenium)
to examine the bioavailability of selenium

in inorganic and food sources (179).
Ultimately, these procedures were employed
by scientists in Finland to monitor increases
in food selenium levels and bioavailability
through application of selenium-containing
fertilizers to such crops as wheat and rye.

During the remainder of his active

career, Levander turned his attention

to the interaction of several nutrients,
food components, and disease vectors.

In collaboration with scientists at the
University of Miami, FL, studies showed that
fish oils, their concentrates, or flaxseed oil
protected vitamin E-deficient rats against
malarial infection (180). Subsequently,

a long-term collaboration with Melinda
Beck and her group at University of North
Carolina, Chapel Hill, was established
that investigated dietary alterations on
the virulence of viruses. Firstly, this team
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demonstrated that heart damage caused

by a myocarditic strain of coxsackie virus
was markedly increased in mice deficient

in either selenium or vitamin E (181).
Subsequently, a benign strain of the virus
also was shown to cause cardiopathology
when introduced to mice on the same
dietary regimen (182). These observations
prompted studies that demonstrated that
nutritionally compromised hosts were fertile
grounds for genetic changes of the virus
(183). Additional studies with influenza virus
showed that lung damage was markedly
increased in mice deficient in selenium
(184). Again, investigations demonstrated

a substantial change in the genomic
structure of the virus when the host was
nutritionally stressed. In collaboration with
scientists at the University of Buenos Aires,
Argentina, studies showed that heart muscle
from selenium-deficient mice responded
less forcefully to in vitro stimulation than
similar muscle from well-nourished control
animals (185). Recently, Levander and
collaborators at BHNRC demonstrated that
copper deficiency of mice also increases the
virulence of coxsackie viruses (186). Taken
in total, these studies re-emphasize the
importance of proper nutrition in any efforts
to stave off viral infections.

As were many scientists, Levander was
involved in many other projects. A project
that should be highlighted is research on
the development of heterocyclic amines as a
result of cooking meats by different methods
and the subsequent metabolism of these
compounds by human beings (187,188).
This study was one of many funded through
the cooperative agreement between BHNRC
and NCI. Heterocyclic amines are thought
to be quite carcinogenic and even today

are often raised in the popular press. After
a long and outstanding career, Levander
retired in the mid-2000s. He died in
December 2011 of conditions related to
Parkinson’s disease.
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In the early 1970s, sponsored studies by
HNRD in K. Michael Hambidge’s laboratory
at the University of Colorado, School of
Medicine identified zinc deficiency as

high as 8% in a group of U.S. children

who manifested growth and health issues
(189). These observations were the basis

of extensive funding from several sources
for Hambidge and his group to further
investigate dietary zinc-health relationships.
When James C. Smith, Jr., came to NI

in 1977, he brought with him expertise

in zinc nutriture, a topic that was boldly
announced on the “DR ZINC” license plates
of his Triumph sports car. Smith had earlier
collaborated with M.I. Irwin and J.A. Halsted
on the conspectus, “Zinc Requirements of
Man” (39). During his postdoctorate, he

had worked with Klaus Schwarz to develop
a metal-free barrier system (isolator) for
laboratory animals for the identification

of additional “essential” trace elements
(190). Forrest Nielsen used such a system
to identify nickel deficiency in chicks

(191) during his short tenure at Beltsville,
between affiliations with the U.S. Army
Metabolic Research and Nutrition Laboratory
in Denver, CO, and GFHNRL. Based on
collaborations begun at the Veterans
Administration Hospital, Washington, DC,
Smith’s group developed a simplified direct
method for the measurement of zinc in
plasma by atomic absorption spectroscopy
that was sanctioned as the “Selected
Method” by the American Association of
Clinical Chemists (192).

Smith and his colleagues continued to
pursue research on zinc nutrition at NI/
BHNRC by determining concentrations of
this element in hospital diets and in diets
of a selected sub-population of women

in the far southwest of the United States
(193,194). This group also identified the
heritable aspects of elevated plasma zinc
levels of a family (195) and the interaction
of zinc deficiency with bone formation (196)
and dental caries (197). Subsequently,
data relative to zinc requirements,
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bioavailabilities, and recommended dietary
allowances were summarized and published
in preparation for the 1989 RDAs (198) and
reviewed over a decade later (199).

As early as 1973, Smith and colleagues
reported an interaction between zinc
nutriture and the metabolism of vitamin

A in germ-free animals (190). Although
several animal studies were conducted

in the interim that suggested zinc was
involved in liver retinol binding proteins
(200), it wasn’t until the late 1980s and in
collaboration with colleagues at Mahidol
University that a population of children
was identified in Thailand where this
hypothesis could be tested in humans (201).
These children were generally at risk for
inadequate zinc and/or vitamin A nutriture.
Supplementing this population with twice
the RDA for both nutrients improved
indices of both zinc and vitamin A status,
improved dark adaptometry tests, and
normalized conjunctival epithelium (202). A
subsequent study with the same population
and in collaboration with Tim Kramer,

who had transferred from the Grand

Forks Human Nutrition Research Center
(GFHNRC), showed a trend toward increased
proliferative response of T lymphocytes to
tuberculin antigen in females but not males
when supplemented with zinc and vitamin
A (203). Although the precise biochemical
mechanisms were not elucidated with these
human studies, the beneficial health and
well-being outcome for the children was
undeniable. While this area of research

was being conducted, Smith and his group
also were pursuing an understanding of
the metabolism of carotenoids as part of
the BHNRC-NCI collaborative efforts. The
results of these studies are described in the
Phytonutrient section of this chapter.

Meira Fields came to BHNRC as a visiting
scientist with interest in the interaction of
copper nutriture and general carbohydrate
metabolism (204). She immediately began
collaborations with Reiser and Smith and
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soon found that dietary copper deficiency
in rats was exacerbated with sucrose

as the sole carbohydrate in the diet
compared with starch (205). Additional
studies identified fructose as the key
dietary component that interacted with low
copper levels to elicit dramatic biochemical
and pathological changes (206). In

general, copper deficiency reduced blood
ceruloplasmin activity, hepatic copper,

and ATP levels, but increased plasma
cholesterol and triglycerides. Additionally,
dietary sucrose or fructose in conjunction
with low copper caused dramatic liver and
heart hypertrophy, reduced hematocrit,
hemoglobin, albumin levels, as well as
superoxide dismutase (SOD) and glutathione
peroxidase activities, but increased glucose
response to glycemic stress and liver

iron concentrations (206,207). During a
2-month experiment, about one-third of
the animals died that were fed copper-
deficient diets in combination with either
fructose or sucrose, whereas only a few
succumbed to a combination of low copper
and starch nutriture. The primary cause

of death was extensive heart pathologies
(208). The team (Fields, Reiser, Smith, et
al.) went on to demonstrate that dietary
fructose greatly inhibited copper absorption,
but not copper distribution, when animals
were administered °“Cu intraperitoneally
(209-211). They suggested that the effect of
fructose might be as simple as chelation of
available dietary copper (212).

Fields and her collaborators further
characterized the adverse effects of high-
fructose-low-copper diets by showing that
male rats, but not females nor castrated
males, were susceptible (213) and that
the fructose effect could be titrated in a
dose-response manner (214). Additional
treatments such as high dietary levels

of vitamin E or coenzyme Q10 and
administration of clofibrate did little to
ameliorate the effect, whereas giving
garlic oil extract or deferoxamine, an
iron chelator, abolished the pathological
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effects of the dietary regimen (215-219).
Further studies with dietary iron indicated
relatively low levels (17ppm diet) coupled
with high fructose and deficient copper
abolished heart lesions but induced
pancreas atrophy (220). Additionally, 20%
ethanol in drinking water in combination
with low dietary copper and starch gave
outcomes similar to low copper with high
fructose (221), and the source of dietary
protein was ineffective in alleviating the
problem (222), with the exception of dried
skim milk, which ameliorated the severity
of the outcome (223). Further evaluation of
hyperlipidemia in this model showed that
copper deficiency along with high dietary
fructose was responsible for elevated blood
cholesterol, and a combination of low dietary
copper, high fructose, and high fat resulted
in increased concentrations of blood
triglycerides (224). A single experiment with
dietary zinc deficiency in rats was unable to
demonstrate a dietary “fructose effect” (225).

Limited studies with pigs indicated that
copper deficiency greatly reduced all of
the typical biological markers for copper
status, similar to rats, and that high
dietary fructose nearly doubled heart sizes
and substantially increased liver weights
compared with glucose-fed or adequately
nourished copper groups (226). Similar

to rat studies, when dried skim milk was
introduced as the source of protein into
the rations of pigs, the effects of copper
deficiency were unaltered by the type of
dietary carbohydrate (fructose, glucose,
and starch) (223). An additional study
showed that dietary sucrose, compared
with cornstarch and in combination with
casein as the protein source, did not
exacerbate copper deficiency in weanling
pigs (227). Even though heart sizes were
dramatically increased by copper deficiency
in all of the studies with pigs, none of the
animals succumbed to the dietary regimens.
Nonetheless, collagen crosslinking, but
not total collagen, of the myocardium and
bicuspid valve was decreased in copper-
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deficient groups (228), suggesting that a
mechanism by which heart failure had
occurred in rats. The authors of one of the
studies with pigs made a bold statement
in the abstract and conclusion of the
paper, “Thus, these data fail to support the
hypothesis that the Cu X CHO interaction
observed in rats represents a health risk
for humans.” (The authors assumed that
pigs represented a cardiovascular model for
humans.) Fields, Reiser, and Smith were
not authors, but Mark Failla, one of the
coauthors, was then a scientist at BHNRC
(227). What is particularly bold about this
statement is that several years earlier, a
human study at BHNRC that examined
this interaction had been terminated early
because of several heart incidents in the
subjects (212).

The human study (212) was designed to
investigate the dietary carbohydrate and
copper status interaction that had been
observed in rats. Typical American diets

for the period were provided except that
copper intake was decreased to ~1 mg/

da, zinc intake increased to nearly 20 mg/
da, and diets provided 20% energy either as
fructose or as cornstarch. Four individuals
experienced myocardial incidents. They
consisted of a diagnosed infarction by

a subject consuming low copper and
cornstarch for 4 weeks, two incidences of
tachycardia, and a heart block occasion by
persons who were currently or who had been
on the low copper and fructose regimen.
Immediately after the fourth and most
serious incident, the study was terminated,
and all subjects were repleted with dietary
copper. All subjects were followed for an
extended period of time, and additional
adverse health incidents were not observed.
Although there was a remote possibility
that these myocardial occurrences were due
to chance (<0.05%), when taken together
with limited other observations, these data
strongly point to the role of adequate dietary
copper and complex carbohydrates in the
maintenance of heart health (212). In the
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long history of human studies at HNRD/
NI/BHNRC, this is the only study that was
prematurely terminated. Fields retired in
2001.

Robert Reynolds came to BHNRC in the late
1970s. He immediately began investigations
of vitamin B6 metabolism during pregnancy
and lactation of both rats and women
(229-231). Unlike in rats, in which vitamin
B6 levels dropped dramatically during
pregnancy and early lactation regardless

of dietary levels, the concentration of

this vitamin in women was maintained
throughout these same periods. At the same
time, concerns were raised that indicated
that dietary supplementation of vitamin B6
by lactating women depressed circulating
levels of prolactin that cut short production
of milk. Reynolds and his group debunked
this myth with a carefully designed human
study (230). However, Reynolds’ ultimate
interest was in metabolism during climbing
at high altitudes and under other stressful
conditions. He trained and was a member
of a Mount Everest climb in 1989. He also
convinced other members of the climbing
team to be subjects of an experiment

that investigated dietary preferences and
changes in body composition during the
climb (232,233). These results showed

that high-altitude climbers preferred high-
fat foods, unlike previous reports of high
carbohydrate consumption, and that muscle
mass was preserved at the expense of body
fat. Reynolds moved to academia in the early
1990s, when his interests in metabolism at
high altitudes and the mission of BHNRC
conflicted.

Mark Failla arrived at BHNRC in the mid-
1980s and was instrumental in establishing
cell culture technology as another model for
investigating several aspects of nutrition.
The Caco-2 cell line, an immortilized line of
heterogeneous human epithelial colorectal
adenomacarcinoma cells, developed by

the Sloan-Kettering Institute for Cancer
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Research primarily for drug studies, had
become popular for investigating nutrient
absorption and bioavailability in vitro.
Failla and collaborators established this
line at BHNRC and applied it to absorption
aspects of iron and zinc (234,235). In
addition, they developed cultures systems
for several hepatic cell types, various blood
cells, and splenic cell subsets (236-238).
Unfortunately, Failla returned to academia
in the early 1990s.

Energy Metabolism and Associated Research

As outlined above, the energy metabolism
program for humans was re-established

at NI/BHNRC in the early 1980s. C.E.
Bodwell, then Chief of the Protein Nutrition
Laboratory, was given responsibility for the
program, and the activity was housed in that
laboratory. Considering that this was a new
program for which all instrumentation had
to be constructed, much discussion ensued
about the type of system to build. Would it
be a combination direct-indirect calorimeter,
similar to Atwater’s system in Connecticut
many years earlier (239), an indirect system
like the large animal (bovine) units already
in Beltsville; or would it be something else,
such as the “water-circulating bodysuit”
demonstrated by Paul Webb, a contractor

of the NASA Space Program? A combination
direct-indirect system was agreed upon,
constructed, and installed in modified
laboratory space on the third floor of
Building 308 in Beltsville (240). This was
conveniently located adjacent to the kitchens
and dining facilities of the newly expanded
human studies facilities. A few years later,

a second indirect system was added. These
systems provided the gold-standard in which
human studies could be conducted and
against which adaptations of equipment and
the development of field procedures could

be evaluated. Considering the massiveness
of Atwater’s calorimeters and the new ones,
advances in this technology is exemplified by
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the development of the hand-held indirect
calorimeter recently described by BHNRC
retirees and former scientists (241).

From the late 1970s to the early 1990s,
there were substantial scientific personnel
changes within PNL, a laboratory that had
absorbed the Dairy Foods Laboratory and
later was named the Energy and Protein
Nutrition Laboratory (EPNL). A number

of scientists retired (Alford, Lakshmanan,
Lipton, McClain, McDonough, Vaughan,
Womack, and Wong) or transferred (Beecher,
Hitchens, Hornstein, and Stewart), thereby
making way for the addition of new
investigators with expertise in disciplines
associated with energy metabolism (Marable,
Conway, Miles, Seale, Rumpler, and Baer).
Some of these investigators were at BHNRC
for various periods of time (Marable, Miles,
and Seale), one retired (Conway), and two
remain active (Baer and Rumpler). Also
during this period, there was a change of
laboratory leadership due to the unexpected
and untimely death of Bodwell and the
transfer of Paul Moe from the large animal
energy group at Beltsville to EPNL as
research leader.

The direct-indirect human calorimeter
system installed at EPNL was only the
second in the United States at the time and,
like any new instrument, was validated for
accuracy (240) and repeatability of actual
energy expenditures (242). Also, response
times between the direct gradient layer
calorimeter and the indirect system were
dissimilar, so a series of algorithms were
developed to compensate for the delayed
response of the direct calorimeter (243). As
part of the later studies, it was demonstrated
that heat emission during sleep was greater
than energy expenditure, a process that was
reversed during arousal and that provided
insight into heat regulation of the body. A
series of studies were conducted to obtain
estimates of variance for energy expenditure
due to such events as day-to-day variation,
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circadian cycle, menstrual cycle of women,
body composition, and physical activity (244
as example). Such estimates were previously
unavailable and were required for the design
of future energy studies with humans.

Subsequently, several studies investigated
interactions of dietary alterations and
metabolic states with energy expenditure. A
series of experiments elucidated the effect
of moderately reduced energy intake and
weight reduction on energy expenditure.
Reduced energy expenditure was accounted
for by a decreased thermic response due

to the consumption of meals with lower
calories and a reduction in body mass

as a result of weight loss (244). However,
when similar results were reported on a
body weight basis, there were no changes
in energy expenditure or in energy
requirements (245). These studies also
demonstrated that the low metabolic rate
often reported by obese individuals is not a
function of moderate restriction of calories
but possibly that of such factors as reduced
activity and inheritance and/or pathology.

Based on a series of experiments, a theory
was developed that suggested that the

rate and extent of fat oxidation served

as an integrating mechanism for relating
energy demand to energy availability (246).
Research with alteration of dietary fiber
indicated that this component reduced

the energy value of the diet by about 8
MJ/g fiber added to the diet, which was
greater than the energy contributed by the
fiber (247). Work with moderate alcohol
consumption over long periods of time with
a large number of subjects demonstrated
that the human body adapted to alcohol and
used it as an energy source as efficiently
as other dietary components (248). These
were new and controversial data, because
epidemiological data and earlier short-term
human studies had all reported that high
levels of alcohol intake contributed very little
energy.
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Collaboration with a Japanese tea firm
stimulated research with oolong tea. Studies
on energy metabolism demonstrated that
energy expenditure was proportional to
caffeine consumption, but that fat oxidation
rates were higher with tea than with
caffeine alone (249). These results provided
a basis for the anecdotal observations that
long-term tea consumption contributes to
somewhat lower body weight.

In a uniquely designed study using free-
choice cafeteria-style meals but with
additional supplements, it was shown that
high carbohydrate intake, but not high fat
or high protein intake, suppressed voluntary
food and energy intake for a few weeks

(250). Unfortunately, the metabolism of the
subjects adapted and the high carbohydrate
effect was lost after 2 months.

The burgeoning obesity epidemic in the
United States and the need for accurate
field measures of energy intake and

energy expenditure moved the calorimetry
discipline at BHNRC into the arena of
methods development. Doubly labeled water
(DLW) with stable isotopes *H,'*O had been
used to measure energy expenditure in
small animals as early as 1955—a method
Schoeller, working with human subjects,
accidentally rediscovered in the early 1980s
(251). The need to understand energy
metabolism in detail in human subjects,
political pressure to increase production

of labeled water in the late 1970s, thereby
decreasing its cost, and advances in mass
spectrometry instrumentation provided

the opportunity to use this technique
extensively. A paper by Seale, Miles,

and Bodwell reporting methods for the
calculation of energy expenditure employing
DLW with one subject was published in
1989 (252). Thereafter followed a series of
publications that compared DLW results
with direct and indirect calorimetry

data (253), that validated the technique
over 7 days (254), and that compared
energy expenditure among DLW, indirect
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calorimetry, and dietary records calculations
(255). The validation of the DLW technique
as a field method permitted it to be used

to evaluate and improve physical activity
questionnaires (256,257) and to apply it

as a new tool to estimate calorie intake
errors from food frequency questionnaires
(258). The DLW technique also was used
as the basis for modifications of the USDA
Automated Multiple-Pass Method, the
dietary intake component of the National
Health and Nutrition Examination Survey
(259). Moe retired in 1997.

Although Joan Conway contributed greatly
to the validation of the human calorimeters
at BHNRC, she also had other research
interests. One of these was measurement of
and understanding body composition. In the
mid-1980s, she teamed with Karl Norris—of
the Instrumentation Laboratory at Beltsville
and inventor of non-invasive near infrared
spectroscopy for assessment of quality of
agricultural products—to develop a system
for the estimation of body composition
(260). Results from this system compared
favorably with stable-isotope dilution,
skinfold, and ultrasound measurements,
but the system was not produced
commercially, perhaps because a patent
was never sought for the concept and the
instrument. Subsequently, she determined
that anthropometric measurements used to
predict body fat distribution in Caucasian
subjects were somewhat different for
African-American women (261,262). A review
of ethnicity and energy stores suggested
that physiological measurements were
more appropriate than ethnic background
in terms of characterizing the location

of energy stores within the body (263).
Collaboration with scientists in the Growth
Biology Laboratory at BARC investigated
the application of new intrumentation
(dual-energy x-ray absorptiometry) for the
assessment of body composition in humans
for similar measurements in pigs and
chickens (264,265). Results from these and
other studies suggested that substantial
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procedural and instrumentation refinement
were required before comparable results
from traditional methods could be obtained.

Another of Conway’s research interests

was assessment of physical activity/

energy expenditure, particularly field
measurements. Comparison of eight
different physical activity questionnaires
indicated that results could be used to
obtain reasonable group means, but that
data on individual energy expenditure were
less than optimal (266). A decade later,
using results from doubly labeled water for
comparison, 7-day physical activity records,
but not 7-day recalls, provided acceptable
estimates of energy expenditure (256).
However, energy expenditure of individuals
(men) whose occupations involved significant
intermittent moderate activity was the most
difficult to assess with physical activity
questionnaires (267). Conway retired in
2007.

Phytonutrient Metabolism and Associated
Programs

The terms “phytonutrient” and
“phytochemical” crept into the lexicon

of nutritionists as part of the increased
consumption of dietary supplements during
the 1970s and 1980s, particularly those
botanically derived. The passage of the
Dietary Supplement, Health and Education
Act (1994) thrust the consuming public in
the position of “test subjects” for dietary
supplements, i.e., the FDA could no longer
require health safety data prior to the
marketing of a supplement. Over time, these
terms referred to compounds in plant foods,
other than essential nutrients for which
there are DRIs, but which have potential for
health promotion. The program began at NI/
BHNRC in the early 1980s, when scientists
at NCI became interested in nutrients

and phytonutrients that might be able to
modulate markers for cancer. The first
cooperative agreement with NCI was written
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very broadly, including investigations of
B-carotene. The B-carotene effort was multi-
faceted with research oriented toward
metabolism by humans and food analysis
(6). James C. Smith, Jr. was asked by Mertz
to direct the metabolic research program,
primarily because of the provitamin A
activity of this carotene. Historically, this
was the reactivation of a small program that
Sweeney had conducted with laboratory
animals prior to his retirement a decade
earlier (142).

One of the early issues with (-carotene and
other absorbed carotenoids was accurate
and precise measurement in serum and
plasma. Due to their ease of oxidation

and the early-stage development of high-
performance liquid chromatography (HPLC)
systems, particularly column construction
and packing materials, considerable efforts
were required to develop reliable and
reproducible analyses. Smith collaborated
with John (Jack) Bieri, an emeritus and
retired vitamin E nutritionist from NIH,

to develop a system with then current
instrumentation for the measurement

of all prominent carotenoids in plasma
(268). Neal Craft, a member of Smith’s
team, refined this system to reduce losses
of carotenoids during analysis, which
improved both accuracy and precision
(269). Shortly thereafter, Craft transferred
to the National Bureau of Standards (later
renamed National Institute of Standards and
Technology [NIST]), where he characterized
HPLC columns for carotenoid separations
and contributed to the development of

the first Certified Reference Material for
B-carotene and other carotenoids in plasma.
These were major advances that greatly
improved the reliable measurement of these
phytonutrients in plasma (serum) and foods.
Subsequently, methods were developed for
the measurement of carotenoids and their
metabolites in both serum and human milk
in collaboration between Smith’s group

and investigators at the Food Composition
Laboratory (270,271).
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This newly developed methodology was
employed to show the relatively short
storage stability of carotenoids in low-
temperature frozen plasma (269), and

the lack of a plasma response when men
ingested a relatively high-fat meal with low
levels of carotenoids (272). Subsequently,
the first ever human study was conducted
that followed plasma concentrations of 7
carotenoids for 11 days after the ingestion
of pure B-carotene or a single meal of
high-carotenoid foods (273). Results from
this study showed that maximum plasma
concentrations of B-carotene occurred
24-48 hours after ingestion of the pure
compound or carrots, a relatively long lag
period. Several additional observations
were also made that included huge inter-
individual variability of B-carotene response
(an early observation of responders and
non-responders), greater bioavailability of
B-carotene from the pure form than from
carrots, and lack of plasma response of
those carotenoids in broccoli (lutein and
B-carotene) and tomato juice (lycopene) at
the low levels provided by the diet. During
this period, the oxidation of LDL-cholesterol
as a major contributor to cardiovascular
disease was gaining popularity, so a
report of the distribution of carotenoids
among plasma lipoproteins, as potential
antioxidants, was very timely (274). These
early experiments were the foundation upon
which the phytonutrient research program
at BHNRC was built and continues today
(2011).

Smith, Clevidence, and their collaborators
expanded investigations by studying

the metabolism of other prominent

food carotenoids. Lutein, although not
commercially available but potentially
important in eye health, was isolated from
extracts of marigold petals (275) and shown
to be absorbed over a time course similar to
B-carotene (276). This was the first report
of absorption kinetics of purified lutein in
humans. Lycopene, a carotenoid found in
only a few red-colored foods and thought to
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mitigate specific cancers, was demonstrated
to have saturatable absorption kinetics at
modest intakes (277). However, phytoene
and phytofluene, minor carotenoids of
tomatoes, were extremely bioavailable.
Additional human studies on carotenoid
bioavailability were correlated with plasma
antioxidant activity (278), and oxidation
products of both lutein and lycopene were
isolated from plasma, further substantiating
the potential antioxidative role of these
phytonutrients (276). Results of these
human studies were cited in the IOM-DRI
Report on Dietary Antioxidants and Related
Compounds (279).

At this time, a question arose as to whether
cellular cleavage of B-carotene into retinol
was primarily central or eccentric. Smith
and research associate Alexandrine

During developed sensitive procedures for
monitoring the central cleavage enzyme,
15-15’ dioxygenase (280), which were then
employed to demonstrate its activity in a
clone of Caco-2 cells, in small intestinal
mucosa preparations from man, and in
human liver for the first time (281). Results
from these and additional studies showed
that this enzyme is both copper and iron
dependent (282). Calculations based on
enzyme activities of normal human tissues
indicated a capacity for central B-carotene
cleavage of about 12 mg/day, one-fifth by
the small intestine and the balance by the
liver. This capacity is well within the range
of the average intake of B-carotene reported
from recent national surveys (~2 mg/day),
and highly supportive of central cleavage as
the primary conversion of this carotenoid to
retinol. Smith retired in 2000.

Earl Harrison arrived at BHNRC in the

late 1990s from the Medical College of
Pennsylvania in Philadelphia with expertise
and interest in vitamin A metabolism. He
quickly teamed with During and employed
cell culture techniques to investigate
intestinal absorption and metabolism of
carotenoids (283). This small team went
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on to demonstrate that carotenoid uptake
into intestinal and other cells is a carrier-
mediated process that involves scavenger
receptor SRBI (284). With the closing of the
Phytonutrients Laboratory in 2006, Harrison
and During transferred to academia.

In the late 20th century, flavonoids became
a popular category of phytonutrients due to
their health-related promotion (based on in
vitro and epidemiologic studies) and their
abundance in many foods. Anthocyanins,

a subclass of flavonoids, were chosen by
Janet Novotny and her group to study

due to their purported association with
several health benefits and dearth of
metabolic data. Human studies with several
foods (red cabbage, purple carrots, and
strawberries) containing these components
demonstrated that absorption was linear at
low and moderate consumption but showed
saturation at high intake levels (285,286). In
nature anthocyanins have sugars and other
compounds attached to them; however,
these studies showed that removal of acyl
groups enhanced absorption (287, 288).
Advances in laboratory instrumentation led
to identification and quantification of new
anthocyanins and new food sources of these
phytonutrients (289).

By the mid-1990s, interest was growing
among many nutritionists in stable-isotope
labeling of organic components of foods
and following them through harvest, food
preparation, digestion, and metabolism.
Mineral nutritionists had been using these
techniques with specific labeled elements
for several years (174). A group of scientists
at BARC coalesced at around this time
with expertise spanning plant physiology
to human metabolism and with unique
abilities to label large amounts of plants,
characterize the labeled compounds, and
conduct human studies (290). At the

time, this was one of the few groups in

the world with this capability. Validation
studies followed B-carotene and lutein from
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13C-labeled kale into these components

of plasma as well as into retinol with
relatively high appearance of label at peak
plasma concentrations (0.7% of dose for
B-carotene and retinol, 3.6% for lutein)
(291). Simultaneous with these experiments,
analytical procedures were developed that
increased sensitivity and employed advanced
instrumentation (292). The combined plant
labeling and advanced analytical techniques
permitted a detailed study of vitamin K
absorption and kinetics in humans (293).
This study showed peak '*C-phylloquinone
plasma concentrations at 6-10 hours

after ingestion of labeled kale with a mean
maximum concentration of 2.1 nmol/1

(6 subjects). Results of modeling studies
demonstrated an average bioavailability of
phylloquinone from kale of 4.7% and plasma
and tissue half times of 8.8 and 215 hours,
respectively. In addition, one subject of this
small study showed minimal absorption

of labeled phylloquinone, suggesting a
responder/nonresponder phenomenon
similar to that of B-carotene absorption.
Recently, conditions were developed whereby
anthocyanins were labeled with 3C in
young red cabbage hydroponically grown

in the presence of *CO, (294). A total of 36
anthocyanins were labeled, of which 11 were
reported for the first time.

Tea, especially green tea, has been
purported to be a healthful food (beverage).
With the increasing interest in flavonoids

in the 1990s, Beverly Warden, a visiting
scientist from Florida International
University, conducted a human study

that demonstrated small but significant
absorption and excretion of primary
flavonoids from black tea (295). Subsequent
experiments by Judd, Clevidence, Baer, et
al. demonstrated that high consumption

of black tea (5 cups/day) lowered plasma
cholesterol by 7% or more (296). However,
consumption of oolong tea, either taken
alone or fortified with additional catechins or
other polyphenols, failed to modify glucose
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metabolism in healthy adult volunteers
(297). Nonetheless, taken together with

the beneficial energy outcome, these
observations generally added credence to the
healthful contribution of tea as a beverage.
Judd retired in the mid-2000s.

Jae Park arrived at BHNRC in the late

1990s and selected phenolic acids and

their naturally occurring derivatives to
investigate relative to biological activity.
Several of these types of compounds
(N-coumaroyldopamine [caffedymine] and
N-caffeoyldopamine), identified in such
foods as cocoa, were found to inhibit platelet
activation through suppression of p-selectin,
a platelet activation marker (298,299).
Recently, Park has shown that additional
compounds of similar structure, serotomide
and safflomide, and found in specific

groups of foods, blocked receptors on cells
that are similar to receptors of the central
nervous system of humans (300). These
results support the concept that foods have
biological effects other than solely providing
nutrients and energy. Park transferred

to the Diet, Genomics, and Immunology
Laboratory in 2006 when the Phytonutrients
Laboratory was closed.

Tom Wang came to BHNRC in 1999 with
considerable experience in cellular and
receptor biology. He investigated the
molecular action of phytochemicals on
regulation of human sex hormone receptors,
specifically estrogen and androgen
receptors, which are keys in the modulation
of breast and prostate cancer, respectively.
Wang and his collaborators were the

first to identify concentration-dependent
modulation of human prostate cancer cells
by genistein employing DNA microarray
analysis (301). Genestein is a prominent
isoflavone of soybeans and soy-based foods,
and these results suggest potential benefit of
such foods. Using cell culture models, Wang
and his team demonstrated that genistein
exerted biological effects on androgen-
responsive genes through inhibition of
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both androgen and estrogen receptor
mediated pathways (302). This was the first
demonstration of the alteration of androgen-
responsive genes by a phytonutrient through
multiple pathways. Wang joined the Diet,
Genomics and Immunology Laboratory when
the Phytonutrients Laboratory was closed in
2006.

Modeling

Advances in computer technology have
allowed sophisticated mathematical
equations and other complex problems to
be solved relatively quickly. These advances
have led the way for mathematical modeling
to be applied to biological systems, which
has focused high-cost research with animal
models or human subjects on those areas
where there is a dearth of data required

for accurate modeling. Janet Novotny, with
expertise in modeling, came to BHNRC as

a postdoctorate in 1993 and was hired as a
research scientist in 1996. In collaboration
with Andrew Clifford and his colleagues at
the University of California-Davis, Novotny
developed the first model of B-carotene
metabolism to predict its conversion to
vitamin A in vivo (303). The results of these
studies, which indicated that conversion of
B-carotene to vitamin A was substantially
lower than originally estimated, were

used by organizations worldwide to adjust
recommended intakes of these nutrients.
Subsequently, Novotny assisted Phyllis
Bowen'’s group at the University of Illinois-
Chicago on modeling lycopene metabolism
as part of an NCI Phase I clinical trial, which
demonstrated that lycopene absorption
becomes saturated at increasing levels of
intake (304). Results from these studies
were incorporated into a European Food
Safety Authority report that established
intakes of lycopene of 0.5 mg/kg body
weight/day as posing no health risk.
Collaborative studies with other groups
have resulted in modeling of a-linolenic acid
and a-tocopherol metabolism (305,306),
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as well as molybdenum kinetics (307).
Modeling data from energy metabolic studies
at BHNRC indicated that small decreases
in organ mass as a result of dieting fully
accounted for the reduction in resting
energy expenditure during weight loss
(308). A decrease in visceral organ size of
only 300 g was sufficient to account for the
reduction in energy expenditure. Through
these studies and others, Novotny and her
collaborations have established BHNRC

as a leader in nutritional pharmacokinetic
modeling over a relatively short period of
time.

Diet, Genomics, Immunology, and Related
Programs

As noted above, a new dimension was added
to the research program of BHNRC with the
transfer of Joe Urban and the framework of
an immunology research program from the
Livestock and Poultry Sciences Institute at
BARC in late 2000 (table 1). The focus of this
program is to investigate selected nutrients
and phytochemicals/phytonutrients on
function of the immune system. Pigs are
used as models because of the similarity of
their metabolism to that of humans. Harry
Dawson came to this program in 2001 with
training in vitamin metabolism at A.C.
Ross’s laboratory at Pennsylvania State
University. A major contribution by Dawson
has been the development of the Porcine
Immunology and Nutrition Database that
spans immunologically related genes that
have been classified under many categories
of activity. One of the purposes of this
activity is to compare similarities of these
genes between pigs and humans. Dawson
and collaborators have begun to investigate
the role of foods in the control of the many
immunological and inflammatory processes
(309-311).

Allen Smith, a virologist trained at Rutgers
University, was hired into the research
program shortly before the addition of
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immunology emphasis. He has expanded
on the program initiated by Levander by
investigating nutritional states of mice that
increase susceptibility to bacterial and
viral infections (312-314). Recently, he has
characterized a common food contaminant,
Salmonella, investigated requirements for
growth, and reported conditions for optimal
virulence in mice (315-317).

Gloria Solano-Aguilar came to the program
in 2001 and has led the project related to
the effects of different probiotic bacteria

on immune and intestinal function. Swine
have been standardized as a model for the
validation of these effects. Also, a specific
and functional gene marker (tuf) has been
identified for strain B12 of Bifidobacterium,
which will serve as a tool to follow this
common probiotic among the many
bacteria/microflora of the gastrointestinal
tract and its effect on immune response and
other intestinal functions (318).

Schoene currently is associated with

the Diet, Genomics and Immunology
Laboratory, where she is investigating a
variety of nutrients and food components
on cell function in culture. Zinc was found
to be an important nutrient in the control
of cell cycle function in normal human
brochial epithelial cells, HepG2 liver cells,
and human heptoblastoma cells (319-322).
Extracts rich in anthocyanins, polyphenols
from cinnamon, or phytoalexin glyceollins
from soybeans altered cellular growth

and function in HT29 colon cancer cells,
hematologic tumor cells, and human
prostate cancer cells LNCaP, respectively
(170,323,324). Recently, in collaboration
with scientists at UMCP, reseveratrol was
shown to modulate growth and increase zinc
concentrations in normal human prostate
cells in culture (325).

Although the nutrition- and metabolic-
related programs of BHNRC are much
smaller than those of HNRD shortly after the
1969 reorganization, they are highly focused
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on the interaction of diet and markers for
chronic disease. In addition, the Center is
staffed by scientific experts and equipped
with tools to investigate these difficult

and complex interactions. Its location

in one of the world’s largest and most
diversified agricultural research facilites,
as well as being near a major agricultural
university (UMCP) and several large medical
complexes, provides ideal opportunities for
the scientific interaction required to solve
complex diet and health issues.

International Activities

Nearly all BHNRC scientists have presented
data, chaired sessions, and led discussions
at international scientific meetings, and
some have participated in international
collaborations. A few have been invited to be
part of special international collaborations.

FAO/WHO (Food and Agriculture
Organization/ World Health Organization).

In the late 1990s, Joan Conway took a
sabbatical leave with FAO, where she was
part of the Secretariat that organized and
conducted a review of “Vitamin and Mineral
Requirements in Human Nutrition” as part
of an FAO/WHO activity. A consultation
with experts was held in Bangkok, Thailand,
in 1998. A report of the consultation was
issued in 2002, and a final WHO publication
followed in 2004 (326).

PL 480 Projects. Current U.S. international
food assistance programs began after World
War II (326). One of the programs outlined
in Title II of Public Law 480 of 1954 (Food
for Peace Program) and administered by the
U.S. Agency for International Development
(USAID) continually reviews nutrient
adequacy of foods provided for this program.
One such review conducted in early 1996
concluded that new and improved products
were needed for this program. As part of
this initiative, a task force of ARS scientists
was assembled to formulate a revised set
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of nutrient specifications that would allow
flexibility in meeting nutritional needs with
least cost blends of available commodities.
Judd, Moe, and Smith were members of this
task group along with Robert Jacob, Virginia
Holsinger, and Peter Reeds from other ARS
laboratories. A summary of the discussions
and recommendations was prepared for
USAID, entitled “Report of USDA ARS Task
Group on Nutrient Standards for Grain
Blends— February 7, 1997.” Other BHNRC
scientists (Beecher and Reynolds) also

were called upon for advice as part of other
similar meetings to evaluate and improve
nutritional quality of foods destined for the
Food for Peace Program.
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Awards

The following is a partial listing of awards
given to scientists of BHNRC and its
predecessors by professional societies,
USDA, and other government agencies.

1942 Ruth Leverton, Borden Award,
American Home Economics
Association

1947 Millicent Hathaway, Borden Award,
American Home Economics
Association

1953 Ruth Leverton, Borden Award,
American Home Economics
Association

1961 Ruth Leverton, Honorary Doctor of
Science, University of Nebraska

1964 Hazel Stiebeling, Fellow of American
Institute of Nutrition, Charter Member

1969 Walter Mertz, Research and
Development Award, U.S. Army

1971 Walter Mertz, Osborne and Mendel
Award, American Institute of Nutrition

1971 Walter Mertz, Superior Service Award,
U.S. Department of Agriculture

1972 Ruth Leverton, Distinguished Service
Award, U.S. Department of Agriculture

1973 Lelia Booher, Fellow of American
Institute of Nutrition, Charter Member

1973 Ruth Leverton, Conrad Elvehjem
Award for Public Service in Nutrition,
American Institute of Nutrition

1974 Willis Gortner, Fellow of Institute of
Food Technologists

1975 Mildred Adams, Fellow of American
Institute of Nutrition

1976 Callie Mae Coons, Fellow of American
Institute of Nutrition

1977 Ruth Leverton, Fellow of American
Institute of Nutrition

1977 Ruth Leverton, Federal Women’s
Award

1977 Ruth Leverton, Medallion Award,
American Dietetic Association

1979 James C. Smith, Jr., Klaus Schwarz
Medal, International Association of
Bioinorganic Scientists
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1982

1982

1984

1986

1986

1987

1987

1989

1995

1995

1998

2001

2004

2006

2010

Walter Mertz, Lederle Award,
American Institute of Nutrition
Madelyn Womack, Fellow of
American Institute of Nutrition
Louise Stanley, induction into the
National Agriculture Hall of Fame
Orville Levander, Osborne and Mendel
Award, American Institute of Nutrition
Walter Mertz, Certificate of Merit
Service to Agriculture of Gamma
Sigma Delta, University of Maryland
Chapter

Walter Mertz, International Award for
Modern Nutrition of the World Health
Organization, the United Nations
Walter Mertz, Distinguished Service
Award, U.S. Department of Agriculture
Walter Mertz, Fellow of American
Institute of Nutrition

Orville Levander, Klaus Schwarz
Medal, International Association of
Bioinorganic Scientists

Walter Mertz, induction into the ARS
Science Hall of Fame

James Iacono, Fellow of American
Institute of Nutrition

Joseph Spence, Award for Sustained
Accomplishment, U.S. Department of
Agriculture

James C. Smith, Jr., Fellow of
American Society for Nutrition
Joseph Spence, Presidential Rank
Meritorious Executive Award, U.S.
Department of Agriculture

Orville Levander, Fellow of American
Society for Nutrition

Marilyn Polansky, USDA Employee
with Most Years of Full-Time Federal
Service. (She retired in 2011 after 56
years with USDA.)
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to be a complete list for scientists at BHNRC
and its predecessor organizations; rather,
they are intended to be representative of
the research discussed in the chapter.
Publication lists for each scientist are
available at NIH’s National Library of
Medicine (www.ncbi.nlm.nih.gov/pubmed/)
and USDA'’s National Agricultural Library
(www.nal.usda.gov).
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Table 1. Organizations and related events of food composition activities in

Date

Detail of events

1894

1897
1901
1904
1905
1906

1915

1923

1930

1941

1942

1943

U.S. Congress appropriated $10,000 to be used for investigations leading to reports of “the
nutritive value” of various foods and more “wholesome and edible rations” that are “more
economical” than those commonly consumed. W.O. Atwater was named special agent in
charge of nutrition investigations. Activity was administratively placed in USDA Office of
Experiment Stations. Atwater began to develop a network of about 30 collaborators (most
were at State Experiment Stations and 1890s Colleges) to initiate studies on measurements
of food composition and on assessing food intakes. He began work on 1895 publication
(table 2), which outlined priorities for research and methodologies for future studies, but
also reported food composition data and metabolic results.

Congress increased annual appropriations to $15,000 for “nutritional studies.”
Appropriations increased to $20,000 per year.

Atwater suffered career-ending stroke; he died in 1907.

C.F. Langworthy, Atwater’s assistant, was placed in charge of Nutrition Investigations.

Headquarters of Human Nutrition Investigations and calorimetry studies were moved to
USDA at Washington, DC.

States Relations Service of USDA was formed that incorporated the Office of Experiment
Stations, a newly created Extension Service, and a separate Office of Home Economics
headed by Langworthy. The latter office absorbed Human Nutrition Investigations and
administered several other home economics-related programs.

Bureau of Home Economics (BHE) was established with Louise Stanley as Chief and with
three initial divisions: Food and Nutrition (Stanley, Acting Head), Textiles and Clothing
(Ruth O’Brien, Head), and Family Economics (Hildegarde Kneeland, Head)—within which
food composition compilations were conducted. Additional home economics-related
divisions were organized later.

Hazel Stiebeling was appointed Head of Division of Family Economics (and food
composition activities).

BHE divisions requiring laboratory space moved to Beltsville Agricultural Research Center
(BARC). Non-laboratory-requiring activities, including food composition work, remained in
Washington, DC.

Agricultural Research Administration was established. Stiebeling was appointed Assistant
Chief of BHE.

BHE merged with Protein and Amino Acid Investigations, part of Division of Protein and
Nutrition Research at Beltsville, to form Bureau of Human Nutrition and Home Economics
(BHNHE). Stanley stepped down as Chief, Henry C. Sherman was appointed as new Chief,
and Stiebeling was appointed as Assistant Chief. Five divisions were organized: Food and
Nutrition, Family Economics (including food composition activities), Textiles and Clothing,
Housing and Household Equipment, and Information.
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the U. S. Department of Agriculture?

Date

Detail of events

1944
1945
1948
1953
1954

1955

1957

1961

1962

1963

Stiebeling was appointed Chief of BHNHE and Ruth O’Brien as Assistant Chief.

Callie Mae Coons was appointed Assistant Chief of BHNHE.

Twenty-fifth anniversary of the Bureau was celebrated.

Agricultural Research Administration was renamed Agricultural Research Service (ARS).

BHNHE activities were divided into two branches: (1) Human Nutrition Research (Food
and Nutrition Division, and Food Composition and Diet Appraisal Research from Family
Economics Division, with Coons as Chief) and (2) Home Economics Research (remaining
divisions and sections of BHNHE, with O’Brien as Chief). Stiebeling was Director of
BHNHE.

Bureau of Home Economics Research was formed with Stiebeling as Director. Three
branches were established: Human Nutrition Research (Coons, Chief), Clothing and
Housing Research (O’Brien, Chief), and Household Economics Research, including food
composition activities (Gertrude Weiss, Chief).

Institute of Home Economics was formed with Stiebeling as Director. Three branches
organized in 1955 were renamed divisions with leadership changes (Esther Batchelder,
Chief of Clothing and Housing, and Faith Clark, Chief of Household Economics, including
food composition activities).

Nutrition and Consumer-Use Research was formed to more accurately reflect nature and
scope of ongoing research programs. Stiebeling was named Deputy Administrator, Ruth
Leverton Assistant Administrator. Three divisions continued: Human Nutrition Research
(Coons, Director), Clothing and Housing Research (Batchelder, Director), and Consumer
and Food Economics Research with food composition activities (CFERD), renamed from
Household Economics Research (Clark, Chief).

Stiebeling retired, and Coons was appointed Assistant to the Administrator as Chief
Nutrition Specialist.

Nutrition and Consumer Use Research merged with ARS Utilization Research (regional
utilization laboratories) with one Deputy Administrator (Fred Senti, Deputy Administrator,
and Leverton as Assistant Deputy Administrator for nutrition-related activities).

This resulted in a total of seven research divisions: Human Nutrition Research (HNRD) (C.
Edith Weir, Acting Director), Clothing and Housing Research (Batchelder, Director), CFERD
(Clark, Director), and the four regional utilization laboratories as divisions (Albany, CA,
New Orleans, LA, Peoria, IL, and Wyndmoor, PA).

HNRD laboratories: Experimental Nutrition, Human Metabolism, Food Quality and Use,
and Food Composition, which developed new analytical methods and analyzed foods for
nutritive value (E.W. Toepfer, Chief).
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Table 1. Organizations and related events of food composition activities in

Date

Detail of events

1963

1963

1964

1969

1970
1972

1974
1975

CFERD branches: Family Economics Branch, Food Consumption Branch, Survey Statistics
Staff, and Food and Diet Appraisal Branch, which had food composition compilation
activities (Bernice Watt, Leader).

CFERD relocated from Washington, DC, to Hyattsville, MD.

Report to Congress “Proposed Program for Expanded Research in Food and Nutrition” in
part called for expansion of “Beltsville Center,” doubling of scientists, and five-fold increase
in funding over 3 years.

Willis Gortner was appointed director of HNRD.

HNRD was reorganized and its programs redirected to emphasize research on human
requirements of nutrients and on nutritive value of foods. Research on “food science” was
discontinued, and research on food preparation, quality, and acceptability (Food Quality
and Use) was transferred to CFERD. Food Composition Laboratory was abolished with
scientists moved to four new laboratories. (Gortner, Director, Weir, Associate Director,

and Leon L. Hopkins, Assistant to Director.) Research programs were divided among four
laboratories: Carbohydrate Nutrition, Lipid Nutrition, Protein Nutrition, and Vitamin and
Mineral Nutrition. Each laboratory had at least two investigations units—food composition
and nutrient requirements.

CFERD was renamed Consumer and Food Economics Institute (CFEI); food composition
compilation activities were put under Nutrient Data Research Center.

Clark retired; Robert Rizek was appointed Director, CFEI.

Major reorganization of ARS to regionalize administration of research programs (four
regions): Northeast, North Central, South, and West.

A National Program Staff was established to coordinate nationwide research programs.
Gortner was appointed first National Program Staff Scientist for Nutrition and Family
Living.

HNRD was renamed Nutrition Institute (NI); Walter Mertz was appointed Director.
Dairy Products Laboratory, Washington, DC, was transferred to Eastern Regional Research

Center, Philadelphia, PA. Several sections of the Laboratory were transferred to NI, and
several scientists transferred to Nutrient Data Research Center at CFEI.

Scientists with expertise in plant physiology and in plant isotope labeling techniques
transferred to PL from other BARC laboratories.

Bernice Watt retired.

Nutrient Composition Laboratory (NCL) was formed in response to National Heart, Lung
and Blood Institute, NIH (NHLBI) request for accurate and extensive data on fatty acid,
cholesterol, and selected mineral content of foods. Kent Stewart was appointed Chief of the
newly formed group.
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the U. S. Department of Agriculture!—Continued

Date

Detail of events

1977

1978

1981

1982
1983
1985
1987

1990
1991

Frank Hepburn was appointed Leader of Nutrient Data Research Group (food composition
compilation activities).

James (Jack) lacono was appointed National Program Staff Scientist for Nutrition and
Family Living.

Science and Education Administration (SEA), USDA, was formed under the new
Democratic Administration. All human nutrition research activities moved from ARS to
a parallel organization, Human Nutrition Center (HNC), within SEA. D. Mark Hegsted
was appointed Administrator, James (Jack) lacono as Associate Administrator. Research
programs were coordinated from Administrator’s Office.

CFEI was renamed Consumer Nutrition Center (CNC).

SEA was abolished under the new Republican Administration.

CNC was transferred into a new agency, Human Nutrition Information Service (HNIS),

and was administratively placed under the Assistant Secretary for Food and Nutrition
Service, separating it from the Assistant Secretary responsible for ARS. Food and Nutrition
Information Center of National Agricultural Library also was administratively transferred to
HNIS.

Two Divisions from the “old” CNC were formed: Consumer Nutrition Division and Nutrition
Monitoring Division (NMD). Food Consumption Research Branch (food consumption
surveys) and Nutrient Data Research Branch (food composition data) were organized within
NMD with Rizek as Director.

The Human Nutrition Research Centers were integrated into ARS’s regional organization.
NI renamed Beltsville Human Nutrition Research Center (BHNRC).

Gerald F. Combs, Sr., was appointed Nutrition National Program Leader to coordinate
human nutrition research activities within USDA and across all Federal agencies.

Gary Beecher was appointed Chief of NCL.
Isabel Wolf was appointed Administrator of HNIS.
Suzanne Harris was appointed Administrator of HNIS.

Laura Sims was appointed Administrator of HNIS.

Ruth Matthews was appointed Chief, Nutrient Data Research Branch (food composition
compilation activities)

Sue Ann Ritchko was appointed Administrator of HNIS.

Jacqueline L. Dupont was appointed Nutrition National Program Leader.
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Table 1. Organizations and related events of food composition activities in

Date

Detail of events

1993

1994

1995

1997
1998
1999

2002
2004

2006
2007

Ellen Harris was appointed Director of HNIS Nutrition Monitoring Division.
Mertz retired; Joseph Spence was appointed Director of BHNRC.

W.0. Atwater Centennial Celebration Symposium was held “to commemorate 100 years of

human nutrition research in the U.S. Department of Agriculture and to honor the memory
of its initiator and mover, Wilbur O. Atwater.” Proceedings were published as a supplement
to The Journal of Nutrition 1994;124(9S):1707S-1890S.

HNIS activities were transferred to ARS (after HNIS was abolished). Food consumption
survey and food composition data activities were administratively moved into BHNRC

as Food Surveys Research Group and Nutrient Data Laboratory, respectively. Nutrition
education component (Pyramid, etc.) of HNIS moved to USDA Center for Nutrition

Policy and Promotion, Alexandria, VA. Metabolism-related laboratories of BHNRC were
renamed with minor reorganization—Diet & Human Performance, Metabolism & Nutrient
Interactions, and Nutrient Requirements & Functions (NRFL). Food Composition
Laboratory (FCL) retained its mission, renamed from NCL.

Joanne Holden was appointed Research Leader of Nutrient Data Laboratory.

Food Surveys Research Group and Nutrient Data Laboratory moved from Hyattsville to
Riverdale, MD; occupied building jointly with several Animal and Plant Health Inspection
Service (APHIS) units.

James Harnly was appointed Research Leader of FCL.
Carla Fjeld was appointed Nutrition National Program Leader.

Food Surveys Research Group and Nutrient Data Laboratory moved from Riverdale, MD, to
Building 005, BARC.

Kathleen Ellwood was appointed Nutrition National Program Leader.
Spence was appointed Acting Nutrition National Program Leader.

Spence was appointed Deputy Administrator for Nutrition, Food Safety and Quality.

Mary “Molly” Kretsch and David Klurfeld were appointed Nutrition National Program
Leaders.

Allison Yates was appointed Director of BHNRC.

Reorganization of metabolism units of BHNRC. Changes were driven by budget constraints
and personnel retirements. Six laboratories/groups—Food Surveys Research Group;
Nutrient Data Laboratory; Food Composition and Methods Laboratory (renamed from FCL);
Food Intake and Energy Regulation Laboratory; Food Components and Health Laboratory;
and Diet, Genomics and Immunology Laboratory.
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the U. S. Department of Agriculture!—Continued

Date Detail of events
]

2008 Spence was appointed Director of Beltsville Area, which included BARC as well as BHNRC.

2009 Kretsch was appointed Deputy Administrator for Nutrition, Food Safety and Quality.
John Finley was appointed Nutrition National Program Leader.

2011 Allison Yates was appointed Associate Director of Beltsville Area.

'Historical information compiled from Elias (5), Swan (216), and Souders (217), as well as
from the library of “Director’s Notes” maintained by Jacob Exler.
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Table 2. Compilations of food composition data and related information rel

Year

Description

1895

1896

1926
1928
1929
1931

1937

1939

1940
1941

1945

1950
1951
1955
1956

1957

Methods and Results of Investigations on the Chemistry and Economy of Food. USDA
Office of Experiment Stations Bulletin No. 21. A comprehensive bulletin by W.O. Atwater
that not only reported energy and proximate values for selected foods but also discussed
the results of human calorimetry studies, general metabolism, and food consumption
surveys. Origin of 4, 9, 4 kcal/g for carbohydrate, fat, and protein, respectively.

Chemical Composition of American Food Materials. USDA Office of Experiment Stations
Bulletin No. 28. Updated 1899, 1906°.

Proximate Composition of Beef. USDA Circular No. 38.
Proximate Composition of Fresh Fruits. USDA Circular No. 50.
Vitamins in Food Materials. USDA Circular No. 84.

Proximate Composition of Fresh Vegetables. USDA Circular No. 146.

Factors for Converting Percentages of Nitrogen in Foods and Feeds Into Percentages of
Protein. USDA Circular No. 183. Revised 19413.

Vitamin Content of Foods: A Summary of the Chemistry of Vitamins Units of Measurement,
Quantitative Aspects in Human Nutrition and Occurrence in Foods. USDA Miscellaneous
Publication No. 275.

The Vitamin B1 Content of Foods in Terms of Crystalline Thiamin. USDA Technical
Bulletin No. 707.

Proximate Composition of American Food Materials. USDA Circular No. 549.

The Vitamin A Values of 128 Foods as Determined by the Rat-growth Method. USDA
Technical Bulletin No. 802.

Tables of Food Composition in Terms of Eleven Nutrients. USDA Miscellaneous Publication
No. 572.

Composition of Foods: Raw, Processed, Prepared. USDA Handbook No. 8.
Folic Acid Content of Foods. USDA Handbook No. 29.
Energy Value of Foods. Basis and Derivation. USDA Handbook No. 74. Revised 19733.

Pantothenic Acid in Foods. USDA Handbook No. 97.

Food Yields Summarized by Different Stages of Preparation. USDA Handbook No. 102.
Revised 19753

Amino Acid Content of Foods. USDA Home Economics Research Report No. 4. Reviewed
and reprinted 1963.
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cased by USDA 1895-20111

Year

Description

1959
1960

1961

1963
1965

1966

1969

1975

1976-
1992

1980

1980-
1994

1980-
2011

1983
1985

Fatty Acids in Food Fats. USDA Home Economics Research Report No. 7.

Nutritive Value of Foods. USDA Home and Garden Bulletin No. 72. Revised 1976, 1990,
20023,

Vitamin B12—Microbiological Assay Methods and Distribution in Selected Foods. USDA
Home Economics Research Report No. 13.

Composition of Foods: Raw, Processed, Prepared. USDA Handbook No. 8. Revised.

Vitamin E Content of Foods and Feeds for Human and Animal Consumption. University of
Wyoming Bulletin No. 435. Research sponsored by HNRD?.

Proximate Composition of Beef from Carcass to Cooked Meat: Method of Derivation and
Tables of Values. USDA Home Economics Research Report No. 31.

Procedures for Calculating Nutritive Values of Home-Prepared Foods: as Used in
Agriculture Handbook No. 8. Revised 1963. USDA, ARS Bulletin No. 62-13.

Average Weight of a Measured Cup of Various Foods. USDA, ARS Bulletin No. 61-6.
Pantothenic Acid, Vitamin B6 and Vitamin B12 in Foods. USDA Home Economics Research
Report No. 36.

Nutritive Value of American Foods in Common Units. USDA Handbook No. 456.

Composition of Foods: Raw, Processed, Prepared. Agriculture Handbook (AH) No. 8.
Revised. Updated in loose-leaf notebook format. First release: AH 8-1 Dairy and Egg
Products; final release: AH 8-18 Baked Products. A total of 21 sections prepared and

released.
The Sodium Content of Your Food. USDA Home and Garden Bulletin No. 233.

A series of provisional tables that included early tabulations of specific nutrients and

food components, e.g., Nutrient Content of Bakery Foods, Selenium Content of Foods,
Vitamin D Content of Foods, and Vitamin K Content of Foods. Most of these data have been
incorporated into the USDA National Nutrient Database for Standard Reference (see below).
Some of these tables are available on the USDA Nutrient Data Laboratory Web site (see

below).

USDA National Nutrient Database for Standard Reference (SR) 3. Electronic version of
Agriculture Handbook No. 8, data updated and released each year; latest release SR-26
(2013).

Iron Content of Food. USDA Home Economics Research Report No. 45.

Key Foods. Revised 1998, 2003, 2005°. Listing of “key foods” consumed in the United
States based on data from the most recent food consumption survey.
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Table 2. Compilations of food composition data and related information

released by USDA 1895-2011'—Continued

Year Description
.

1987 Sugar Content of Selected Foods: Individual and Total. USDA Home Economics Research
Report No. 48. Revised 1990°.

1990- Supplements to Agriculture Handbook No. 8. Revised. Loose-leaf version. Updates released
1992 as individual foods (sheets) that replaced existing notebook entries.

1993 USDA-NCC (NCI)? Carotenoid Database for U.S. Foods. Updated 19983.
1995 Selected Foods Containing Trans Fatty Acids?®.

1998 USDA-Iowa State University Database on the Isoflavone Content of Foods. Updated 2000,
2008 as Release 2.03.

2003 USDA Database for the Flavonoid Content of Foods. Updated 2011 as Release 3°.
USDA Table of Nutrient Retention Factors, Release 5. Updated 2007 as Release 6°.
2004 USDA Database for the Choline Content of Common Foods. Updated 2008 as Release 2°.

USDA Database for the Proanthocyanin Content of Selected Foods3.

USDA National Fluoride Database of Selected Beverages and Foods. Updated 2005 as
Release 23.

2006 USDA Database for the Added Sugars Content of Selected Foods, Release 1°.

2007 Oxygen Radical Absorbance Capacity (ORAC) of Selected Foods. Updated 2010 as
Release 2°.

USDA Nutrient Data Set for Fresh Pork (Derived from SR), Release 1.0. Updated 2009 as
Release 2.03.

2009 Dietary Supplement Ingredient Database, Release 1°.

Oxalic Acid Content of Selected Vegetables (originally published as part of Agriculture
Handbook 8-11, 1984).

USDA Nutrient Data Set for Retail Beef Cuts, Release 1.0. Updated 2011 as Release 2.0%.

'Adapted from USDA Compiling Food Composition Data for Over 115 Years [Internet]. Beltsville,
MD: USDA, ARS, Nutrient Data Laboratory; [cited 2009 Jun 30]. Available at www.ars.usda.
gov/Aboutus/docs.htm?docid=9418&pf=1&cg_id=0. Some information abstracted from selected
publications (1,49,217).

2Abbreviations: HNRD—Human Nutrition Research Division; NCC—Nutrition Coordinating Center,
School of Public Health, University of Minnesota, Minneapolis; NCI—National Cancer Institute,
National Institutes of Health.

SDocuments available at http://www.ars.usda.gov/nutrientdata.
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1895

Dr. W.O. Atwater
recognized the need
for food composition
data.

Introduction

Today, information on the nutritive value
and health promotion of foods supports

the quantitative study of nutrition and

is widely used in many fields, including
epidemiological research, clinical practice,
health policy and promotion, and food
manufacture (1). W.O. Atwater recognized
the need for food composition data as part
of his early studies. As a result, formal

and integrated food composition activities
in the United States had their origins in
Atwater’s and his colleagues’ laboratories
in Connecticut (table 1). As early as 1892,
Atwater and C.D. Woods reported energy
and proximate values for selected American
foods (2). These data were documented in
detail by Atwater in an 1895 publication
(table 2). Atwater and Woods published the
first comprehensive food composition table
for U.S. foods in 1896 (table 2). Prior to this
publication, the composition of U.S. foods
was based on European products that had
been analyzed in laboratories in Germany
(3). The 1896 tables were subsequently
updated (1899, 1906) with data from
Atwater’s laboratory, as well as from other
research groups, and served as the food
composition tables for the United States

for two decades. Over the next 20 years,
there was a hiatus of food composition data
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tabulations except for those data reported
by H.C. Sherman in his textbook Chemistry
of Food and Nutrition and its updates and
revisions (4).

Early Accomplishments

Beginning in the mid-1920s, scientists in the
newly created Bureau of Home Economics
(BHE), Family Economics Division (5)
published a series of circulars, handbooks,
and pamphlets that updated and expanded
the Atwater tables (tables 1, 2). Many of
these updates followed the discovery of new,
essential nutrients and methods for their
assay in foods and biological materials.
Although some data were generated in BHE
laboratories, a large amount of information
came from State Experiment Stations and
Land Grant Institutions, as well as other
national and international laboratories. In
1925 Louise Stanley, Chief of BHE, chaired
a Committee on Vitamin Content of Food

in Relation to Human Nutrition convened
by the Association of Land Grant Colleges.
Subsequently, she personally contacted each
of the State Experiment Station Directors

to inquire about the vitamin research at
their location (5). Undoubtedly, these efforts
were responsible for the tabulation and
publication of the first table on vitamin
content of U.S. foods as early as 1929

(table 2).

In the 1930s, A.L. Winton and K.B. Winton
published an extensive four-volume series
on the “Structure and Composition of Foods”
(6-9). These works were stimulated by the
passage of laws to suppress food fraud and
were organized by food class, including
spices and a few botanicals, emphasizing
the relationship of structure to then-known
chemical composition. This husband-
and-wife team, who were associated with

the Connecticut Experiment Station and
later with USDA (not BHE), produced a
voluminous amount of critical morphological
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and chemical information on common foods
and spices of the era.

At about the same time, D.B. Jones
conducted seminal research by carefully
isolating proteins from a large number

of foods and feeds and subsequently
determined their nitrogen content. It is
these data that established the average
nitrogen content of proteins as 16% and
from which the factor 6.25 was derived that
is applied for the conversion of nitrogen to
protein content (table 2). Although Jones
was administratively part of the Protein
and Nutrition Division of the Bureau of
Agriculture Chemistry and Engineering at
Beltsville while he conducted this work,
his group was merged with BHE in 1943,

creating the Bureau of Human Nutrition and

Home Economics (table 1).

Heretofore, U.S. food composition tables
reported limited groups of nutrients,

i.e., proximates, vitamins, etc. In 1945 a
comprehensive table on the composition of
foods was published, which included new
data for three minerals and five vitamins,
as well as proximate composition (table

2). This table was collated and released in
collaboration with the National Research
Council and was intended for nationwide

use. It served as the predecessor to the well-

regarded and widely used USDA Handbook

No. 8, Composition of Foods: Raw, Processed,

Prepared, published in 1950, which also
reported the same number of nutrients
but for 750 foods (table 2). This popular
handbook was updated and published in
1963 with the addition of data for three
more minerals (sodium, potassium, and
magnesium), cholesterol, fatty acids, and
information for about 1,200 foods. The
Agriculture Handbook 8 (AH8) served as the
reference source of U.S. food composition
for several decades until all of the sections
of the loose-leaf version were updated and
published in 1992 (table 2). A very popular
abbreviated version of AH8 is the USDA
Home and Gardens Bulletin No. 72, first
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published in 1960 and updated several
times, most recently in 2002.

As the fledgling laboratories of the Food and
Nutrition Division of BHE developed and
grew, a large amount of food composition
data was generated and published in
conjunction with food data compilers (table
1). As an example, L.E. Booher, the first
full-time head of the Food and Nutrition
Division, and E.R. Hartzler published the
first vitamin B1 table based on methods
they had developed using crystalline thiamin
as a standard (table 2). Subsequently,
Booher and R.L. Marsh reported the
vitamin A values of over 100 foods based
on the rat-growth method. This work was
part of the extensive vitamin A research
conducted by Booher, E.C. Callison, and
colleagues, and for which they received the
USDA Distinguished Service Award. The
analyses of newly discovered vitamins in
foods continued to the extent that a Food
Composition Laboratory was organized in
about 1963 within the Human Nutrition
Research Branch (table 1) (10). During
this period, E.G. Zook, E.W. Toepfer, and
their colleagues reported the levels of folic
acid, pantothenic acid, and vitamin B6 in
foods, and H. Lichtenstein et al. published
the vitamin B12 content of selected foods
based on a new microbiological assay
(table 2). Marilyn Polansky, who retired in
2011, was part of this group. Just prior to
her retirement, Polansky was cited as the
USDA employee with the most years of full-
time Federal service (56 years) and was
still working full-time at the Department.
H.T. Slover and colleagues reported the
first separation of tocopherols on newly
developed gas-liquid chromatography
instrumentation (11). The data generated
by this procedure were later added to

the USDA food tables. Soon after, J.P.
Sweeney and A.C. Marsh separated the
various stereoisomers of a- and (3-carotene
on laboratory-assembled “high-pressure”
liquid chromatography systems (12). Similar
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1958

Georgian Adams was
one of the scientists
responsible for
reactivating food
composition research
in the Beltsville
Human Nutrition
Research Center
(BHNRC).

instrumentation was commercialized and
became very popular a few years later.

Even though there was considerable in-
house expertise and capability in USDA

for nutrient analysis of foods, contracts

and cooperative agreements were issued

for specific data. For example, Folic Acid
Content of Foods, published in 1951 (table
2), was a cooperative effort with scientists at
the Texas Agriculture Experiment Station.
Similarly, the generation of vitamin E data
for the 1965 table was supported by a
contract with scientists at the University

of Wyoming, and much of the data for
Proximate Composition of Beef From Carcass
to Cooked Meat: Method of Derivation and
Tables of Values, published in 1965 (table
2), was generated through a contract

with meat scientists at the University of
Wisconsin.

Administratively, the compilation of

food composition data was an activity

of organizations associated with Family
Economics or Consumer and Food
Economics (table 1). This group was also
the first to develop such calculations as
the nutritive value of the food supply

(13) based on food production and
disappearance statistics. This work evolved
into food consumption surveys and similar
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Bernice Watt helped
update the original
Agriculture Handbook
8 for the 1963
revision.

summaries. Only briefly during the 20th
century were food composition activities
combined with human nutrition research
activities, e.g., 1954-1961 and 1994 to the
present, when the group was transferred
to the Beltsville Human Nutrition Research
Center (BHNRC). Regardless of the
organization or physical location, scientists
who were compiling food composition

data continued their work throughout the
decades. C. Chatfield and G. Adams, the two
scientists responsible for reactivating food
composition research in the Department
after Atwater, compiled the early proximate
composition data. B.K. Watt, A.L. Merrill,
M.L. Orr, W.T. Wu, and R.K. Pecot compiled
the original Agriculture Handbook 8; and
Watt and Merrill, assisted by Pecot, Orr,
C.F. Adams, and D.F. Miller, updated the
work for the 1963 revision (table 2). Orr
and Watt also compiled the first table

on the amino acid content of foods, a
compilation for 18 amino acids of over 300
foods. They followed this with a table of
phenylalanine and tyrosine values of fruits
and vegetables, specifically designed for
use in planning diets for phenylketonurics
(14). Merrill and Watt summarized the
energy values for foods, and Pecot and Watt
assembled the data for the first edition

of Food Yields Summarized by Different
Stages of Preparation, USDA Handbook
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No. 102, published in 1956 (table 2). R.H.
Matthews and Y.J. Garrison coauthored

an update of the work in 1975. While
Chatfield, Adams, and Watt were recognized
for their publication Historically Important
Contributions of Women in the Nutrition
Society (15), several others contributed to
each of the handbooks and circulars. The
list of publications during this early period
emphasizes the numerous accomplishments
attained with relatively few scientists and
staff.

Compilation of Food Composition Data
1963-2011

The administrative merger of nutrition,
consumer, and industrial use research at
the level of ARS in 1963 (table 1) had little
effect on the Consumer and Food Economics
Research Division (CFERD), as it had been
reorganized and renamed in 1961 (from
Household Economics Research Division).
Dr. Faith Clark continued as Division
Director, and B.K. Watt was in charge of
Food Composition within the Diet and
Appraisal Branch of the Division (table 2).
That same year, CFERD activity moved from
offices in Washington, DC, to a new building
in Hyattsville, MD—a privately owned,
leased building.

The reorganization of the Human Nutrition
Research Division (HNRD) in Beltsville in
1969, however, had more impact on food
composition activities at the Consumer and
Food Economics Institute (CFEI) (newly
renamed) (table 2). This reorganization
abolished the Food Composition Laboratory
at HNRD, a group that had generated
considerable data, and integrated this
research activity into the human nutrition
metabolic units. Not only was this group
active in measuring vitamin concentrations
of foods as noted above, but a large
collaborative project on the nutritive value
of selected wheat and wheat products had
been completed just prior to reorganization.
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1970

Dr. Robert Rizek was
appointed Director of
the Consumer and Food
Economics Institute
(CFEI) in late 1970.

He helped initiate the
concept of a USDA
Nutrient Data Bank.

A series of publications reported the results
of this endeavor (16-25). Soon thereafter,
Feeley et al. summarized the nutrient
content of dairy products (26-28), Levander
and colleagues reported on the selenium
content of foods (29,30), and Toepfer et al.
measured chromium in foods in relation

to biological activity (31). Subsequently,
collaborations and contracts were expanded
at CFEI in an effort to generate food
composition data that were being requested
by scientists in a wide variety of disciplines.

Dr. Robert Rizek was appointed Director of
CFEI in late 1970 upon the retirement of
Clark earlier that year (table 1). Murphy,
Watt, and Rizek initiated the concept of a
USDA Nutrient Data Bank with cooperation
from other government agencies and the
food industry (32). The U.S. Food and

Drug Administration (USFDA) had been
conducting their “Total Diet Study” since
1961. It generated important data for

some nutrients as well as for toxicants

and contaminants, and in foods that were
purchased at retail stores (33). In addition,
the food industry was increasing analyses
of its products as the role of diet in health
was being recognized. At that time, the
USDA Nutrient Data Bank was viewed as
the potential reference source of data for the
voluntary food-labeling initiative that would
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be part of USFDA. However, proprietary
issues with food industry-generated data
prevented this partnership. A form was
developed that unified submission of data

to CFEI and that was distributed to food
analysis laboratories for their use. These
early visions and decisions led to the current
USDA National Nutrient Data Bank and the
many products that are generated from it.

During 1973-1974, J.E. Kinsella, a lipids
specialist in food science and nutrition

at Cornell University, elected to do his
sabbatical at CFEI. While there he developed
a comprehensive and collaborative program,
in conjunction with CFEI scientists, to
generate new data on the fatty acid and
lipid content of foods. The results of these
efforts were published in many journal
articles, and the data were added to the
newly developed Nutrient Data Bank (34-
36). In retrospect, many of these data were
those that program administrators at the
National Heart, Lung and Blood Institute
(NHLBI) of the National Institutes of Health
were calling for to support the nutritional
epidemiology programs that recently had
been initiated. (See section on Nutrient
Composition Laboratory.) Such diet and
health investigations required current and
complete composition data for retail foods,
which quickly increased the workload and
responsibilities of the scientists working in
the Food Composition Group.

In 1975, the final printed total compilation
of USDA Handbook No. 456, authored by
C.F. Adams, was published. It reported

the nutritive values of American foods in
household units, i.e., cups, ounces, pounds,
rather than in scientific weights and
measures (table 2). This was a very popular
handbook, and the aspect of common
measures or units has been incorporated
into the search characteristic of the current
USDA electronic database system (www.
ars.usda.gov/nutrientdata). Concurrently,
foods’ zinc values were summarized and
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released as a publication (37). Also, newly
available data on the cholesterol content of
foods were reported (38).

To circumvent some of the publication
delays in the release of new data, a loose-
leaf notebook format for AH8 was proposed
with all data for a single food presented

on one page. This format facilitated the
updating of data in that only affected foods
(pages) were required to be reprinted rather
than the entire booklet. The first sections in
this format, 8-1 Dairy and Egg Products and
8-2 Spices and Herbs, were published in
early 1977. Twenty-one sections along with
several supplements were published over the
next 15 years (table 2).

The first computer system arrived at CFEI in
1976. It consisted of a mainframe with key
punch cards and data tapes as input/output
media and employed the programming
language COBOL. The integration of this
new electronic management of information
in the Nutrient Data Bank System (NDBS)
was announced and described by R.R.
Butrum and S.E. Gebhardt (39). In fact,
the 1963 version of AH8 was released not
only in printed version but also as the first
80-column card set intended for computer
use (J. Holden, personal communication).
Additional “computerized” versions of

food composition information included
USDA Handbook No. 456 and an update
of AH8 that reflected recent changes in
food enrichment standards (40). The next
“computerized” version of AH8 (1980)
integrated the first few sections of the
revised AH8 in loose-leaf format, and was
named the USDA Nutrient Database for
Standard Reference (SR) (table 2). In the
absence of electronic transmission, these
data were available primarily as magnetic
tapes. SR, the primary food composition
data product, has been updated since
1980 and released yearly since 1996. SR is
available on the Nutrient Data Laboratory’s
Web site, www.ars.usda.gov/nutrientdata.
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As computer technology advanced,
changes also were made in the Nutrient
Data Bank System; the programming
language was changed to PL1 in 1985.

To make SR more accessible, a telephone
Dial-up Bulletin Board was in place from
the late 1980s through the mid-1990s.
During the early 1990s, Loretta Hoover,
Professor of Nutrition at University of
Missouri-Columbia, was on sabbatical at
CFEI specifically to evaluate the data bank
system and to make recommendations for
its improvement. In 1996, for the first time,
SR was made available on the Internet

for searching and downloading. A year
later, the NDBS was converted to Oracle
platform and upgraded with customized
database management software. About this
time, personal computers were replacing
terminals linked to mainframe systems, and
handheld computing devices were appearing
in the marketplace. Software for the Palm-
OS PDA (personal digital assistant) was
developed in 2002 to allow mobile access
to SR. The next year, software to search
SR was developed for Windows PC and was
made available. All of these changes have
greatly increased the availability and ease
with which professionals and the public can
access food composition information and
data electronically.

Not only had a computer been integrated
into the management of food composition
data at CFEI in the mid-1970s, but
computers also were being used to assess
nutrient intake, determine nutritional
status, plan menus, and so forth. Although
there were only a few locations, primarily
academia, using computers at that time,
these activities placed an extreme demand
on food composition information, so much
so that the National Invitational Conference
on the Development of Nutrient Data Bases,
sponsored by the American Academy of
Pediatrics, was held at the University of
Washington, Seattle, in the spring of 1976
(41). This conference was “designed to share
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information, resources and software, but
specifically designed to present our [health
care community| nutrient information

needs to the United States Department

of Agriculture [CFEI|.” Rizek and Butrum
represented CFEI among the 33 invited
registrants at the meeting. This meeting
represented the First National Nutrient Data
Bank Conference. Faculty at the Department
of Nutrition and Food Science of Utah State
University hosted the second Data Bank
Conference in the spring of 1977 (42). Thus
began the annual meetings of the National
Nutrient Data Bank Conference (NNDC), the
most recent of which, the 35th, was held

in Washington, DC, in 2011 as a satellite

to the Experimental Biology meeting. Since
1998, the meeting has been held in alternate
years as a satellite to this large scientific
conference, and in 2008, the meeting
became North American with its site in
Ottawa, Ontario, Canada.

At the request of the organizers of the
second NNDC, USDA sponsored, hosted,
and largely planned the third conference in
1978, which was the first open meeting (43).
It was becoming obvious that as a result

of automation, USDA’s food composition
data were being used in many new and
different ways, and that not only more and
better data were needed, but also more
education was required about the data’s
applications and limitations. By 1980, USDA
had joined with volunteers from industry,
academia, and other government agencies to
ensure that this conference would continue
annually to provide a forum for this
essential exchange of information. Today,
the conference is incorporated, with its own
Internet domain www.nutrientdataconf.org
and a series of well-coordinated committees
who execute and publish the details of

each meeting (D. Haytowitz, personal
communication).

In 1977, Frank Hepburn was appointed
leader of the Nutrient Data Research Group
(NDRGQG), taking the position long held by
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1977

Frank Hepburn was
appointed Leader of the
Nutrient Data Research
Group (NDRG), taking
the position long held by
Bernice Watt, who had
retired.

Watt, who had retired earlier (table 1). Watt
had quietly compiled and published an
extensive amount of food composition data
in collaboration with coworkers as noted
above. Like Atwater, she left as her legacy
the first comprehensive food composition
table (AHS8) of her era for the United States.
Attracted from the American Institute of
Baking as it was moving from Chicago, IL,
to Manhattan, KS, Hepburn had been a
collaborator with USDA scientists on earlier
projects. During the 1970s, some contract
employees working under a cooperative
agreement with the University of Maryland
at College Park (UMCP) later became full-
time Federal employees at NDRG, e.g., L.
Marge Hoke and Jacob Exler. Other familiar
scientists who were associated with NDRG
during this era included Ritva Butrum,
Rena Cutrufelli, Susan Gebhardt, David
Haytowitz, Elaine Lanza, Ruth Matthews,
Marie McCarthy, Elizabeth Murphy, Louise
Orr, Betty Perloff, James Reeves, Martha
Richardson, and Jean Stewart. Also,
Barbara Anderson, Linda Posati, and John
Weihrauch transferred from the Dairy
Products Laboratory in Washington, DC,
when the lab was moved to Philadelphia, PA
(table 1); and Anne Marsh transferred from
the Nutrition Institute in Beltsville at about
the same time.
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Early in the next decade, a series of
provisional tables were initiated to report
available data for selected nutrients or
other components in foods (table 2). Often,
these nutrients were some of the most
recently identified as essential (selenium,
for example) or were gaining scientific
prominence as a health-related food
component. The available data for sodium
and sugar contents of foods, although falling
into the latter category, were published

as full reports (table 2). Also during this
period, the iron content of foods was
updated by using data from recent analyses
(table 2). This activity was the origin of
“critical analysis of food composition

data” (discussed below). The number of
retail foods increased, and the number of
nutrients and food components of interest to
health scientists also grew simultaneously.
Therefore, priorities were required to
determine which foods should receive
critical resources for sampling, analysis, and
updating. Thus, the concept of “Key Foods”
was developed and first reported in 1985
(table 2). Key foods have been identified as
those food items that contribute up to 75%
of any one nutrient to the dietary intake of
the U.S. population (44). This list has been
updated frequently based on the findings in
the most recent food consumption survey.

In the early 1980s, major administrative
changes took place as human nutrition
research within ARS was reorganized

(table 1). All of the activities under the
Consumer Nutrition Center (formerly CFEI)
were transferred to a new agency, Human
Nutrition Information Service (HNIS), and
distributed in two divisions: Nutrition
Monitoring and Nutrition Education. Food
composition research was the responsibility
of a branch within the Nutrition Monitoring
Division: Nutrient Data Research Branch
(NDRB). This new agency, HNIS, was placed
under the Assistant Secretary for Food

and Nutrition Service, a different Assistant
Secretary from the person to whom ARS
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1987

Ruth Matthews
was appointed
Chief of the
Nutrient Data
Research Branch
shortly after the
retirement of
Frank Hepburn.

and its human nutrition research activities
reported. This administrative separation
was eased somewhat by the appointment
of Isabel Wolf, Suzanne Harris, and Laura
Sims as early HNIS administrators, who
were scientists, and by the appointment of
Gerald Combs, Sr., as Nutrition National
Program Leader for human nutrition
research activities, whose responsibilities
encompassed and coordinated the efforts
within several USDA and Federal agencies
(45).

Revisions and updates of the loose-leaf and
digital formats of AH8 were the primary
focus during this HNIS era. These activities
required considerable amounts of new and
reliable food composition data that were
supplied through numerous contracts with
university and commercial laboratories.
NDRB scientists also collaborated with
commodity groups to assist in the
production of reliable data that were
integrated into AH8 updates, e.g., beef,

pork, and eggs. Food companies also were
encouraged to contribute data they were
generating for nutrient labels. Although the
close working partnership with industry that
was envisioned in the 1970s may not have
been realized, several AH8 sections benefited
substantially from data submitted by food
companies.
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1993

Ellen Harris
became Director
of the Nutrition
Monitoring
Division, replacing
Robert Rizek.

Another priority of activities during this
period was providing data for food surveys.
HNIS had individual food intake surveys

in the field continually from 1985 through
1991. During this time, NDRB provided
databases for all of them, as well as for

the Nationwide Household Food Survey,
Hispanic HANES, and NHANES III, phase

1. These nutrient databases were publicly
released as versions of the USDA Survey
Nutrient Database. Generating these
databases relied heavily on estimating
nutrients in “mixed dishes.” Some of the
contracts outlined above included studies to
test reliability of recipe calculation methods.

With the many food composition database
products and the varied formats (loose-

leaf AH8, computer files, etc.) produced by
HNIS scientists and staff during this period,
a major activity was educating users and
sharing details of each of the databases.
Much of this endeavor was vested in the
National Nutrient Data Bank Conference,
where NDRB personnel served on steering,
program, and communications committees,
organized sessions for new users, provided
updates about nutrient data products and
activities for attendees, and arranged for
speakers who could provide needed insights
about issues related to food composition
data. In addition, the doors of scientists
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Joanne Holden was
appointed Research
Leader of the Nutrient
Data Laboratory.

and staff were always open to national and
international visitors, as food composition
information became an important
component of human health worldwide (see
Food Composition International Activities).

Ruth Matthews was appointed chief of the
NDRB in 1987 shortly after the retirement
of Hepburn (table 1). Matthews had been

a scientist in the branch for many years,
had contributed greatly to the compilation
of data, and was familiar with all aspects

of its operation. In 1990, Sue Ann Ritchko
was appointed administrator of HNIS. Three
years later, Ellen Harris became Director of
the Nutrition Monitoring Division, replacing
Rizek, who stepped down primarily because
of the low response during the 1987-1988
National Food Consumption Survey (46).
Shortly thereafter (1994), all HNIS activities
were transferred to ARS. The nutrition
education component was ultimately moved
to the USDA Center for Nutrition Policy and
Promotion (CNPP). Food composition data
and food consumption survey activities
were integrated into the Beltsville Human
Nutrition Research Center (BHNRC) as
individual units (table 1). Thus, all food
composition and food consumption activities
were combined again with human nutrition
research activities following a 13-year
administrative separation.
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Joanne Holden was appointed Research
Leader of the Nutrient Data Laboratory (food
composition tabulation activities in BHNRC
[NDL]) in 1995 (table 1). She had extensive
experience with nutrition research and food
composition work, having been a member
of several laboratories of BHNRC, most
recently the Food Composition Laboratory.
Also, NDL moved from Hyattsville to
Riverdale, MD, the same year. Four

years later, the laboratory moved again to
Building 005 on the Beltsville Agricultural
Research Center (BARC) campus, where it
remains today (table 1). Since the transfer
of food data compilation activities back to
ARS, updating and maintaining SR has
been the primary focus of the laboratory

as the official source of food composition
information for the United States. Also,
NDL scientists have developed several
smaller databases that report the levels of
nutrients, food components, and biological
activities believed to impact health (table 2).
These databases follow scientific evidence
of the importance of food components to
health and the ability to measure them in
foods. Most recently, a database on the
ingredients of dietary supplements has been
released (table 2), which was prompted by
data in reports from the National Center

for Health Statistics that as early as 1974,
nearly one-quarter of U.S. adults took
dietary supplements daily (47). This trend
has risen substantially over the last three
decades, which accounts for a significant
level of intake for as many as 20 nutrients
(48). All of these databases have been
possible through extensive collaboration
with governmental agencies, the food
industry, and scientists in academia (see
below). Today (2011) the scientific staff of
NDL includes, in addition to Holden, Seema
Bhagwat, Jacob Exler, David Haytowitz,
Susan Gebhardt, Linda Lemar, Melissa
Nickle, Kristine Patterson, Pamela Pehrsson,
Bethany Showell, Robin Thomas, and Denise
Trainer.
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1975

Kent Stewart was
one of the scientists
who made up the
initial staff of the
Nutrient Composition
Laboratory and was
its first Laboratory
Chief.

Nutrient Composition Laboratory 1975-2010

Six years after the Food Composition
Laboratory of HNRD was abolished (table 1),
a new laboratory was formed as a result of
negotiations between Willis Gortner, Director
of HNRD, and Robert Levy, Director, NHLBI
(table 1) (49). NHLBI had funded two large
nutritional epidemiology projects—Multiple
Risk Factor Intervention Trial (MRFIT) and
Lipid Research Clinics (LRC)—and requested
the continuation of state-of-the art
methodology for accurate food composition
data from within a governmental agency
rather than relying on individual grants and
contracts, the traditional primary external
funding mechanism of NIH. In addition,
NHLBI was beginning to focus on individual
dietary fatty acids as potential risk factors
in vascular disease. NHLBI scientists were
familiar with the methodology research of
Hal Slover, a scientist at the Lipid Nutrition
Laboratory who was world-renowned for
accurate measurement of fatty acids and
tocopherols (50,51). Thus began a 30-year
collaboration between USDA and NHLBI
(49). At the same time, NHLBI established
collaborations with CFEI and the School

of Public Health at the University of
Minnesota (Nutrition Coordinating Center) to
provide tools for the evaluation of potential
relationships between diet, nutrient intake,
and vascular diseases.
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The staff of the Nutrient Composition
Laboratory (NCL) was initially formed by
the “contribution” of one scientist and

one support person from each of the four
metabolic laboratories of HNRD. Kent
Stewart, designated Laboratory Chief, Hal
Slover, and Wayne Wolf formed the initial
scientific core of the laboratory. Jose
Gutierriez, a microbiologist, was the fourth
scientist asked to join NCL, but he opted for
retirement instead. Soon thereafter, Doris
Baker from USDA’s Agricultural Marketing
Division and Betty Li from Virginia
Polytechnic Institute and State University
(VT) joined the laboratory to begin method
development and analyses for food fiber and
carbohydrates, respectively. James Harnly,
with a newly earned Ph.D. from UMCP,
joined Wolf to enhance mineral analysis
research capability. Also, Elaine Lanza
from CFEI and Raymond (Rick) Thompson,
Jr., from Michigan State University joined
Slover to form a large lipids research and
analysis group. Ritva Butrum and Mary
Moss transferred from CFEI to lead food
sampling. When Butrum transferred to

the National Cancer Institute (NCI) at

NIH, Joanne Holden joined Moss. Joseph
(Joe) Vanderslice, who retired from the
Department of Chemistry at UMCP after

a sabbatical at NCL, also joined NCL to
pursue research in vitamin analysis. The
laboratory occupied the available space in
several buildings on the BARC campus until
newly renovated space was made available
in Building 161 in the early 1980s. The
flexible innovations built into the laboratory
furniture and accommodations during
remodeling allowed the group to remain in
this building 30 years later.

There was discussion related to the mission
of this new laboratory. While some (Rizek
and NHLBI administrators) considered it a
government analytical laboratory for foods,
others (Stewart and ARS administrators)
proposed a strong research component.
The result was a laboratory with a research
mission, because of its administrative
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location within the research arm of USDA,
but also with a mission to apply recently
developed methodologies and techniques

in the acquisition of food composition data.
In retrospect, this dual mission has been
very fruitful in terms of testing applications
of new methodologies on foods and also in
the engagement of scientists in the entire
scheme of food composition activities—from
representative food sampling and the many
aspects of analysis to evaluation, tabulation,
and publication of data.

After transferring to BHE in 1961, Slover
developed substantial expertise in the
separation and measurement of tocopherols,
tocotrienols, and fatty acids in foods

and biological samples employing newly
developed gas liquid chromatography (11,
18, 50-55). At the Nutrient Composition
Laboratory, Slover and colleagues advanced
technology for the measurement of fatty
acids, tocopherols, and sterols by the
application of capillary gas chromatography
columns that increased resolution and
required smaller sample sizes (56-58).

As early as 1981, this group developed a
system for the estimation of trans fatty acids
in foods with these new techniques (59). It
is interesting to note that during this era,
Slover and many other analysts advanced
the boundaries for column technology. In
order to accomplish this goal, he had a
complete system for “drawing” glass and
quartz capillary columns in his laboratory,
a technique that was akin to the art of glass
blowing and a talent that was essential

for the advancement of the application

of gas chromatography to food analysis.
Slover reviewed both packed and capillary
column technology for gas chromatography
and its analytical potential in 1983 (60).

He and his group applied these newly
developed methods to the analyses of a
wide variety of foods, including fast foods
(61) and margarines (62), as well as cooked
and raw beef (63) and pork (64) that were
part of large collaborative studies with the
meat industry and several USDA agencies.
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(See discussion below.) Slover retired in

the early 1990s. Thompson continued to
develop techniques for cholesterol and sterol
analyses (65). He retired in the late 1990s.
Although research on methodology for fatty
acids and other lipid components of foods
was discontinued at NCL, the technology
had been transferred to many laboratories
including commercial analytical groups. This
was in response to the Nutrition Labeling
and Education Act of 1990 that required
similar data on food labels, as well as to
general consumer interest in fatty acids

and cholesterol levels in foods in relation to
health.

Wolf, a specialist in inorganic nutrient
analysis, developed new methodologies

for these food components, especially for
recently identified essential trace elements
(chromium, selenium), by coupling gas
chromatography with atomic absorption
spectrometry (66, 67). Subsequently, seleno-
methionine was identified as a health-
related active form of dietary selenium,

for which Wolf’s group developed highly
sensitive and accurate methods (68, 69).
This group also was active in the generation
of data on inorganic nutrient content of
mixed diets (70, 71) and meat-based foods
(72-75). As part of Wolf’s interest in the
application of Certified Reference Materials
(see discussion below), he recognized the
need to improve analytical methods for
niacin in foods. This led to the addition

of chromatographic sample cleanup to
“standard niacin analysis” (76) and a new
validated procedure for the measurement
of niacin in infant formula (77). Recently,
isotope dilution technology has been
coupled with liquid chromatography for the
determination of this vitamin (78).

Stewart brought with him to NCL the new
analytical technology he and Gary Beecher
had developed when they worked together
at the Protein Nutrition Laboratory (79).
He teamed with Vanderslice, a physical
chemist, to mathematically describe the
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flow of solutions in the small bore tubing
(~0.25mm internal diameter) that was
employed in these instruments (80,81). He
also reviewed the history of this technology
in the United States (82). However, Stewart’s
primary emphasis was promotion of
analytical concepts and techniques for

the improved analysis of foods and diets.
Some of these concepts involved critical
review of data, which he and others first
applied to Iron Content of Food released in
1983 (see discussion below) (table 2). He
often discussed the many issues in the
measurement of nutrients and other health-
related components of foods and encouraged
a wide range of scientists to apply their
knowledge in the search of resolutions

(83). Also born from this environment was
the concept of an international scientific
journal devoted exclusively to all aspects

of food composition research. Although
there were several journals that published
food composition-related papers (Analytical
Chemistry, Journal of Agriculture and Food
Chemistry, and Journal of Food Science, for
example), there was no one journal that
included publications on all aspects of

this unique research. After many meetings
and much planning with Academic Press
and United Nations University, the first
issue of the Journal of Food Composition
and Analysis was published in 1987 with
Stewart as Editor and several papers
authored by scientists at NCL. Today, this is
the only peer-reviewed, international journal
that reports all aspects of food composition
and related research. Elsevier currently
publishes this journal, and Katherine
Phillips at VT serves as Editor. Stewart
moved to VT in 1982, where he and Phillips
developed the currently active Food Analysis
Laboratory Coordination Center (FALCC).

Gary Beecher was appointed Laboratory
Chief of NCL in 1982 following Stewart’s
move to VT (table 1). In terms of research
program, Beecher took his lead from
information in the then recently published
Diet, Nutrition and Cancer (84) and the
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interest among NCI scientists in B-carotene
as a possible food component that might
decrease cancer risk. While B-carotene and
other provitamin A-active carotenoids were
known, their activities were combined and
reported as a single vitamin A value in food
composition tables, thereby negating the
ability to evaluate individual components.
In addition, there were other abundant
carotenoids in many plant foods—lutein,
lycopene, and zeaxanthin—that did not
have provitamin A activity and were not
measured, but they were suspected of being
absorbed from the diet and metabolized

by humans and thus having an effect on
health. With the expertise of Fred Khachik,
a research associate, the carotenoid analysis
program at BHNRC was reactivated (12),
and HPLC procedures were developed for the
separation and measurement of the many
carotenoids in fruits and vegetables (85-88).
Many of the analytical issues experienced
with the analysis of carotenoids in plasma,
i.e., instability, oxidation, etc, (10) were also
observed with foods, which complicated this
research. The large number of carotenoids
in the plant kingdom, the many possible
derivatives, and the lack of commercially
available standards often required a lengthy
isolation and characterization process

for foods. This was necessary so that the
precise structure and their derivatives
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could be understood (89). These analytical
procedures were subsequently employed

to measure carotenoids in several foods
(90,91). The data resulting from this activity
and published information on the content
of individual carotenoids of foods were
combined into the first database for these
food components (92, table 2). It was the
availability and application of this database
that permitted J.M. Seddon et al. to draw
an association between increased intake

of carotenoids, specifically lutein and
zeaxanthin, and decreased risk of advanced
age-related macular degeneration (93). As
Beecher moved his research program to
focus on flavonoids, Khachik transferred to
UMCP, where he continued investigation of
carotenoids. Beecher returned to full-time
research in 1996.

Baker, who had expertise in cereal grains,
transferred to NCL from a USDA Agricultural
Marketing Service (AMS) laboratory on the
BARC campus in 1976 as the Federal Grain
Inspection Service (FGIS) was being formed
from AMS. The probability was quite high
that she would be transferred to a laboratory
in the center of the country as FGIS began
to fulfill its mission and research activity
was being diminished.

The mid-1970s marked an awakening in
the fiber content in foods and its potential
impact on human health. However, the only
routine analytic technique then available
measured “crude fiber,” the insoluble
residue that remains after severe treatment
with sulfuric acid. A new “neutral detergent
fiber” method had been proposed for

foods for which Baker developed routine
procedures for cereals and cereal products
(94,95). She also collaborated with a former
AMS colleague, Karl Norris, a scientist

at the Instrumentation Laboratory at

BARC who was developing many practical
agricultural applications for near-infrared
spectroscopy (NIR), a technique he had
invented earlier. Together they developed
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a procedure for the estimation of dietary
fiber and other nutrients in foods (96).

From these agricultural applications, NIR
technology has found its niche in quality
control in the food industry as well as in the
manufacture of many consumer products.
Baker retired in the mid-1980s. Lanza
continued this research with the comparison
of data from traditional analytical methods
in a nationwide sampling of ground beef and
fruit juices (74,97). Lanza transferred to NCI
in the late 1980s.

Betty Li, an organic chemist and a transfer
from VT, developed procedures for the
quantification of individual sugars and
starch in foods employing gas-liquid
chromatography instrumentation (98).
Heretofore, the “carbohydrate” content

of foods was calculated by subtracting

the percentage of moisture, protein, fat,
and ash from 100. Thus, the research
efforts of Baker and Li were an attempt to
begin to quantify, by direct measurement
using modern instrumentation, specific
components of the “carbohydrate” or
nitrogen-free extract (6) fraction of foods.
Li applied these new techniques to the
measurement of sugars in several foods,
most notably breakfast cereals (99,100),
fruit juices (101), and yogurts (102), as well
as starch in fast-food fried chicken (103).
The publications listing concentrations of
sugars in ready-to-eat breakfast cereals

by brand names for the first time caused a
substantial reaction by the industry, which
is still an issue today for consumers who
wish to limit their consumption of foods with
high sugar content.

Subsequent to Baker’s retirement, Li took
on the task of developing new and modified
methods for the measurement of dietary
fibers and similar components of foods.
There was already at least one “official”
AOAC (Association of Official Analytical
Chemists) method for measuring dietary
fiber. However, that method had many steps,
employed several enzymes, and required
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pH adjustments rendering it extremely
cumbersome. At this time, dieticians and
nutritionists were demanding data on

the fiber content of foods. Concurrently,

a small group of international analysts

had coalesced (L. Prosky, N.G. Asp, J.W.
DeVries, I. Furda, R. Mongeau, O. Theander,
D.A.T. Southgate, and H.N. Englyst) to
address these dietary fiber analysis issues.
From the outset, there was a philosophical
difference between the European and the
North American scientists over the definition
of components of the fiber fraction of foods
and their analysis. This difference was never
resolved, and as a result, methods based

on both definitions were developed. Li was
accepted into this group as she addressed
the simplification of the AOAC method, by
removing an enzyme and its incubation
step (104), and modified the procedure to
measure both soluble and insoluble fiber
(105). Soon she identified specific classes of
foods, i.e., legumes, fruits and vegetables,
for which steps could be removed without
altering results (106,107), and additional
modifications were made to improve speed
and safety (108,109). Ultimately, a general,
simplified procedure was developed that was
less costly and less labor intensive, but that
gave acceptable results for many different
foods and from several laboratories (110).
These steps were combined with earlier
methods to form a single procedure so

that sugars, starch, and total dietary fiber
could be determined in a mixed food sample
(111). A non-enzymatic gravimetric method
for foods containing less than 2% starch
was collaboratively studied and eventually
approved as AOAC method 993.21. Li
participated in numerous collaborative
studies conducted by analysts in New
Zealand, England, Sweden, Japan, and the
United States. She also was a participant

in the collaborative analytical fiber group to
develop official methods that are currently
employed for the determination of fiber
values listed on food labels. A comparison
between data using an official method

and Li’s simplified procedure for many
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different types of foods indicates the extreme
challenge in the determination of food
components that lack molecular species
identification, e.g., dietary fiber (112). Li
retired in 2004.

The collection, processing, and preparation
of representative food samples prior

to analysis were goals of NCL from

its beginning. Moss and Holden were
instrumental in assuring that samples

from the large beef and pork studies were
appropriately selected from purveyors,
shipped properly, reduced to representative
retail cuts, and cooked according to common
practice (72,73). Moss transferred to the
food industry in the mid-1980s. However,
Holden continued to provide expertise on
representative sampling of retail foods in the
United States based on population density
and brand-name market share (74,103).
Holden also was a major contributor to the
application and refinement of the critical
evaluation system for food composition

data while at the Nutrient Composition
Laboratory, and was the driving force for
the incorporation of many of its principles
into the National Nutrient Databank (NNDB)
system after she became Research Leader of
the Nutrient Data Laboratory. (See Critical
Evaluation of Food Composition Data below.)

Joe Vanderslice developed analytical
procedures for several water-soluble
vitamins. He and his group first applied
high performance liquid chromatography
(HPLC) to the separation and quantification
of the prominent forms of vitamin B6 (113).
The inability to acquire HPLC columns
employed for the original measurements
required an extensive search for new
columns and reinvestigation of vitamin B6
separations (114). These procedures were
subsequently applied to the quantification of
this vitamin in several foods, animal tissues,
and plasma (115-118). Vanderslice’s group
applied similar techniques to the separation
and measurement of the various forms of
thiamin (119).
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The desire of scientists at NCI to conduct

a large human study at BHNRC that
investigated the effect of vitamin C from
foods on several biological markers
prompted Vanderslice to develop HPLC
techniques for the measurement of all forms
of this vitamin in foods (120). Because of
the sensitivity of vitamin C to oxidation,
robotic directed procedures were developed
to extract and prepare samples for HPLC
measurement (121). These procedures
were then applied to the analysis of foods
for the human study (122); the resulting
data provided the basis for discussions of
the variability of vitamin C in foods (123).
At the same time, the question arose as to
the amount of oxidized vitamin C in human
plasma, which was addressed with many
of these same techniques and found to be
negligible (124).

L. Faye Russell, a scientist with Agriculture
Canada, arranged to complete her doctorate
at UMCP, but she conducted her research
with Vanderslice’s group. Her research
consisted of a review of the current methods
for the measurement of riboflavin in foods
and tissues (125), and then development

of new extraction and HPLC techniques for
the quantification of this vitamin (126). She
also developed a statistically based sampling
plan for the measurement of riboflavin in
fast-food hamburgers (127).

Vanderslice and his group began to evaluate
procedures for the measurement of folates
and folic acid in foods (128). However,

the development of separations of these
vitamers and their validation was left to
Pawlosky, Beecher, and Doherty (see below).
Vanderslice retired in 1994.

James Harnly joined NCL in 1979. Research
for his Ph.D. with Tom O’Haver at UMCP
developed components for multi-element
atomic absorption spectrometers. Atomic
absorption spectroscopy for elemental
analysis, then only about 15 years old, had
excellent sensitivity. However, the original
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design employed a lamp that emitted a
sharp, narrow wavelength of the spectrum
unique for a single element. To measure

a different element, the lamp needed to

be changed and the monochromator reset
to the appropriate wavelength. O’Haver
and many of his students pursued the
research and development required for

the transition to an atomic absorption
instrument that could measure several
elements simultaneously. Harnly continued
this line of research at NCL in collaboration
with O’Haver and several students, as

well as with several scientists around the
world. One of those students, Nancy Miller-
[hli, later joined NCL as a scientist. Many
aspects of each of the components of the
new instrument were evaluated and further
developed (129-136). Some advances were
made only after technological developments
in such components as monochromators
and solid-state detectors (137). Nonetheless,
this technology was never commercialized
even though Perkin Elmer, the preeminent
analytical instrument company for atomic
absorption instrumentation at the time,
showed interest. Several events doomed the
new instrumentation including corporate
decisions to promote inductively coupled
plasma (ICP) analysis instrumentation
because of higher profits and the
reorganization of Perkin Elmer, which
closed its outstanding German research and
development facility. Although a few retired
Perkin Elmer scientists continue to work
on the development of multielement atomic
absorption spectrometry, it is doubtful it
will become a widely accepted commercial
instrument, especially given the current
overwhelming market penetration of ICP and
ICP-mass spectrometry (ICP-MS).

In 1997, Harnly was appointed Research
Leader of the Food Composition Laboratory
(FCL), renamed from Nutrient Composition
Laboratory (table 1). Soon he focused on
methodologies for the measurement of
organic components of foods and dietary
supplements. His group first developed
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procedures for assessing allicin, a sulfur-
containing, purported health-related
component of garlic (138), followed by gas
chromatography mass spectrometry (GC-
MS) methods for free amino acids in garlic
and broccoli (139,140). Subsequently, he
developed a new approach for the evaluation
of the many organic compounds of plant
foods and supplements. Employing the
separation power of HPLC coupled with
ultraviolet-visible and mass spectrometry
detection, Harnly’s group developed
standard procedures for the routine
generation of “fingerprint profiles” of foods
and supplements (141,142). By applying
new statistical techniques (analysis of
variance-principle component analysis) to
the data, sources of variation were readily
identified (143,144). While this is a work in
progress, it demonstrates the feasibility of
a new approach (plant metabolomics) to the
characterization of plant compounds that
may be important in human health.

When Beecher returned to full-time
research in 1996, he reviewed the many
components of plant foods that have the
potential to promote human health (145)
and selected flavonoids as the next class
of compounds for analytical methodology
research. Flavonoids, a broad class of
polyphenols with several subclasses, are
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prominent in most plant foods and many
botanical supplements. They are the primary
organic constituents in teas, which received
considerable health-related attention in

the early 1990s. Although there were
analytical procedures for individual foods or
classes of flavonoids, a universal system of
measurement was lacking (146). An HPLC
system was developed with ultraviolet-
visible detection that separated the major
food flavonoids as their aglycones (147).
Also, a sample preparation scheme was
developed that removed sugars attached

to flavonoids but yet allowed accurate
quantification of the polyphenols (148).
These procedures were subsequently
applied to the measurement of flavonoids

in a large number of plant food samples of
the National Food and Nutrient Analysis
Program (NFNAP) (see discussion below)
(149). These data and other published
results were integrated into a database on
the flavonoid content of foods (150, table 2).

During the late 20th century, Finnish
scientists promoted lignans, another group
of phytonutrients that have hormone-like
biological activities. These compounds are
found primarily in flax- and rye-based foods
and dietary supplements in the United
States. Two new lignans were isolated and
characterized from flaxseed meal (151), and
the available data on the lignan content of
foods were summarized (152).

Also during this period, the Department of
Defense became interested in the health of
its female soldiers, upon urging by Congress,
and made available resources through a
grants program. Early studies indicated
that isoflavones, a subclass of flavonoids
and prominent in soy-based foods, had
estrogen-like biological activities. Together
with Pat Murphy at lowa State University,
who had considerable experience in the
analysis of these compounds in soy and

soy foods, Beecher and Holden submitted a
proposal that was funded. Appropriate retail
and institutional foods were sampled and
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analyzed (153), and a database derived from
these and published values was assembled
and released in 1998 (table 2). This database
has been updated several times because of
continued research and health interest in
these compounds and continuing analysis of
new foods.

As a result of Beecher’s experience studying
carotenoids and foods in general, he was
invited to be a member of two Institute of
Medicine (IOM) panels: Dietary Reference
Intakes for Vitamin C, Vitamin E, Selenium
and Carotenoids; and Establishment of the
Basis for Daily Values for Food Labeling in
U.S. and Canada. Beecher retired in 2001.

Nancy Miller-Ihli, who had conducted her
Ph.D. research with Harnly, joined NCL in
1984. She focused her research on sample
preparation for mineral analysis of foods.
Whereas the standard procedure had been
to oxidize carbonaceous material by ashing
either in a furnace or digestion with strong
acids prior to analysis, either procedure
was long and labor intensive and, in the
case of furnace ashing, often resulted

in the loss of some elements through
vaporization. Miller-Ihli sought to avoid this
long sample preparation step and used the
graphite furnace of the atomic absorption
spectrometer as the “ashing” furnace, as
well as the source of elemental vaporization
for ultimate analysis. The problem was
transfer of a very small, representative
sample of solid food or other material into
the furnace of the instrument. This was
overcome by grinding samples to a specific
small particle size and then maintaining
them in homogeneous slurry with ultrasonic
mixing while a small aliquot was taken for
introduction into the furnace (154). Perkin
Elmer acquired rights to the prototype
instrument and its patent, and produced it
as an attachment for their instrumentation.
An international collaborative study with
more than a dozen laboratories validated the
technology and also highlighted technical
areas for improvement of performance
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(155). Subsequently, the slurry sampler
and furnace were interfaced to ICP-MS and,
using sensitive isotope dilution analysis,
slurry conditions were optimized taking
into consideration such factors as sample
density, particle size, slurry mixing, and
analyte extraction into the slurry (156).

Miller-Ihli also developed highly

accurate instrumental methods for the
measurement of trace elements in foods,
water, and commodities and subsequently
demonstrated their application with a
series of analyses. An ICP-atomic emission
and an atomic absorption procedure were
developed for foods (157) and employed

in the analysis of trace elements in fruits
(158). Subsequently, ICP-MS methods were
substantially modified to improve accuracy
and precision (159). That procedure, as
well as ICP-atomic emission, was used to
assess the trace element composition of
municipal waters in the United States (160).
Miller-Ihli also was called on for advice

in the measurement of lead in sugars.

She developed a graphite furnace atomic
absorption procedure that was relatively
fast and gave accurate and precise values
(161,162). Miller-Ihli retired in 2004.

Robert Pawlosky joined the Food
Composition Laboratory in the late

1990s. He came from the University of
Minnesota and NIH with considerable mass
spectrometry (MS) experience. He took the
position previously held by Aldo Ferretti,
whose program had been transferred from
BHNRC'’s Lipid Nutrition Laboratory to FCL
although he retired before physically moving
to Building 161. Fortunately, his associate
Vince Flanagan, an MS expert dating back
to the 1960s, waited several years before
retiring. The Pawlosky-Flanagan team first
developed a sensitive HPLC-MS procedure
for the measurement of deuterium-labeled
B-carotene in biological samples from
humans (163). Subsequently, they developed
a method for the measurement of both
endogenous and '*C-labeled [3-carotene,
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lutein, and vitamin A in human plasma
(164). Beverly Clevidence, Janet Novotny,
and the BHNRC human studies group
employed these procedures to investigate
the metabolism of carotenoids (165).

Next, Pawlosky turned his attention to
folates in foods and biological samples.

At the request of Christine Pfeiffer at the
Centers for Disease Control and Prevention,
Atlanta, GA, a stable isotope dilution
procedure was developed for the analysis
of 5-methyltetrahydofolic acid in serum
(166). This was followed by the development
and validation of a similar method for folic
acid in fortified foods (167) and analysis of
both folic acid and 5-methyltetrahydrofolic
acid in fortified citrus juices (168).

These procedures were then applied to

the validation of HPLC methods for the
measurement of folates in foods (169,170).
Pawlosky returned to NIH in 2002, and
Flanagan retired shortly thereafter.

Rebecca Robbins, an organic chemist, joined
FCL in 2001. She focused on methodology
for analysis of phenolic acids in plant foods,
which she reviewed (171). Subsequently,
Robbins developed HPLC procedures for
accurate measurement of these components
(172). She left FCL for the snack food
division of Mars, Inc., in New Jersey in
2004.

As of the time of writing (2011), as a result
of retirements and transfers of several
scientists as well as budget constraints, the
laboratory has five scientists. The laboratory
was renamed Food Composition and
Methods Development Laboratory (FCMDL)
in 2007. Harnly is the Research Leader and
focuses on analytical fingerprinting and
profiling. Wolf continued his efforts in the
development of analytical procedures for
organic species of selenium and selected
water-soluble vitamins. He also worked
with scientists at the National Institute of
Standards and Technology (NIST) and other
organizations to facilitate availability and
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application of Certified Reference Materials
in food and biological analyses. These
materials are critical to the area of analytical
quality assurance and the laboratory
qualification process. Wolf retired in March
2011.

Three new scientists joined the laboratory
during this decade. Wm. Craig Byrdwell
currently is focusing his efforts on the
development of sensitive methods for the
analysis of various forms of vitamin D in
foods (173). This is in support of a large
effort to update data on the vitamin D
content of foods (174) as a committee of IOM
re-examined recommendations for vitamin D
intake (175).

Pei Chen is collaborating with Harnly on the
chromatographic fingerpri