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A Sweet Piece of the 

FOOD PYRAMID
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“Everybody loves chocolate!” Although this may not be
entirely true, chocolate does have an amazing abili-
ty to draw people to the candy bowl, dessert tray, or

snack counter. According to a study conducted by researchers at
the University of Texas and the Hershey Corporation, people
started enjoying the smooth, sweet, semisweet, or bittersweet
taste of this cocoa bean extract in foods and beverages as early
as 600 B.C. 

Today, the average American consumes nearly 10 pounds
of chocolate a year. And like other foods bought in the Unit-
ed States, certain nutritional content information has to be
displayed on the package. However, this information needs to
be obtained in a repeatable and standard way, a problem that
the National Institute of Standards and Technology (NIST) has
been working on for more than a decade. And in the case of
chocolate, its use as a standard is being pushed beyond common
nutritional measurement and into new compounds that may
benefit human health.

A single cocoa bean can contain around 300 different
compounds. Many of them contribute to chocolate’s flavor and
aroma, and some have an impact on human health. Since the
late 1990s, chocolate has received a lot of attention in the
health and nutrition communities, and scientific findings suggest
that the nutrients in chocolate possess certain health benefits. Of
those nutrients found to have an impact on human health,

caffeine, theobromine, theophylline, and catechins are of most
interest and are increasingly coming to the attention of those
seeking to establish better nutritional standards for chocolate.

Why Food Standards?
Labels that specify the nutritional content of processed foods
have been required since the Nutritional Labeling and Educa-
tion Act (NLEA) was passed in 1990. The labels specify the
nutritional information, namely the total fat, saturated fat,
cholesterol, total carbohydrates, dietary fiber, sugars, protein,
vitamin A, vitamin C, sodium, calcium, and iron contained in
a single serving.

Nutritional labeling accuracy became a problem shortly
after the NLEA was passed, when the FDA sponsored a study
in 1996 to test whether the nutritional content reported on labels
was accurate and reproducible by outside laboratories. The study
found that accuracy ranged from as high as 90% to as low as
54%. The lack of defined analytical methods for quantifying the
nutrients in a single serving of a processed food and the lack of
a standard reference material to use as a control were blamed for
this labeling inaccuracy. Shortly after this study was conducted,
NIST began developing food-matrix Standard Reference Mate-
rials (SRMs) with assigned values for nutrients as reference
compounds. These SRMs were intended for use as primary
controls to assign values to in-house control materials and to vali-

NIST has 
“raised the bar”

with standard values 
for key nutrients 

in baking chocolate.
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date methods for measuring nutri-
ents such as proteins, fat, calcium,
iron, calories, and vitamins.

The AOAC International Task
Force on Methods for Nutrition
Labeling developed a nine-sector
triangle in which foods are posi-
tioned on the basis of their fat,
protein, and carbohydrate content
(Figure 1). Foods located in sector
1, at the top of the triangle, are high
in fat. Foods in sector 5, on the
bottom left-hand side of the trian-
gle, are high in carbohydrates, and
foods in sector 9, on the bottom
right of the triangle, are high in
protein. Foods in all other sectors
contain some combination of all
three nutrients.

One or two reference materials
in each sector should represent other
foods in that sector, and a food-
matrix SRM is useful for developing analytical methods and qual-
ity assurance analyses for foods in each sector. NIST has devel-
oped SRMs for each sector of the triangle, and SRM 2384, Baking
Chocolate, is the only reference material developed for foods that
fall within sector 2. A reference material in this sector was consid-

ered high priority, according to the
outcome of a workshop NIST held
in 1999 to assess the needs of the
food industry.

NIST assigns levels of confi-
dence to the measurement values of
specific analytes in the SRMs. They
are assigned on three levels—certi-
fied, reference, and information.
The certified values signify that
NIST has the highest confidence in
the accuracy of the value. A refer-
ence value represents a best estimate
of the true value, where all known
sources of bias have not been fully
investigated by NIST. The infor-
mation value is provided for analytes
for which sufficient information is
not available to assign the uncer-
tainty associated with the value.
Once an SRM has been character-
ized by measuring and assigning

confidence levels to the values obtained, a Certificate of Analy-
sis is issued.

NIST collaborated with other laboratories to generate analyt-
ical data from different methods and assign values to specific
analytes in SRM 2384. SRM 2384 was created primarily to
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Figure 1. AOAC nine-sector food triangle, with the location of SRM
2384 and other NIST food-matrix SRMs indicated. (Adapted with
permission from J. Agric. Food Chem. 2002, 50, 7069-7075.)

Baking chocolate isn’t the only standard reference maintained by
NIST; the SRM catalog includes approximately 1300 standards, cover-
ing materials from uranium to Tennessee phosphate rock, and from
human serum to slurried spinach.

SRMs date back almost to the birth of NIST. Founded in 1901 as
the National Bureau of Standards, NIST joined the American landscape
at the same time as the great technical innovations of the early 20th
century. The advent of skyscrapers, suspension bridges, automobiles,
aircraft, and an expanding rail system pushed the limits of materials
science, and by 1905 the American Foundrymen’s Association had
approached the Bureau with its first standard reference project.

Train derailments had been fairly frequent since the 1830s from the
fracturing of cast iron wheels. Safe and appropriate alloys had been
identified and tested, but chemical laboratories at the various foundries
could not produce consistent samples. Together with the American
Foundrymen’s Association, the Bureau set the first four standard refer-
ence materials in 1906: “Standardizing Iron Sample A” through “Stan-
dardizing Iron Sample D.”

A numbering system quickly developed, and SRMs are now identified
by numbers (e.g., baking chocolate is SRM 2384), with subsequent lots
of the SRM being distinguished by a letter.The first four iron samples are
now Standard Sample nos. 3–6. SRMs 1 and 2 were set aside for lime-
stone and zinc ore; however, they were not certified until 1910 and 1919.

Early additions to the SRM catalog centered on metals production
and calibration. Iron and steel were extensively characterized. Lime-
stone was chosen because of its use as a refractory liner. Sucrose became

SRM 17 early on, based on its uses for calibrating calorimeters.
Many early SRMs reflected the industrial bent of the nation, but as

technology progressed, the range of materials broadened as well; in
many cases, the progress was symbiotic. The selection of materials to
be standardized has always been based on the measurement needs of
industry, government, and academia—and the potential impact on
commerce and trade.

Today, the 1300 standard reference materials are divided into 10
major categories: engineering materials, food and agriculture, health
and clinical, forensics, environmental, high-purity materials, industrial
materials, physical properties, radioactivity, and industrial hygiene.

Like the baking chocolate standard, food-matrix SRMs record levels
of vitamins, fat, protein, and other content. Some of the newest SRMs,
food-matrix standards, only entered the inventory in the 1970s and
1980s, and their numbers grew most rapidly after the National Label-
ing and Education Act was passed in 1990.Today, this category includes
wheat flour, rice flour, oyster tissue, nonfat milk powder, spinach leaves,
and bovine liver, and has certified concentrations for manganese, cadmi-
um, antimony, calcium, and iron, among others.

Generating approximately $10 million a year, which is used to
fund the development of new SRMs, NIST sells SRMs to about 5000
distinct customers, including national laboratories, universities, indi-
viduals, and customers abroad. SRMs vary in price from $79 for SRM
1010a, a set of five microscopy test charts, to $10,637 for SRM 1748,
a cell of tin at its freezing point.

Allison L. Byrum

A History of SRMs
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validate analytical methods for measuring prox-
imates (water or moisture, proteins, total lipids,
total carbohydrates, and ash), fatty acids, vita-
mins, elements, and other materials; and as a
result of the NIST laboratory collaboration, certi-
fied or reference values are now available for a
number of chocolate consitutents. These meth-
ods can be used on baking chocolate or foods of
similar compositions.

SRM 2384 is prepared from 100% cocoa and
is packaged in bars. It is the first reference mate-
rial to have assigned certified reference values for
caffeine, theophylline, theobromine, (+)-cate-
chin, and (–)-epicatechin. Certified values for fat,
selected fatty acids, calcium, and iron have also
been assigned, as have reference values for addi-
tional proximates, fatty acids, elements, calo-
ries, dietary fiber, and other analytes.

Caffeine and Its Analogues
Caffeine, theobromine, and theophylline are
xanthine compounds, naturally found in foods
and beverages derived from plant sources, such
as tea, coffee, and cocoa beans (Figure 2). Theo-
bromine and caffeine are the two most abundant
xanthines in chocolate.

Regarding the importance of quantifying these compounds,
Jeanice Brown Thomas, a research chemist in the Analytical
Chemistry Division of NIST’s Chemical Science and Technol-
ogy Laboratory, says, “In recent years, these compounds have
received increased attention in the food and nutrition industry
and in dietary supplements because they can
cause various physiological effects (i.e., caffeine
is used as a central nervous system, cardiac,
and respiratory stimulant; theophylline and
theobromine are widely used as smooth
muscle relaxants; and all three can cause diure-
sis). Reference procedures and well-charac-
terized food-based products are needed to
accurately evaluate the dietary intake and the
resulting biological effects of these compounds
on humans.”

NIST used reversed-phase liquid chro-
matography coupled with ultraviolet
absorbance detection to simultaneously
measure the concentration levels of caffeine,
theobromine, and theophylline in SRM 2384.

Catechins
The catechins found in chocolate are
monomeric (+)-catechin and (–)-epicatechin (Figure 3). Before
the development and characterization of SRM 2384, quantita-
tive data regarding the distribution of these catechins in choco-
late was inconsistent because of a lack of standardized methods
to analyze catechin levels in chocolate products. With the devel-
opment of a standardized method of quantifying catechin
levels, dietary intake and subsequent bioavailability of these cate-
chins can be objectively and accurately evaluated. This could

provide useful information and standards by
which to measure dietary supplements and cate-
chin-fortified foods.

Catechins are polyphenolic compounds
found in foods and beverages derived from
plants, such as tea, coffee, wine, fruit, and
cocoa beans. These compounds offer potential
health benefits due to their high antioxidant
properties.

“Current in vitro studies indicate that the
antioxidant capacity of catechins is sufficient to
improve platelet function and to prevent low-
density lipoprotein oxidation. Hence, the
increased intake of catechins would tend to reduce
the risk of cardiovascular disease. Studies are ongo-
ing to establish the exact relationship between
chocolate consumption and the reduction of
cardiovascular risk in humans,” adds Thomas.

NIST developed a quantitative method to
measure catechin values in SRM 2384 using LC
coupled with atmospheric pressure chemical
ionization-mass spectroscopy (APCI-MS). MS
allows for both the quantification and identifi-
cation of catechins in complex matrices, such as
food products. NIST was the first to report the
use of LC/MS to quantify catechin levels in

chocolate. LC/MS had been used as a qualitative analytical tool
to measure catechins in chocolate, and NIST collaborated with
the authors of these papers to assign certified values to SRM 2384.

The certified values of catechin levels will prove useful to clini-
cians, nutritionists, and food scientists who are studying catechin-

related bioavailability and assigning values to
catechin-fortified foods and dietary supplements.

What’s Next?
NIST has been developing food-matrix stan-
dards since 1996 and has provided the food
industry with a number of SRMs and standard
analytical methods by which to measure values
of particular nutrients in processed foods. The
utility of SRM 2384 for measuring specific
nutrients is vast and is applicable to many differ-
ent processed foods, not just chocolate.

Recently, acrylamide content has been char-
acterized in SRM 2384, and the Certificate
of Analysis is being updated. Commenting on
plans for other compounds to be analyzed,
Thomas says, “If interest arises in any other
components present in the chocolate, it could
be analyzed for those components as well.

However, there are currently no plans for additional characteri-
zation.” She adds, “NIST has a chocolate-flavored SRM 3244
Ephedra-Containing Protein Powder, which has also been char-
acterized for its caffeine content.”

The information that these standards yield will have a dramat-
ic impact on the study of nutrition, and will allow consumers to
make informed dietary choices when selecting their favorite choco-
late food. ◆
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Figure 2. Chemical structures of
theobromine, theophylline, and
caffeine.

Figure 3. Structures of monomeric 
(–)-epicatechin and (+)-catechin.


