1262 SHARPLESS ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 93, No. 4, 2010

FOOD COMPOSITION AND ADDITIVES

Preparation and Characterization of Standard Reference
Material 1849 Infant/Adult Nutritional Formula

KATHERINE E. SHARPLESS, RICHARD M. LINDSTROM, BRYANT C. NELSON, KAREN W. PHINNEY, CATHERINE A. RIMMER,
LANE C. SANDER, MICHELE M. SCcHANTZ, RABIA O. SpraTZ, JEANICE BROWN THOMAS, GREGORY C. TURK, STEPHEN A. WISE, and

LauraJ. Woob

National Institute of Standards and Technology, Analytical Chemistry Division, Gaithersburg, MD 20899-8390

JamEes H. YEN

National Institute of Standards and Technology, Statistical Engineering Division, Gaithersburg, MD 20899-8980

Standard Reference Material (SRM) 1849
Infant/Adult Nutritional Formula has been issued
by the National Institute of Standards and
Technology (NIST) as a replacement for SRM 1846
Infant Formula, issued in 1996. Extraction
characteristics of SRM 1846 have changed over
time, as have NIST’s analytical capabilities. While
certified mass fraction values were provided for
five constituents in SRM 1846 (four vitamins plus
iodine), certified mass fraction values for 43
constituents are provided in SRM 1849 (fatty acids,
elements, and vitamins) and reference mass
fraction values are provided for an additional

43 constituents including amino acids and
nucleotides, making it the most extensively
characterized food-matrix SRM available from NIST.

United States. The Infant Formula Act of 1980 (Public

Law 96-359) requires that manufacturers test their
products to make sure that nutrients fall within specified
limits (1). Since 1996, the National Institute of Standards and
Technology (NIST) has provided Standard Reference
Material (SRM) 1846 Infant Formula for use as a tool for
assuring the quality of nutrient measurements (2). This paper
describes the preparation and value assignment of SRM 1849,
a more fully characterized replacement for SRM 1846. [SRM
1849 contains nutrients at levels that would not be in
compliance with the U.S. Infant Formula Act of 1980 (1), and
this material is not an infant formula. SRM 1846 was replaced
with a product that is not an infant formula to provide broader
material applicability.] As is true for all of NIST’s
food-matrix SRMs, SRM 1849 is intended for use as a
primary control material when assigning values to in-house
(secondary) control materials and for validation of analytical
methods for the measurement of nutrients in similar matrixes.

Infant formula is arguably the most regulated food in the
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SRM 1846 was prepared in 1991 as a spray-dried base into
which elements and encapsulated vitamins were dry-blended.
The material was dry-blended to increase long-term stability
of the encapsulated vitamins. Over time, the encapsulation
hardened, making complete extraction of the originally
certified fat-soluble vitamin content (retinol and
a-tocopherol) difficult if not impossible. At the end of its
lifetime, only five analytes (ascorbic acid, riboflavin, niacin,
pyridoxine hydrochloride, and iodine) remained as certified
mass fractions in SRM 1846 (3).

When SRM 1846 was prepared, NIST offered a number of
food-matrix materials with values assigned for elements and,
therefore, did not measure elements in SRM 1846. Because of
this, only reference values for element mass fractions, using
collaborating laboratories’ data, were assigned (4). In the early
1990s, NIST did not have methods in place to assign certified
values for fatty acids, vitamins D and K, or many of the
water-soluble vitamins; again, reference values were assigned
for SRM 1846 using collaborating laboratories’ data. Five
certified, 38 reference, and nine information mass fraction
values—>52 values in total—were provided in SRM 1846 at
the end of'its lifetime. By contrast, SRM 1849 is provided with
43 certified and 43 reference mass fraction values—a total of
86 values. NIST made measurements of fatty acids, fat- and
water-soluble vitamins, and elements. New methods were
developed for the determination of vitamins in this material, in
particular methods based on isotope-dilution MS (5).

SRM 1849 was characterized by NIST and collaborating
laboratories (Table 1), including the manufacturer of the
material, to provide mass fraction values designated as
certified, reference, or information. NIST used one method
(for most of the elements measured) or two independent
analytical methods (for vitamins and fatty acids). The means
obtained using the individual NIST methods were combined
with the manufacturer’s mean result, the median of the
individual collaborating laboratory means, and the mean of
results provided by the U.S. Department of Agriculture
(USDA), where available. The logic behind NIST’s use of two
independent methods is that biases inherent to one method are
unlikely to occur in the other method; therefore, if results
between the two methods agree, they are likely to represent



SHARPLESS ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 93, No. 4,2010 1263

Table 1. The laboratories listed below performed
measurements that contributed to the value assignment
of constituents in SRM 1849 Infant/Adult Nutritional
Formula

Abbott Nutrition, Columbus, OH

Campbell Soup Co., Camden, NJ?

Covance, Inc., Madison, WI?

Eurofins Danmark A/S, Kolding, Denmark
Eurofins Laboratories Ltd, Wolverhampton, UK
Fonterra, Palmerston North, NZ

Fonterra, Waitoa, NZ

General Mills, Inc., Minneapolis, MN?

Hormel Foods Corp., Austin, MN?

Kraft, East Hanover, NJ?

Kraft Foods, Glenview, IL?

Krueger Food Laboratories, Cambridge, MA?
Mead Johnson Nutritionals, Evansville, IN
Nestlé USA, Dublin, OH?

Novartis Nutrition Corp., St. Louis Park, MN?
PBM Nutritionals, Georgia, VT

U.S. Food and Drug Administration, Atlanta, GA

@ These laboratories analyzed SRM 1849 as part of a GMA FIACC
interlaboratory comparison exercise.

the true value. An analyst does not have to use one of the same
analytical methods to obtain the certified value. A
NIST-certified value is one in which NIST has the highest
confidence in its accuracy, in that all known or suspected
sources of bias have been fully investigated or taken into
account (4). Certified values were provided for analytes that

were measured by both NIST and the collaborating
laboratories. NIST reference values represent a best estimate
of the true value where all known or suspected sources of bias
have not been fully investigated; reference values have
associated uncertainties that may not include all sources of
uncertainty and may represent only a measure of the of the
measurement method(s)’ precision (4). Reference values may
be assigned if no NIST data are available, or if sources of bias
in NIST measurements have not been fully resolved (4).
Reference values in this material were provided for analytes
measured only by collaborating laboratories, including the
manufacturer.

Experimental
Material Preparation

SRM 1849 is a milk-based, hybrid infant/adult nutritional
powder prepared by a manufacturer of infant formula and adult
nutritional products. A base liquid containing all constituents
was conventionally heat-processed, homogenized, then
spray-dried. The ingredients used in preparation of SRM 1849
are provided in Table 2. The product was packaged by the
manufacturer in single-use pouches, each containing 10 g
powder and flushed with nitrogen. The materials were stored
below 0°C following packaging, and stored at NIST at —80°C
to enhance long-term stability. This material contains some
nutrients at levels not permitted in infant formula and is not an
infant formula.

Characterization and Value Assignment

(a) Fatty acids.—Value assignment of the mass fractions
of fatty acids in SRM 1849 was based on the combination of
measurements made at NIST using two different analytical
methods, and by collaborating laboratories and the
manufacturer. NIST provided results using two different

Table 2. Ingredients in SRM 1849 as indicated by the manufacturer

Lactose Magnesium phosphate

Nonfat dry milk Ferrous sulfate

High oleic safflower oil Choline chloride

Soy oil Zinc sulfate

L-Carnitine
B-Carotene
Retinyl palmitate

Thiamine (vitamin B1) chloride hydrochloride

Coconut oil

Whey protein concentrate
Sodium caseinate
Magnesium sulfate
Potassium citrate

Sodium chloride

Calcium phosphate
Docosahexaenoic acid (DHA)
L-Methionine

Arachidonic acid (AA)

Ascorbic acid (vitamin C)

Taurine

Myo-inositol

Cytidine monophosphate
RRR-a-tocopheryl acetate
Guanosine monophosphate
Manganese sulfate

Uridine monophosphate
Adenosine monophosphate
Niacinamide

Copper sulfate

d-Calcium pantothenate

Pyridoxine (vitamin Bg) hydrochloride
Riboflavin (vitamin B2)

Chromium chloride

Sodium fluoride

Sodium molybdate

Folic acid

Biotin

Sodium selenate

Phylloguinone (vitamin K1)
Cholecalciferol (vitamin D3)

Cyanocobalamin (vitamin B12)
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Figure 1.

Location of SRM 1846 Infant Formula and SRM 1849 Infant/Adult Nutritional Formula in the

fat-protein-carbohydrate triangle developed by AOAC INTERNATIONAL for categorization of food matrixes. Other
food-matrix SRMs available from NIST or in preparation, with values assigned for proximates, are shown. SRM 1544
and SRM 1548 diet composites, SRM 1546 meat homogenate, SRM 1549 whole milk powder (in preparation),

SRM 1563 coconut oil, SRM 1566b oyster tissue, SRM 1845a whole egg powder (in preparation), SRM 1946 and 1947
fish tissue, SRM 2383 baby food composite that is being replaced, SRM 2384 baking chocolate, SRM 2385 spinach,
SRM 2387 peanut butter, SRM 3274 botanical oils with values assigned for fatty acids, SRM 3233 fortified breakfast
cereal (in preparation), SRM 3234 soy flour (in preparation), SRM 3244 protein powder drink mix, and SRM 3287

blueberries (in preparation).

analytical methods: GC with a flame ionization detector (FID)
or MS detector.

(b) Vitamins.—Value assignment of the mass fractions of
the vitamins in SRM 1849 was based on the combination of
results provided from several different analytical methods at
NIST, collaborating laboratories, and the manufacturer. NIST
provided measurements by using a combination of different
LC methods with different detection (5). Vitamin A was
measured by using two LC methods with absorbance (LC/abs)
or MS detection. Retinyl palmitate-d, was used as the internal
standard for isotope dilution (ID) LC/MS. Tocopherols,
including a-tocopheryl acetate, were measured using LC/abs
or LC with fluorescence (LC/FL) detection. Vitamins D and K
(cholecalciferol and phylloquinone, respectively) were
measured at NIST using only ID-LC/MS with vitamin Ds-d
and vitamin K;-d, used as internal standards (5). B-Carotene
was measured at NIST by using two LC/abs methods. Results
for B-carotene from all sources, including collaborating
laboratories, ranged from 2 to 12 pg/g; therefore, a value
could not be assigned.

Water-soluble vitamins were measured by using two LC
methods with absorbance, MS, or MS/MS detection (5).
Vitamins B, B,, B¢, niacinamide, and pantothenic acid were
measured in one set of analyses by using LC/MS with
isotopically labeled internal standards: '’Cj-thiamine
chloride; 2H4-niacinamide; calcium 13C3, 15N—pantothenate;
and "°C,-pyridoxine hydrochloride. Vitamins B,, By, and
niacinamide were also measured by LC/abs (vitamins B; and
niacinamide) and FL (vitamin Bg). Folic acid measurements
were made by using negative- and positive-ion mode
LC/MS/MS with *Cs-folic acid as the internal standard (6).
Biotin was measured using negative-ion mode LC/MS and
positive-ion mode LC/MS/MS with ?H,-biotin as an internal
standard (7).

The USDA’s Food Composition and Methods
Development Laboratory (Beltsville, MD) provided results
for water-soluble vitamins (8, 9) and vitamin D (10) using
LC/abs or LC/FL (as appropriate) and LC/MS methods.

(¢) Elements.—Value assignment of the mass fractions of
the elements in SRM 1849 was based on the combination of
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Figure 2. Comparison of element levels in SRMs 1849, 1846, 1953, and 1954 to values provided in the USDA food
composition database. Mass fractions in SRMs 1953 and 1954 and the USDA values have been converted to a
dry-mass basis using a conversion factor of 12.5% solids (ref. 29). Uncertainties on SRM values represent an
expanded uncertainty at 95% confidence; uncertainties on the USDA values are two SDs. Error bars are not shown
in instances where uncertainty information was unavailable (i.e., information values or n = 1).

measurements from NIST using two different analytical
methods, collaborating laboratories, and the manufacturer,
where available. NIST provided measurements by using
instrumental neutron activation analysis (INAA; 11) and
inductively coupled plasma-optical emission spectrometry
(ICP-OES). Collaborating laboratories used their usual
methods, most often ICP-OES, but also including direct
current plasma atomic emission, flame atomic absorption,
graphite furnace atomic absorption spectrometry, and
ICP/MS.

(d) Collaborating laboratories’ analyses—The Grocery
Manufacturers Association (GMA) Food Industry Analytical
Chemistry Committee (FIACC) laboratories and a group of
other laboratories, listed in Table 1, were asked to use their
usual methods to make single measurements on test portions
taken from each of two or three packets of SRM 1849,
respectively. The median of the individual collaborating
laboratory means was combined with the mean result from the
manufacturer analyses (below) and means of NIST data for
calculation of the certified values. Collaborating laboratories’

data alone were used to assign reference and information
values for proximates, amino acids, nucleotides, ascorbic
acid, vitamin B, choline, inositol, and carnitine. A summary
of the methodological information and the number of
laboratories using a particular analytical technique is provided
in the Certificate of Analysis for this material, available at
http://www.nist.gov/srm.

(e) Manufacturer’s analyses.—The manufacturer of SRM
1849 provided data for 57 analytes, measuring each from 30 to
240 times in the months following preparation. The mean of
its data sets was averaged with the median of the individual
collaborating laboratory means and the means of NIST data
for calculation of certified values. Its mean results were
combined with medians of the other collaborating
laboratories’ data to assign reference values.

(f) Value assignment—The laboratories listed in Table 1
reported the individual results for each of their analyses for a
given analyte. The mean of each laboratory’s results was then
determined. For calculation of assigned values for analytes
that were measured only by the collaborating laboratories
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Figure 3. Comparison of data used to assign value for sodium in SRM 1849 Infant/Adult Nutrition Formula.
Laboratories are not numbered in the order shown in Table 2. Error bars on collaborating laboratories’,
manufacturer, and NIST data represent two SDs. Error bars on the median represent two times the MADe. Error bars
on the certified values represent the expanded uncertainty as described in footnote a in Table 4.

and/or the manufacturer, the median of the laboratory means
and the mean of the manufacturer’s data were averaged. For
analytes that were also measured by NIST, the mean of
individual sets of USDA data, the median of the individual
collaborating laboratory means, the manufacturer’s mean, and
the mean of the individual sets of NIST data were averaged.
None of the collected data was discarded as an outlier; the use
of robust statistics (see below) make this possible.

Uncertainties in the assigned values were calculated
according to the method described in the ISO Guide (12—-14).
The uncertainty of each value is expressed as an expanded
uncertainty, U, calculated as:

U = ku,

where u, is intended to represent, at the level of one SD,
the combined effect of between- and within-laboratory
components of uncertainty. The coverage factor (k) is
determined from the Student’s #-distribution corresponding to

the appropriate associated degrees of freedom and
approximately 95% confidence for each analyte.

The material manufacturer recommended reconstitution of
an entire packet of material (10 g) prior to removal of a test
portion for analysis. A microhomogeneity assessment was
performed for vitamin A, using test portions from 0.5t0 3.0 g,
to determine the minimum test portion in which retinyl
palmitate was homogeneously distributed. The homogeneity
of elements, fatty acids, and vitamins was assessed at NIST
using test portions less than 10 g (the contents of an entire
packet): 0.5 g for fatty acid analysis, between 0.2 and 2 g for
elemental analysis, and between 1.0 and 2.5 g for vitamin
analysis. (The microheterogeneity study showed 2.0 g was the
optimum test portion size for retinyl palmitate analysis.)
Analysis of variance did not show statistically significant
heterogeneity for test portion sizes employed; therefore,
analytes have been treated as though they are homogeneously
distributed in the material although the homogeneity of the
other analytes was not assessed.
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Figure 4. Comparison of data used to assign value for nuacinamide in SRM 1849 Infant/Adult Nutritional Formula
compared to data used for value assignment of SRM 1846 Infant Formula. Error bars on collaborating laboratories,
manufacturer, and NIST data represent two SDs. Error bars on the median represent two times the MADe. Error bars
on the certified values represent the expanded uncertainty, as described in footnote a in Table 5.

Results and Discussion

NIST has a number of food-matrix reference materials
with values assigned for constituents of nutritional interest.
The effort to produce these materials was driven largely by the
requirements of the Nutrition Labeling and Education Act of
1990 (15). As shown in Figure 1, SRMs have been developed
for a wide range of compositions (16-22). Foods are
positioned in this AOAC-developed triangle based on their
fat, protein, and carbohydrate content. One or two foods
within each sector are expected to be representative of—and
useful as control materials for analysis of—other foods within
that sector (23, 24). SRM 1849 is located in sector 6, as was
SRM 1846. These two materials are somewhat different with
respect to their proximate composition: SRM 1846 contained
27.1% fat, 11.10% protein, 2.91% ash, and 57.2%
carbohydrate, whereas SRM 1849 contains 31.0, 13.3, 4.52,
and 50.2%, respectively. Certified and reference values for
proximates, fatty acids, lactose, cholesterol, and calories in

SRM 1849 are provided in Table 3, along with the data used to
assign the values. The median of the collaborating laboratory
means and the mean of the manufacturer’s results were
combined with the mean of USDA and NIST data, where
available. [The sometimes very wide variations of the
round-robin results indicate that it is more appropriate to use
the median rather than the mean of the laboratory means. The
SD of the median for the collaborating laboratories’ data was
calculated as a robust estimate based on the median absolute
deviation, the MADe (25, 26).] The use of the median allows
the outliers to be neglected without necessitating outlier
removal.

The elemental composition of SRMs 1846 and 1849 is
compared in Figure 2. Also plotted is the elemental
composition of SRMs 1953 and 1954 Organic Contaminants
in Human Milk, Unfortified and Fortified (with
contaminants), respectively (27, 28), and that of human milk
according to the USDA food composition database (29). In the
case of the human milk SRMs and the USDA data, values
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Table 6. Reference mass fractions for amino acids, taurine, and nucleotides and information value for carnitine®

Collaborating Manufacturer's
Compound Units?  laboratories’ median MADe® mean SD Assigned value u
Alanine % 0.485 0.009 0.490 0.006 0.488 0.011
Arginine % 0.395 0.010 0.426 0.016 0.411 0.024
Aspartic acid % 1.09 0.03 1.14 0.02 1.1 0.05
Cystine % 0.142 0.010 0.144 0.005 0.143 0.012
Glutamic acid % 2.72 0.10 2.84 0.04 2.78 0.14
Glycine % 0.245 0.003 0.254 0.004 0.250 0.007
Histidine % 0.320 0.012 0.312 0.006 0.316 0.015
Isoleucine % 0.690 0.037 0.687 0.015 0.688 0.043
Leucine % 1.28 0.02 1.35 0.02 1.31 0.06
Lysine % 1.04 0.02 1.07 0.02 1.05 0.03
Methionine % 0.410 0.028 0.504 0.010 0.457 0.070
Phenylalanine % 0.583 0.010 0.594 0.007 0.589 0.013
Proline % 1.18 0.04 1.240 0.022 1.21 0.06
Serine % 0.700 0.037 0.753 0.012 0.726 0.054
Taurine % 0.034 0.006 0.036 0.001 0.035 0.007
Threonine % 0.615 0.016 0.658 0.009 0.636 0.036
Tryptophan % 0.180 0.009 0.195 0.003 0.188 0.015
Tyrosine % 0.475 0.034 0.556 0.015 0.516 0.071
Valine % 0.798 0.036 0.799 0.018 0.798 0.041
Carnitine mg/kg 84.60 3.00 85
CMP? mg/kg 302 2 308 13 305 5
GMP? mg/kg 150 17 144 6 147 38
ump ma/kg 149 148 6 148
AMP? mg/kg 108 103 4 106

@ Each certified mass fraction value, in units of mg/kg, expressed as a mass fraction for the material as received, is the mean from the
combination of the mean results from each set of analyses by NIST, the median of the mean results provided by collaborating laboratories,
and the mean result provided by the material manufacturer, where available. Each reference mass fraction value, expressed as a mass
fraction for the material as received, is the mean from the combination of the median of the mean results provided by collaborating
laboratories and the mean result provided by the material manufacturer, where available. The uncertainty in the certified and reference mass
fraction, calculated according to the method described in the ISO Guide (12-14), is expressed as an expanded uncertainty, U. The expanded
uncertainty is calculated as U = ku,, where u, is intended to represent, at the level of one SD, the combined effect of between-laboratory and
within-laboratory components of uncertainty. The coverage factor, k, is determined from the Student’s t-distribution corresponding to the
appropriate associated degrees of freedom and 95% confidence level for each analyte. An uncertainty is not provided on the information
value for carnitine because insufficient information was available to assess the uncertainty.

Values shown as % represent mass fractions.

o

Q

have been converted to a dry-mass basis using a value of
87.5% moisture (12.5% solids; 29). As expected, levels
present in the human milk SRMs are most similar to levels
provided in the USDA tables. Levels in SRM 1849 are higher
than those of human milk and SRM 1846 in all cases,
emphasizing further that SRM 1849 is not an infant formula.

Certified and reference values for elements in SRM 1849
are provided in Table 4, along with the sets of data used to
assign these values. A plot of sodium values reported by
collaborating laboratories and the manufacturer, and those

MADe is the median absolute deviation, a robust estimate of the SD (25, 26).
CMP = Cytidine monophosphate; GMP = guanosine monophosphate; UMP = uridine monophosphate; AMP = adenosine monophosphate.

obtained using the two NIST methods (ICP-OES and INAA)
are provided in Figure 3. The median of the individual
collaborating laboratory means was combined with the
manufacturer’s mean, the INAA mean, and the ICP-OES
mean to calculate the certified value. Note that sodium
contamination may be a problem for some laboratories, as has
been previously observed in low-sodium materials, such as
SRM 2384 Baking Chocolate (20).

Certified and reference values for vitamins in SRM 1849
are provided in Table 5 along with the data sets used to
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Figure 5. Comparison of reference values for amino acids in SRM 1849 Infant/Adult Nutritional Formula, 1546 Meat
Homogenate, 3244 Ephedra-Containing Protein Powder, and 2387 Peanut Butter. Error bars represent the 95%

confidence interval described in Table 6.

produce them. Most NIST results were generated using two
methods, one of which typically involved LC/MS or
LC/MS/MS with a stable-isotope labeled internal
standard (5). Collaborating laboratories reported measuring
free and total forms of the water-soluble vitamins. Results
were indistinguishable, and data were combined to calculate
median values. Because the SRM was fortified with vitamins,
the naturally occurring levels of vitamins are “lost” in the
variability of the measurements. NIST is currently working on
characterizing SRM 3233 Fortified Breakfast Cereal, and will
then begin characterizing food-matrix SRMs that have not
been vitamin-fortified (e.g., candidate SRM 3234 Soy Flour
and SRM 2383a Baby Food Composite).

The data used for value assignment and the certified values
for niacinamide in SRMs 1846 and 1849 are compared in
Figure 4. In 1991, for SRM 1846, the value was generated by
combining collaborating laboratory data (relative uncertainty
0f 22%) with NIST LC/abs data (with a relative uncertainty of
5.0%) to result in a final value with 12% relative expanded
uncertainty. The value assignment data and their uncertainties
overlapped, but there was a 13% difference between the two
values. By contrast, for SRM 1849 the lowest (NIST LC/abs)

and highest (median of collaborating laboratory means) of the
seven values used to assign the certified value differ by only
7%. The large number of different methods (seven) and their
general agreement are reflected in the certified value for
niacinamide in SRM 1849 having a relative expanded
uncertainty of only 2.4%.

Commercial infant formulas have evolved over time in an
effort to mimic the composition or performance of human
milk. In 1984, taurine fortification began (30), although the
role of taurine in a baby’s diet is still not fully understood (31).
In the late 1990s, nucleotide fortification began; nucleotides
may act as growth factors and affect the immune system (30).
And in the early 2000s, long-chain polyunsaturated fatty acids
were added with the expectation of improving babies’ visual
and cognitive development (30). These compounds were not
present in SRM 1846, but they were added to SRM 1849;
certified (fatty acids) and reference values (nucleotides and
taurine; Table 6) are assigned. Collaborating laboratories’ and
the manufacturer’s data were used to assign reference values
for amino acids, taurine, carnitine, and nucleotides. This is the
only NIST SRM with values assigned for nucleotides.
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The USDA has been including amino acid values in their
nutrient databases for a number of years; until the introduction
of SRM 2387 Peanut Butter in 2003, NIST had no
food-matrix SRMs available with values assigned for amino
acids to provide QA for these measurements. Three other
SRMs with values assigned for amino acids are now available:
SRM 1849, SRM 1546 Meat Homogenate, and SRM 3244
Ephedra-Containing Protein Powder. Amino acid levels are
compared in Figure 5, and reference values for amino acids in
SRM 1849 are provided in Table 6, along with the averages
from the two data sets (collaborating laboratories and
manufacturer). With the release of SRM 1849, SRMs with
values assigned for amino acids are now available in sectors 3,
4, 6, and 9 of the AOAC triangle. (Candidate SRM 3234 Soy
Flour, which is in sector 7, is also expected to have values
assigned for amino acids.)

With 43 certified and 43 reference values assigned, SRM
1849 is the most characterized food-matrix reference material
available from NIST. Methods developed for certification of
this material will be employed and adapted for other SRMs
currently in preparation, including candidate SRMs 1549a
Whole Milk Powder, 1845a Whole Egg Powder, 3233
Fortified Breakfast Cereal, and 3234 Soy Flour. We plan to
characterize a similarly large number of nutrients in these
materials.
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