l ;OOD

ANALYSIS

S. SUZANNE NIELSEN
Editor

@ Springer

FOURTH EDITION

éﬁ
B




Food Analysis

Fourth Edition

For other titles published in this series, go to
www.springer.com/series/5999



Food Analysis

Fourth Edition

edited by
S. Suzanne Nielsen

Purdue University
West Lafayette, IN, USA

@ Springer



Dr. S. Suzanne Nielsen
Purdue University

Dept. Food Science

745 Agriculture Mall Dr.
West Lafayette IN 47907-2009
USA

nielsens@purdue.edu

ISBN 978-1-4419-1477-4 e-ISBN 978-1-4419-1478-1
DOI 10.1007 /978-1-4419-1478-1
Springer New York Dordrecht Heidelberg London

Library of Congress Control Number: 2010924120

© Springer Science+Business Media, LLC 2010

All rights reserved. This work may not be translated or copied in whole or in part without the written permission of the publisher (Springer
Science+Business Media, LLC, 233 Spring Street, New York, NY 10013, USA), except for brief excerpts in connection with reviews or scho-
larly analysis. Use in connection with any form of information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed is forbidden.

The use in this publication of trade names, trademarks, service marks, and similar terms, even if they are not identified as such, is not to be
taken as an expression of opinion as to whether or not they are subject to proprietary rights.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Contents

Contributing Authors vii

Preface and Acknowledgments ix

List of Abbreviations xi

Part I.

Part Il.

10.

General Information

Introduction to Food Analysis 3
S. Suzanne Nielsen

United States Government

Regulations and International
Standards Related to Food Analysis 15
S. Suzanne Nielsen

Nutrition Labeling 35
Lloyd E. Metzger

Evaluation of Analytical Data 53
J. Scott Smith

Sampling and Sample Preparation 69
Rubén O. Morawicki

Compositional Analysis of Foods

Moisture and Total Solids Analysis 85
Robert L. Bradley, Jr.

Ash Analysis 105
Maurice R. Marshall

Fat Analysis 117
David B. Min and Wayne
C. Ellefson

Protein Analysis 133
Sam K. C. Chang

Carbohydrate Analysis 147
James N. BeMiller

11.

12.

Part lIl.

Vitamin Analysis 179
Ronald B. Pegg, W.O. Landen, Jr.,
and Ronald R. Eitenmiller

Traditional Methods

for Mineral Analysis 201
Robert E. Ward and Charles
E. Carpenter

Chemical Properties

and Characteristics of Foods

13.

14.

15.

16.

17.

18.

19.

20.

pH and Titratable Acidity 219

George D. Sadler and Patricia
A. Murphy

Fat Characterization 239
Sean F. O’Keefe and Oscar A. Pike

Protein Separation
and Characterization Procedures 261
Denise M. Smith

Application of
Enzymes in Food Analysis 283
Joseph R. Powers

Immunoassays 301
Y-H. Peggy Hsieh

Analysis of Food
Contaminants, Residues,

and Chemical Constituents of Concern 317

Baraem Ismail, Bradley L. Reuhs,
and S. Suzanne Nielsen

Analysis for Extraneous Matter 351
Hulya Dogan, Bhadriraju
Subramanyam,

and John R. Pedersen

Determination of Oxygen Demand 367
Yong D. Hang



Vi

Contents

Part IV. Spectroscopy

21. Basic Principles of Spectroscopy 375
Michael H. Penner

22. Ultraviolet, Visible,
and Fluorescence Spectroscopy 387
Michael H. Penner

23. Infrared Spectroscopy 407
Randy L. Wehling

24. Atomic Absorption
Spectroscopy, Atomic Emission
Spectroscopy, and Inductively
Coupled Plasma-Mass Spectrometry 421
Dennis D. Miller and Michael
A. Rutzke

25. Nuclear Magnetic Resonance 443
Bradley L. Reuhs and Senay
Simsek

26. Mass Spectrometry 457
J. Scott Smith and Rohan
A. Thakur

Part V. Chromatography
27. Basic Principles of Chromatography 473

Baraem Ismail and S. Suzanne
Nielsen

28.

29.

Part VI.

30.

High-Performance

Liquid Chromatography 499
Bradley L. Reuhs and Mary Ann
Rounds

Gas Chromatography 513
Michael C. Qian, Devin G.
Peterson, and Gary A. Reineccius

Physical Properties of Foods

Rheological

Principles for Food Analysis 541
Christopher R. Daubert

and E. Allen Foegeding

31. Thermal Analysis 555
Leonard C. Thomas and Shelly
J. Schmidt
32. Color Analysis 573
Ronald E. Wrolstad and Daniel
E. Smith
Index .....ooooiiiiiii 587



Contributing Authors

James N. BeMiller

Department of Food Science,
Purdue University,

West Lafayette, IN 47907-1160, USA

Robert L. Bradley, Jr.
Formerly, Department of Food Science,
University of Wisconsin, Madison, WI 53706, USA

Charles E. Carpenter
Department of Nutrition and Food Sciences,
Utah State University, Logan, UT 84322-8700, USA

Sam K.C. Chang

Department of Cereal and Food Sciences,
North Dakota State University,

Fargo, ND 58105, USA

Christopher R. Daubert

Department of Food, Bioprocessing
and Nutritional Sciences,

North Carolina State University,

Raleigh, NC 27695-7624, USA

Hulya Dogan

Department of Grain Science and Industry,
Kansas State University,

Manbhattan, KS 66506, USA

Ronald R. Eitenmiller
Department of Food Science and Technology,

The University of Georgia,
Athens, GA 30602-7610, USA

Wayne C. Ellefson
Nutritional Chemistry and Food Safety,
Covance Laboritories, Madison, WI 53714, USA

E. Allen Foegeding

Department of Food, Bioprocessing
and Nutritional Sciences,

North Carolina State University,

Raleigh, NC 27695-7624, USA

Yong D. Hang
Department of Food Science and Technology,
Cornell University, Geneva, NY 14456, USA

Y-H. Peggy Hsieh

Department of Nutrition, Food and Exercise Sciences,
Florida State University,

Tallahassee, FL 32306-1493, USA

Baraem Ismail
Department of Food Science and Nutrition,
University of Minnesota, St. Paul, MN 55108-6099, USA

W.O. Landen, Jr.

Department of Food Science and Technology,
The University of Georgia,

Athens, GA 30602-7610, USA

Maurice R. Marshall

Department of Food Science and Human Nutrition,
University of Florida,

Gainesville, FL 32611-0370, USA

Lloyd E. Metzger
Department of Dairy Science,
University of South Dakota,
Brookings, SD 57007, USA

Dennis D. Miller
Department of Food Science, Cornell University,
Ithaca, NY 14853-7201, USA

David B. Min

Department of Food Science and Technology,
The Ohio State University,

Columbus, OH 43210, USA

Rubén Morawicki
Department of Food Science,
University of Arkansas,
Fayetteville, AR 72703, USA

Patricia A. Murphy
Department of Food Science
and Human Nutrition,
Iowa State University,
Ames, [A 50011, USA

S. Suzanne Nielsen

Department of Food Science,
Purdue University,

West Lafayette, IN 47907-1160, USA

Vii



viii

Contributing Authors

Sean F. O'Keefe
Department of Food Science and Technology,
Virginia Tech, Blacksburg, VA 24061, USA

John R. Pedersen

Formerly, Department of Grain Science and Industry,
Kansas State University,

Manhattan, KS 66506-2201, USA

Ronald B. Pegg

Department of Food Science and Technology,
The University of Georgia,

Athens, GA 30602-7610, USA

Michael H. Penner

Department of Food Science and Technology,
Oregon State University,

Corvallis, OR 97331-6602, USA

Devin G. Peterson

Department of Food Science and Nutrition,
University of Minnesota,

St. Paul, MN 55108-6099, USA

Oscar A. Pike
Department of Nutrition, Dietetics,
and Food Science,
Brigham Young University, Provo, UT 84602, USA

Joseph R. Powers

School of Food Science,
Washington State University,
Pullman, WA 99164-6376, USA

Michael C. Qian

Department of Food Science and Technology,
Oregon State University,

Corvallis, OR 97331-6602, USA

Gary A. Reineccius

Department of Food Science and Nutrition,
University of Minnesota,

St. Paul, MN 55108-6099, USA

Bradley L. Reuhs

Department of Food Science,
Purdue University,

West Lafayette, IN 47907-2009, USA

Mary Ann Rounds (deceased)
Formerly, Department of Physics, Purdue University,
West Lafayette, IN 47907, USA

Michael A. Rutzke
Department of Food Science,
Cornell University,

Ithaca, NY 14853-7201, USA

George D. Sadler
PROVEIT LLC

204 Deerborne ct.
Geneva, IL 60134, USA

Shelly J. Schmidt

Department of Food Science and Human Nutrition,
University of Illinois at Urbana-Champaign,
Urbana, IL 61801, USA

Senay Simsek

Department of Plant Sciences,
North Dakota State University,
Fargo, ND 58108-6050, USA

Daniel E. Smith

Department of Food Science and Technology,
Oregon State University,

Corvallis, OR 97331-6602, USA

Denise M. Smith

Department of Food Science and Technology,
The Ohio State University,

Columbus, OH 43210, USA

J. Scott Smith
Food Science Institute, Kansas State University,
Manbhattan, KS 66506-1600, USA

Bhadrirju Subramanyam
Department of Grain Science and Industry,
Kansas State University, Manhattan, KS 66506, USA

Rohan A. Thakur
Taylor Technology, Princeton, NJ 08540, USA

Leonard C. Thomas
DSC Solutions LLC, Smyrna, DE 19977, USA

Robert E. Ward

Department of Nutrition and Food Sciences,
Utah State University,

Logan, UT 84322-8700, USA

Randy L. Wehling

Department of Food Science and Technology,
University of Nebraska,

Lincoln, NE 68583-0919, USA

Ronald E. Wrolstad
Department of Food Science and Technology,

Oregon State University,
Corvallis, OR 97331-6602, USA



Preface and Acknowledgments

The intent of this book is the same as that described
in the Preface to the first three editions — a text pri-
marily for undergraduate students majoring in food
science, currently studying the analysis of foods. How-
ever, comments from users of the first three editions
have convinced me that the book is also a valuable text
for persons in the food industry who either do food
analysis or interact with analysts.

The big focus of this edition was to do a general
update, adding many new methods and topics and
deleting outdated/unused methods. The following
summarizes changes from the third edition: (1) general
updates, including addition and deletion of meth-
ods, (2) combined two chapters to create one chapter
focused on food contaminants, residues, and chemi-
cal constituents of concern, (3) some chapters rewrit-
ten by new authors (e.g., Imnmunoassays, Extraneous
Matter Analysis, Color Analysis, Thermal Analysis),
(4) reorganized some chapters (e.g., Atomic Absorp-
tion and Atomic Emission Spectroscopy; Basic Chro-
matography), (5) added chapter on nuclear magnetic
resonance, (6) added calculations for all practice prob-
lems, and (7) added table to some chapters to summa-
rize methods (e.g., Vitamin Analysis, HPLC), and (8)
newly drawn figures and photographs.

Regrettably, in an effort to keep the book at a man-
ageable size and cost, especially for students, some
suggestions by users to add chapters could not be
accommodated. For specialized topics (e.g., phyto-
chemicals) that utilize the methods included in this
text book, readers are referred to detailed books on
those topics.

As stated for the first three editions, the chapters
in this textbook are not intended as detailed refer-
ences, but as general introductions to the topics and
the techniques. Course instructors may wish to pro-
vide more details on a particular topic to students.
The chapters focus on principles and applications
of techniques. Procedures given are meant to help
explain the principles and give some examples, but
are not meant to be presented in the detail ade-
quate to actually conduct a specific analysis. As in
the first three editions, all chapters have summaries
and study questions, and key words or phrases are

in italics type, to help students focus their studies.
As done for the third edition, the chapters are orga-
nized into the following sections: I. Introduction, II
Compositional Analysis of Foods, III. Chemical Prop-
erties and Characteristics of Foods, IV. Spectroscopy,
V. Chromatography, and VI. Physical Properties of
Foods. Instructors are encouraged to cover the top-
ics from this text in whatever order is most suitable
for their course. Also, instructors are invited to con-
tact me for additional teaching materials related to this
text book.

Starting with the third edition, the new compe-
tency requirements established by the Institute of Food
Technologists were considered. Those requirements
relevant to food analysis are as follows: (1) under-
standing the principles behind analytical techniques
associated with food, (2) being able to select the
appropriate analytical technique when presented with
a practical problem, and (3) demonstrating practical
proficiency in food analysis laboratory. This textbook
should enable instructors to meet the requirements
and develop learning objectives relevant to the first
two of these requirements. The laboratory manual,
now in its second edition, should be a useful resource
to help students meet the third requirement.

I am grateful to all chapter authors for agree-
ing to be a part of this project. Many authors have
drawn on their experience of teaching students and /or
experience with these analyses to give chapters the
appropriate content, relevance, and ease of use. I wish
to thank the authors of articles and books, and well
as the publishers and industrial companies, for their
permission to reproduce materials used here. Special
thanks are extended to the following persons: Baraem
(Pam) Ismail and Brad Reuhs for valuable discussions
about the content of the book and assistance with edit-
ing; Jonathan DeVries for input that helped determine
content; Brooke Sadler for her graphic art work in
draw /redrawing many figures; Gwen Shoemaker for
keeping track of all the figures and help on equations;
and Kirsti Nielsen (my daughter) for word processing
assistance.

S. Suzanne Nielsen
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Chapter 1 e Introduction to Food Analysis

1.1 INTRODUCTION

Investigations in food science and technology, whether
by the food industry, governmental agencies, or
universities, often require determination of food com-
position and characteristics. Trends and demands of
consumers, the food industry, and national and inter-
national regulations challenge food scientists as they
work to monitor food composition and to ensure the
quality and safety of the food supply. All food prod-
ucts require analysis as part of a quality management
program throughout the development process (includ-
ing raw ingredients), through production, and after a
product is in the market. In addition, analysis is done
of problem samples and competitor products. The
characteristics of foods (i.e.,, chemical composition,
physical properties, sensory properties) are used to
answer specific questions for regulatory purposes and
typical quality control. The nature of the sample and
the specific reason for the analysis commonly dictate
the choice of analytical methods. Speed, precision,
accuracy, and ruggedness often are key factors in this
choice. Validation of the method for the specific food
matrix being analyzed is necessary to ensure useful-
ness of the method. Making an appropriate choice
of the analytical technique for a specific application
requires a good knowledge of the various techniques
(Fig.1-1). For example, your choice of method to
determine the salt content of potato chips would be
different if it is for nutrition labeling than for quality
control. The success of any analytical method relies
on the proper selection and preparation of the food
sample, carefully performing the analysis, and doing
the appropriate calculations and interpretation of the
data. Methods of analysis developed and endorsed
by several nonprofit scientific organizations allow for
standardized comparisons of results between differ-
ent laboratories and for evaluation of less standard
procedures. Such official methods are critical in the
analysis of foods, to ensure that they meet the legal
requirements established by governmental agencies.
Government regulations and international standards
most relevant to the analysis of foods are mentioned

Purpose of
Analysis

Characteristics| |Compound/Characteristic
of Methods of Interest

Applications:
Selecting specific method to
analyze specific
component/characteristic in
specific food

1-1 Method selection in food analysis.

here but covered in more detail in Chap. 2, and nutri-
tion labeling regulations in the USA are covered in
Chap. 3. Internet addresses for many of the organiza-
tions and government agencies discussed are given at
the end of this chapter.

1.2 TRENDS AND DEMANDS

1.2.1 Consumers

Consumers have many choices regarding their food
supply, so they can be very selective about the prod-
ucts they purchase. They demand a wide variety of
products that are of high quality, nutritious, and offer
a good value. Also, consumers are concerned about
the safety of foods, which has increased the testing
of foods for allergens, pesticide residues, and prod-
ucts from genetic modification of food materials. Many
consumers are interested in the relationship between
diet and health, so they utilize nutrient content and
health claim information from food labels to make pur-
chase choices. These factors create a challenge for the
food industry and for its employees. For example, the
demand for foods with lower fat content has chal-
lenged food scientists to develop food products that
contain fat content claims (e.g., free, low, reduced) and
certain health claims (e.g., the link between dietary fat
and cancer; dietary saturated fat and cholesterol and
risk of coronary heart disease). Analytical methods
to determine and characterize fat content provide the
data necessary to justify these statements and claims.
Use of fat substitutes in product formulations makes
possible many of the lower fat foods, but these fat
substitutes can create challenges in the accurate mea-
surement of fat content (1). Likewise, there has been
growing interest in functional foods that may pro-
vide health benefits beyond basic nutrition. However,
such foods present some unique challenges regard-
ing analytical techniques and in some cases questions
of how these components affect the measurement of
other nutrients in the food (2).

1.2.2 Food Industry

To compete in the marketplace, food companies must
produce foods that meet the demands of consumers
as described previously. Management of product qual-
ity by the food industry is of increasing importance,
beginning with the raw ingredients and extending to
the final product eaten by the consumer. Analytical
methods must be applied across the entire food sup-
ply chain to achieve the desired final product quality.
Downsizing in response to increasing competition in
the food industry often has pushed the responsibil-
ity for ingredient quality to the suppliers. Companies
increasingly rely on others to supply high-quality and
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safe raw ingredients and packaging materials. Many
companies have select suppliers, on whom they rely
to perform the analytical tests to ensure compliance
with detailed specifications for ingredients/raw mate-
rials. These specifications, and the associated tests,
target various chemical, physical, and microbiologi-
cal properties. Results of these analytical tests related
to the predetermined specifications are delivered as
a Certificate of Analysis (COA) with the ingredi-
ent/raw material. Companies must have in place a
means to maintain control of these COAs and react
to them. With careful control over the quality of raw
ingredients/materials, less testing is required during
processing and on the final product.

In some cases, the cost of goods is linked directly
to the composition as determined by analytical tests.
For example, in the dairy field, butterfat content of
bulk tank raw milk determines how much money
the milk producer is paid for the milk. For flour,
the protein content can determine the price and food
application for the flour. These examples point to the
importance for accurate results from analytical testing.

Traditional quality control and quality assurance
concepts are only a portion of a comprehensive qual-
ity management system. Food industry employees
responsible for quality management work together in
teams with other individuals in the company responsi-
ble for product development, production, engineering,
maintenance, purchasing, marketing, and regulatory
and consumer affairs.

Analytical information must be obtained, assessed,
and integrated with other relevant information about
the food system to address quality-related problems.
Making appropriate decisions depends on having
knowledge of the analytical methods and equipment
utilized to obtain the data related to the quality charac-
teristics. To design experiments in product and process
development, and to assess results, one must know the
operating principles and capabilities of the analytical
methods. Upon completion of these experiments, one
must critically evaluate the analytical data collected to
determine whether product reformulation is needed
or what parts of the process need to be modified for
future tests. The situation is similar in the research lab-
oratory, where knowledge of analytical techniques is
necessary to design experiments, and the evaluation of
data obtained determines the next set of experiments
to be conducted.

1.2.3 Government Regulations
and International Standards and Policies

To market safe, high-quality foods effectively in
a national and global marketplace, food compa-
nies must pay increasing attention to government
regulations and guidelines and to the policies and

standards of international organizations. Food sci-
entists must be aware of these regulations, guide-
lines, and policies related to food safety and quality
and must know the implications for food analysis.
Government regulations and guidelines in the USA
relevant to food analysis include nutrition labeling
regulations (Chap. 3), mandatory and voluntary stan-
dards (Chap. 2), Good Manufacturing Practice (GMP)
regulations (now called Current Good Manufactur-
ing Practice in Manufacturing Packing, or Holding
Human Food) (Chap.2), and Hazard Analysis Criti-
cal Control Point (HACCP) systems (Chap.2). The
HACCP system is highly demanded of food compa-
nies by auditing firms and customers. The HACCP
concept has been adopted not only by the US Food
and Drug Administration (FDA) and other federal
agencies in the USA, but also by the Codex Alimen-
tarius Commission, an international organization that
has become a major force in world food trade. Codex
is described in Chap.2, along with other organiza-
tions active in developing international standards and
safety practices relevant to food analysis that affect
the import and export of raw agricultural commodities
and processed food products.

1.3 TYPES OF SAMPLES ANALYZED

Chemical analysis of foods is an important part of a
quality assurance program in food processing, from
ingredients and raw materials, through processing,
to the finished products (3-7). Chemical analysis
also is important in formulating and developing new
products, evaluating new processes for making food
products, and identifying the source of problems
with unacceptable products (Table 1-1). For each type
of product to be analyzed, it may be necessary to
determine either just one or many components. The
nature of the sample and the way in which the infor-
mation obtained will be used may dictate the specific
method of analysis. For example, process control sam-
ples are usually analyzed by rapid methods, whereas
nutritive value information for nutrition labeling gen-
erally requires the use of more time-consuming meth-
ods of analysis endorsed by scientific organizations.
Critical questions, including those listed in Table1-1,
can be answered by analyzing various types of sam-
ples in a food processing system.

1.4 STEPS IN ANALYSIS

1.4.1 Select and Prepare Sample

In analyzing food samples of the types described pre-
viously, all results depend on obtaining a represen-
tative sample and converting the sample to a form



Chapter 1 e Introduction to Food Analysis

1-1 Types of Samples Analyzed in a Quality
Assurance Program for Food Products

Sample Type Critical Questions

Raw materials Do they meet your specifications?

Do they meet required legal
specifications?

Are they safe and authentic?

Will a processing parameter have to be
modified because of any change in the
composition of raw materials?

Are the quality and composition the same
as for previous deliveries?

How does the material from a potential
new supplier compare to that from the
current supplier?

Did a specific processing step result in a
product of acceptable composition or
characteristics?

Does a further processing step need to be
modified to obtain a final product of
acceptable quality?

Does it meet the legal requirements?

What is the nutritive value, so that label
information can be developed? Or is
the nutritive value as specified on an
existing label?

Does it meet product claim requirements
(e.g., “low fat”)?

Will it be acceptable to the consumer?

Will it have the appropriate shelf life?

If unacceptable and cannot be salvaged,
how do you handle it (trash? rework?
seconds?)

Process
control
samples

Finished
product

Competitor’s
sample

What are its composition and
characteristics?

How can we use this information to
develop new products?

Complaint
sample

How do the composition and
characteristics of a complaint sample
submitted by a customer differ from a
sample with no problems?

Adapted and updated from (8, 9).

that can be analyzed. Neither of these is as easy
as it sounds! Sampling and sample preparation are
covered in detail in Chap. 5.

Sampling is the initial point for sample identi-
fication. Analytical laboratories must keep track of
incoming samples and be able to store the analytical
data from the analyses. This analytical information
often is stored on a laboratory information manage-
ment system, or LIMS, which is a computer database
program.

1.4.2 Perform the Assay

Performing the assay is unique for each component
or characteristic to be analyzed and may be unique

to a specific type of food product. Single chapters
in this book address sampling and sample prepara-
tion (Chap.5) and data handling (Chap.4), while the
remainder of the book addresses the step of actually
performing the assay. The descriptions of the vari-
ous specific procedures are meant to be overviews of
the methods. For guidance in actually performing the
assays, details regarding chemicals, reagents, appa-
ratus, and step-by-step instructions are found in the
books and articles referenced in each chapter. Numer-
ous chapters in this book, and other recent books
devoted to food analysis (10-14), make the point
that for food analysis we increasingly rely on expen-
sive equipment, some of which requires considerable
expertise. Also, it should be noted that numerous
analytical methods utilize automated instrumentation,
including autosamplers and robotics to speed the
analyses.

1.4.3 Calculate and Interpret the Results

To make decisions and take action based on the results
obtained from performing the assay that determined
the composition or characteristics of a food product,
one must make the appropriate calculations to inter-
pret the data correctly. Data handling, covered in
Chap. 4, includes important statistical principles.

1.5 CHOICE AND VALIDITY OF METHOD

1.5.1 Characteristics of the Method

Numerous methods often are available to assay food
samples for a specific characteristic or component. To
select or modify methods used to determine the chem-
ical composition and characteristics of foods, one must
be familiar with the principles underlying the pro-
cedures and the critical steps. Certain properties of
methods and criteria described in Table 1-2 are useful
to evaluate the appropriateness of a method in current
use or a new method being considered.

1.5.2 Obijective of the Assay

Selection of a method depends largely on the objec-
tive of the measurement. For example, methods used
for rapid online processing measurements may be
less accurate than official methods (see Sect. 1.6) used
for nutritional labeling purposes. Methods referred to
as reference, definitive, official, or primary are most
applicable in a well-equipped and staffed analytical
lab. The more rapid secondary or field methods may
be more applicable on the manufacturing floor in a
food processing facility. For example, refractive index
may be used as a rapid, secondary method for sugar
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1-2
|_table |

Criteria for Choice of Food Analysis Methods

Characteristic

Critical Questions

Inherent properties

Is the property being measured the same as that claimed to be measured, and is it

What steps are being taken to ensure a high degree of specificity?
What is the precision of the method? Is there within-batch, batch-to-batch, or

What step in the procedure contributes the greatest variability?

Specificity/selectivity
the only property being measured?
Are there interferences?
Precision
day-to-day variation?
Accuracy

Applicability of method to laboratory
Sample size

Reagents

Equipment

Cost

Usefulness
Time required
Reliability
Need

Personnel

Safety
Procedures

How does the new method compare in accuracy to the old or a standard method?

What is the percent recovery?

How much sample is needed?

Is it too large or too small to fit your needs?

Does it fit your equipment and/or glassware?

Can you obtain representative sample??

Can you properly prepare them?

What equipment is needed? Are they stable? For how long and under what
conditions?

Is the method very sensitive to slight or moderate changes in the reagents?

Do you have the appropriate equipment?

Are personnel competent to operate equipment?

What is the cost in terms of equipment, reagents, and personnel?

How fast is it? How fast does it need to be?
How reliable is it from the standpoints of precision and stability?
Does it meet a need or better meet a need?

Is any change in method worth the trouble of the change?

Are special precautions necessary?

Who will prepare the written description of the procedures and reagents?
Who will do any required calculations?

a|n-process samples may not accurately represent finished product; Must understand what variation can and should be present.

analysis (see Chaps. 6 and 10), with results correlated
to those of the primary method, high-performance
liquid chromatography (HPLC) (see Chaps.10 and
28). Moisture content data for a product being devel-
oped in the pilot plant may be obtained quickly
with a moisture balance unit that has been calibrated
using a more time-consuming hot air oven method
(see Chap. 6). Many companies commonly use unoffi-
cial, rapid methods, but validate them against official
methods.

1.5.3 Consideration of Food Composition
and Characteristics

Proximate analysis of foods refers to determining the
major components of moisture (Chap.6), ash (total
minerals) (Chap. 7), lipids (Chap. 8), protein (Chap.9),
and carbohydrates (Chap.10). The performance of
many analytical methods is affected by the food
matrix (i.e., its major chemical components, especially

lipid, protein, and carbohydrate). In food analysis, it
is usually the food matrix that presents the greatest
challenge to the analyst (15). For example, high-fat
or high-sugar foods can cause different types of inter-
ferences than low-fat or low-sugar foods. Digestion
procedures and extraction steps necessary for accurate
analytical results can be very dependent on the food
matrix. The complexity of various food systems often
requires having not just one technique available for a
specific food component, but multiple techniques and
procedures, as well as the knowledge about which to
apply to a specific food matrix.

A task force of AOAC International, formerly
known as the Association of Official Analytical
Chemists (AOAC), suggested a “triangle scheme” for
dividing foods into matrix categories (16-20) (Fig. 1-2).
The apexes of the triangle contain food groups that
were either 100% fat, 100% protein, or 100% car-
bohydrate. Foods were rated as “high,” “low,” or
“medium” based on levels of fat, carbohydrate, and
proteins, which are the three nutrients expected to
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Fat 100%

Fat 67%
Cho 33%

Fat 67%
Prot 33%

Fat 33%
Cho 67%

Fat 33%
Prot 67%

100% Cho 67%
Carbohydrate Prot 33%

| figure |

have the strongest effect on analytical method per-
formance. This created nine possible combinations of
high, medium, and low levels of fat, carbohydrate, and
protein. Complex foods were positioned spatially in
the triangle according to their content of fat, carbo-
hydrate, and protein, on a normalized basis (i.e., fat,
carbohydrate, and protein normalized to total 100%).
General analytical methods ideally would be geared to
handle each of the nine combinations, replacing more
numerous matrix-dependent methods developed for
specific foods. For example, using matrix-dependent
methods, one method might be applied to potato
chips and chocolates, both of which are low-protein,
medium-fat, medium-carbohydrate foods, but another
might be required for a high-protein, low-fat, high-
carbohydrate food such as nonfat dry milk (17). In
contrast, a robust general method could be used for
all of the food types. The AACC International, for-
merly known as the American Association of Cereal
Chemists (AACC), has approved a method studied
using this approach (18).

Cho 33% 100%
Prot 67%

AOAC International.]

1.5.4 Validity of the Method

Numerous factors affect the usefulness and valid-
ity of the data obtained using a specific analytical
method. One must consider certain characteristics of
any method, such as specificity, precision, accuracy,
and sensitivity (see Table1-2 and Chap.4). However,
one also must consider how the variability of data
from the method for a specific characteristic com-
pares to differences detectable and acceptable to a
consumer, and the variability of the specific charac-
teristic inherent in processing of the food. One must
consider the nature of the samples collected for the

Protein

Fat 100%

*Margarine
*Heavy Cream

Fat 67%
Cho 33%

Fat 67%

Prot 33%
*All Meat Bolognz\i

*Raw Peanuts  «Cheddar Cheese

* Brown Mustard

Fat 33%
)\, Prot67%
*Fried Chicken

N ¢ Potato Chips
Fat 33% * Sweet Chocolate

Cho 67%

N
*Full Fat Soy Flour
sSpaghetti/Meatballs
*Raw Oysters

. Canned\Aspa gus *Sturgeon

% Cornflakes *Raw Cauliflower * Spinach *Soy Isolate
100% Cho 67% Cho 33% 100%
Carbohydrate Prot 33% Prot 67% Protein

Schematic layout of food matrixes based on protein, fat, and carbohydrate content, excluding moisture and ash.
[Reprinted with permission from (20), Inside Laboratory Management, September 1997, p. 33. Copyright 1997, by

analysis, how representative the samples were of the
whole, and the number of samples analyzed (Chap. 5).
One must ask whether details of the analytical proce-
dure were followed adequately, such that the results
are accurate, repeatable, and comparable to data col-
lected previously. For data to be valid, equipment to
conduct the analysis must be standardized and appro-
priately used, and the performance limitations of the
equipment must be recognized.

A major consideration for determining method
validity is the analysis of materials used as controls,
often referred to as standard reference materials or
check samples (21). Analyzing check samples con-
currently with test samples is an important part of
quality control (22). Standard reference materials can
be obtained in the USA from the National Institute
of Standards and Technology (NIST) and from US
Pharmacopeia, in Canada from the Center for Land
and Biological Resource Research, in Europe from
the Institute for Reference Materials and Measure-
ments (IRMM), and in Belgium from the Commu-
nity Bureau of Reference (BCR). Besides government-
related groups, numerous organizations offer check
sample services that provide test samples to evaluate
the reliability of a method (21). For example, AACC
International has a check sample service in which a
subscribing laboratory receives specifically prepared
test samples from AACC International. The subscrib-
ing laboratory performs the specified analyses on the
samples and returns the results to AACC Interna-
tional. The AACC International then provides a statis-
tical evaluation of the analytical results and compares
the subscribing laboratory’s data with those of other
laboratories to inform the subscribing laboratory of
its degree of accuracy. The AACC International offers
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check samples such as flours, semolina, and other
cereal-based samples, for analyses such as moisture,
ash, protein, vitamins, minerals, sugars, sodium, total
dietary fiber, soluble and insoluble dietary fiber, and
B-glucan. Samples also are available for testing phys-
ical properties and for microbiological and sanitation
analyses.

The American Oil Chemists’ Society (AOCS)
has a reference sample program for oilseeds, oilseed
meals, marine oils, aflatoxin, cholesterol, trace met-
als, specialty oils suitable for determination of trans
fatty acids, and formulations for nutritional labeling.
Laboratories from many countries participate in the
program to check the accuracy of their work, their
reagents, and their laboratory apparatus against the
statistical norm derived from the group data.

Standard reference materials are important tools
to ensure reliable data. However, such materials need
not necessarily be obtained from outside organiza-
tions. Control samples internal to the laboratory can
be prepared by carefully selecting an appropriate type
of sample, gathering a large quantity of the material,
mixing and preparing to ensure homogeneity, pack-
aging the sample in small quantities, storing the sam-
ples appropriately, and routinely analyzing the control
sample when test samples are analyzed. Whatever the
standard reference materials used, these should match
closely the matrix of the samples to be analyzed by
a specific method. AOAC International has begun a
peer-review program of matching reference materials
with respective official methods of analysis.

1.6 OFFICIAL METHODS

The choice of method for a specific characteristic or
component of a food sample is often made easier by
the availability of official methods. Several nonprofit
scientific organizations have compiled and published
these methods of analysis for food products, which
have been carefully developed and standardized. They
allow for comparability of results between different
laboratories that follow the same procedure and for
evaluating results obtained using new or more rapid
procedures.

1.6.1 AOAC International

AOAC International is an organization begun in 1884
to serve the analytical methods needs of government
regulatory and research agencies. The goal of AOAC
International is to provide methods that will be fit for
their intended purpose (i.e., will perform with the nec-
essary accuracy and precision under usual laboratory
conditions).

This volunteer functions as

follows:

organization

1. Methods of analysis from published literature
are selected or new methods are developed by
AOAC International volunteers.

2. Methods are collaboratively tested using multi-
laboratory studies in volunteers’ laboratories.

3. Methods are given a multilevel peer review by
expert scientists, and if found acceptable, they
are adopted as official methods of analysis.

4. Adopted methods are published in the Official
Methods of Analysis, which covers a wide vari-
ety of assays related to foods, drugs, cosmet-
ics, agriculture, forensic science, and products
affecting public health and welfare.

5. AOAC International publishes manuals, meth-
ods compilations in specific areas of analysis,
monographs, and the monthly magazine Inside
Laboratory Management.

6. AOAC International conducts training courses
of interest to analytical scientists and other lab-
oratory personnel.

Methods validated and adopted by AOAC Inter-
national and the data supporting the method valida-
tion are published in the Journal of AOAC International.
Such methods must be successfully validated in a for-
mal interlaboratory collaborative study before being
accepted as an official first action method by AOAC
International. Details of the validation program (e.g.,
number of laboratories involved, samples per level
of analyte, controls, control samples, and the review
process) are given in the front matter of the AOAC
International’s Official Methods of Analysis. First action
methods are subject to scrutiny and general testing
by other scientists and analysts for some time period
before final action adoption. Adopted first action and
final action methods for many years were compiled in
books published and updated every 4-5 years as the
Official Methods of Analysis (23) of AOAC International.
In 2007, AOAC International created an online version
of the book as a “continuous edition,” with new and
revised methods posted as soon as they are approved.
The Official Methods of Analysis of AOAC International
includes methods appropriate for a wide variety of
products and other materials (Table 1-3). These meth-
ods often are specified by the FDA with regard to
legal requirements for food products. They are gener-
ally the methods followed by the FDA and the Food
Safety and Inspection Service (FSIS) of the United
States Department of Agriculture (USDA) to check
the nutritional labeling information on foods and to
check foods for the presence or absence of undesirable
residues or residue levels.
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1-3 Table of Contents of 2007 Official Methods
of Analysis of AOAC International (23)

Chapter Title
1 Agriculture liming materials
2 Fertilizers
3 Plants
4 Animal feed
5 Drugs in feeds
6 Disinfectants
7 Pesticide formulations
8 Hazardous substances
9 Metals and other elements at trace levels in foods
10 Pesticide and industrial chemical residues
11 Waters; and salt
12 Microchemical methods
13 Radioactivity
14 Veterinary analytical toxicology
15 Cosmetics
16 Extraneous materials: isolation
17 Microbiological methods
18 Drugs: Part |
19 Drugs: Part Il
20 Drugs: Part lll
21 Drugs: Part IV
22 Drugs: Part V
23 Drugs and feed additives in animal tissues
24 Forensic sciences
25 Baking powders and baking chemicals
26 Distilled liquors
27 Malt beverages and brewing materials
28 Wines
29 Nonalcoholic beverages and concentrates
30 Coffee and tea
31 Cacao bean and its products
32 Cereal foods
33 Dairy products
34 Eggs and egg products
35 Fish and other marine products
36 Flavors
37 Fruits and fruit products
38 Gelatin, dessert preparations, and mixes
39 Meat and meat products
40 Nuts and nut products
41 Qils and fats
42 Vegetable products, processed
43 Spices and other condiments
44 Sugars and sugar products
45 Vitamins and other nutrients
46 Color additives
47 Food additives: Direct
48 Food additives: Indirect
49 Natural toxins
50 Infant formulas, baby foods, and enteral products
51 Dietary supplements

1.6.2 Other Endorsed Methods

The AACC International publishes a set of approved
laboratory methods, applicable mostly to cereal prod-
ucts (e.g., baking quality, gluten, physical dough tests,

1-4 Table of Contents of 2010 Approved
Methods of AACC International (24)

Chapter Title
2 Acidity
4 Acids
6 Admixture of flours
7 Amino acids
8 Total ash
10 Baking quality
11 Biotechnology
12 Carbon dioxide
14 Color and pigments
20 Ingredients
22 Enzymes
26 Experimental milling
28 Extraneous matter
30 Crude fat
32 Fiber
33 Sensory analysis
38 Gluten
39 Infrared analysis
40 Inorganic constituents
42 Microorganisms
44 Moisture
45 Mycotoxins
46 Nitrogen
48 Oxidizing, bleaching, and maturing agents
54 Physical dough tests
55 Physical tests
56 Physicochemical tests
58 Special properties of fats, oils, and shortenings
61 Rice
62 Preparation of sample
64 Sampling
66 Semolina, pasta, and noodle quality
68 Solutions
74 Staleness/texture
76 Starch
78 Statistical principles
80 Sugars
82 Tables
86 Vitamins
89 Yeast

staleness/texture). The AACC International process
of adopting the Approved Methods of Analysis (24) is
consistent with the process used by the AOAC Inter-
national and AOCS. Approved methods of the AACC
International are continuously reviewed, critiqued,
and updated (Table 1-4), and are now available online.

The AOCS publishes a set of official methods and
recommended practices, applicable mostly to fat and
oil analysis (e.g., vegetable oils, glycerin, lecithin)
(25) (Table 1-5). AOCS is a widely used methodology
source on the subjects of edible fats and oils, oilseeds
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1-5 Table of Contents of 2009 Official Methods
- and Recommended Practices of the
|_table | American Oil Chemists’ Society (25)

Section Title

Vegetable oil source materials

Oilseed by-products

Commerical fats and oils

Soap and synthetic detergents

Glycerin

Sulfonated and sulfated oils

Soapstocks

Specifications for reagents, and solvents and
apparatus

Lecithin

Evaluation and design of test methods

Official listings

Recommended practices for testing industrial oils
and derivatives

IGTMMOOm>

“mzc

3 Contents of Chap. 15 on Chemical and
- Physical Methods in Standard Methods

|_table | for the Examination of Dairy Products (26)

15.010 Introduction

15.020 Acidity tests

15.030 Adulterant tests

15.040 Ash tests

15.050 Chloride tests

15.060 Contaminant tests

15.070 Extraneous material tests

15.080 Fat determination methods

15.090 Lactose and galactose tests

15.100 Minerals and food additives

15.110 Moisture and solids tests

15.120 Multicomponent tests

15.130 Protein/nitrogen tests

15.140 Rancidity tests

15.150 Sanitizer tests

15.160 Vitamins A, D2, and D3 in milk
products, HPLC method

15.170 Functional tests

15.180 Cited references

and oilseed proteins, soaps and synthetic detergents,
industrial fats and oils, fatty acids, oleochemicals,
glycerin, and lecithin.

Standard Methods for the Examination of Dairy Prod-
ucts (26), published by the American Public Health
Association, includes methods for the chemical analy-
sis of milk and dairy products (e.g., acidity, fat, lactose,
moisture/solids, added water) (Table 1-6). Standard
Methods for the Examination of Water and Wastewater (27)
is published jointly by the American Public Health
Association, American Water Works Association, and
the Water Environment Federation. Food Chemicals
Codex (28), published by US Pharmacopeia, contains

methods for the analysis of certain food additives.
Some trade associations publish standard methods for
the analysis of their specific products.

1.7 SUMMARY

Food scientists and technologists determine the chem-
ical composition and physical characteristics of foods
routinely as part of their quality management, product
development, or research activities. For example, the
types of samples analyzed in a quality management
program of a food company can include raw materi-
als, process control samples, finished products, com-
petitors’ samples, and consumer complaint samples.
Consumer, food industry, and government concern for
food quality and safety has increased the importance
of analyses that determine composition and critical
product characteristics.

To successfully base decisions on results of any
analysis, one must correctly conduct all three major
steps in the analysis: (1) select and prepare samples,
(2) perform the assay, and (3) calculate and interpret
the results. The choice of analysis method is usually
based on the objective of the analysis, characteris-
tics of the method itself (e.g., specificity, accuracy,
precision, speed, cost of equipment, and training of
personnel), and the food matrix involved. Validation
of the method is important, as is the use of standard
reference materials to ensure quality results. Rapid
methods used for quality assessment in a produc-
tion facility may be less accurate but much faster
than official methods used for nutritional labeling.
Endorsed methods for the chemical analyses of foods
have been compiled and published by AOAC Inter-
national, AACC International, AOCS, and certain
other nonprofit scientific organizations. These meth-
ods allow for comparison of results between different
laboratories and for evaluation of new or more rapid
procedures.

1.8 STUDY QUESTIONS

1. Identify six reasons you might need to determine certain
chemical characteristics of a food product as part of a
quality management program.

2. You are considering the use of a new method to measure
Compound X in your food product. List six factors you
will consider before adopting this new method in your
quality assurance laboratory.

3. In your work at a food company, you mentioned to a
coworker something about the Official Methods of Analy-
sis published by AOAC International. The coworker asks
you what AOAC International does, and what the Official
Methods of Analysis is. Answer your coworker’s questions.
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4. For each type of product listed below, identify a publica- 15. Wetzel DLB, Charalambous G (eds) (1998) Instrumental
tion in which you can find standard methods of analysis methods in food and beverage analysis. Elsevier Science,
appropriate for the product: Amsterdam, The Netherlands
(a) Ice cream 16. AOAC International (1993) A food matrix organizational
(b) Enriched flour system applied to collaborative studies. Referee 17(7):
(c) Wastewater (from food processing plant) 1,6,7
(d) Margarine 17. Lovett RA (1997) U.S. food label law pushes fringes of
analytical chemistry. Inside Lab Manage 1(4):27-28
18. DeVries JW, Silvera KR (2001) AACC collaborative study
of a method for determining vitamins A and E in foods
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Food Chemicals Codex —
http:/ /www.usp.org/fcc/
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http:/ /www.fda.gov
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http:/ /www.cfsan.fda.gov/
Current Good Manufacturing Practices —
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http:/ /www.fsis.usda.gov/Science/
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2.1 INTRODUCTION

Knowledge of government regulations relevant to the
chemical analysis of foods is extremely important to
persons working in the food industry. Federal laws
and regulations reinforce the efforts of the food indus-
try to provide wholesome foods, to inform consumers
about the nutritional composition of foods, and to
eliminate economic frauds. In some cases, they dic-
tate what ingredients a food must contain, what must
be tested, and the procedures used to analyze foods
for safety factors and quality attributes. This chapter
describes the US federal regulations related to the com-
position of foods. The reader is referred to references
(1-4) for comprehensive coverage of US food laws and
regulations. Many of the regulations referred to in this
chapter are published in the various titles of the Code
of Federal Regulations (CFR) (5). This chapter also
includes information about food standards and safety
practices established by international organizations.
Internet addresses are given at the end of this chapter
for many of the government agencies, organizations,
and documents discussed.

2.2 US FEDERAL REGULATIONS AFFECTING
FOOD COMPOSITION

2.2.1 US Food and Drug Administration

The Food and Drug Administration (FDA) is a gov-
ernment agency within the Department of Health and
Human Services (DHHS). The FDA is responsible for
regulating, among other things, the safety of foods,
cosmetics, drugs, medical devices, biologicals, and
radiological products. It acts under laws passed by
the US Congress to monitor the affected industries and
ensure the consumer of the safety of such products. A
comprehensive collection of federal laws, guidelines,
and regulations relevant to foods and drugs has been
published by the Food and Drug Law Institute (1, 2).

2.2.1.1 Legislative History

2.2.1.1.1 Federal Food, Drug, and Cosmetic Act
of 1938 The Federal Food, Drug, and Cosmetic
(FD&C) Act of 1938 was intended to assure consumers
that foods are safe and wholesome, produced under
sanitary conditions, and packaged and labeled truth-
fully. This law, which broadened the scope of the Food
and Drug Act of 1906, further defined and set reg-
ulations on adulterated and misbranded foods. The
FDA was given power to seize illegal products and to
imprison and fine violators. An important part of the

1938 Act relevant to food analysis is the section that
authorizes food definitions and standards of identity,
as further described below.

2.2.1.1.2 Amendments and Additions to the 1938
FD&C Act The 1938 FD&C Act has been amended
several times to increase its power. The Miller Pes-
ticide Amendment was added in 1954 to specify the
acceptable amount of pesticide residues on fresh fruits,
vegetables, and other raw agricultural products when
they enter the marketplace. This Amendment, then
under the authority of the FDA, is now administered
by the Environmental Protection Agency (EPA).

The Food Additives Amendment enacted in 1958
was designed to protect the health of consumers by
requiring a food additive to be proven safe before
addition to a food and to permit the food industry
to use food additives that are safe at the intended
level of use. The highly controversial Delaney Clause,
attached as a rider to this amendment, prohibits the
FDA from setting any tolerance level as a food additive
for substances known to be carcinogenic.

The Color Additives Amendment of 1960 defines
color additives, sets rules for both certified and uncer-
tified colors, provides for the approval of color addi-
tives that must be certified or are exempt from certifi-
cation, and empowers the FDA to list color additives
for specific uses and set quantity limitations. Similar to
the Food Additives Amendment, the Color Additives
Amendment contains a Delaney Clause.

The Nutrition Labeling and Education Act of
1990 (NLEA), described further in Chap.3, made
nutrition labeling mandatory on most food products
under FDA jurisdiction and established definitions for
health and nutrient claims. The NLEA emphasized
the relationship between diet and health and provided
consumers a means to choose foods based on complete
and truthful label information.

The Dietary Supplement Health and Education
Act (1994) (DSHEA) changed the definition and reg-
ulations for dietary supplements from those in the
FD&C Act and in acts relevant to dietary supplements
passed prior to 1994. The DSHEA defined supple-
ments as “dietary ingredients” (defined in specific but
broad terms), set criteria to regulate claims and label-
ing, and established government agencies to handle
regulation. Classified now as “dietary ingredients”
rather than by the previously used term “food addi-
tives,” dietary supplements are not subject to the
Delaney Clause of the FD&C Act. Regulations for
dietary supplements permit claims not allowed for
traditional foods. Control and regulation of dietary
supplements have been separated from those for
traditional foods.
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The Food Quality Protection Act (1996) amended
both the FD&C Act and the Federal Insecticide, Fungi-
cide and Rodenticide Act (FIFRA), as further described
in Sect.2.2.5.1.

2.2.1.1.3 Other FDA Regulations The FDA has
developed many administrative rules, guidelines, and
action levels, in addition to the regulations described
above, to implement the FD&C Act of 1938. Most
of them are published in Title 21 of the CFR. They
include the Current Good Manufacturing Practice in
Manufacturing, Packing, or Holding Human Food
(GMP) regulations (21 CFR 110), regulations regard-
ing food labeling (21 CFR 101), recall policy (21
CFR 7.40), and nutritional quality guidelines (21
CFR 104). The food labeling regulations include nutri-
tional labeling requirements and guidelines and spe-
cific requirements for nutrient content, health claims,
and descriptive claims (discussed in Chap. 3).

There has been increased responsibility placed on
the food industry and different regulatory agencies
to better ensure the safe handling of foods eaten by
consumers. Both FDA and USDA have placed consid-
erable emphasis on GMP regulations and on Hazard
Analysis Critical Control Point (HACCP) systems in
an effort to improve food safety and quality programs.
HACCP is an important component of an interagency
initiative to reduce the incidence of food-borne ill-
ness, and it includes the FDA, USDA, EPA, Centers
for Disease Control (CDC), and state/local regulatory
agencies (6).

The GMP regulations, legally based on the FD&C
Act, but not established as a proposed rule until
1969, are designed to prevent adulterated food in
the marketplace (7, 8). The GMP regulations define
requirements for acceptable sanitary operation in food
plants and include the following relevant to food
processing:

1. General provisions that define and interpret the
detailed regulations

2. Requirements and expectations for maintaining
grounds, buildings, and facilities

3. Requirements and expectations for design, con-
struction, and maintenance of equipment

4. Requirements for production and process
controls

5. Defect action levels (DALs) for natural and
unavoidable defects

In addition to general GMPs (21 CFR 110), specific
GMPs exist for thermally processed low-acid canned
foods (21 CFR 113), acidified foods (21 CFR 114), and
bottled drinking water (21 CFR 129).

HACCP is an internationally recognized system-
atic approach that is used to prevent and/or control

microbial, chemical, and physical hazards within the
food supply. The “farm to the fork” approach was
originally designed to be used by the food processing
industry to produce zero defect (no hazard) food for
astronauts to consume on space flights (9). Within the
past few decades, the overall approach has expanded
to be used as the most effective method of hazard
risk reduction and control in all areas of the food
flow, including production, agriculture, distribution,
manufacturing, and retail food establishments. Both
FDA and USDA have adopted the HACCP concept as
part of the overall inspection programs. The HACCP
approach begins with a description of the food being
produced. A flow diagram of the process is developed
to further describe the process used. For each step in
the process flow, the HACCP program approach is
based on seven principles identified below:

1. Determine potential microbial, chemical, and
physical hazards in each step of the process
flow.

2. Identify critical control points in the process.

3. Establish control limits for each critical control

point.

Establish procedures to monitor control points.

5. Establish corrective actions when limits of

control point are exceeded.

Establish appropriate system of record keeping.

7. Establish program to verify and validate
efficacy of program.

While HACCP-based principles are used for many dif-
ferent foods and many different food processes, from
a regulatory standpoint, HACCP is only required for
the meat and poultry industry (9 CFR Part 417), the
seafood industry (21 CFR Part 123), and juice industry
(21 CFR Part 120).

b

*

2.2.1.2 Food Definitions and Standards

The food definitions and standards established by the
FDA are published in 21 CFR 100-169 and include
standards of identity, quality, and fill. The standards
of identity, which have been set for a wide variety
of food products, are most relevant to the chemical
analysis of foods because they specifically establish
which ingredients a food must contain. They limit the
amount of water permitted in certain products. The
minimum levels for expensive ingredients are often
set, and maximum levels for inexpensive ingredients
are sometimes set. The kind and amount of certain
vitamins and minerals that must be present in foods
labeled “enriched” are specified. The standards of
identity for some foods include a list of optional ingre-
dients. The standard of identity for sour cream (21
CFR 131.160) is given in Fig. 2-1. Table 2-1 summarizes
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§131.160 Sour cream.

(b

=~

Optional ingredients.

(3) Rennet.
(4) Safe and suitable nutritive sweeteners.
(5) Salt.

54 FR 24893, June 12, 1989; 58 FR 2891, Jan. 6, 1993]

(a) Description. Sour cream results from the souring, by lactic acid producing bacteria, of pasteurized cream. Sour cream contains not
less than 18 percent milkfat; except that when the food is characterized by the addition of nutritive sweeteners or bulky flavoring
ingredients, the weight of the milkfat is not less than 18 percent of the remainder obtained by subtracting the weight of such
optional ingredients from the weight of the food; but in no case does the food contain less than 14.4 percent milkfat. Sour cream|
has a titratable acidity of not less than 0.5 percent, calculated as lactic acid.

(1) Safe and suitable ingredients that improve texture, prevent syneresis, or extend the shelf life of the product.
(2) Sodium citrate in an amount not more than 0.1 percent may be added prior to culturing as a flavor precursor.

(6) Flavoring ingredients, with or without safe and suitable coloring, as follows:
(i) Fruit and fruit juice (including concentrated fruit and fruit juice).
(ii) Safe and suitable natural and artificial food flavoring.

(c) Methods of analysis. Referenced methods in paragraph (c) (1) and (2) of this section are from “Official Methods of Analysis of
the Association of Official Analytical Chemists," 13th Ed. (1980), which is incorporated by reference. Copies may be obtained from|
the AOAC INTERNATIONAL, 481 North Frederick Ave., suite 500, Gaithersburg, MD 20877, or may be examined at the National
Archives and Records Administration (NARA). For information on the availability of this material at NARA, call 202-741-6030, ox
go to: http:/ /www.archives.gov/federal_register /code_of_federal_regulations/ibr_location.html
(1) Milkfat content - “Fat-Official Final Action," section 16.172.

(2) Titratable acidity - “Acidity-Official Final Action," section 16.023.

(d) Nomenclature. The name of the food is “Sour cream" or alternatively “Cultured sour cream". The full name of the food shall appear]
on the principal display panel of the label in type of uniform size, style, and color. The name of the food shall be accompanied
by a declaration indicating the presence of any flavoring that characterizes the product, as specified in §101.22 of this chapter.
If nutritive sweetener in an amount sufficient to characterize the food is added without addition of characterizing flavoring, the
name of the food shall be preceded by the word “sweetened".

(e) Label declaration. Each of the ingredients used in the food shall be declared on the label as required by the applicable sections of
parts 101 and 130 of this chapter. [42 FR 14360, Mar. 15, 1977, as amended at 47 FR 11824, Mar. 19, 1982; 49 FR 10092, Mar. 19, 1984

2.1 Standard of identity for sour cream. [From 21 CFR 131.160 (2009).]

the standards of identity relevant to food analysis for
a number of other foods. Note that the standard of
identity often includes the recommended analytical
method for determining chemical composition.
Although standards of quality and fill are less
related to the chemical analysis of foods than are stan-
dards of identity, they are important for economic and
quality control considerations. Standards of quality,
established by the FDA for some canned fruits and
vegetables, set minimum standards and specifications
for factors such as color, tenderness, weight of units
in the container, and freedom from defects. The stan-
dards of fill established for some canned fruits and
vegetables, tomato products, and seafood state how
full a container must be to avoid consumer deception.

2.2.1.3 Inspection and Enforcement

The FDA has the broadest regulatory authority over
most foods (generally, all foods other than meat, poul-
try, eggs; water supplies; imported foods). However,
the FDA shares responsibilities with other regula-
tory agencies for certain foods, as described in later

sections of this chapter. The FDA has responsibility
for enforcing the 1938 FD&C Act as amended, which
prohibits adulteration and misbranding of food prod-
ucts. Relevant to food analysis and for FDA-regulated
foods, the FDA inspects food processing facilities for
compliance with GMP regulations and for any manda-
tory HACCP inspection programs. The FDA monitors
appropriate foods for composition and characteristics
relevant to the standards of identity, standards of qual-
ity, standards of fill, nutrition labeling, and other
labeling regulations. It regulates color additives and
the use of food additives for all foods.

The FDA, together with other federal agencies
described in this chapter and with state and local
governments, works to help ensure the quality and
safety of food in the USA. Some specific examples of
how FDA interacts with other agencies regarding the
safety and analysis of foods follow. Working with the
National Marine Fisheries Service to ensure seafood
safety, the FDA sets and enforces allowable levels
of contaminants and pathogenic microorganisms in
seafood. The FDA has jurisdiction over some alcoholic
beverages and cooking wines and handles questions
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2-1
|_table | selected Chemical Composition Requirements of Some Foods with Standards of Identity
AOAC Method®

Section in Food

21 CFR? Product Requirement Number in 13th Edn.  Number in 18th Edn.  Name/Description

131.110 Milk Milk solids nonfat > 81/4% 16.032 990.19 Total solids, by
forced air oven
after steam table

Milkfat > 31/4% 16.059 905.02 Roese-Gottlieb

Vitamin A (if

added) > 2,000 1U°/qtd
Vitamin D (if added) — 43.195-43.208 936.14 Bioassay line test
400 1U® /qtd with rats
133.113 Cheddar Milkfat > 50% by wt. of solids  16.255 and 933.05 Digest with HCI,
cheese calculation Roese-Gottlieb
Moisture < 39% by wt. 16.233 926.08 Vacuum oven
Phosphatase level < 3ug 16.275-16.277 946.03-946.03C  Residual
phenol equivalent/0.25 g® phosphatase
137.165 Enriched Moisture < 15% 14.002, 14.003 925.09, 925.09B Vacuum oven
flour Ascorbic acid < 200 ppm (if
added as dough
conditioner)
Ashf < 0.35 + (1/20 of the 14.006 923.03 Dry ashing
percent of protein,
calculated on dwb®)

(Protein) 2.057 955.04C Kjeldahl, for
nitrate-free
samples

Thiamine, 2.9 mg/Ib

Riboflavin, 1.8 mg/lb

Niacin, 24 mg/Ib

Iron, 20 mg/Ib

Calcium (if added), 960 mg/Ib

Folic acid 0.7 mg/lb

146.185 Pineapple Soluble solids > 10.5°Brix" 31.009 932.14A Hydrometer
juice Total acidity < 1.35g/100ml Titration with NaOH'
(as anhydrous citric acid)
Brix/acid ratio > 12 Calculated’
Insoluble solids > 5% and Calculated from
< 30% volume of
sedimentk
163.113 Cocoa Cocoa fat < 22% and > 10% 963.15 Petroleum ether
extraction with
Soxhlet unit
164.150 Peanut Fat < 55% 27.006(a) 948.22 Ether extraction with
butter Soxhlet unit

a8CFR, Code of Federal Regulations (2009).
b Official Methods of Analysis of AOAC International.

U, International units.

dWithin limits of good manufacturing practice.
®|f pasteurized dairy ingredients are used.
fExcluding ash resulting from any added iron or salts of iron or calcium or wheat germ.
9dwb, moisture-free or dry weight basis.
hExclusive of added sugars, without added water. As determined by refractometer at 20°C uncorrected for acidity and read as
°Brix on International Sucrose Scales. Exception stated for juice from concentrate.
iDetailed titration method given in 21 CFR, 145.180 (b)(2)(ix).
ICalculated from °Brix and total acidity values, as described in 21 CFR 146.185 (b)(2)(ii).
kDetailed method given in 21 CFR 146.185 (b)(2)(iv).
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of deleterious substances in alcoholic beverages. Reg-
ulations on tolerance levels of pesticide residues in
foods and agricultural commodities set by the EPA
are enforced by the FDA. Imported food products
regulated by the FDA are subject to inspection upon
entry through US Customs, and products must com-
ply with US laws and regulations. The FDA works
with individual states and the United States Depart-
ment of Agriculture (USDA) to ensure the safety and
wholesomeness of dairy products. Also, the FDA has
regulatory power over shellfish sanitation for products
shipped interstate.

When violations of the FD&C Act are discovered
by the FDA through periodic inspections of facilities
and products and through analysis of samples, the
FDA can use warning letters, seizures, injunctions,
or recalls, depending on the circumstances. The FDA
cannot file criminal charges, but rather recommends
to the Justice Department that court action be taken
that might result in fines or imprisonment of offend-
ers. Details of these enforcement activities of the FDA
are given in references (1-4).

2.2.2 US Department of Agriculture

The USDA administers several federal statutes rele-
vant to food standards, composition, and analysis.
These include standards of identity for meat products,
grade standards, and inspection programs. Some pro-
grams for fresh and processed food commodities are
mandatory and others are voluntary.

2.2.2.1 Standards of Identity
for Meat Products

Standards of identity have been established by the
Food Safety Inspection Service (FSIS) of the USDA
for many meat products (9 CFR 319). These commonly
specify percentages of meat, fat, and water. Analy-
ses are to be conducted using an AOAC method, if
available.

2.2.2.2 Grade Standards

Grade standards developed for many foods by the
USDA classify products in a range from substandard
to excellent in quality. While most grade standards are
not mandatory requirements (but they are mandatory
for certain grains), they are widely used, voluntar-
ily, by food processors and distributors as an aid in
wholesale trading, because the quality of a product
affects its price. Such grade standards often are used
as quality control tools. Consumers are familiar gen-
erally with grade standards for beef, butter, and eggs,
but buyers for the retail market utilize grade standards

for a wide variety of foods. Major users of standards
include institutions such as schools, hospitals, restau-
rants, prisons, and the Department of Defense (see also
Sect.2.5).

The USDA has issued grade standards for more
than 300 food products under authority of the Agri-
cultural Marketing Act of 1946 and related statutes.
Standards for grades are not required to be stated on
the label, but if they are stated, the product must
comply with the specifications of the declared grade.
Official USDA grading services are provided, for a
fee, to pickers, processors, distributors, and others
who seek official certification of the grades of their
products.

While complete information regarding the stan-
dards was published previously in the CFR, currently
only some standards are published in the CFR because
they are USDA Agricultural Marketing Service (AMS)
Administrative Orders. All grade standards are avail-
able as pamphlets from USDA and also are accessible
on the Internet.

Grade standards, issued by the AMS of the USDA
for agricultural products and by the Department of
Commerce for fishery products, must not be confused
with standards of quality set by the FDA or standards
of identity set by the FDA or FSIS of the USDA, as
discussed previously. Grade standards exist for many
types of meats, poultry, dairy products, fruits, vegeta-
bles, and grains, along with eggs, domestic rabbits,
certain preserves, dry beans, rice, and peas. Additional
information about grade standards for dairy products
is given in Sect. 2.3, but examples of grade standards
for several other types of foods follow here.

Standards for grades of processed fruits and veg-
etables often include factors such as color, texture
or consistency, defects, size and shape, tenderness,
maturity, flavor, and a variety of chemical character-
istics. Sampling procedures and methods of analysis
are commonly given. As an example, the quality and
analytical factors that determine the grade standards
of frozen concentrated orange juice (10) are given in
Table 2-2.

2-2 USDA Standards for Grades Determinants
of Frozen Concentrated Orange Juice

Quality Analytical
Appearance Concentrate
Reconstitution Brix

Color Brix/acid ratio
Defects Reconstituted Juice
Flavor Brix

Soluble orange solids
Recoverable oil
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Grades for various grains (e.g., wheat, corn,
soybeans, oats) are determined by factors such as test
weight per bushel and percentages of heat-damaged
kernels, broken kernels, and foreign material. Also,
a grade limit is set commonly for moisture content.
Grade standards for rice, beans, peas, and lentils are
determined commonly by factors such as defects, pres-
ence of foreign material, and insect infestation, and
sometimes moisture content is specified.

2.2.2.3 Inspection Programs

The USDA administers some programs on inspection
and certification that are mandatory, and some inspec-
tion programs are voluntary. Comprehensive inspec-
tion manuals specific to various types of foods have
been developed to assist inspectors and industry per-
sonnel in interpreting and utilizing the regulations.
Under the Federal Meat Inspection Act, the Poultry
Products Inspection Act, and the Egg Products Inspec-
tion Act, the FSIS of the USDA inspects all meat, poul-
try, and egg products in interstate commerce (9 CFR
200-End). This includes a review of foreign inspec-
tion systems and packing plants that export meat and
poultry to the USA. Imported products are reinspected
at ports of entry. HACCP is a major component of
FSIS rules for all slaughter and processing plants,
to improve safety of meat and poultry. A program
within the Grain Inspection, Packers and Stockyard
Administration (GIPSA) of the USDA administers the
mandatory requirements of the US Grain Standards
Act (7 CFR 800). Regulations to enforce this act pro-
vide for a national inspection system for grain and
mandatory official grade standards of numerous types
of grain. Another program of the USDA standardizes,
grades, and inspects fruits and vegetables under vari-
ous voluntary programs. The inspection programs rely
heavily on the HACCP concept.

2.2.3 US Department of Commerce
2.2.3.1 Seafood Inspection Service

The National Oceanic and Atmospheric Adminis-
tration’s (NOAA) National Marine Fisheries Service
(NMFS), a division of the United States Department
of Commerce (USDC), provides a seafood inspec-
tion service. The USDC Seafood Inspection Program
ensures the safety and quality of seafoods consumed
in the USA and certified for export through voluntary
grading, standardization, and inspection programs,
as described in 50 CFR 260. The inspection programs
rely heavily on the HACCP concept. USDC Hand-
book 25 is a comprehensive manual on these subjects
entitled Fishery Products Inspection Manual (11). The
US Standards for Grades of Fishery Products (50 CFR

261) are intended to help the fishing industry main-
tain and improve quality and to thereby increase con-
sumer confidence in seafoods. Standards are based
on attributes such as color, size, texture, flavor, odor,
workmanship defects, and consistency.

2.2.3.2 Interaction with FDA and EPA

The FDA and the EPA work with the NMFS for the
assurance of seafood safety. The FDA, under the FD&C
Act, is responsible for ensuring that seafood shipped
or received in interstate commerce is safe, whole-
some, and not misbranded or deceptively packaged.
The FDA has primary authority in setting and enforc-
ing allowable levels of contaminants and pathogenic
microorganisms in seafood. The EPA assists the FDA
in identifying the range of chemical contaminants that
pose a human health risk and are most likely to accu-
mulate in seafood. A tolerance of 2.0 parts per mil-
lion (ppm) for total polychlorinated biphenyls (PCBs)
(21 CFR 109.30) is the only formal tolerance speci-
fied by the FDA to mitigate human health impacts
in seafood. However, the EPA has established tol-
erances for certain pesticide residues, and the FDA
has established guidance levels for the toxic elements
arsenic, cadmium, chromium, lead, nickel, and methyl
mercury (12).

2.2.4 US Bureau of Alcohol, Tobacco,
Firearms and Explosives

2.2.4.1 Regulatory Responsibility
for Alcoholic Beverages

Beer, wines, liquors, and other alcoholic beverages
are termed “food” according to the FD&C Act of
1938. However, regulatory control over their quality,
standards, manufacture, and other related aspects is
specified by the Federal Alcohol Administration Act,
which is enforced by the Bureau of Alcohol, Tobacco,
Firearms and Explosives (ATF) of the US Depart-
ment of Justice. Issues regarding the composition and
labeling of most alcoholic beverages are handled by
the Bureau. However, the FDA has jurisdiction over
certain other alcoholic beverages and cooking wines.
The FDA also deals with questions of sanitation, filth,
and the presence of deleterious substances in alcoholic
beverages.

2.2.4.2 Standards and Composition of Beer,
Wine, and Distilled Beverage Spirits

Information related to definitions, standards of iden-
tity, and certain labeling requirements for beer, wine,
and distilled beverage spirits is given in 27 CFR 1-
30. Standards of identity for these types of beverages
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stipulate the need for analyses such as percent alco-
hol by volume, total solids content, volatile acidity,
and calculated acidity. For example, the fruit juice
used for the production of wine is often specified
by its °Brix and total solids content. The maximum
volatile acidity (calculated as acetic acid and exclusive
of sulfur dioxide) for grape wine must not be more
than 0.14g/100ml (20°C) for natural red wine and
0.12 g/100 ml for other grape wines (27 CFR 4.21). The
percent alcohol by volume is often used as a criterion
for class or type designation of alcoholic beverages.
For example, dessert wine is grape wine with an alco-
holic content in excess of 14% but not in excess of 24%
by volume, while table wines have an alcoholic con-
tent not in excess of 14% alcohol by volume (27 CFR
4.21). No product with less than 0.5% alcohol by vol-
ume is permitted to be labeled “beer,” “lager beer,”
“lager,” “ale,” “porter,” “stout,” or any other class
or type designation normally used for malt beverages
with higher alcoholic content (27 CFR 7.24).

2.2.5 US Environmental Protection Agency

The EPA was established as an independent agency
in 1970 through a reorganization plan to consolidate
certain federal government environmental activities.
The EPA regulatory activities most relevant to this
book are control of pesticide residues in foods, drink-
ing water safety, and the composition of effluent from
food processing plants.

2.2.5.1 Pesticide Registration
and Tolerance Levels

Pesticides are chemicals intended to protect our
food supply by controlling harmful insects, diseases,
rodents, weeds, bacteria, and other pests. However,
most pesticide chemicals can have harmful effects on
people, animals, and the environment if they are
improperly used. The three federal laws relevant to
protection of food from pesticide residues are cer-
tain provisions of the Federal FD&C Act, the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA),
as amended, and the Food Quality Protection Act
of 1996. FIFRA, supplemented by the FD&C Act,
authorizes a comprehensive program to regulate the
manufacturing, distribution, and use of pesticides,
along with a research effort to determine the effects of
pesticides.

The Food Quality Protection Act amends both the
FD&C Act and FIFRA, to take pesticides out of the
section of the FD&C Act that includes the Delaney
Clause. This was done by changing the definition of
a “food additive” to exclude pesticides. This redefi-
nition leaves the Delaney Clause greatly reduced in
scope and less relevant.

The EPA registers approved pesticides and sets
tolerances for pesticide residues (see also Chap.18,
Sect. 18.3). The EPA is authorized to establish an allow-
able limit or tolerance for any detectable pesticide
residues that might remain in or on a harvested food or
feed crop. The tolerance level is often many times less
than the level expected to produce undesirable health
effects in humans or animals. Tolerances are estab-
lished based on factors that include registration data,
consumption pattern, age groups, mode of action,
chemistry of the compound, toxicological data, plant
and animal physiology, efficacy data, and risk assess-
ment. While the EPA establishes the tolerance lev-
els, the FDA enforces the regulations by collecting
and analyzing food samples, mostly agricultural com-
modities. Livestock and poultry samples are collected
and analyzed by the USDA. Pesticide residue levels
that exceed the established tolerances are considered
in violation of the FD&C Act.

The Food Quality Protection Act of 1996 requires
an explicit determination that tolerances are safe for
children and have consideration of children’s spe-
cial sensitivity and exposure to pesticide chemicals. It
includes an additional safety factor of up to tenfold,
if necessary, to account for uncertainty in data rela-
tive to children. The 1996 law requires that all existing
tolerances be reviewed within 10 years to make sure
they meet the requirements of new health-based safety
standards established by law.

Regulations regarding pesticide tolerances in
foods are given in 40 CFR 180, which specifies general
categories of products and specific commodities with
tolerances or exemptions, and in some cases which
part of the agricultural product is to be examined.
Products covered include a wide variety of both plants
(e.g., fruits, vegetables, grains, legumes, nuts) and ani-
mals (e.g., poultry, cattle, hogs, goats, sheep, horses,
eggs, milk). Unless otherwise noted, the specific tol-
erances established for the pesticide chemical apply to
residues resulting from their application prior to har-
vest or slaughter. Tolerances are expressed in terms
of parts by weight of the pesticide chemical per one
million parts by weight of the product (ie., ppm).
Tolerance levels for selected pesticides and insecti-
cides permitted in foods as food additives are given
in Table 2-3.

The analytical methods to be used for determining
whether pesticide residues are in compliance with the
tolerance established are identified among the meth-
ods contained or referenced in the Pesticide Analytical
Manual (13) maintained by and available from the
FDA. The methods must be sensitive and reliable at
and above the tolerance level. Pesticides are gener-
ally detected and quantitated by gas chromatographic
or high-performance liquid chromatographic methods
(see Chaps. 18, 28, and 29).
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2-3 Tolerance for Selected Insecticides (I), Fungicides (F), and Herbicides (H) Classified
as Food Additives Permitted in Foods for Human Consumption
Section Food Additive Chemical Classification Food Tolerance?
180.294 Benomyl (F) Carbamate Apples 7
Cattle, meat 0.1
Milk 0.1
Grapes 10
Raisins 50
Strawberry 5
Tomato products, conc. 50
180.342 Chloropyrifos®(1) Organophosphate Apples 0.01
Cattle, meat 0.05
Corn oil 0.25
Strawberry 0.2
180.435 Deltamethrin (1) Pyrethroid Cattle, meat 0.02
Tomatoes 0.02
Tomato products, conc. 1.0
180.292 Picloram (H) Chloropyridine— Cattle, meat 0.02
carboxylic acid Milk 0.05
Corn ol 25
Wheat, grain 0.5

Adapted from 40 CFR 180 (2009).
aParts per million.

™
bAlso known as Dursban  and Lorsban .

2.2.5.2 Drinking Water Standards and
Contaminants

The EPA administers the Safe Drinking Water Act
of 1974, which is to provide for the safety of drink-
ing water supplies in the USA and to enforce national
drinking water standards. The EPA has identified
potential contaminants of concern and established
their maximum acceptable levels in drinking water.
The EPA has primary responsibility to establish the
standards, while the states enforce them and otherwise
supervise public water supply systems and sources
of drinking water. Primary and secondary drinking
water regulations (40 CFR 141 and 143, respectively)
have been established. Recently, concerns have been
expressed regarding the special standardization of
water used in the manufacturing of foods and bever-
ages.

Maximum contaminant levels (MCL) for pri-
mary drinking water are set for certain inorganic
and organic chemicals, turbidity, certain types of
radioactivity, and microorganisms. Sampling pro-
cedures and analytical methods for the analysis of
chemical contaminants are specified, with common
reference to Standard Methods for the Examination of
Water and Wastewater (14) published by the Amer-
ican Public Health Association; Methods of Chemical
Analysis of Water and Wastes (15), published by the
EPA; and Annual Book of ASTM Standards (16), pub-
lished by the American Society for Testing Materials

(ASTM). Methods commonly specified for the analy-
sis of inorganic contaminants in water include atomic
absorption (direct aspiration or furnace technique),
inductively coupled plasma (see Chap.24), ion chro-
matography (see Chap. 28), and ion selective electrode
(see Chap.12).

2.2.5.3 Effluent Composition from Food
Processing Plants

In administering the Federal Water Pollution and
Control Act, the EPA has developed effluent guide-
lines and standards that cover various types of food
processing plants. Regulations prescribe effluent limi-
tation guidelines for existing sources, standards of per-
formance for new sources, and pretreatment standards
for new and existing sources. Point sources of dis-
charge of pollution are required to comply with these
regulations, where applicable. Regulations are pre-
scribed for specific foods under the appropriate point
source category: dairy products processing (40 CFR
405), grain mills (40 CFR 406), canned and preserved
fruits and vegetables processing (40 CFR 407), canned
and preserved seafood processing (40 CFR 408), sugar
processing (40 CFR 409), and meat and poultry prod-
ucts (40 CFR 432). Effluent characteristics commonly
prescribed for food processing plants are biochemical
oxygen demand (BOD) (see Chap.20), total soluble
solids (TSS) (see Chap.6), and pH (see Chap.13), as
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2-4
|_table |

Effluent Limitations for Plants Processing Natural and Processed Cheese

Effluent Limitations

Effluent Characteristics
Metric Units? English Units®
BoD5 1SS pH BOD5 TSS  pH

Processing more than 100,000 Ib/day of milk equivalent
Maximum for any 1 day

0716  1.088 (¢)  0.073  0.109  (°)

Average of daily values for 30 consecutive days shall not exceed 0.290 0.435 (®) 0.029 0.044 (®)

Processing less than 100,000 Ib/day of milk equivalent
Maximum for any 1 day

Average of daily values for 30 consecutive days shall not exceed 0.488 0.731 (®) 0.049 0.073

0976 1462 (¢) 0.098  0.146  (°)
(

Adapted from 40 CFR 405.62 (2009).
aKilograms per 1000 kg of BOD 5 input.
bPounds per 100 Ibs of BOD 5 input.

°BOD 5 refers to biochemical oxygen demand measurement after 5 days of incubation.

4TSS refers to total soluble solids.
€Within the range 6.0-9.0.

shown in Table 2-4 for effluent from a plant that makes
natural and processed cheese. The test procedures for
measurement of effluent characteristics are prescribed
in 40 CFR 136.

2.2.6 US Customs Service

Over 100 countries export food, beverages, and related
edible products to the USA. The United States Cus-
toms Service (USCS) assumes the central role in ensur-
ing that imported products are taxed properly, safe for
human consumption, and not economically deceptive.
The USCS receives assistance from the FDA and USDA
as it assumes these responsibilities. The major regula-
tions promulgated by the USCS are given in Title 19 of
the CFR.

2.2.6.1 Harmonized Tariff Schedule of the US

All goods imported into the United States are subject
to duty or duty-free entry according to their classifica-
tion under applicable items in the Harmonized Tariff
Schedule of the United States (TSUSA). The US tariff
system has official tariff schedules for over 400 edible
items exported into the USA (17). The TSUSA specifies
the food product in detail and gives the general rate
of duty applicable to that product coming from most
countries and any special higher or lower rates of duty
for certain other countries.

2.2.6.2 Food Composition and the TSUSA

The rate of duty for certain food products is deter-
mined by their chemical composition. For example,
the rate of duty on some dairy products is determined

in part by the fat content. The tariff for some syrups is
determined by the fructose content, for some chocolate
products by the sugar or butterfat content, for but-
ter substitutes by the butterfat content, and for some
wines by their alcohol content (percent by volume).

2.2.7 US Federal Trade Commission

The Federal Trade Commission (FTC) is the most
influential of the federal agencies that have authority
over various aspects of advertising and sales promo-
tion practices for foods in the USA. The major role of
the FTC is to keep business and trade competition free
and fair.

2.2.7.1 Enforcement Authority

The Federal Trade Commission Act of 1914 authorizes
the FTC to protect both the consumer and the busi-
ness person from anticompetitive behavior and unfair
or deceptive business and trade practices. The FTC
periodically issues industry guides and trade regula-
tions and rules that tell businesses what they can and
cannot do. These issuances are supplemented with
advisory opinions given to corporations and individu-
als upon request. The FTC not only has guidance and
preventive functions but is also authorized to issue
complaints or shutdown orders and sue for civil penal-
ties for violation of trade regulation rules. The Bureau
of Consumer Protection is one of the FTC bureaus that
enforce and develop trade regulation rules.
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2.2.7.2 Food Labels, Food Composition,
and Deceptive Advertising

While the Fair Packaging and Labeling Act of 1966 is
administered by the FTC, that agency does not have
specific authority over the packaging and labeling of
foods. The FTC and FDA have agreed upon responsi-
bilities: The FTC has primary authority over advertis-
ing of foods and the FDA has primary authority over
labeling of foods.

Grading, standards of identity, and labeling
of foods regulated by several federal agencies as
described previously have eliminated many potential
problems in the advertising of foods. Such federal reg-
ulations and voluntary programs have reduced the
scope of advertising and other forms of product dif-
ferentiation. Misleading, deceptive advertising is less
likely to be an issue and is more easily controlled.
For example, foods such as ice cream, mayonnaise,
and peanut butter have standards of identity that set
minimum ingredient standards. If these standards are
not met, the food must be given a different generic
designation (e.g., salad dressing instead of mayon-
naise) or be labeled “imitation.” Grading, standards,
and labeling of food aid consumers in making price-
quality comparisons. Once again, analyses of chemical
composition play an important role in developing and
setting these grades, standards, and labels. In many
cases in which the FTC intervenes, data from a chem-
ical analysis become central evidence for all parties
involved.

2.3 REGULATIONS AND
RECOMMENDATIONS FOR MILK

The safety and quality of milk and dairy products
in the USA are the responsibility of both federal
(FDA and USDA) and state agencies. The FDA has
regulatory authority over the dairy industry inter-
state commerce, while the USDA involvement with
the dairy industry is voluntary and service oriented.
Each state has its own regulatory office for the dairy
industry within that state. The various regulations for
milk involve several types of chemical analyses.

2.3.1 FDA Responsibilities

The FDA has responsibility under the FD&C Act, the
Public Health Service Act, and the Import Milk Act
to assure consumers that the US milk supply and
imported dairy products are safe, wholesome, and
not economically deceptive. Processors of both Grade
A and Grade B milk are required under FDA regu-
lations to take remedial action when conditions exist
that could jeopardize the safety and wholesomeness of

milk and dairy products being handled. As described
in Sect.2.2.1.2, the FDA also promulgates standards
of identity and labeling, quality, and fill-of-container
requirements for milk and dairy products moving in
interstate commerce.

For Grade A milk and dairy products, each state
shares with the FDA the responsibility of ensuring
safety, wholesomeness, and economic integrity. This
is done through a Memorandum of Understanding
with the National Conference on Interstate Milk
Shipments, which comprises all 50 states. In coop-
eration with the states and the dairy industry, the
FDA has also developed for state adoption model reg-
ulations regarding sanitation and quality aspects of
producing and handling Grade A milk. These regula-
tions are contained in the Grade A Pasteurized Milk
Ordinance (PMO) (18), which all states have adopted
as minimum requirements.

The standards for Grade A pasteurized milk and
milk products and bulk-shipped heat-treated milk
products under the PMO are given in Table2-5. The
PMO specifies that “all sampling procedures, includ-
ing the use of approved in-line samples, and required
laboratory examinations shall be in substantial compli-
ance with the most current edition of Standard Methods
for the Examination of Dairy Products (SMEDP) of the
American Public Health Association, and the most
current edition of Official Methods of Analysis of the
AOAC INTERNATIONAL (OMA)” (18-20).

The FDA monitors state programs for compliance
with the PMO and trains state inspectors. To facilitate
movement of Grade A milk in interstate commerce,

Pasteurized Milk Ordinance Standards for
) Grade A Pasteurized Milk and Milk
-5 Products and Bulk-Shipped Heat-Treated

|_table | Milk Products
Criteria Requirement
Temperature Cooled to 7°C (45°F) or less and

maintained thereat

20,000 per mi

Not to exceed 10 per ml. Provided, that
in the case of bulk milk transport
tank shipments, shall not exceed
100 per mi

Less than 350 milliunits/L for fluid
products and other milk products by
the Fluorometer or Charm ALP or
equivalent

No positive results on drug residue
detection methods

Bacterial limits?
ColiformP

Phosphatase®

Drugs®

Adapted from (18).

2Not applicable to acidified or cultured products.

bNot applicable to bulk-shipped heat-treated milk products.
®Reference to specific laboratory techniques.
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a federal-state certification program exists: the Inter-
state Milk Shippers (IMS) Program. This program is
maintained by the National Conference on Interstate
Milk Shipments, which is a voluntary organization
that includes representatives from each state, the FDA,
the USDA, and the dairy industry. In this program, the
producers of Grade A pasteurized milk are required
to pass inspections and be rated by cooperating state
agencies, based on PMO sanitary standards, require-
ments, and procedures. The ratings appear in the IMS
List (21), which is published by the FDA, and made
available to state authorities and milk buyers to ensure
the safety of milk shipped from other states.

2.3.2 USDA Responsibilities

Under authority of the Agricultural Marketing Act
of 1946, the Dairy Quality Program of the USDA
offers voluntary grading services for manufactured
or processed dairy products (7 CFR 58). If USDA
inspection of a dairy manufacturing plant shows that
good sanitation practices are being followed to meet
the requirements in the General Specifications for Dairy
Plants Approved for USDA Inspection and Grading Service
(22), the plant qualifies for the USDA services of grad-
ing, sampling, testing, and certification of its products.
A product such as nonfat dry milk is graded based
on flavor, physical appearance, and various laboratory
analyses (Table 2-6).

As with the USDA voluntary grading programs
for other foods described in Sect.2.2.2.2, the USDA
has no regulatory authority regarding dairy plant
inspections and cannot require changes in plant oper-
ations. The USDA, under an arrangement with the
FDA, assists states in establishing safety and qual-
ity regulations for manufacturing-grade milk. Much
as described previously for the FDA with Grade A

2-6 US Standards for Grades of Nonfat Dry Milk

|_table | (Spray Process)
us
US Extra Standard
Laboratory Tests? Grade Grade
Bacterial estimate, standard plate 10,000 75,000
count per gram
Milkfat content (%) 1.25 1.50
Moisture content (%) 4.0 5.0
Scorched particle content (mg) 15.0 22.5
Solubility index (ml) 1.2 2.0
US High-heat 2.0 25
Titratable acidity (lactic acid) (%) 0.15 0.17

US Standards: http://www.ams.usda.gov/AMSv1.0/getfile?
dDocName_STELDEV3004466.
aAll values are maximum allowed.

milk, the USDA has developed model regulations for
state adoption regarding the quality and sanitation
aspects of producing and handling manufacturing-
grade milk. These regulations are given in the Milk
for Manufacturing Purposes and Its Production and Pro-
cessing, Recommended Requirements (23). The states that
have Grade B milk have essentially adopted these
model regulations.

2.3.3 State Responsibilities

As described previously, individual states have
enacted safety and quality regulations for Grade A and
manufacturing-grade milk that are essentially identi-
cal to those in the PMO and the USDA Recommended
Requirements, respectively. The department of health
or agriculture in each state normally is responsible for
enforcing these regulations. The states also establish
their own standards of identity and labeling require-
ments for milk and dairy products, which are gener-
ally similar to the federal requirements.

2.4 REGULATIONS AND
RECOMMENDATIONS FOR SHELLFISH

Shellfish include fresh or frozen oysters, clams, and
mussels. They may transmit intestinal diseases such
as typhoid fever or act as carriers of natural or chem-
ical toxins. This makes it very important that they
be obtained from unpolluted waters and handled and
processed in a sanitary manner.

2.4.1 State and Federal Shellfish
Sanitation Programs

The growing, handling, and processing of shellfish
must comply not only with the general requirements
of the FD&C Act but also with the requirements
of state health agencies cooperating in the National
Shellfish Sanitation Program (NSSP), a federal, state,
industry voluntary cooperative program, adminis-
tered by the FDA (24). The FDA has no regulatory
power over shellfish sanitation unless the product is
shipped interstate. However, the Public Health Ser-
vice Act authorizes the FDA to make recommenda-
tions and to cooperate with state and local authorities
to ensure the safety and wholesomeness of shellfish.
Under special agreement, certain other countries are
in the NSSP and are subject to the same sanitary con-
trols as required in the USA. Through the NSSP, state
health personnel continually inspect and survey bac-
teriological conditions in shellfish-growing areas. Any
contaminated location is supervised or patrolled so
that shellfish cannot be harvested from the area. State
inspectors check harvesting boats and shucking plants
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before issuing approval certificates, which serve as
operating licenses. The certification number of the
approved plant is placed on each shellfish package
shipped.

2.4.2 Natural and Environmental Toxic
Substances in Shellfish

A major concern is the ability of shellfish to con-
centrate radioactive material, insecticides, and other
chemicals from their environment. Thus, one aspect
of the NSSP is to ensure that shellfish-growing areas
are free from sewage pollution and toxic industrial
waste. Pesticide residues in shellfish are usually quan-
titated by gas chromatographic techniques, and heavy
metals such as mercury are commonly quantitated by
atomic absorption spectroscopy (e.g., AOAC Method
977.15). Another safety problem with regard to shell-
fish is the control of natural toxins, which is a separate
issue from sanitation. The naturally occurring toxins
are produced by planktonic organisms, and testing is
conducted using a variety of assays. Control of this
toxicity is achieved by a careful survey followed by
prohibition of harvesting from locations inhabited by
toxic shellfish.

2.5 VOLUNTARY FEDERAL
RECOMMENDATIONS AFFECTING
FOOD COMPOSITION

2.5.1 Food Specifications, Food Purchase,
and Government Agencies

Large amounts of food products are purchased by fed-
eral agencies for use in domestic (e.g., school lunch)
and foreign programs, prisons, veterans” hospitals, the
armed forces, and other organizations. Specifications
or descriptions developed for many food products are
used by federal agencies in procurement of foods, to
ensure the safety and quality of the product speci-
fied. Such specifications or descriptions often include
information that requires assurance of chemical com-
position. These specifications include the following:

1. Federal Specifications

Commercial Item Descriptions (CIDs)
Purchase Product Description (PPD)
USDA Specifications

Commodity Specifications
Department of Defense Specifications

SANS L N

Various CIDs, PPDs, Federal Specifications, or
USDA Specifications are used by the USDA to pur-
chase meat products for programs such as school
lunches. For example, the CID for canned tuna (25)
specifies salt/sodium levels and the required method

of analysis. The Institutional Meat Purchase Specifi-
cation (a USDA specification) for frozen ground pork
(26) and frozen ground beef products (27) states maxi-
mum allowable fat contents.

Commodity Specifications for various poultry and
dairy products have been issued by the USDA. For
example, the Commodity Specification for dried egg
mix (28) specifies that the vegetable oil in the product
must meet specifications for the following, as deter-
mined by American Oil Chemists” Society (AOCS)
test methods: free fatty acid value, peroxide value,
linolenic acid, moisture and volatile matter, iodine
value, and Lovibond color values (see Chap.14 for
some of these tests). The Commodity Specifications
issued by USDA for various dairy products also
include compositional requirements. For example, the
milk fat content, pH, and moisture and fat contents
of pasteurized process American cheese (29) and moz-
zarella cheese (30) are specified.

The Defense Personnel Support Center of the
Defense Logistics Agency, Department of Defense, uti-
lizes a variety of specifications, standards, and notes in
the purchase of food for the military. For example, they
use CIDs for syrup (specifies Brix, ash content, and
color) (31), instant tea (specifies moisture and sugar
contents, and titratable acidity) (32), and peanut butter
(specifies salt and aflatoxin contents) (33).

2.5.2 National Conference on Weights
and Measures: State Food Packaging
Regulations

Consumers assume that the weighing scale for a food
product is accurate and that a package of flour, sugar,
meat, or ice cream contains the amount claimed on
the label. While this assumption is usually correct,
city or county offices responsible for weights and mea-
sures need to police any unfair practices. Leadership
in this area is provided by the National Conference
on Weights and Measures (NCWM), which was estab-
lished by the National Institute of Standards and
Technology (NIST) (formerly the National Bureau of
Standards) (part of the US Department of Commerce).
The NCWM has no regulatory power, but it devel-
ops many technical, legal, and general recommenda-
tions in the field of weights and measures adminis-
tration and technology. The NCWM is a membership
organization comprising state and local weights and
measures regulatory officers, other officials of fed-
eral, state, and local governments, and representatives
of manufacturers, industry, business, and consumer
organizations.

The NIST Handbook 133, Checking the Net Contents
of Packaged Goods (34), gives model state packaging
and labeling regulations that have been adopted by
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a majority of states. The Handbook specifies that the
average quantity of contents of packages must at least
equal the labeling quantity, with the variation between
the individual package net contents and the labeled
quantity not too “unreasonably large.” Variations are
permitted within the bounds of GMPs and are due to
gain or loss of moisture (within the bounds of good
distribution practice). For certain products (e.g., flour,
pasta, rice), this requires careful monitoring of mois-
ture content and control of storage conditions by the
manufacturer.

2.6 INTERNATIONAL STANDARDS
AND POLICIES

With the need to compete in the worldwide market,
employees of food companies must be aware that
allowed food ingredients, names of food ingredients,
required and allowed label information, and stan-
dards for foods and food ingredients differ between
countries (35). For example, colorings and preserva-
tives allowed in foods differ widely between countries,
and nutritional labeling is not universally required. To
develop foods for, and market foods in, a global econ-
omy, one must seek such information from interna-
tional organizations and from organizations in specific
regions and countries.

2.6.1 Codex Alimentarius

The Codex Alimentarius Commission (Codex Ali-
mentarius is Latin for “code concerned with nourish-
ment”) was established in 1962 by two United Nations
organizations, the Food and Agriculture Organization
(FAO) and the World Health Organization (WHO),
to develop international standards and safety prac-
tices for foods and agricultural products (35,36). The
standards, published in the Codex Alimentarius, are
intended to protect consumers’ health, ensure fair
business practices in food trade, and facilitate interna-
tional trade of foods (36).

The Codex Alimentarius is published in 13 vol-
umes: one on general requirements (includes label-
ing, food additives, contaminants, irradiated foods,
import/export inspection, and food hygiene), nine on
standards and codes of practice compiled on a com-
modity basis, two on residues of pesticides and veteri-
nary drugs in foods, and one on methods of analysis
and sampling (Table 2-7). Codex has efforts to validate
and harmonize methods of food safety analysis among
countries and regions, to help maintain the smooth
flow of international commerce, and ensure appropri-
ate decisions on food exports and imports. Codex has
adopted the HACCP concept as the preferred means

2-7
|_table |

Volume

Content of the Codex Alimentarius (38)

Subject

1A General requirements

1B General requirements (food hygiene)

2A  Pesticide residues in foods (general text)

2B  Pesticide residues in foods (maximum residue limits)
3 Residues in veterinary drugs in foods

4 Foods for special dietary uses

5A  Processed and quick-frozen fruits and vegetables
5B  Fresh fruits and vegetables

6 Fruit juices
7 Cereals, pulses (legumes) and derived products and
vegetable proteins
8 Fats and oils and related products
9 Fish and fishery products
10 Meat and meat products, soups, and broths
11 Sugars, cocoa products and chocolate, and

miscellaneous Products
12 Milk and milk products
13 Methods of analysis and sampling

to ensure the safety of perishable foods and is deter-
mining how HACCP will be implemented in Codex
Alimentarius.

Codex has strengthened its commitment to base
food standards on strong science, rather than on social
or cultural factors, economics, or trade policies. The
setting of international standards on food quality by
Codex has been a high priority in world trade to min-
imize “nontariff” trade barriers. International trade
of food and raw agricultural products has increased
due to reduced economic trade restrictions and tariffs
imposed, but food standards set in the past by some
countries created nontariff trade barriers. Food stan-
dards developed by Codex are intended to overcome
the misuse of standards by a country, when the stan-
dards do more to protect products in a country from
the competition of imports than to protect the health
of consumers.

Decisions at the 1994 Uruguay Round of the Gen-
eral Agreement on Tariffs and Trade (GATT) strength-
ened the role of Codex as the principal standard-
setting group internationally for the quality and safety
of foods. The USA is among the 156 countries that are
members of Codex. The USA recognizes treaty obli-
gations related to Codex that have arisen from GATT.
As a result, representatives of the FDA, USDA, and
EPA (the three US federal agencies that participate in
Codex) developed in 1995 a strategic plan for Codex
that included greater US acceptance of Codex stan-
dards. In the USA, there is increased participation of
nongovernmental organizations [e.g., Grocery Manu-
facturers Association (GMA)] in the Codex process,
with many food companies working through these
organizations.
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2.6.2 ISO Standards

In addition to food standards and policies established
by the Codex Alimentarius Commission, the Interna-
tional Organization for Standardization (ISO) has the
9000 series of standards on quality management and
quality performance (37-39). The intent of the quality
management standards is to establish a quality sys-
tem, maintain product integrity, and satisfy customers.
ISO 9001:2000 focuses on a process approach to quality
management. Companies can elect to become regis-
tered only in the relevant parts of the ISO standards.
Some manufacturers and retailers require food indus-
try suppliers to be ISO certified. Relevant to food
analysis, ISO standards include sampling procedures
and food standards.

2.6.3 Other Standards

Other international, regional, and country-specific
organizations publish standards relevant to food com-
position and analysis. For example, the Saudi Arabian
Standards Organization (SASO) publishes standards
documents (e.g., labeling, testing methods) important
in the Middle East (except Israel), and the European
Commission sets standards for foods and food addi-
tives for countries in the European Economic Commu-
nity (EEC). In the USA, the Food Ingredients Expert
Committee, which operates as part of the US Pharma-
copeia, sets standards for the identification and purity
of food additives and chemicals, published as the Food
Chemicals Codex (FCC) (40). For example, a company
may specify in the purchase of a specific food ingre-
dient that it be “FCC grade.” Countries other than the
USA adopt FCC standards (e.g., Australia, Canada).
At an international level, the Joint FAO/WHO Expert
Committee on Food Additives (JECFA) sets standards
for purity of food additives (41). The Codex Alimen-
tarius Commission is encouraged to utilize the stan-
dards established by JECFA. Standards established by
FCC and JECFA are used by many countries as they
develop their own standards.

2.7 SUMMARY

Various kinds of standards set for certain food prod-
ucts by federal agencies make it possible to get essen-
tially the same food product whenever and wherever
purchased in the USA. The standards of identity set
by the FDA and USDA define what certain food prod-
ucts must consist of. The USDA and NMFS of the
Department of Commerce have specified grade stan-
dards to define attributes for certain foods. Grading
programs are voluntary, while inspection programs

may be either voluntary or mandatory, depending on
the specific food product.

While the FDA has broadest regulatory authority
over most foods, responsibility is shared with other
regulatory agencies for certain foods. The USDA has
significant responsibilities for meat and poultry, the
NOAA and the NMFS for seafood, and the ATF for
alcoholic beverages. The FDA, the USDA, state agen-
cies, and the dairy industry work together to ensure
the safety, quality, and economic integrity of milk and
milk products. The FDA, the EPA, and state agencies
work together in the NSSP to ensure the safety and
wholesomeness of shellfish. The EPA shares responsi-
bility with the FDA for control of pesticide residues in
foods and has responsibility for drinking water safety
and the composition of effluent from food processing
plants. The Customs Service receives assistance from
the FDA and USDA in its role to ensure the safety and
economic integrity of imported foods. The FTC works
with the FDA to prevent deceptive advertising of food
products, as affected by food composition and labels.
The NCWM, under the NIST within the Department
of Commerce, has developed model packaging and
labeling regulations related to weights and measures
of food packages.

The chemical composition of foods is often an
important factor in determining the quality, grade,
and price of a food. Government agencies that pur-
chase foods for special programs often rely on detailed
specifications that include information on food com-
position.

International organizations have developed food
standards and safety practices to protect consumers,
ensure fair business practices, and facilitate interna-
tional trade. The Codex Alimentarius Commission
is the major international standard-setting group for
food safety and quality. The International Organiza-
tion for Standardization has a series of standards that
focus on documentation of procedures, with some rel-
evant to food analysis. Certain regional and country-
specific organizations also publish standards related to
food composition and analysis.

2.8 STUDY QUESTIONS

1. Define the abbreviations FDA, USDA, and EPA, and
give two examples for each of what they do or regulate
relevant to food analysis.

2. Differentiate “standards of identity,” “standards of qual-
ity,” and “grade standards” with regard to what they are
and which federal agency establishes and regulates them.

3. Government regulations regarding the composition of
foods often state the official or standard method by which
the food is to be analyzed. Give the full name of three



Chapter2 e

United States Government Regulations

31

organizations that publish commonly referenced sources
of such methods.

. For each type of product listed below, identify the govern-
mental agency (or agencies) that has regulatory or other
responsibility for quality assurance. Specify the general
nature of that responsibility and, if given, the specific
types of analyses that would be associated with that
responsibility.

(a) Frozen fish sticks

(b) Contaminants in drinking water

(c) Dessert wine

(d) Grade A milk

(e) Frozen oysters

(f) Imported chocolate products

(g) Residual pesticide on wheat grain

(h) Corned beef

. Food products purchased by federal agencies often have
specifications that include requirements for chemical
composition. Give the names of four such specifications.
. You are developing a food product that will be marketed
in another country. What factors will you consider as you
decide what ingredients to use and what information to
include on the food label? What resources should you use
as you make these decisions?

. Upon completing your college degree, you are employed
by a major US food company that processes fruits and
vegetables.

(a) Where, specifically, would you look to find if a stan-
dard of identity exists for each of your processed
products? What kind of information does such a
standard include?

(b) What US governmental agency sets the standards of
identity for such products?

(c) What are the minimum standards called that are set
for some fruit and vegetable products?

(d) What governmental agency sets the grade standards
that you may want to use as a quality control tool and
in marketing your products?

(e) You are concerned about pesticide tolerances for the
fruits and vegetables you process. What governmen-
tal agency sets those tolerances?

(f) What governmental agency enforces the pesticide
tolerances?

(g) For nutrition labeling purposes for your products,
you want to check on official methods of analysis.
Where, specifically, should you look?

(h) You want to check the detailed rules on nutrition
labeling that would apply to your products. Where,
specifically, would you look to find those rules?

(i) You are considering marketing some of your prod-
ucts internationally. What resource could you check
to determine if there are international standards and
safety practices specified for those products?

() You understand that a quality assurance inspection
service, based on “HACCP,” is being offered to the
fruit and vegetable industry. What does “HACCP”
stand for, and what is its intent?
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2.11 RELEVANT INTERNET ADDRESSES

American Public Health Association —
http:/ /www.apha.org/
American Society of Testing Materials —
http:/ /www.astm.org/
AOAC International -
http:/ /www.aoac.org/
Bureau of Alcohol, Tobacco, Firearms,
and Explosives — http:/ /www.atf.gov/
Centers for Disease Control and Prevention —
http:/ /www.cdc.gov/
Code of Federal Regulations —
http:/ /www.access.gpo.gov /nara/cfr/
cfr-table-search.html
Codex Alimentarius Commission —
http:/ /www.codexalimentarius.net/web/
index_en.jsp
Department of Commerce — http://www.doc.gov/
National Institute of Standards and Technology —
http:/ /www.nist.gov/
National Conference on Weights
and Measures —
http:/ /ts.nist.gov/WeightsAndMeasures /
National Oceanic and Atmospheric
Administration —
http:/ /www.noaa.gov/
National Marine Fisheries Service —
http:/ /www.nmfs.noaa.gov/
Environmental Protection Agency —
http:/ /www.epa.gov/
Federal Trade Commission — http:/ /www.ftc.gov/
Food Chemicals Codex — http:/ /www.usp.org/fcc/
Food and Drug Administration —
http:/ /www.fda.gov/
Center for Food Safety and Applied Nutrition —
http:/ /vm.cfsan.fda.gov/list.html
Food Labeling and Nutrition —
http:/ /vm.cfsan.fda.gov/label.html

Food Safety Team —
http:/ /www.fda.gov/opacom/
backgrounders/foodteam.html
Hazard Analysis Critical Control Point —
http:/ /vm.cfsan.fda.gov/~Ird /haccp.html
Milk Safety References —
http:/ /vm.cfsan.fda.gov/~ear/prime.html
Pesticides, Metals, Chemical Contaminants and
Natural Toxins —
http:/ /www.cfsan.fda.gov/~Ird/
pestadd.html
Seafood Information and Resources —
http:/ /vm.cfsan.fda.gov/seafood1.html
International Organization for Standardization —
http:/ /www.iso.ch/
National Shellfish Sanitation Program —
http:/ /vm.cfsan.fda.gov/~ear/nsspman.html
US Customs and Border Protection —
http:/ /www.customs.gov/;
http:/ /www.usitc.gov/tata/hts/bychapter/
index.htm
US Department of Agriculture —
http:/ /www.usda.gov/
Agricultural Marketing Service —
http:/ /www.ams.usda.gov/
Quality Standards -
http:/ /www.ams.usda.gov/standards/
Laboratory Testing Program —
http:/ /www.ams.usda.gov/labserv.htm
Food Safety and Inspection Service —
http:/ /www.fsis.usda.gov/
HACCP /Pathogen Reduction —
http:/ /www.fsis.usda.gov/oa/
haccp.imhaccp.htm
Grain Inspection, Packers, and Stockyards
Administration — http:/ /www.usda.gov/gipsa
Nutrient Database for Standard Reference -
http:/ /www.ars.usda.gov/ba/bhnrc/ndl
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3.1 INTRODUCTION

Nutrition labeling regulations differ in countries
around the world. The focus of this chapter is on
nutrition labeling regulations in the USA, as speci-
fied by the Food and Drug Administration (FDA) and
the Food Safety and Inspection Service (FSIS) of the
United States Department of Agriculture (USDA). A
major reason for analyzing the chemical components
of foods in the USA is nutrition labeling regulations.
Nutrition label information is not only legally required
in many countries, but also is of increasing impor-
tance to consumers as they focus more on health and
wellness.

The FDA was authorized under the 1906 Federal
Food and Drug Act and the 1938 Federal Food, Drug,
and Cosmetic (FD&C) Act to require certain types of
food labeling (1,2). This labeling information includes
the amount of food in a package, its common or usual
name, and its ingredients. The 1990 Nutrition Label-
ing and Education Act (NLEA) (2,3) modified the 1938
FD&C Act to regulate nutrition labeling. Additionally,
the 1997 Food and Drug Administration Moderniza-
tion Act (FDAMA) (4) also amended the FD&C act
and included provisions that speed up the process for
approving health and nutrient content claims.

The FDA and FSIS of the USDA (referred to
throughout the chapter simply as FSIS) have coordi-
nated their regulations for nutrition labeling. The reg-
ulations of both agencies strive to follow the intent of
the NLEA, although only the FDA is bound by the leg-
islation. The differences that exist in the regulations are
due principally to the inherent differences in the food
products regulated by the FDA and USDA (USDA
regulates meat, poultry, and egg products only). The
two agencies maintain close harmony regarding inter-
pretation of the regulations and changes made in
regulations.

Complete details of the current nutrition labeling
regulations are available in the Federal Register and
the Code of Federal Regulations (CFR) (5-8). The
1973 regulations on voluntary nutrition labeling and
the 1990 NLEA are described briefly below, followed
by select aspects of current FDA and FSIS nutrition
labeling regulations. In developing a nutrition label
for a food product, refer to details of the regula-
tions in the CFR and other references cited. A ref-
erence manual that explains nutritional labeling reg-
ulations (with continual updating) can be purchased
from the National Food Processors Association (a non-
profit organization) (9) and several commercial pub-
lishers (10). The FDA has available on the Internet A
Food Labeling Guide (11), which includes Food Label-
ing — Questions and Answers, available for the industry.
Since Internet addresses are frequently updated, the
home page for the FDA is recommended as a starting

point. From the FDA homepage the search function
can be utilized to conduct a search based on the docu-
ment title provided in the references section. The FDA
homepage and other relevant Internet addresses are
given at the end of this chapter.

Interpretation of nutrition labeling regulations can
be difficult. Additionally, during the product devel-
opment process the effect of formulation changes on
the nutritional label may be important. As an exam-
ple, a small change in the amount of an ingredient
may determine if a product can be labeled low fat.
As a result, the ability to immediately approximate
how a formulation change will impact the nutritional
label can be valuable. The use of nutrient databases
and computer programs designed for preparing and
analyzing nutritional labels can be valuable and can
simplify the process of preparing a nutritional label.
The use of computer programs to prepare nutritional
labels is beyond the scope of this chapter. However,
an example computer program (TechWizard™) and
a description of how this program can be used to
prepare a nutrition label are found in the laboratory
manual that accompanies the text.

3.1.1 1973 Regulations on Nutrition Labeling

The FDA promulgated regulations in 1973 that permit-
ted, and in some cases required, foods to be labeled
with regard to their nutritional value (1, 2). Nutri-
tion labeling was required only if a food contained an
added nutrient or if a nutrition claim was made for
the food on the label or in advertising. The nutrition
label included the following: serving size; number of
servings per container; Calories per serving; grams
of protein, carbohydrate, and fat per serving; and
percentage of US Recommended Dietary Allowance
(USRDA) per serving of protein, vitamins A and C,
thiamine, riboflavin, niacin, calcium, and iron. In
1984, the FDA adopted regulations to include sodium
content on the nutritional label (effective from 1985).

3.1.2 Nutrition Labeling and Education
Act of 1990

Since the nutrition label was established in 1973,
dietary recommendations for better health have
focused more on the role of Calories and macronutri-
ents (e.g., total fat) in chronic diseases and less on the
role of micronutrients (minerals and vitamins) in defi-
ciency diseases. Therefore, in the early 1990s the FDA
revised the content of the nutritional label to make
it more consistent with current dietary concerns (see
Table3-1 and Fig.3-1, which are discussed more in
Sect. 3.2.1). The list of specific nutrients to be included
on the nutrition label was only one aspect of the NLEA
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Mandatory (Bold) and Voluntary
Components for Food Label Under

3-1 Nutrition Labeling and Education Act
|_table | of 1990

Total Calories

Calories from fat

Calories from saturated fat

Total fat
Saturated fat
Trans fat
Polyunsaturated fat
Monounsaturated fat

Cholesterol

Sodium

Potassium

Total carbohydrate
Dietary fiber
Soluble fiber
Insoluble fiber
Sugars
Sugar alcohols (e.g., sugar substitutes xylitol,

mannitol, and sorbitol)

Other carbohydrates (the difference between total
carbohydrate and the sum of dietary fiber,
sugars, and sugar alcohols, if declared)

Protein

Vitamin A

% of Vitamin A present as beta-carotene

Vitamin C

Calcium

Iron

Other essential vitamins and minerals

From (7), updated.

Nutrition panel will have the heading “Nutrition Facts.” Only compo-
nents listed are allowed on the nutrition panel, and they must be in
the order listed. Components are to be expressed as amount and/or
as percent of an established “Daily Value”

of 1990 (NLEA) (2,3), which amended the FD&C Act
with regard to five primary changes:

1. Mandatory nutrition labeling for almost all
food products

2. Federal regulation of nutrient content claims
and health claims

3. Authority for states to enforce certain provi-
sions of FD&C Act

4. Federal preemption over state laws for
misbranding provisions

5. Declaration of ingredients

In 2003 the FDA also published a final rule in the Fed-
eral Register that amended food labeling regulations
to require trans-fatty acid declaration (68 FR 41434)
(effective date of rule: January 1, 2006). This modi-
fication in nutritional labeling resulted from reports
that intake of trans fat and other cholesterol-raising fat
should be limited (12).

Nutrition Facts

Serving Size 1/2 cup (about 82g)
Servings Per Container 8
|

Amount Per Serving

Calories 200  Calories from Fat 130
% Daily Value*

Total Fat 14g 22%
Saturated Fat 9g 45%
Trans Fat Og

Cholesterol 55mg 18%

Sodium 40mg 2%

Total Carbohydrate 17g 6%
Dietary Fiber 1g 4%
Sugars 14g

Protein 3g

|
Vitamin A 10% » Vitamin C 0%

Calcium 10% * lIron 6%

*Percent Daily Values are based on a 2,000 calorie
diet. Your daily values may be higher or lower
depending on your calorie needs:

Calories: 2,000 2,500

Total Fat Less than 65g 80g
Saturated Fat Lessthan 20g 259
Cholesterol Less than 300mg 300 mg
Sodium Lessthan 2,400mg 2,400mg
Total Carbohydrate 300g 3759
Dietary Fiber 25g 30g

Calories per gram:
Fat9 < Carbohydrate 4 -

Protein 4

An example of the nutrition label, Nutrition
Labeling and Education Act of 1990. (Cour-
tesy of the Food and Drug Administration,
Washington, DC.)

3.2 FOOD LABELING REGULATIONS

For each aspect of nutrition labeling regulations
described below, general or FDA labeling require-
ments are covered, followed by, if applicable, certain
FSIS regulations that differ from the FDA require-
ments. While the focus here is on mandatory nutrition
labeling, it should be noted that the FDA has guide-
lines for voluntary nutrition labeling of raw fruit,
vegetables, and fish (21 CFR 101.45), and FSIS has
guidelines for voluntary nutrition labeling of single-
ingredient raw meat and poultry products (9 CFR
317.445, 381.445). These FDA and FSIS guidelines for
voluntary nutrition labeling differ in issues such as
source of nutrient databases used, compliance checks,
and use of claims on product labels.

3.2.1 Mandatory Nutrition Labeling
3.2.1.1 Basic Format

The FDA regulations implementing the 1990 NLEA
require nutrition labeling for most foods offered for
sale and regulated by the FDA (21 CFR 101.9), and FSIS
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regulations require nutrition labeling of most meat or
meat products (9 CFR 317.300 to 317.400) and poultry
products (9 CFR 381.400 to 381.500). Certain nutrient
information is required on the label, and other infor-
mation is voluntary (Table 3-1). In addition, while FSIS
allows voluntary declaration of stearic acid content on
the label, FDA does not, but has been petitioned to
do so.

The standard format for nutrition information on
food labels [21 CFR 101.9 (d)] is given in Fig.3-1 and
consists of the following;:

1. Serving size and servings per container

2. Quantitative amount per serving of each nutri-
ent or dietary component except vitamins and
minerals

3. Amount of each nutrient, except sugars and
protein, as a percent of the Daily Value (i.e., the
new label reference values) for a 2000-Calorie
(Cal) diet

4. Footnote with Daily Values for selected nutri-
ents based on 2000-Cal and 2500-Cal diets.

3.2.1.2 Daily Values and Serving Size

Daily Value (DV) is a generic term used to describe
two separate terms that are (1) Reference Daily Intake
(RDI) and (2) Daily Reference Value (DRV). The term
RDI is used for essential vitamins and minerals, and
the values are shown in Table3-2. The term DRV is
used for food components (total fat, saturated fat,
cholesterol, total carbohydrate, dietary fiber, sodium,
potassium, and protein), and the values are shown in
Table 3-3. A DRV for sugar and trans fat has not been
established. The DRVs are based on a 2000 or 2500
reference Calorie intake. Nutrient content values and
percent Daily Value calculations for the nutrition label
are based on serving size. Serving size regulations of
the FDA and FSIS differ in issues such as product cate-
gories, reference amounts, and serving size for units or
pieces [21 CFR 101.12 (b), 101.9 (b); 9 CFR 317.312 (b),
381.412 (b), 317.309 (b), 381.409 (b)]. The serving size
regulations for the FDA are described in more detail
below.

For the FDA, use of the term serving or serving
size is defined in CFR 101.9(b)(1) as “an amount of
food customarily consumed per eating occasion by
persons 4 years of age or older which is expressed in a
common household measure that is appropriate to the
food.” Additionally, if the food is targeted for infants
or toddlers, the term serving or serving size is defined
as “an amount of food customarily consumed per eat-
ing occasion by infants up to 12 months of age or by
children 1 to 3 years of age respectively.” The FDA
has defined the “reference amount customarily con-
sumed per eating occasion” in CFR 101.12(b) Table 3-1

3 2 Reference Daily Intakes (RDIs) for
- Vitamins and Minerals Essential in
Human Nutrition

Nutrient RDI
Vitamin A 50001U
Vitamin C 60 mg
Calcium 1000 mg
Iron 18 mg
Vitamin D 4001U
Vitamin E 301U
Vitamin K 80ug
Thiamin 1.5mg
Riboflavin 1.7mg
Niacin 20mg
Vitamin Bg 2mg
Folate 400 ug
Vitamin Bo 6ug
Biotin 300 ug
Pantothenic acid 10mg
Phosphorus 1,000 mg
lodine 150 ug
Magnesium 400 mg
Zinc 15mg
Selenium 70ug
Copper 2mg
Manganese 2mg
Chromium 120 g
Molybdenum 75ug
Chloride 3400 mg

From 21 CFR 101.9 (c) (8) (iv) (2009).

Values are for adults and children 4 or more years of age.
RDI values have also been established for infants, children
under 4 years of age, and pregnant and lactating women.
RDI values listed by the Food Safety and Inspection
Service [9 CFR 317.309 (c) (8) (iv); 9 CFR 381.409
(c) (8) (iv)] are as above but do not include values for
chloride, chromium, manganese, vitamin K, molybdenum,
and selenium.

Daily Reference Values (DRVs)
of Food Components Based on

3-3 the Reference Calorie Intake of
|_table | 2000 Calories
Food Component DRV
Fat 659
Saturated fatty acids 209
Cholesterol 300mg
Total carbohydrate 3009
Fiber 25¢g
Sodium 2400 mg
Potassium 3500 mg
Protein 509

From 21 CFR 101.9 (c) (9) (2009). Same as in 9 CFR
317.309 (c) (9) and 9 CFR 381.409 (c) (9).

and Table 3-2. These data are based on national food
consumption surveys as well as the serving size used
in dietary guidance recommendations, serving sizes
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recommended in comments, serving size used by
manufactures and grocers, or serving sizes used by
other countries. Adjustments in the reference amounts
can be initiated by the FDA or in response to a peti-
tion. The labeled serving size and reference amount
are important since the use of nutrient content claims
is dependent on the serving size and the reference
amount. The use of nutrient content claims is outlined
in Sect. 3.2.3.

3.2.1.3 Simplified Format

A simplified format for nutrition information on FDA-
regulated foods may be used if seven or more of the
13 required nutrients are present in only insignificant
amounts (but does not include Calories from fat) (e.g.,
soft drinks) [21 CFR 101.9 (f)]. For such foods, infor-
mation on five core nutrients (Calories, total fat, total
carbohydrate, protein, and sodium) must be given.
However, if other mandatory nutrients are present in
more than insignificant amounts they must be listed.
“Insignificant” is defined generally as the amount that
allows a declaration of zero on the nutrition label.
However, in the cases of protein, total carbohydrate,
and dietary fiber, insignificant is the amount that
allows a statement of “less than 1 gram.” The footnotes
required with the basic format are not required for the
simplified format label, except that the statement “Per-
cent Daily Values are based on a 2000 Calorie diet”
must be included. The statement “Not a significant
source of " is optional on the simplified format
label of an FDA-regulated product, unless a nutrient
claim is made on the label or optional nutrients (e.g.,
potassium) are voluntarily listed on the nutrition label,
or if any vitamins or minerals are required to be added
as a nutrient supplement to foods for which a standard
of identity exists.

For USDA-regulated foods, a simplified nutrition
label format may be used when any required nutrient
other than a core nutrient (Calories, total fat, sodium,
carbohydrate, or protein) is present in an insignifi-
cant amount [9 CFR 317.309 (f) (1) and (4), 381.409
() (1) and (4)]. Any required nutrient, other than a
core nutrient, that is present in an insignificant amount
may be omitted from the tabular listing if it is listed in
a footnote, “Not a significant source of .” This
option also exists for FDA-regulated foods, but it is
known as a “shortened” format [21 CFR 101.9 (c); see
listing for each noncore nutrient].

3.2.1.4 Exemptions

Certain foods are exempt from FDA mandatory
nutrition labeling requirements [21 CFR 101.9 (j)]
(Table 3-4), unless a nutrient content claim or health

3-4 Foods Exempt fromm Mandatory Nutrition
Labeling Requirements by the FDA

Food offered for sale by small business

Food sold in restaurants or other establishments in which
food is served for immediate human consumption

Foods similar to restaurant foods that are ready to eat but
are not for immediate consumption are primarily prepared
on site and are not offered for sale outside that location

Foods that contain insignificant amounts of all nutrients
subject to this rule, e.g., coffee and tea

Dietary supplements

Infant formula

Medical foods

Foods shipped or sold in bulk form and not for sale to
consumers

Raw fruits, vegetables, and fish

Packaged single-ingredient products of fish or game meat

Game meats

Food in small packages

Shell eggs packaged in a carton

Unit containers in a multiunit retail food package that bears
a nutrition label

Food products sold from bulk container

Summarized from 21 CFR 101.9 (j) (2009).
See details in regulations for foods exempt from mandatory nutrition
labeling requirements.

claim is made or any other nutrition information is
provided. Special labeling provisions apply to certain
other foods as specified in 21 CFR 101.9(j) (e.g., foods
in small packages; foods for young children; game
meats, shell eggs; foods sold from bulk containers; unit
containers in multiunit packages; foods in gift packs).
Infant formula must be labeled in accordance with 21
CFR 107, and raw fruits, vegetables, and fish according
to 21 CFR 101.45. Dietary supplements must be labeled
in accordance with 21 CFR 101.36.

Exemptions from mandatory nutrition labeling
for USDA-regulated foods ([9 CFR 317.400, 381.500])
differ somewhat from those for FDA-regulated foods
regarding issues such as definitions of a small
business, small package, and retail product.

3.2.1.5 Rounding Rules

Increments for the numerical expression of quantity
per serving are specified for all nutrients (Table 3-5,
as summarized by FDA) [21 CFR 1019 (c); 9 CFR
317.309 (c), 381.409 (c)]. For example, Calories are to be
reported to the nearest 5 Cal up to and including 50 Cal
and to the nearest 10 Cal above 50 Cal. Calories can be
reported as zero if there are less than 5 Cal per serving.

3.2.1.6 Caloric Content

Caloric conversion information on the label for fat, car-
bohydrate, and protein is optional. Calories can be
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3-5

|_table | Rounding Rules for Declaring Nutrients on Nutrition Label
Nutrient/Serving Increment Rounding?® Insignificant Amount
Calories, Calories from fat, <5 Cal — express as zero <5 Cal
Calories from saturated fat <50 Cal — express to nearest 5 Cal increment
> 50 Cal — express to nearest 10 Cal increment
Total fat, trans fat, <0.5g — express as zero <0.5¢
polyunsaturated fat, <5g — express to nearest 0.5 g increment
monounsaturated, >5g — express to nearest 1 g increment
saturated fat
Cholesterol <2mg — express as zero <2mg
2-5mg — express as “less than 5mg”
>5mg — express to nearest 5 mg increment
Sodium, potassium <5mg — express as zero <5mg
5-140 mg — express to nearest 5 mg increment
>140 mg — express to nearest 10 mg increment
Total carbohydrate, sugars, <0.59g — express as zero <1g
sugar alcohols, other <1g— express as “Contains less than 1 g” OR “less than 1 g”
carbohydrates, dietary fiber, >1g — express to nearest 1 g increment
soluble fiber, insoluble fiber,
protein
Vitamins and minerals <2% of RDI — may be expressed as: <2% RDI

1. 2% If actual amount is 1.0% or more

2. Zero

3. An asterisk that refers to statement “Contains less than
2% of the Daily Value of this (these) nutrient (nutrients)”

4. For Vitamins A and C, calcium, iron: statement “Not a
significant source of (listing the vitamins or minerals
omitted)”

<10% of RDI — express to nearest 2% increment
>10% to <50% of RDI — express to nearest 5% increment
>50% of RDI — express to nearest 10% increment

Beta-carotene <10% of Vitamin A — express to nearest 2% increment
>10% to <50% of Vitamin A — express to nearest 5%
increment

>50% of Vitamin A — express to nearest 10% increment

Summarized from Food Labeling Guide — Appendix H: Rounding the values according to FDA rounding rules (2009) Center for Food Safety
and Applied Nutrition, Food and Drug Administration, Washington, DC.
aTo express to the nearest 1g increment, amounts exactly halfway between two whole numbers or higher (e.g., 2.50-2.99 g) round up (e.g.,
39), and amounts less than halfway between two whole numbers (e.g., 2.01-2.49 g) round down (e.g., 29).
PNotes for rounding % Daily Value (DV) for total fat, saturated fat, cholesterol, sodium, total carbohydrate, fiber, and protein:
(1) To calculate %DV, divide either the actual (unrounded) quantitative amount or the declared (rounded) amount by the appropriate RDI
or DRV. Use whichever amount will provide the greatest consistency on the food label and prevent unnecessary consumer confusion
(21 CFR 101.9 (d)(7)(iii).
(2) When %DV values fall between two whole numbers, rounding shall be as follows:
e For values exactly halfway between two whole numbers or higher (e.g., 2.50-2.99) the values shall round up (e.g., 3%).
e For values less than halfway between whole numbers (e.g., 2.01-2.49) the values shall round down (e.g., 2%).

expressed in numerous ways. A “calorie,” which is
the standard for measurement of the energy value of
substances and to express the body’s energy require-
ment, is the amount of heat required to raise the
temperature of 1g of water 1°C (1 calorie = 4.184
joules). The unit used in nutritional work is “Calorie”
or “kilo-calorie” (kcal), which equals 1000 calories.
In this chapter, the term Calorie is used to express
caloric content. The FDA regulations specify five

methods by which caloric content may be calculated,
one of which uses bomb calorimetry [21 CFR 101.9

(© (H]:

1. Specific Atwater factors for Calories per gram
of protein, total carbohydrate, and total fat

2. The general factors of 4, 4, and 9Cal/g of
protein, total carbohydrate, and total fat,
respectively
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3. The general factors of 4, 4, and 9Cal/g of
protein, total carbohydrate, less the amount
of insoluble dietary fiber, and total fat,
respectively

4. Data for specific food factors for particular
foods or ingredients approved by the FDA

5. Bomb calorimetry data subtracting 1.25Cal/g
protein to correct for incomplete digestibility

FSIS allows only the calculation procedures 14 above
and not the use of bomb calorimetry for caloric
content [9 CFR 317.309 (c) (1) (i), 381.409 (c) (1)

(©)]-

3.2.1.7 Protein Quality

For both FDA-regulated and USDA-regulated foods,
reporting the amount of protein as a percent of its
Daily Value is optional, except if a protein claim is
made for the product, or if the product is represented
or purported to be used by infants or children under
4 years of age, in which case the statement is required
[21 CFR 101.9 (c) (7); 9 CFR 317.309 (c) (7) (i), 381.409
(¢) (7) (1)]. For infant foods, the corrected amount of
protein per serving is calculated by multiplying the
actual amount of protein (g) per serving by the rela-
tive protein quality value. This relative quality value
is the protein efficiency ratio (PER) value of the sub-
ject food product divided by the PER value for casein.
For foods represented or purported for adults and chil-
dren 1 year or older, the corrected amount of protein
per serving is equal to the actual amount of protein
(g) per serving multiplied by the protein digestibility-
corrected amino acid score (PDCAAS). Both the PER
and PDCAAS methods to assess protein quality are
described in Chap. 15. The FDA and FSIS allow use of
the general factor 6.25 and food-specific factors for this
calculation (described in Chap.9).

3.2.2 Compliance

Compliance procedures of the FDA and FSIS for nutri-
tion labeling differ somewhat in sample collection,
specified methods of analysis, and levels required
for compliance [21 CFR 101.9 (g); 9 CFR 317.309 (h),
381.409 (h)].

3.2.2.1 Sample Collection

Random sampling techniques are used by the FDA
to collect samples to be analyzed for compliance with
nutrition labeling regulations. A “lot” is the basis for
sample collection by the FDA, defined as “a collec-
tion of primary containers or units of the same size,
type, and style produced under conditions as nearly

uniform as possible, and designated by a common con-
tainer code or marking, or in the absence of any com-
mon container code or marking, a day’s production.”
The sample used by the FDA for nutrient analysis
consists of a “composite of 12 subsamples (consumer
units), taken 1 from each of 12 different randomly cho-
sen shipping cases, to be representative of a lot” [21
CFR 101.9 (g)].

The FSIS defines a “lot” similar to that of the FDA.
However, the sample used by FSIS for compliance
analysis is a composite of a minimum of six consumer
units: (1) each from a production lot, or (2) each cho-
sen randomly to be representative of a production lot
[9 CRF 317.309 (h), 381.409 (h)].

3.2.2.2 Methods of Analysis

The FDA states that unless a particular method of
analysis is specified in 21 CFR 101.9(c), appropri-
ate methods of AOAC International published in the
Official Methods of Analysis (13) are to be used. Other
reliable and appropriate methods can be used if no
AOAC method is available or appropriate. If scien-
tific knowledge or reliable databases have established
that a nutrient is not present in a specific product (e.g.,
dietary fiber in seafood, cholesterol in vegetables), the
FDA does not require analyses for the nutrients. FSIS
specifies for nutritional analysis the methods of the
USDA Analytical Chemistry Laboratory Guidebook (14). If
no USDA method is available and appropriate for the
nutrient, methods in the Official Methods of Analysis of
AOAC International (13) are to be used. If no USDA,
AOAC International, or specified method is available
and appropriate, FSIS specifies the use of other reliable
and appropriate analytical procedures as determined
by the Agency.

3.2.2.3 Levels for Compliance

The FDA and FSIS both monitor accuracy of nutri-
ent content information for compliance based on two
classes of nutrients and an unnamed third group, as
described in Table 3-6. For example, a product forti-
fied with iron would be considered misbranded if it
contained less than 100% of the label declaration. A
product that naturally contains dietary fiber would be
considered misbranded if it contained less than 80% of
the label declaration. A product would be considered
misbranded if it had a caloric content greater than 20%
in excess of the label declaration. Reasonable excesses
over labeled amounts (of a vitamin, mineral, protein,
total carbohydrate, polyunsaturated or monounsatu-
rated fat, or potassium) or deficiencies below label
amounts (of Calories, sugars, total fat, saturated fat,
cholesterol, or sodium) are acceptable within current
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Basis for Compliance of Nutrition Labeling
Regulation by Food and Drug
Administration and Food Safety and

) Inspection Service of the US Department

| _table | of Agriculture
Class of  Purposes of Nutrients %
Nutrients  Compliance Regulated Required?®
| Added Vitamin, mineral, >100%
nutrients in protein, dietary
fortified or fiber, potassium
fabricated
foods
1 Naturally Vitamin, mineral, >80%
occurring protein, total
(indigenous) carbohydrate,
nutrients dietary fiber, other
carbohydrate,
polyunsaturated or
monounsaturated
fat, potassium
*b Calories, sugars, <120%

total fat, saturated
fat, cholesterol,
sodium

Summarized from 21 CFR 101.9 (g), 9 CFR 317.309 (h), and 9 CFR
381.409(h) (2009).

a@Amount of nutrient required in food sample as a percentage of the
label declaration, or else product is considered misbranded.

b* Indicates unnamed class.

Good Manufacturing Practices (cGMP). Noncompli-
ance with regard to a nutrition label can result in
warning letters, recalls, seizures, and prosecution (21
CFR 1.21). Compliance Policy Guides and the Regu-
latory Procedures Manual are available from the FDA
Office of Regulatory Affairs (15).

For FDA-regulated foods, compliance with the
regulations described above can be obtained by use
of FDA-approved databases (16) [21 CFR 101.9 (g)
(8)] that have been computed using FDA guide-
lines, and foods have been handled under cGMP
conditions to prevent nutritional losses. For USDA-
regulated foods, compliance enforcement described
previously is not applicable to single-ingredient, raw
meat products (including those frozen previously),
when nutrition labeling is based on database values
in USDA’s National Nutrient Data Bank or in USDA
Handbook No. 8 (most recent version on the Internet)
(17). The USDA does not preapprove databases, but
provides a manual for guidance in using them (18).

3.2.3 Nutrient Content Claims

The FDA and FSIS have defined nutrient content
claims that characterize the level of a nutrient. Nutri-
ent content claims are based on definitions related

to certain nutrient levels. The terms include “free,”
“low,” “lean,” “light,” “reduced,” “less,” “fewer,”
“added,” “extra,” “plus,” “fortified,” “enriched,”
“good source,” “contains,” “provides,” “more,”
“high,” “rich in,” “excellent source of,” and “high
potency” (21 CFR 101.13, 101.54-101.67; 9 CFR 317.313,
317.354-317.363, 381.413, 381.454-381.463) (Tables 3-7
and 3-8 are FDA regulations). The term “healthy” or
its derivatives may be used on the label or in label-
ing of foods under conditions defined by the FDA and
FSIS (Table 3-9 is FDA summary). The FDA require-
ments on nutrient content claims do not apply to infant
formulas and medical foods.

Only nutrient descriptors defined by the FDA or
FSIS may be used. The terms “less” (or “fewer”),
“more,” “reduced,” “added” (or “extra,” “plus,” “for-
tified,” and “enriched”), and “light” are relative terms
and require label information about the food product
that is the basis of the comparison. The percentage
difference between the original food (reference food)
and the food product being labeled must be listed
on the label for comparison. The criteria for select-
ing an appropriate reference food are dependent on
the claim term used. A summary of the criteria is in
Table 3-8, and a complete description is found in 21
CFR 101.13()(1).

FSIS regulations on nutrient content claims differ
from those of the FDA in that the terms “enriched”
and “fortified” are not defined in the FSIS regulations.
The terms “lean” and “extra lean” are defined and
approved for use on all USDA-regulated products, but
only for the FDA-regulated products of seafood, game
meat, and meal products. The term “__ % Lean” is
approved for USDA-regulated but not FDA-regulated
products. The term “___ % Fat Free” is approved for
use by both organizations as long as the food meets
the definition for “low fat.” Conditions for use of
the term “light” as part of a brand name to describe
sodium content differ somewhat between FDA and
USDA regulations [21 CFR 101.56 (b) (4); 9 CFR 356
(d) (3); 9 CFR 381.456 (d) (3)]. FDA and FSIS regula-
tions also differ in the definition of “meal product” as
it relates to nutrient content claims [21 CFR 101.13 (1)
and (m); 9 CFR 317.313 (1), 318.413 (1)].

3.2.4 Health Claims

The FDA has defined and will allow claims for cer-
tain relationships between a nutrient or a food and the
risk of a disease or health-related condition (21 CFR
101.14). An overview of the claims that can be made
for conventional foods and dietary supplements is
available on the Internet (19). The FDA utilizes three
different types of oversight to determine which health



44

Part] ® General Information

3-7
|_table | Food and Drug Administration: Definitions of Nutrient Content Claims
Nutrients Free? LowP Reduced/Less®
Calories Less than 5 Calories per 40 Calories or less per reference At least 25% fewer Calories
§ 101.60(b) reference amount and per amount (and per 50 g if per reference amount than
labeled serving reference amount is small) an appropriate reference
Meals and main dishes: 120 cal or food
less per 100 g Reference food may not be
“Low Calorie”
Uses term “Fewer” rather
than “Less”
Comments
“Light” or “Lite”: If 50% or more of the Calories are from fat, fat must be reduced by at least 50% per
reference amount. If less than 50% of Calories are from fat, fat must be reduced at least 50% or
Calories reduced at least 1/3 per reference amount
“Light” or “Lite” meal or main dish product meets definition for “Low Calorie” or “Low Fat” meal and
is labeled to indicate which definition is met
For dietary supplements: Calorie claims can only be made when the reference product is greater
than 40 Calories per serving
Total fat Less than 0.5 g per reference 3 g or less per reference amount At least 25% less fat per
§ 101.62 (b) amount and per labeled (and per 50 if reference reference amount than an

Saturated Fat
§ 101.62(c)

Cholesterol
§ 101.62(d)

serving (or for meals and main amount is small)
dishes, less than 0.5 g per
labeled serving)

No ingredient that is fat or
understood to contain fat

except as noted below*

per 100 g and not more than
30% of Calories from fat

Comments

“ % Fat Free”: OK if food meets the requirements for “Low Fat”
100% Fat Free: Food must be “Fat Free”
“Light”: See above

Meals and main dishes: 3 g or less

appropriate reference food
Reference food may not be
“Low Fat”

For dietary supplements: Fat claims cannot be made for products that are 40 Calories or less

per serving

Less than 0.5 g saturated fat and
less than 0.5 g trans fatty acids
per reference amount and per
labeled serving (or for meals
and main dishes, less than
0.5 g saturated fat and less
than 0.5 g trans fatty acid per
labeled serving)

No ingredient that is understood
to contain saturated fat except
as noted below*

1g or less per reference amount
and 15% or fewer Calories from
saturated fat

per 100 g and less than 10% of
Calories from saturated fat

Comments

Meals and main dishes: 1 g or less

At least 25% less saturated
fat per reference amount
than an appropriate
reference food

Reference food may not be
“Low Saturated Fat”

Next to all saturated fat claims, must declare the amount of cholesterol if 2mg or more per
reference amount; and the amount of total fat if more than 3 g per reference amount (or 0.5g or

more of total fat for “Saturated Fat Free”).¢

For dietary supplements: Saturated fat claims cannot be made for products that are 40 Calories or

less per serving

20 mg or less per reference
amount (and per 50 g of food if
reference amount is small)

If qualifies by special processing
and total fat exceeds 13 g per
reference amount and labeled

Less than 2mg per reference
amount and per labeled
serving (or for meals and main
dishes, less than 2 mg per
labeled serving)

At least 25% less cholesterol
per reference amount than
an appropriate reference
food

Reference food may not be
“Low Cholesterol”

(continued)
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Nutrients Free? LowP Reduced/Less®
No ingredient that contains serving, the amount of
cholesterol except as noted cholesterol must be
below* “Substantially Less” (25%) than
If less than 2 mg per reference in a reference food with
amount by special processing significant market share (5% of
and total fat exceeds 13 g per market)
reference amount and labeled Meals and main dishes: 20 mg or
serving, the amount of less per 100 g
cholesterol must be
“Substantially Less” (25%) than
in a reference food with
significant market share (5% of
market)
Comments
Cholesterol claims allowed only when food contains 2 g or less saturated fat per reference amount,
or for meals and main dish products, per labeled serving size for “free” claims and per 100 g for
“low” and “reduced/less” claims
Must declare the amount of total fat next to cholesterol claim when fat exceeds 13 g per reference
amount of labeled serving (or per 50 g of food if reference amount is small), or when the fat
exceeds 19.5 g per labeled serving for main dishes or 26 g for meal products
For dietary supplements: cholesterol claims cannot be made for products that are 40 Cal or less per
serving
Sodium Less than 5 mg per reference 140 mg or less per reference At least 25% less sodium per
§ 101.61 amount and per labeled amount (and per 50 g if reference amount than an
serving (or for meals and main reference amount is small) appropriate reference food
dishes, less than 5 mg per Meals and main dishes: 140 mg or Reference food may not be
labeled serving) less per 100 g “Low Sodium”
No ingredient that is sodium
chloride or generally
understood to contain sodium
except as noted below
Comments
“Light” (for sodium reduced products): If food is “Low Calorie” and “Low Fat” and sodium is reduced
by at least 50%
“Light in Sodium”: If sodium is reduced by at least 50% per reference amount. Entire term “Light
in Sodium” must be used in the same type size, color & prominence. “Light in Sodium” for
meals = “Low in Sodium”
“Very Low Sodium”: 35 mg or less per reference amount (and per 50 g if reference amount is small).
For meals and main dishes: 35mg or less per 100 g
“Salt Free” must meet criterion for “Sodium Free”
“No Salt Added” and “Unsalted” must meet conditions of use and must declare “This is Not
A Sodium Free Food” on information panel if food is not “Sodium Free”
“Lightly Salted”: 50% less sodium than normally added to reference food and if not “Low
Sodium” so labeled on information panel
Sugars “Sugar Free”: Less than 0.5¢g Not defined. No basis for a At least 25% less sugars per
§ 101.60(c) sugars per reference amount recommended intake reference amount than an
and per labeled serving (or for appropriate reference food
meals and main dishes, less May not use this claim on
than 0.5 g per labeled serving) dietary supplements of
No ingredient that is a sugar or vitamins and minerals

generally understood to
contain sugars except as
noted below*

Disclose Calorie profile (e.g.,
“Low Calorie”)

(continued)
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Nutrients Free®  LowP Reduced/Less®

Comments

“No Added Sugars” and “Without Added Sugars” are allowed if no sugar or sugar containing

ingredient is added during processing. State if food is not “Low” or “Reduced Calorie”
The terms “Unsweetened” and “No Added Sweeteners” remain as factual statements
Claims about reducing dental caries are implied health claims

Does not include sugar alcohols

From (11), pp. 95-98. updated.

aSynonyms for “Free™: “Zero,” “No,” “Without,” “Trivial Source of,” “Negligible Source of,” “Dietarily Insignificant Source of,” Definitions for “Free”

for meals and main dishes are the stated values per labeled serving.

bSynonyms for “Low™: “Little” (“Few” for Calories), “Contains a Small Amount of” “Low Source of”.
¢Synonyms for “Reduced/Less”: “Lower” (“Fewer” for Calories), “Modified” may be used in statement of identity, Definitions for meals and main

dishes are same as for individual foods on a per 100 g basis.

Comments. For “Free,” “Very Low,” or “Low”: must indicate if food meets a definition without benefit of special processing, alteration, formulation,
or reformulation; e.g., “broccoli, a fat free food,” or “celery, a low Calorie food”.
Notes. *Except if the ingredient listed in the ingredient statement has an asterisk that refers to the footnote (e.g. “adds a trivial amount of fat.”)

¢ “Reference Amounts” = reference amount customarily consumed.

4 “Small Reference Amount” = reference amount of 30 g or less or 2 tablespoons or less (for dehydrated foods that are typically consumed
when rehydrated with water or a diluent containing an insignificant amount, as defined in 21 CFR 101, p(f)(1) of all nutrients per reference

amount, the per 50 g criterion refers to the prepared form of the food).
panel for nutrition information” must accompany all content claims. When levels exceed: 13 Fat, 4 g Saturated

4 Statement “See

Fat, 60 mg Cholesterol, or 480 mg Sodium per reference amount, per labeled serving or, for foods with small reference amounts, per 50g.
Disclosure statement is required as part of claim (e.g. “See side panel for content” with the blank filled with nutrient(s) that exceed the

prescribed levels).

claims may be used in labeling of food or dietary sup-
plements: 1990 NLEA, 1997 FDAMA, and 2003 FDA
Consumer Health Information for Better Nutrition
Initiative. These three types of FDA oversight have
resulted in three categories of health claims: NLEA-
authorized health claims, health claims based on
authoritative statements, and qualified health claims
based on enforcement discretion.

The NLEA-authorized health claims character-
ize a relationship between a food, food component,
dietary ingredient, or dietary supplement and risk of
a disease. These health claims are authorized based on
an extensive review of scientific literature using the
significant scientific agreement standard. An indus-
try guidance document is available that includes the
FDA process for evaluating the scientific evidence for
a health claim and the meaning of the significant sci-
entific agreement standard (20). The NLEA-authorized
claims include the following:

1. Calcium and osteoporosis (21 CFR 101.72)

2. Dietary fat and cancer (21 CFR 101.73)

3. Sodium and hypertension (21 CFR 101.74)

4. Dietary saturated fat and cholesterol and risk of
coronary heart disease (21 CFR 101.75)

5. Fiber-containing grain products, fruits, and
vegetables and cancer (21 CFR 101.76)

6. Fruits, vegetables, and grain products that con-
tain fiber, particularly soluble fiber, and risk of
coronary heart disease (21 CFR 101.77)

7. Fruits and vegetables and cancer (21 CFR
101.78)

8. Folate and neural tube defects (21 CFR 101.79)

9. Dietary noncarcinogenic carbohydrate sweet-
eners and dental caries (21 CFR 101.80)

10. Soluble fiber from certain foods and risk of
coronary heart disease (21 CFR 101.81)

11. Soy protein and risk of coronary heart disease
(21 CFR 101.82)

12. Plant sterol/stanol esters and risk of coronary
heart disease (21 CFR 101.83)

The 1997 FDAMA also authorized health claims
based on “successful notification to FDA of a health
claim based on an authoritative statement from a sci-
entific body of the U.S. Government or the National
Academy of Sciences” (19). The health claims based
on authoritative statements by scientific bodies (such
as the National Academy of Sciences — Institute of
Medicine) include the following:

1. Whole grain foods (21)
2. Potassium-containing foods (22)
3. Choline-containing foods (23)
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| _table | Food and Drug Administration: Nutrient Content Claims

Accompanying Information for Relative (or Comparative) Claims

e For all relative claims, percent (or fraction) of change and identity of reference food must be declared in immediate proximity
to the most prominent claim. Quantitative comparison of the amount of the nutrient in the product per labeled serving with
that in the reference food must be declared on the information panel.

e For “Light” claims: % reduction for both fat and Calories must be stated but % reduction need not be specified if product is low
in the nutrient. Quantitative comparisons must be stated for both fat and Calories.

Reference Foods

“Light”

“Reduced” and “Added”
(or “Extra,” “Plus,”
“Fortified” and “Enriched”)
“More” and “Less”
(or “Fewer”)

(1) A food representative of the type of food bearing the claim, for example, average value of
top three brands for representative value from valid database;

(2) Similar food (e.g., potato chips for potato chips); and

(3) Not low Calorie and low fat (except “light” or sodium reduced foods which must be low
Calorie and low fat).

(1) An established regular product or average representative product, and

(2) Similar food

(1) An established regular product or average representative product, and
(2) A dissimilar food in the same product category which may be generally substituted for
labeled food (e.g., potato chips for pretzels) or a similar food.

Other Nutrient Content Claims

“High,” “Rich in,” or
“Excellent Source of"@

“Good Source,” “Contains,”
or “Provides”

“More,” “Fortified,”
“Enriched,” “Added,”

“Extra,” or “Plus™
“Lean”

“Extra Lean”

“High Potency”

“Modified”
“Fiber” Claim

Claims using the term
“antioxidant”

Contains 20% or more of the Daily Value (DV) per RACC.

May be used on meals or main dishes to indicate that product contains a food that meets the
definition.

Contains 10-19% of Daily Value (DV) per RACC.

These terms may be used on meals or main dishes to indicate that product contains a food that
meets the definition.

10% or more of the DV per reference amount.

May be used only for vitamins, minerals, protein, dietary fiber, and potassium.

On seafood or game meat that contains <109 total fat, 4.5g or less saturated fat and <95mg
cholesterol per reference amount and per 100 g (for meals and main dishes, meets criteria per
100g and per label serving). On mixed dishes not measurable with a cup (as defined in 21
CFR 101.12 (b) in Table 2) that contain less than 89 fat, 3.5g or less saturated fat and less
than 80 mg cholesterol per RACC.

On seafood or game meat products that contains <5 g total fat, <2 g saturated fat and <95 mg
cholesterol per reference amount and per 100 g (for meals and main dishes, meets criteria per
100 g and per label serving).

May be used on foods to describe individual vitamins or minerals that are present at 100% or more
of the RDI per RACC or on a multi-ingredient food product that contains 100% or more of the
RDI for at least 2/3 of the vitamins and minerals with RDIs and that are present in the product
at 2% or more of the RDI (e.g., “High potency multivitamin, multimineral dietary supplement
tablets”).

May be used in statement of identity that bears a relative claim, (e.g., “Modified Fat Cheese Cake,
Contains 35% Less Fat Than Other Regular Cheese Cake.”)

If a fiber claim is made and the food is not low in fat, then the label must disclose the level of total
fat per labeled serving. (21 CFR 101.54(d)(1)

For claims characterizing the level of antioxidant nutrient in food:

(1) An RDI must be established for each of the nutrients that are the subject of the claim; (2)
each nutrient must have existing scientific evidence of antioxidant activity; (3) the level of each
nutrient must be sufficient to meet the definition for “high,” “good source,” or “more”; (4) Beta-
carotene may be the subject of an antioxidant claim when the level of vitamin A present as
beta-carotene in the food is sufficient to qualify for the claim.

(continued)
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Food and Drug Administration: Nutrient Content Claims (continued)

Implied Claims

e Claims about a food or ingredient that suggest that the nutrient or ingredient is absent or present in a certain amount or claims
about a food that suggest a food may be useful in maintaining healthy dietary practices and which are made with an explicit
claim (e.g., “healthy, contains 3 grams of fat”) are implied claims and are prohibited unless provided for in a regulation by
FDA. In addition, the Agency has devised a petition system whereby specific additional claims may be considered.

e Claims that a food contains or is made with an ingredient that is known to contain a particular nutrient may be made if the
product is “Low” in or a “Good Source” of the nutrient associated with the claim (e.g., “good source of oat bran”).

e Equivalence claims: “Contains as much [nutrient] as a [food]” may be made if both reference food and labeled food are a
“Good Source” of the nutrient on a per serving basis (e.g., “Contains as much vitamin C as an 8 ounce glass of orange
juice”).

e The following label statements are generally not considered implied claims unless they are made in a nutrition context: (1)
avoidance claims for religious, food intolerance, or other non-nutrition related reasons [e.g., “100% milk free”]; (2) statements
about non-nutritive substances [e.g., “no artificial color’]; (3) added value statements [e.g., “made with real butter’]; (4)
statements of identity [e.g., “corn oil” or “corn oil margarine”]; and (5) special dietary statements made in compliance with a
specific Part 105 provision.

Claims on Food for Infants and Children Less than 2 Years of Age

Nutrient content claims are not permitted on foods intended specifically for infants and children less than 2 years of age
except:

1. Claims describing the percentage of vitamins and minerals in a food in relation to a Daily Value.
2. Claims on infant formulas provided for in Part 107.

3. The terms “Unsweetened” and “Unsalted” as taste claims.

4. “Sugar Free” and “No Added Sugar” claims on dietary supplements only.

Terms Covered That Are Not Nutrient Content Claims®

“Fresh”
“Fresh Frozen” and Frozen Fresh

A raw food that has not been frozen, thermally processed, or otherwise preserved.®
Food that was quickly frozen while still fresh.

From (11), pp. 100—103, updated.

aDietary supplements cannot use these claims to describe any nutrient or ingredient (e.g., fiber, protein, psyllium, bran)
other than vitamins or minerals.

b21 CFR 101.95

CExcept as provided in 21 CFR 101.95(c).

4. Whole grain foods with moderate fat content component or dietary supplement and reduced risk of
(24) a disease or health related condition” (19). For qualified
5. Fluoridated water and reduced risk of dental health claims, the evidence to support the claim does
carries (25) not meet the “significant scientificagreement standard”
6. Saturated fat, cholesterol, and trans fat, and criteria, and qualifyinglanguageisincludedintheclaim.
reduced risk of heart disease (26) Unlike the health claims described above, which are
7. Substitution of saturated fat with unsaturated authorized through rule making, the qualified health
fatty acids and risk of heart disease (27) claims are used under FDA’s enforcement discretion
and are not considered authorized claims. A summary
of the qualified health claims authorized by FDA is
available on the Internet (29).

The use of qualified health claims resulted from the
FDA 2003 Consumer Health Information for Better

Nutrition Initiative. This initiative was undertaken to
“encourage makers of conventional foods and dietary
supplements to make accurate, up-to-date, science-
based claims about the health benefits of their products,
and to help eliminate bogus labeling claims by pursuing
marketers of human dietary supplements and other
who make false or misleading claims about the health
benefits or other effects of their products” (28). Qualified
health claims are utilized when there is “emerging
evidence for a relationship between a food, food

In addition to the previously described health
claims, dietary guidance statements and structure/
function claims also may be used (19). Dietary guid-
ance statements must be truthful and non-misleading
and address the role of dietary patterns or food cat-
egories in health. Structure/function claims identify
the roles of a specific substance in maintaining nor-
mal healthy structures or functions of the body. An
industry guidance document for structure/function
claims is available on the Internet (30). The FDA



Chapter 3 e Nutrition Labeling

49

3-9

|_table | Conditions for Use of the Term “Healthy” in Labeling of Foods
Individual Food Seafood or Game Meat? Meal or Main Dish
Total fat Low fat <5g fat per RACCP and per 100g Low fat

Saturated fat Low saturated fat

Sodium <480 mg per RACCP, per LS
and per 50 g if RACCP small
Cholesterol <Disclosure level

RACC of vitamins A, C,
calcium, iron, protein, or fiber®

Per 21 CFR 104.20

Food complies with established
definition and declaration
requirements for any specific
nutrient content claim

Fortification
Other claims

<2(g fat per RACC and per 100 g

<480 mg per RACC and per LS and <600mg/LS
per 50g if RACC small°

<95mg/RACC and per 100 g

Beneficial nutrients Contains at least 10% of DVP per Contains at least 10% of DV/RACC
for vitamins A, C, calcium, iron,
protein, or fiber

Per 21 CFR 104.20

Low saturated fat

<90mg/LS

10% DV per LS of 2 nutrients
(for a main dish product), or
of 3 nutrients (for a meal
product) of vitamins A, C,
calcium, iron, protein, or
fiber

Per 21 CFR 104.20

From (11), p. 102, updated.

aRaw, single-ingredient seafood or game meat once processed becomes an individual food, meal, or main dish.

PRACC, reference amount customarily consumed; LS, labeled serving; DV, Daily Value; RACC, small 30 g or less or 2 tablespoons or less.
CExcept: raw fruits and vegetables; frozen or canned single ingredient fruits and vegetables (may include ingredients whose addition does not
change the nutrient profile of the fruits or vegetables); enriched cereal-grain products that conform to a standard of identity in 21 CFR 136, 137,

or 139.

does not require conventional food manufacturers to
notify FDA about their structure/function claim, and
disclaimers are not required for conventional foods.
The Labeling and Consumer Protection Staff,
USDA’s point of contact for developing and answer-
ing questions concerning meat and poultry labeling,
considers health claims on products as it implements
USDA’s mandated prior label approval system. Health
claims are allowed on meat and poultry products, as
long as they are in compliance with FDA regulations.

3.2.5 Designation of Ingredients

The ingredients used to produce a food must be
declared on the label as defined in 21 CFR 101.4. The
“common or usual” name is used, and the ingredi-
ents are listed in descending order by weight in the
product. If the ingredient is present at less than 2%,
the statement “contains 2 percent or less of "
can be used. However, certain ingredients defined
as “incidental additives” (i.e., present in the food at
insignificant levels and having no technical or func-
tional effect) are exempt from labeling requirements as
outlined in 21 CFR 101.100(a)(3).

3.2.6 National Uniformity and Preemptions

Authorized by NLEA

To provide for national uniformity, the 1990 NLEA
authorizes federal preemption of certain state and

local labeling requirements that are not identical to
federal requirements. This pertains to requirements
for food standards, nutrition labeling, claims of nutri-
ent content, health claims, and ingredient declaration.
States may petition the FDA for exemption of state
requirements from federal preemption.

3.2.7 Other Provisions of NLEA

The 1990 NLEA amends the FD&C Act to allow a state
to bring, in its own name in state court, an action
to enforce the food labeling provisions of the FD&C
Act that are the subject of national uniformity. Crite-
ria are defined for a state to exercise this enforcement
power. The rule-making procedure for standards of
identity was modified by the 1990 Act. The FD&C Act
is also amended to impose several new requirements
concerning ingredient labeling intended to make this
aspect of labeling more useful to consumers.

3.3 SUMMARY

A major reason for analyzing the chemical compo-
nents of food in the USA (and many other countries)
is nutrition labeling regulation. The FDA and FSIS
of the USDA have coordinated their regulations on
nutrition labeling. Regulations that implement the
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NLEA of 1990 require nutrition labeling for most foods
regulated by the FDA, and FSIS requires the same
label on most meat and poultry products. The regu-
lations define the format for the nutrition information
and give the rules and methods to report specific
information. The FDA and FSIS have described the
sample collection procedures, the method of analysis
to be used, and the nutrient levels required to ensure
compliance with nutrition labeling regulations. The
FDA and FSIS allow specific nutrient content claims
and specific health claims on the nutrition label. The
NLEA provides for national uniformity in nutrition
labeling, by preempting any existing state regulations,
and authorizes to states certain enforcement powers.
The goal of current nutrition labeling regulations is to
provide consumers in all states with nutrition informa-
tion on food in their diets consistent with their dietary
concerns.

3.4 STUDY QUESTIONS

1. Utilize the data in the table below that you obtained
on the nutrient content of your cereal product (actual
amount per serving) to help develop a nutrition label that
meets FDA requirements under the NLEA. Use appropri-
ate rounding rules to complete the blank columns. Can
you make a “low fat” claim? Explain your answer. Could
you use the term “healthy” on the label? If you wanted to
report the protein content as a percent of the Daily Value,
what would you need to do?

Actual Amount per % Daily
Amount per  Serving Value®
Serving? Reported on  Reported
Label on Label
Calories 192 -
Calories from 11 -
fat
Total fat 1lg
Saturated fat Og
Trans fat Og
Cholesterol Omg
Sodium 268 mg
Potassium 217 mg
Total 443¢g
carbohydrate
Dietary fiber 38¢g
Sugars 20.2¢g -
Protein 37¢g -
Vitamin A 47510 -
Vitamin C Omg -
Calcium 210 mg -
Iron 18.3mg -

aServing size is 1 cup (55 g).
PPercent Daily Value based on a 2000-Cal diet.

2. The FDA and FSIS of the USDA have very similar regula-
tions for nutrition labeling, with differences due primar-
ily to the inherent difference in the food products they
regulate. Identify the differences in regulations between
FDA and FSIS regarding nutrient content claims that
support this generalization.

3. You want to develop a macaroni and cheese product that
can be labeled “reduced sodium.” The first step is to iden-
tify a reference food that you will use for comparison.
What are some potential reference foods you could use
and how would you select one?

4. You want to label 1% fat milk as “99% fat free”. Can you
do this?

5. The ingredient list for a cooking spray is canola oil, grain
alcohol, and lecithin. The label states that the product is
for fat-free cooking. How is this possible when the first
ingredient is oil?
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document title.

1. Food and Drug Law Institute (2009) Food and drug law
and regulation. Food and Drug Law Institute, Washing-
ton, DC

2. Pifia KR, Pines WL (2008) A practical guide to food and
drug law and regulation, 3rd edn. Food and Drug Law
Institute, Washington, DC

3. US Congress (1990) US public law 101-535. Nutrition
labeling and education act of 1990. 8 Nov 1990. US
Congress, Washington, DC

4. US Congress (1997) US public law 105-115. Food and
Drug Administration modernization act of 1997. 21 Nov
1997. US Congress, Washington, DC

5. Federal Register (1993) Department of Agriculture. Food
Safety and Inspection Service. Part II. 9 CFR Parts 317,
320, and 381. Nutrition labeling of meat and poultry
products; final rule. January 6, 1993. 58(3): 631-685.
Part III. 9 CFR Parts 317 and 381. Nutrition labeling:
use of “healthy” and similar terms on meat and poultry
products labeling; proposed rule. January 6, 1993. 58(3):
687-691. Superintendent of documents. US Government
Printing Office, Washington, DC

6. Federal Register (1993) 21 CFR Part 1, et al. Food label-
ing; general provisions; nutrition labeling; label format;
nutrient content claims; health claims; ingredient label-
ing; state and local requirements; and exemptions; final
rules. January 6, 1993. 58(3):#2066-2941. Superinten-
dent of documents. US Government Printing Office,
Washington, DC

7. Code of Federal Regulations (2009) Nutrition labeling of
foods. 21 CFR 101.9-101.108. US Government Printing
Office, Washington, DC

8. Code of Federal Regulations (2009) (animal and animal
products). 9 CFR 317 subpart B 317. 300-317.400; 9 CFR
381 subpart Y 381.400-381.500. US Government Printing
Office, Washington, DC



Chapter3 o

Nutrition Labeling

51

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Hildwine R (ed) (2004) Food labeling manual: comply-
ing with FDA requirements for the labeling of processed
foods. National Food Processors Association, Washing-
ton, DC

Hutt PB (1991) (updated continuously) Guide to U.S.
food labeling law, vols I and II. Thompson, New York
FDA (2008) Food labeling guide. Center for Food Safety
and Applied Nutrition, Food and Drug Administration,
US Department of Health and Human Services, Public
Health Administration, Washington, DC

FDA (2003) Food labeling: trans fatty acids in nutritional
labeling, nutrient content claims, and health claims —
small entity compliance guide. Center for Food Safety
and Applied Nutrition, Food and Drug Administration,
Washington, DC

AOAC International (2007) Official methods of analysis,
18th edn., 2005; current through revision 2, 2007 (On-
line). AOAC International, Gaithersburg, MD

USDA (1991-1996) Analytical chemistry laboratory
guidebook - residue chemistry (Winter 1991), food
chemistry (Spring 1993), residue chemistry supplement
(Sept 1995). Science and technology. Nutritional analy-
sis methods. Quality Assurance Branch, Chemistry and
Toxicology Division, Food Safety and Inspection Service,
US Department of Agriculture, Washington, DC
FDA/Office of Regulatory Affairs (2000) FDA/ORA
compliance policy guides manual. FDA /Office of Reg-
ulatory Affairs, Washington, DC

FDA (1998) FDA nutrition labeling manual: a guide
for developing and using databases. Office of Food
Labeling, Food and Drug Administration (HFS-150),
Washington, DC

US Department of Agriculture, Agriculture Research
Service (2009) USDA national nutrient database for stan-
dard reference. Nutrient data laboratory home page.
http:/ /www.ars.usda.gov/ba/bhnrc/ndl

USDA (1993) Food safety inspection service (FSIS) man-
ual on use of data bases for nutrition labeling. FSIS
guidelines for effective use of data bases to develop
nutrient declarations for nutrition labeling of meat and
poultry products. Food Safety and Inspection Service,
US Department of Agriculture, Washington, DC

FDA (2003) Claims that can be made for conventional
foods and dietary supplements. Center for Food Safety
and Applied Nutrition, Food and Drug Administration,
Washington, DC

FDA (2009) Evidence-based review system for the scien-
tific evaluation of health claims. Center for Food Safety
and Applied Nutrition, Food and Drug Administration,
Washington, DC

FDA (1999) Health claim notification for whole grain
foods. Office of Food Labeling, Food and Drug Admin-
istration, Dockets Management Branch (Docket No.
99P-2209)

FDA (2000) Health claim notification for potassium con-
taining foods. Office of Food Labeling, Food and Drug
Administration, Dockets Management Branch (Docket
No. 00Q-1582)

23.

24.

25.

26.

27.

28.

29.

30.

FDA (2001) Health claim notification for choline con-
taining foods. Office of Food Labeling, Food and Drug
Administration, Dockets Management Branch (Docket
No. 01Q-0352)

FDA (2003) Health claim notification for whole grain
foods with moderate fat content. Office of Food Label-
ing, Food and Drug Administration, Dockets Manage-
ment Branch (Docket No. 03Q-0547)

FDA (2006) Health claim notification for fluoridated
water and reduced risk of dental carries. Office of Food
Labeling, Food and Drug Administration, Dockets Man-
agement Branch (Docket No. 2006Q-0418)

FDA (2006) Health claim notification for saturated fat,
cholesterol, and trans fat, and reduced risk of heart
disease. Office of Food Labeling, Food and Drug Admin-
istration, Dockets Management Branch (Docket No.
2006Q-0458)

FDA (2007) Health claim notification for substitution of
saturated fat in the diet with unsaturated fatty acids and
reduced risk of heart disease. Office of Food Labeling,
Food and Drug Administration, Dockets Management
Branch (Docket No. 2007Q-0192)

FDA (2003) Consumer health information for better
nutrition initiative. Task force final report. Center for
Food Safety and Applied Nutrition, Food and Drug
Administration, Washington, DC

FDA Summary of qualified health claims subject to
enforcement discretion. Center for Food Safety and
Applied Nutrition, Food and Drug Administration,
Washington, DC

FDA Guidance for industry: structure/function claims,
small entity compliance guide. Center for Food Safety
and Applied Nutrition, Food and Drug Administration,
Washington, DC

3.6 RELEVANT INTERNET ADDRESSES

Code of Federal Regulations —

http:/ /www.access.gpo.gov /nara/cfr/
cfr-table-search.html

Food and Drug Administration —

http:/ /www.fda.gov
Center for Food Safety and Applied Nutrition —
http:/ /vm.cfsan.fda.gov/list.html

US Department of Agriculture —

http:/ /www.usda.gov
Food Safety and Inspection Service —
http:/ /www.fsis.usda.gov
Labeling and Consumer Protection Staff —
http:/ /www.fsis.usda.gov/About_FSIS/
labeling_&_consumer_protection/index.asp
Nutrient Data Laboratory (USDA Handbook
No. 8) -
http:/ /www.ars.usda.gov/ba/bhnrc/ndl
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4.1 INTRODUCTION

The field of food analysis, or any type of analy-
sis, involves a considerable amount of time learning
principles, methods, and instrument operations and
perfecting various techniques. Although these areas
are extremely important, much of our effort would
be for naught if there were not some way for us to
evaluate the data obtained from the various analytical
assays. Several mathematical treatments are available
that provide an idea of how well a particular assay was
performed or how well we can reproduce an experi-
ment. Fortunately, the statistics are not too involved
and apply to most analytical determinations.

The focus of this chapter is primarily on how
to evaluate replicate analyses of the same sample
for accuracy and precision. In addition, considerable
attention is given to the determination of best line fits
for standard curve data. Keep in mind as you read and
work through this chapter that there is a vast array
of computer software to perform most types of data
evaluation and calculations/plots.

Proper sampling and sample size are not cov-
ered in this chapter. Readers should refer to Chap.5
(especially Sect.5.3.4) for sampling, in general, and
statistical approaches to determine the appropriate
sample size and to Chap. 18, Sect. 18.4, for mycotoxin
sampling.

4.2 MEASURES OF CENTRAL TENDENCY

To increase accuracy and precision, as well as to eval-
uate these parameters, the analysis of a sample is
usually performed (repeated) several times. At least
three assays are typically performed, though often the
number can be much higher. Because we are not sure
which value is closest to the true value, we determine
the mean (or average) using all the values obtained
and report the results of the mean. The mean is des-
ignated by the symbol ¥ and calculated according to
the equation below.

X1 +xt+agt-+x LX
n oon

(1]

X =

where:
X = mean
x1, X7, etc. = individually measured values (x;)
n = number of measurements

For example, suppose we measured a sample of
uncooked hamburger for percent moisture content
four times and obtained the following results: 64.53%,
64.45%, 65.10%, and 64.78%.

64.53 + 64.45 + 65.10 + 64.78

%= i =6472%  [2]

Thus, the result would be reported as 64.72% moisture.
When we report the mean value, we are indicating that
this is the best experimental estimate of the value. We
are not saying anything about how accurate or true
this value is. Some of the individual values may be
closer to the true value, but there is no way to make
that determination, so we report only the mean.
Another determination that can be used is the
median, which is the midpoint or middle number
within a group of numbers. Basically, half of the exper-
imental values will be less than the median and half
will be greater. The median is not used often, because
the mean is such a superior experimental estimator.

4.3 RELIABILITY OF ANALYSIS

Returning to our previous example, recall that we
obtained a mean value for moisture. However, we did
not have any indication of how repeatable the tests
were or how close our results were to the true value.
The next several sections will deal with these questions
and some of the relatively simple ways to calculate the
answers.

4.3.1 Accuracy and Precision

One of the most confusing aspects of data analysis for
students is grasping the concepts of accuracy and pre-
cision. These terms are commonly used interchange-
ably in society, which only adds to this confusion. If we
consider the purpose of the analysis, then these terms
become much clearer. If we look at our experiments,
we know that the first data obtained are the individ-
ual results and a mean value (%). The next questions
should be: “How close were our individual measure-
ments?” and “How close were they to the true value?”
Both questions involve accuracy and precision. Now,
let us turn our attention to these terms.

Accuracy refers to how close a particular measure
is to the true or correct value. In the moisture analy-
sis for hamburger, recall that we obtained a mean of
64.72%. Let us say the true moisture value was actu-
ally 65.05%. By comparing these two numbers, you
could probably make a guess that your results were
fairly accurate because they were close to the correct
value. (The calculations of accuracy will be discussed
later.)

The problem in determining accuracy is that most
of the time we are not sure what the true value is.
For certain types of materials, we can purchase known
samples from, for example, the National Institute
of Standards and Technology and check our assays
against these samples. Only then can we have an
indication of the accuracy of the testing procedures.
Another approach is to compare our results with those
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of other labs to determine how well they agree, assum-
ing the other labs are accurate.

A term that is much easier to deal with and deter-
mine is precision. This parameter is a measure of how
reproducible or how close replicate measurements
become. If repetitive testing yields similar results, then
we would say that the precision of that test was good.
From a true statistical view, the precision often is called
error, when we are actually looking at experimental
variation. So, the concepts of precision, error, and
variation are closely related.

The difference between precision and accuracy can
be illustrated best with Fig.4-1. Imagine shooting a
rifle at a target that represents experimental values.
The bull’s eye would be the true value and where the
bullets hit would represent the individual experimen-
tal values. As you can see in Fig. 4-1a, the values can
be tightly spaced (good precision) and close to the
bull’s eye (good accuracy), or, in some cases, there
can be situations with good precision but poor accu-
racy (Fig.4-1b). The worst situation, as illustrated in
Fig.4-1d, is when both the accuracy and precision are
poor. In this case, because of errors or variation in the
determination, interpretation of the results becomes
very difficult. Later, the practical aspects of the various
types of error will be discussed.

When evaluating data, several tests are commonly
used to give some appreciation of how much the
experimental values would vary if we were to repeat
the test (indicators of precision). An easy way to look
at the variation or scattering is to report the range of
the experimental values. The range is simply the dif-
ference between the largest and smallest observation.
This measurement is not too useful and thus is seldom
used in evaluating data.

Probably the best and most commonly used sta-
tistical evaluation of the precision of analytical data is
the standard deviation. The standard deviation mea-
sures the spread of the experimental values and gives
a good indication of how close the values are to each
other. When evaluating the standard deviation, one
has to remember that we are never able to analyze
the entire food product. That would be difficult, if not
impossible, and very time consuming. Thus, the calcu-
lations we use are only estimates of the unknown true
value.

‘ . |

If we have many samples, then the standard devi-
ation is designated by the Greek letter sigma (o). It is
calculated according to Equation [3], assuming all of
the food products were evaluated (which would be an
infinite amount of assays).

)2
n
where:
o = standard deviation
x; = individual sample values

U = true mean

n = total population of samples

Because we do not know the value for the true
mean, the equation becomes somewhat simplified so
that we can use it with real data. In this case, we now
call the o term the standard deviation of the sample
and designate it by SD or ¢. It is determined accord-
ing to the calculation in Equation [4], where X replaces
the true mean term p and n represents the number of
samples.

L (x—%)?

n

SD = [4]

If the number of replicate determinations is small
(about 30 or less), which is common with most assays,
the n is replaced by the n — 1 term, and Equation [5]
is used. Unless you know otherwise, Equation [5] is
always used in calculating the standard deviation of a
group of assays.

x (x —X)?

Sb = n—1

(5]

Depending on which of the equations above is
used, the standard deviation may be reported as SDj,
or 0, and SD,_1 or 0, 1. (Different brands of soft-
ware and scientific calculators sometimes use different
labels for the keys, so one must be careful.) Table4-1
shows an example of the determination of standard
deviation. The sample results would be reported to
average 64.72% moisture with a standard deviation of

0.293.

4-1 Comparison of accuracy and precision: (a) Good accuracy and good precision, (b) Good precision and poor

accuracy, (¢) Good accuracy and poor precision, and (d) Poor accuracy and poor precision.
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4-1 Determination of the Standard Deviation of
Percent Moisture in Uncooked Hamburger

Deviation
from

Observed % the Mean
Measurement ~ Moisture (x; — X) (x; — X)?
1 64.53 —-0.19 0.0361
2 64.45 —-0.27 0.0729
3 65.10 +0.38 0.1444
4 64.78 +0.06 0.0036

Y x; = 258.86 Y (x; — X)? = 0.257
g = 2% _ 29880 4,5
n 4

%2
SD — Y (x; — X) _ /0.257 — 0.2007
n—1 3

Once we have a mean and standard deviation, we
next must determine how to interpret these numbers.
One easy way to get a feel for the standard deviation is
to calculate what is called the coefficient of variation
(CV), also known as the relative standard deviation.
This calculation is shown below for our example of the
moisture determination of uncooked hamburger.

D

Coefficient of variation (CV) = S? x 100%  [6]
0.293 o

CV = a7 % 100% = 0.453% [7]

The CV tells us that our standard deviation is only
0.453% as large as the mean. For our example, that
number is small, which indicates a high level of pre-
cision or reproducibility of the replicates. As a rule,
a CV below 5% is considered acceptable, although it
depends on the type of analysis.

Another way to evaluate the meaning of the stan-
dard deviation is to examine its origin in statistical
theory. Many populations (in our case, sample values
or means) that exist in nature are said to have a normal
distribution. If we were to measure an infinite num-
ber of samples, we would get a distribution similar to
that represented by Fig. 4-2. In a population with a nor-
mal distribution, 68% of those values would be within
+1 standard deviation from the mean, 95% would be
within +2 standard deviations, and 99.7% would be
within £3 standard deviations. In other words, there
is a probability of less than 1% that a sample in a popu-
lation would fall outside +3 standard deviations from
the mean value.

Another way of understanding the normal distri-
bution curve is to realize that the probability of finding
the true mean is within certain confidence intervals as
defined by the standard deviation. For large numbers
of samples, we can determine the confidence limit or

<«<—68%—>
>
o
=
o)
3
o
o
o
< 95%
“ 99.7% N
-30 -20  -10 True Value +10  +20 +30
(mean)
4-2 A normal distribution curve for a population
or a group of analyses.
| figure |

4-2 Values for Z for Checking Both Upper and

__table | Lower Levels

Degree of Certainty Z value
(Confidence) (%)

80 1.29
90 1.64
95 1.96
99 2.58
99.9 3.29

interval around the mean using the statistical param-
eter called the Z value. We do this calculation by first
looking up the Z value from statistical tables once we
have decided the desired degree of certainty. Some Z
values are listed in Table 4-2.

The confidence limit (or interval) for our moisture
data, assuming a 95% probability, is calculated accord-
ing to Equation [8]. Since this calculation is not valid
for small numbers, assume we ran 25 samples instead
of four.

Confidence interval (CI) = x & Z value

standard deviation (SD)

vn

(8]

CI (at95%) = 6472 % 1.96 x 22

V25
= 64.72 4+ 0.115% [9]

Because our example had only four values for the
moisture levels, the confidence interval should be cal-
culated using statistical  tables. In this case, we have
to look up the t value from Table4-3 based on the
degrees of freedom, which is the sample size minus
one (n — 1), and the desired level of confidence.
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4-3

|_table | values of ¢ for Various Levels of Probability?
Levels of Certainty

Degrees of

Freedom (n — 1) 95% 99% 99.9%
1 12.7 63.7 636
2 4.30 9.93 31.60
3 3.18 5.84 12.90
4 2.78 4.60 8.61
5 2.57 4.03 6.86
6 2.45 3.71 5.96
7 2.36 3.50 5.40
8 2.31 3.56 5.04
9 2.26 3.25 4.78

10 2.23 3.17 4.59

2More extensive t-tables can be found in statistics books.

The calculation for our moisture example with
four samples (1) and three degrees of freedom (n — 1)
is given below:

standard deviation (SD)

CI = x +tvalue x NG [10]
CI (at95%) = 64.72 £ 3.18 x 0.2927
N
= 64.72 + 0.465% [11]

To interpret this number, we can say that, with 95%
confidence, the true mean for our moisture will fall
within 64.72 £ 0.465% or between 65.185 and 64.255%.

The expression SD//n is often reported as the
standard error of the mean. It is then left to the
reader to calculate the confidence interval based on the
desired level of certainty.

Other quick tests of precision used are the rela-
tive deviation from the mean and the relative average
deviation from the mean. The relative deviation from
the mean is useful when only two replicates have been
performed. It is calculated according to Equation [12],
with values below 2% considered acceptable.

Relative deviation from the mean = Ai — X x 100
[12]

where:

x; = individual sample value
X = mean

If there are several experimental values, then the
relative average deviation from the mean becomes
a useful indicator of precision. It is calculated simi-
larly to the relative deviation from the mean, except
the average deviation is used instead of the individual
deviation. It is calculated according to Equation [13].

Relative average deviation from the mean

= Ll x| x 1000 = parts per thousand  [13]

n

X

Using the moisture values discussed in Table4-1,
the x; — X terms for each determination are —0.19,
—0.27, +0.38, +0.06. Thus, the calculation becomes:

1 27 +0. .
Rel. avg.dev. = 01940 1—038+OO6 x 1000
64.72
0.225
= > 1000
= 3.47 parts per thousand [14]

Up to now, our discussions of calculations have
involved ways to evaluate precision. If the true value
is not known, we can calculate only precision. A low
degree of precision would make it difficult to predict a
realistic value for the sample.

However, we may occasionally have a sample for
which we know the true value and can compare our
results with the known value. In this case, we can cal-
culate the error for our test, compare it to the known
value, and determine the accuracy. One term that can
be calculated is the absolute error, which is simply
the difference between the experimental value and the
true value.

Absolute error = Egpg =x — T [15]
where:

x = experimentally determined value
T = true value

The absolute error term can have either a positive
or a negative value. If the experimentally determined
value is from several replicates, then the mean (0)
would be substituted for the x term. This is not a
good test for error, because the value is not related
to the magnitude of the true value. A more useful
measurement of error is relative error.

Eabs x—T

Relative error = E o = T =T [16]

The results are reported as a negative or positive value,
which represents a fraction of the true value.

If desired, the relative error can be expressed as
percent relative error by multiplying by 100%. Then
the relationship becomes the following, where x can
be either an individual determination or the mean (0)
of several determinations.

x—T

E
%E ] = ;PS x 100% = x100%  [17]

Using the data for the percent moisture of
uncooked hamburger, suppose the true value of
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the sample is 65.05%. The percent relative error
is calculated using our mean value of 64.72% and
Equation [17].

-7
%E,o = XT % 100%

_ 64.72 —65.05

65,05 x 100% = —0.507% [18]

Note that we keep the negative value, which indicates
the direction of our error, that is, our results were
0.507% lower than the true value.

4.3.2 Sources of Errors

As you may recall from our discussions of accuracy
and precision, error (variation) can be quite impor-
tant in analytical determinations. Although we strive
to obtain correct results, it is unreasonable to expect
an analytical technique to be entirely free of error. The
best we can hope for is that the variation is small and,
if possible, at least consistent. As long as we know
about the error, the analytical method often will be
satisfactory. There are several sources of error, which
can be classified as: systematic error (determinate),
random error (indeterminate), and gross error or blun-
ders. Again, note that error and variation are used
interchangeably in this section and essentially have the
same meaning for these discussions.

Systematic or determinate error produces results
that consistently deviate from the expected value in
one direction or the other. As illustrated in Fig. 4-1b,
the results are spaced closely together, but they are
consistently off the target. Identifying the source of
this serious type of error can be difficult and time con-
suming, because it often involves inaccurate instru-
ments or measuring devices. For example, a pipette
that consistently delivers the wrong volume of reagent
will produce a high degree of precision yet inaccurate
results. Sometimes impure chemicals or the analyt-
ical method itself are the cause. Generally, we can
overcome systematic errors by proper calibration of
instruments, running blank determinations, or using
a different analytical method.

Random or indeterminate errors are always
present in any analytical measurement. This type of
error is due to our natural limitations in measuring a
particular system. These errors fluctuate in a random
fashion and are essentially unavoidable. For example,
reading an analytical balance, judging the endpoint
change in a titration, and using a pipette all contribute
to random error. Background instrument noise, which
is always present to some extent, is a factor in random
error. Both positive and negative errors are equally
possible. Although this type of error is difficult to
avoid, fortunately it is usually small.

Blunders are easy to eliminate, since they are so
obvious. The experimental data are usually scattered,
and the results are not close to an expected value. This
type of error is a result of using the wrong reagent
or instrument or of sloppy technique. Some people
have called this type of error the “Monday morn-
ing syndrome” error. Fortunately, blunders are easily
identified and corrected.

4.3.3 Specificity

Specificity of a particular analytical method means
that it detects only the component of interest. Ana-
lytical methods can be very specific for a certain food
component or, in many cases, can analyze a broad
spectrum of components. Quite often, it is desirable
for the method to be somewhat broad in its detec-
tion. For example, the determination of food lipid (fat)
is actually the crude analysis of any compound that
is soluble in an organic solvent. Some of these com-
pounds are glycerides, phospholipids, carotenes, and
free fatty acids. Since we are not concerned about each
individual compound when considering the crude fat
content of food, it is desirable that the method be broad
in scope. On the other hand, determining the lactose
content of ice cream would require a specific method.
Because ice cream contains other types of simple sug-
ars, without a specific method we would overestimate
the amount of lactose present.

There are no hard rules for what specificity is
required. Each situation is different and depends on
the desired results and type of assay used. However, it
is something to keep in mind as the various analytical
techniques are discussed.

4.3.4 Sensitivity and Limit of Detection

Although often used interchangeably, the terms
sensitivity and limit of detection should not be con-
fused. They have different meanings, yet are closely
related. Sensitivity relates to the magnitude of change
of a measuring device (instrument) with changes in
compound concentration. It is an indicator of how
little change can be made in the unknown material
before we notice a difference on a needle gauge or a
digital readout. We are all familiar with the process
of tuning in a radio station on our stereo and know
how, at some point, once the station is tuned in, we can
move the dial without disturbing the reception. This is
sensitivity. In many situations, we can adjust the sen-
sitivity of an assay to fit our needs, that is, whether we
desire more or less sensitivity. We even may desire a
lower sensitivity so that samples with widely varying
concentration can be analyzed at the same time.
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Limit of detection (LOD), in contrast to sensitivity,
is the lowest possible increment that we can detect with
some degree of confidence (or statistical significance).
Withevery assay, thereis alower limitat which point we
are not sure if something is present or not. Obviously,
thebest choice would be to concentrate the samplesowe
are not working close to the detection limit. However,
this may not be possible, and we may need to know
the LOD so we can work away from that limit.

There are several ways to measure the LOD,
depending on the apparatus that is used. If we are
using something like a spectrophotometer, gas chro-
matograph, or high-performance liquid chromato-
graph (HPLC), the LOD often is reached when the
signal to noise ratio is 3 or greater. In other words,
when the sample gives a value that is three times the
magnitude of the noise detection, the instrument is at
the lowest limit possible. Noise is the random signal
fluctuation that occurs with any instrument.

Amoregeneral waytodefinethe LODistoapproach
the problem from a statistical viewpoint, in which the
variation between samples is considered. A common
mathematical definition of LOD is given below.

X1p = Xpik +3 X SDgi [19]
where:

X1p = minimum detectable concentration
Xpik = signal of a blank
SDpjx = standard deviation of the blank readings

In this equation, the variation of the blank values
(or noise, if we are talking about instruments) deter-
mines the detection limit. High variability in the blank
values decreases the LOD.

Another method that encompasses the entire assay
method is the method detection limit (MDL). Accord-
ing to the US Environmental Protection Agency (EPA),
the MDL is defined as “the minimum concentration
of a substance that can be measured and reported
with 99% confidence that the analyte concentration is
greater than zero and is determined from analysis of
a sample in a given matrix containing the analyte.”
What differentiates the MDL from the LOD is that it
includes the entire assay and various sample types
thus correcting for variability throughout. The MDL is
calculated based on values of samples within the assay
matrix and thus is considered a more rigorous perfor-
mance test. The procedures on how to set up the MDL
are explained in Appendix B of Part 136 (40 CFR, Vol.
22) of the EPA regulations on environmental testing.

Though the LOD or MDL are often sufficient to
characterize an assay, a further evaluation to check
is the limit of quantitation (LOQ). In this determina-
tion, data is collected similar to the LOD except the
value is determined as Xgj + 10 x SDg)i (instead of
Xpik +3 % SDgy).

4.4 CURVE FITTING: REGRESSION
ANALYSIS

Curve fitting is a generic term used to describe the
relationship and evaluation between two variables.
Most scientific fields use curve fitting procedures to
evaluate the relationship of two variables. Thus, curve
fitting or curvilinear analysis of data is a vast area
as evidenced by the volumes of material describing
these procedures. In analytical determinations, we are
usually concerned with only a small segment of curvi-
linear analysis, the standard curve or regression line.

A standard curve or calibration curve is used
to determine unknown concentrations based on a
method that gives some type of measurable response
that is proportional to a known amount of standard.
It typically involves making a group of known stan-
dards in increasing concentration and then recording
the particular measured analytical parameter (e.g.,
absorbance, area of a chromatography peak, etc.).
What results when we graph the paired x and y values
is a scatterplot of points that can be joined together to
form a straight line relating concentration to observed
response. Once we know how the observed values
change with concentration, it is fairly easy to estimate
the concentration of an unknown by interpolation
from the standard curve.

As you read through the next three sections, keep
in mind that not all correlations of observed values
to standard concentrations are linear (but most are).
There are many examples of nonlinear curves, such as
antibody binding, toxicity evaluations, and exponen-
tial growth and decay. Fortunately, with the vast array
of computer software available today, it is relatively
easy to analyze any group of data.

4.4.1 Linear Regression

So how do we set up a standard curve once the data
have been collected? First, a decision must be made
regarding onto which axis to plot the paired sets of
data. Traditionally, the concentration of the standards
is represented on the x-axis and the observed read-
ings are on the y-axis. However, this protocol is used
for reasons other than convention. The x-axis data
are called the independent variable and are assumed
to be essentially free of error, while the y-axis data
(the dependent variable) may have error associated
with them. This assumption may not be true because
error could be incorporated as the standards are made.
With modern day instruments, the error can be very
small. Although arguments can be made for making
the y-axis data concentration, for all practical purposes
the end result is essentially the same. Unless there are
some unusual data, the concentration should be asso-
ciated with the x-axis and the measured values with the
y-axis.
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4-3 A typical standard curve plot showing the data

points and the generated best fit line. The data
used to plot the curve are presented on the
graph.

Figure 4-3 illustrates a typical standard curve used
in the determination of caffeine in various foods.
Caffeine is analyzed readily in foods by using HPLC
coupled with an ultraviolet detector set at 272nm.
The area under the caffeine peak at 272 nm is directly
proportional to the concentration. When an unknown
sample (e.g., coffee) is run on the HPLC, a peak area is
obtained that can be related back to the sample using
the standard curve.

The plot in Fig. 4-3 shows all the data points and
a straight line that appears to pass through most of
the points. The line almost passes through the origin,
which makes sense because zero concentration should
produce no signal at 272 nm. However, the line is not
perfectly straight (and never is) and does not quite
pass through the origin.

To determine the caffeine concentration in a sam-
ple that gave an area of say 4000, we could extrapolate
to the line and then draw a line down to the x-axis.
Following a line to the x-axis (concentration), we can
estimate the solution to be at about 42-43 ppm of
caffeine.

We can mathematically determine the best fit of
the line by using linear regression. Keep in mind the
equation for a straight line, which is y = ax + b, where
a is the slope and b is the y-intercept. To determine
the slope and y-intercept, the regression equations
shown below are used. We determine 2 and b and thus,
for any value of y (measured), we can determine the
concentration (x).

Lxi—X)(i—¥y)
X (xi )—]3/?)2 ’ 120]
y-intercept b = i — ax [21]

Slope a =

where:
x; and y; = individual values
X and i = means of the individual values

Low-cost calculators and computer spreadsheet soft-
ware can readily calculate regression equations so no
attempt is made to go through the mathematics in the
formulas.

The formulas give what is known as the line of
regression of y on x, which assumes that the error
occurs in the y direction. The regression line repre-
sents the average relationship between all the data
points and thus is a balanced line. These equations also
assume that the straight line fit does not have to go
through the origin, which at first does not make much
sense. However, there are often background inter-
ferences so that even at zero concentration, a weak
signal may be observed. In most situations, calculating
the origin as going through zero will yield the same
results.

Using the data from Fig. 4-3, calculate the concen-
tration of caffeine in the unknown and compare with
the graphing method. As you recall, the unknown had
an area at 272m of 4000. Linear regression analysis
of the standard curve data gave the y-intercept (b) as
89.994 and the slope (a) as 90.727 (r* = 0.9989).

y=ax+b [22]
or
x= Y0 [23]
a
4000 — 89.994 .
x (conc) = 07 = 43.0964 ppm caffeine
[24]

The agreement is fairly close when comparing the
calculated value to that estimated from the graph.
Using high-quality graph paper with many lines could
give us a line very close to the calculated one. How-
ever, as we will see in the next section, additional
information can be obtained about the nature of the
line when using computer software or calculators.

4.4.2 Correlation Coefficient

In observing any type of correlation, including lin-
ear ones, questions always surface concerning how to
draw the line through the data points and how well the
data fit to the straight line. The first thing that should
be done with any group of data is to plot it to see if
the points fit a straight line. By just looking at the plot-
ted data, it is fairly easy to make a judgment on the
linearity of the line. We also can pick out regions on
the line where a linear relationship does not exist. The
figures below illustrate differences in standard curves;
Fig. 4-4a shows a good correlation of the data and
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a
Y
X X
4-4 Examples of standard curves showing the rela-
tionship between the x and y variables when
|_figure | thereis (a) a high amount of correlation and (b)
a lower amount of correlation. Both lines have
the same equation.
a b
)
° .
[ J
Y Y
s ® ° °
® °
X X
4-5 Examples of standard curves showing the rela-
tionship between the x and y variables when
[ figure | there is (a) a high amount of negative corre-

lation and (b) no correlation between x and y
values.

Fig.4-4b shows a poor correlation. In both cases, we
can draw a straight line through the data points. Both
curves yield the same straight line, but the precision is
poorer for the latter.

There are other possibilities when working with
standard curves. Figure 4-5a shows a good correlation
between x and y, but in the negative direction, and
Fig.4-5b illustrates data that have no correlation at all.

The correlation coefficient defines how well the
data fit to a straight line. For a standard curve, the ideal
situation would be that all data points lie perfectly
on a straight line. However, this is never the case,
because errors are introduced in making standards
and measuring the physical values (observations).

The correlation coefficient and coefficient of deter-
mination are defined below. Essentially all spreadsheet
and plotting software will calculate the values auto-
matically.

Y(xi—x)(yi—¥)
VIZ (i =22 [Z (vi — 9)?]
[25]

Correlation coefficient =r =

For our example of the caffeine standard curve from
Fig.4-3, r = 0.99943 (values are usually reported to at
least four significant figures).

For standard curves, we want the value of r as
close to +1.0000 or —1.000 as possible, because this
value is a perfect correlation (perfect straight line).
Generally, in analytical work, the r should be 0.9970
or better. (This does not apply to biological studies).

The coefficient of determination (7?) is used often
because it gives a better perception of the straight line
even though it does not indicate the direction of the
correlation. The 72 for the example presented above is
0.99886, which represents the proportion of the vari-
ance of absorbance (y) that can be attributed to its
linear regression on concentration (x). This means that
about 0.114% of the straight line variation (1.0000 —
0.99886 = 0.00114 x 100% = 0.114%) does not vary
with changes in x and y and thus is due to indetermi-
nate variation. A small amount of variation is expected
normally.

4.4.3 Errors in Regression Lines

While the correlation coefficient tells us something
about the error or variation in linear curve fits, it does
not always give the complete picture. Also, neither lin-
ear regression nor correlation coefficient will indicate
that a particular set of data have a linear relation-
ship. They only provide an estimate of the fit assuming
the line is a linear one. As indicated before, plotting
the data is critical when looking at how the data fit
on the curve (actually, a line). One parameter that is
used often is the y-residuals, which are simply the
differences between the observed values and the cal-
culated or computed values (from the regression line).
Advanced computer graphics software can actually
plot the residuals for each data point as a function of
concentration. However, plotting the residuals is usu-
ally not necessary because data that do not fit on the
line are usually quite obvious. If the residuals are large
for the entire curve, then the entire method needs to
be evaluated carefully. However, the presence of one
point that is obviously off the line while the rest of the
points fit very well probably indicate an improperly
made standard.

One way to reduce the amount of error is to
include more replicates of the data such as repeat-
ing the observations with a new set of standards. The
replicate x and y values can be entered into the calcu-
lator or spreadsheet as separate points for the regres-
sion and coefficient determinations. Another, probably
more desirable, option is to expand the concentrations
at which the readings are taken. Collecting observa-
tions at more data points (concentrations) will produce
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4-6 A standard curve graph showing the confi-

dence bands. The data used to plot the graph
are presented on the graph as are the equation
of the line and the correlation coefficient.

a better standard curve. However, increasing the data
beyond seven or eight points usually is not beneficial.

Plotting confidence intervals, or bands or lim-
its, on the standard curve along with the regression
line is another way to gain insight into the reliabil-
ity of the standard curve. Confidence bands define
the statistical uncertainty of the regression line at a
chosen probability (such as 95%) using the f-statistic
and the calculated standard deviation of the fit. In
some aspects, the confidence bands on the standard
curve are similar to the confidence interval discussed
in Sect. 4.3.1. However, in this case we are looking at a
line rather than a confidence interval around a mean.
Figure 4-6 shows the caffeine data from the standard
curve presented before, except some of the numbers
have been modified to enhance the confidence bands.
The confidence bands (dashed lines) consist of both
an upper limit and a lower limit that define the vari-
ation of the y-axis value. The upper and lower bands
are narrowest at the center of the curve and get wider
as the curve moves to the higher or lower standard
concentrations.

Looking at Fig.4-6 again, note that the confidence
bands show what amount of variation we expect in a
peak area at a particular concentration. At 60 ppm con-
centration, by going up from the x-axis to the bands
and extrapolating to the y-axis, we see that with our
data the 95% confidence interval of the observed peak
area will be 4000-6000. In this case, the variation is
large and would not be acceptable as a standard curve
and is presented here only for illustration purposes.

Error bars also can be used to show the varia-
tion of y at each data point. Several types of error
or variation statistics can be used such as standard

Real
Qutlier

Measured Value

Concentration

A standard curve plot showing possible
deviations in the curve in the upper and
lower limits.

| figure |

error, standard deviation, or percentage of data (i.e.,
5%). Any of these methods give a visual indication of
experimental variation.

Even with good standard curve data, problems
can arise if the standard curve is not used properly.
One common mistake is to extrapolate beyond the
data points used to construct the curve. Figure4-7
illustrates some of the possible problems that might
occur when extrapolation is used. As shown in Fig. 4-7,
the curve or line may not be linear outside the area
where the data were collected. This can occur in the
region close to the origin or especially at the higher
concentration level.

Usually a standard curve will go through the ori-
gin, but in some situations it may actually tail off as
zero concentration is approached. At the other end of
the curve, at higher concentrations, it is fairly com-
mon for a plateau to be reached where the measured
parameter does not change much with an increase in
concentration. Care must be used at the upper limit
of the curve to ensure that data for unknowns are
not collected outside of the curve standards. Point Z
in Fig.4-7 should be evaluated carefully to determine
if the point is an outlier or if the curve is actually
tailing off. Collecting several sets of data at even
higher concentrations should clarify this. Regardless,
the unknowns should be measured only in the region
of the curve that is linear.

4.5 REPORTING RESULTS

In dealing with experimental results, we are always
confronted with reporting data in a way that indicates
the sensitivity and precision of the assay. Ideally, we
do not want to overstate or understate the sensitivity
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of the assay, and thus we strive to report a meaningful
value, be it a mean, standard deviation, or some other
number. The next three sections discuss how we can
evaluate experimental values so as to be precise when
reporting results.

4.5.1 Significant Figures

The term significant figure is used rather loosely to
describe some judgment of the number of reportable
digits in a result. Often, the judgment is not soundly
based, and meaningful digits are lost or meaningless
digits are retained. Exact rules are provided below
to help determine the number of significant figures
to report. However, it is important to keep some
flexibility when working with significant figures.

Proper use of significant figures is meant to give an
indication of the sensitivity and reliability of the ana-
lytical method. Thus, reported values should contain
only significant figures. A value is made up of signif-
icant figures when it contains all digits known to be
true and one last digit that is in doubt. For example,
a value reported as 64.72 contains four significant fig-
ures, of which three digits are certain (64.7) and the last
digit is uncertain. Thus, the 2 is somewhat uncertain
and could be either 1 or 3. As a rule, numbers that are
presented in a value represent the significant figures,
regardless of the position of any decimal points. This
also is true for values containing zeros, provided they
are bounded on either side by a number. For exam-
ple, 64.72, 6.472, 0.6472, and 6.407 all contain four
significant figures. Note that the zero to the left of
the decimal point is used only to indicate that there
are no numbers above 1. We could have reported the
value as 0.6472, but using the zero is better, since we
know that a number was not inadvertently left off our
value.

Special considerations are necessary for zeros that
may or may not be significant.

1. Zeros after a decimal point are always signif-
icant figures. For example, 64.720 and 64.700
both contain five significant figures.

2. Zeros before a decimal point with no other pre-
ceding digits are not significant. As indicated
before, 0.6472 contains four significant figures.

3. Zeros after a decimal point are not significant
if there are no digits before the decimal point.
For example, 0.0072 has no digits before the
decimal point; thus, this value contains two sig-
nificant figures. In contrast, the value 1.0072
contains five significant figures.

4. Final zeros in a number are not significant
unless indicated otherwise. Thus, the value
7,000 contains only one significant figure.

However, adding a decimal point and another
zero gives the number 7000.0, which has five
significant figures.

A good way to measure the significance of zeros, if
the above rules become confusing, is to convert the
number to the exponential form. If the zeros can be
omitted, then they are not significant. For example,
7000 expressed in exponential form is 7 x 10% and con-
tains one significant figure. With 7000.0, the zeros are
retained and the number becomes 7.0000 x 103. If we
were to convert 0.007 to exponent form, the value is
7 x 103 and only one significant figure is indicated.
As a rule, determining significant figures in arith-
metic operations is dictated by the value having the
least number of significant figures. The easiest way to
avoid any confusion is to perform all the calculations
and then round off the final answer to the appropri-
ate digits. For example, 36.54 x 238 x 1.1 = 9566.172,
and because 1.1 contains only two significant figures,
the answer would be reported as 9600 (remember, the
two zeros are not significant). This method works fine
for most calculations, except when adding or subtract-
ing numbers containing decimals. In those cases, the
number of significant figures in the final value is deter-
mined by the numbers that follow the decimal point.
Thus, when adding 7.45 + 8.725 = 16.175, the sum is
rounded to 16.18 because 7.45 has only two numbers
after the decimal point. Likewise, 433.8 — 32.66 gives
401.14, which rounds off to 401.1.

A word of caution is warranted when using the
simple rule stated above, for there is a tendency
to underestimate the significant figures in the final
answer. For example, take the situation in which we
determined the caffeine in an unknown solution to be
43.5 ppm (see Equation [24]). We had to dilute the sam-
ple 50-fold using a volumetric flask in order to fit the
unknown within the range of our method. To calculate
the caffeine in the original sample, we multiply our
result by 50 or 43.5ug/ml x 50 = 2,175ug/ml in the
unknown. Based on our rule above, we then would
round the number to one significant figure (because
50 contains one significant figure) and report the value
as 2000. However, doing this actually underestimates
the sensitivity of our procedure, because we ignore
the accuracy of the volumetric flask used for the dilu-
tion. A Class-A volumetric flask has a tolerance of
0.05ml; thus, a more reasonable way to express the
dilution factor would be 50.0 instead of 50. We now
have increased the significant figures in the answer by
two, and the value becomes 2180 mg/ml.

As you can see, an awareness of significant fig-
ures and how they are adopted requires close inspec-
tion. The guidelines can be helpful, but they do not
always work unless each individual value or number
is closely inspected.
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4.5.2 Rejecting Data

Inevitably, during the course of working with experi-
mental data we will come across a value that does not
match the others. Can you reject that value and thus
not use it in calculating the final reported results?

The answer is “sometimes,” but only after care-
ful consideration. If you are routinely rejecting data to
help make your assay look better, then you are mis-
representing the results and the precision of the assay.
If the bad value resulted from an identifiable mistake
in that particular test, then it is probably safe to drop
the value. Again, caution is advised because you may
be rejecting a value that is closer to the true value than
some of the other values.

Consistently poor accuracy or precision indicates
that an improper technique or incorrect reagent was
used or that the test was not very good. It is best
to make changes in the procedure or change meth-
ods rather than try to figure out ways to eliminate
undesirable values.

There are several tests for rejecting an aberrant
value. One of these tests, the Q-Test, is commonly
used. In this test, a Q-value is calculated as shown
below and compared to values in a table. If the cal-
culated value is larger than the table value, then the
questionable measurement can be rejected at the 90%
confidence level.

Q-value = % [26]

where:
x1 = questionable value

X, = next closest value to x;

W = total spread of all values, obtained by subtracting
the lowest value from the highest value

Table 4-4 provides the rejection Q-values for a 90%
confidence level.

|_table | Q-Values for the Rejection of Results

Number of
Observations

Q of Rejection
(90% level)

0.94
0.76
0.64
0.56
0.51
0.47
0.44
0.41

QOWoONOOOLA~W

Reprinted with permission from Dean RB, Dixon WJ (1951)
Simplified statistics for small numbers of observations. Anal. Chem.
23:636-638. Copyright 1951, American Chemical Society.

The example below shows how the test is used for
the moisture level of uncooked hamburger for which
four replicates were performed giving values of 64.53,
64.45, 64.78, and 55.31. The 55.31 value looks as if it is
too low compared to the other results. Can that value
be rejected? For our example, x; is the questionable
value (55.31) and x; is the closest neighbor to x; (which
is 64.45). The spread (W) is the high value minus the
low measurement, which is 64.78 — 55.31.

O-value = 64.45—55.31  9.14
"~ 64.78 —55.31 947

From Table4-4, we see that the calculated Q-value
must be greater than 0.76 to reject the data. Thus, we
make the decision to reject the 55.31% moisture value
and do not use it in calculating the mean.

=097  [27]

4.6 SUMMARY

This chapter focuses on statistical methods to measure
data variability, precision, etc. and on basic mathe-
matical treatment that can be used in evaluating a
group of data. For example, it should be almost second
nature to determine a mean, standard deviation, and
CV when evaluating replicate analyses of an individ-
ual sample. In evaluating linear standard curves, best
line fits should always be determined along with the
indicators of the degree of linearity (correlation coef-
ficient or coefficient of determination). Fortunately,
most computer spreadsheet and graphics software will
readily perform the calculations for you. Guidelines
are available to enable one to report analytical results
in a way that tells something about the sensitivity and
confidence of a particular test. A section is included
which describes sensitivity and LOD as related to var-
ious analytical methods and regulatory agency poli-
cies. Additional information includes the proper use of
significant figures, rules for rounding off numbers and
use of the Q-test to reject grossly aberrant individual
values.

4.7 STUDY QUESTIONS

1. Method A to quantitate a particular food component was
reported to be more specific and accurate than method
B, but method A had lower precision. Explain what this
means.

2. You are considering adopting a new analytical method
in your lab to measure moisture content of cereal prod-
ucts. How would you determine the precision of the new
method and compare it to the old method? Include any
equations to be used for any needed calculations.

. A sample known to contain 20 g/L glucose is analyzed
by two methods. Ten determinations were made for each
method and the following results were obtained:

[65)
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Method A Method B

Mean = 19.6 Mean = 20.2
Std. Dev. = 0.055 Std. Dev. = 0.134

(a) Precision and accuracy:

e Which method is more precise? Why do you say
this?

® Which method is more accurate? Why do you
say this?

(b) In the equation to determine the standard deviation,
n — 1 was used rather than just n. Would the stan-
dard deviation have been smaller or larger for each
of those values above if simply 7 had been used?

() You have determined that values obtained using
Method B should not be accepted if outside the range
of two standard deviations from the mean. What
range of values will be acceptable?

(d) Do the data above tell you anything about the speci-
ficity of the method? Describe what “specificity” of
the method means as you explain your answer.

Differentiate “standard deviation” from “coefficient of
variation,” “standard error of the mean,” and “confidence
interval.”

Differentiate the terms “absolute error” vs. “relative
error.” Which is more useful? Why?

For each of the errors described below in performing
an analytical procedure, classify the error as random
error, systematic error, or blunder, and describe a way to
overcome the error.

(a) Automatic pipettor consistently delivered 0.96ml
rather than 1.00 ml.

(b) Substrate was not added to one tube in an enzyme
assay.

Differentiate the terms “sensitivity” and “limit of
detection.”

The correlation coefficient for standard curve A is
reported as 0.9970. The coefficient of determination for
standard curve B is reported as 0.9950. In which case do
the data better fit a straight line?

4.8 PRACTICE PROBLEMS

. How many significant figures are in the following num-

bers: 0.0025, 4.50, 5.607?

. What is the correct answer for the following calculation

expressed in the proper amount of significant figures?

243 x 0.01672
1.83215

. Given the following data on dry matter (88.62, 88.74,

89.20, 82.20), determine the mean, standard deviation,
and CV. Is the precision for this set of data acceptable?

Can you reject the value 82.20 since it seems to be differ-
ent than the others? What is the 95% confidence level you
would expect your values to fall within if the test were
repeated? If the true value for dry matter is 89.40, what is
the percent relative error?

. Compare the two groups of standard curve data below for

sodium determination by atomic emission spectroscopy.
Draw the standard curves using graph paper or a com-
puter software program. Which group of data provides a
better standard curve? Note that the absorbance of the
emitted radiation at 589 nm increases proportionally to
sodium concentration. Calculate the amount of sodium
in a sample with a value of 0.555 for emission at 589 nm.
Use both standard curve groups and compare the results.

Sodium concentration (1g/ml) Emission at 589 nm

Group A - Sodium Standard Curve

1.00 0.050
3.00 0.140
5.00 0.242
10.0 0.521
20.0 0.998
Group B - Sodium Standard Curve
1.00 0.060
3.00 0.113
5.00 0.221
10.0 0.592
20.0 0.917
Answers
1. 23,4
2. 0.0222

3. Mean =87.19,SD,,_1 = 3.34, and

3.34

CV=g718

% 100% = 3.83%

thus the precision is acceptable because it is less than 5%.

88.62 — 8220 642
Q-calc value = 39208220 — 700 — 0.917

Qcale = 0.92, therefore the value 82.20 can be rejected
because it is less than 0.76 from Table4-4, using 4 as
number of observations.

.34
CI (at 95%) = 87.19 £3.18 x 3.34 =87.19 £5.31

V4

Relative error = %E,.; where mean is 87.19 and true value
is 89.40

x—-T Y 87.19 — 89.40

—2.47%

x 100%

Y%E el =
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4. Using linear regression we get

Group A: y = 0.0504x — 0.0029, 2 = 0.9990
Group B: y = 0.0473x + 0.0115, > = 0.9708

The Group A 72 is closer to 1.000 and is more linear and

thus the better standard curve.

Sodium in the sample using group A standard curve is:
0.555 = 0.0504x — 0.0029, x = 11.1ug/ml

Sodium in the sample using group B standard curve is:

0.555 = 0.0473x + 0.0115, x = 11.5ug/ml

4.9 RESOURCE MATERIALS

1. Garfield FM, Klestra E, Hirsch J (2000) Quality assur-

ance principles for analytical laboratories, AOAC Inter-
national, Gaithersburg, MD. This book covers mostly
quality assurance issues but has a good chapter (Chap. 3)
on the basics of statistical applications to data.

. Meier PC, Zund RE (2000) Statistical methods in ana-
lytical chemistry, 2nd edn. Wiley, New York. This
is another excellent text for beginner and advanced

analytical chemists alike. It contains a fair amount of
detail, sufficient for most analytical statistics, yet works
through the material starting at a basic introductory level.
The assay evaluation parameters LOD, MDL, and LOQ
are thoroughly discussed. The authors also discuss the Q-
test used for rejecting data. A big plus of this book is the
realistic approach taken throughout.

. Miller JN, Miller JC (2005) Statistics and chemometrics

for analytical chemistry, 5th edn. Pearson Prentice Hall,
Upper Saddle River, NJ. This is another excellent intro-
ductory text for beginner analytical chemists at the under-
graduate and graduate level. It contains a fair amount of
detail, sufficient for most analytical statistics, yet works
through the material starting at a basic introductory level.
The authors also discuss the Q-test used for rejecting data.

. Skoog DA, West DM, Holler JE, Crouch SR (2000) Ana-

lytical chemistry: an introduction, 7th edn. Brooks/Cole,
Pacific Grove, CA. Section I, Chaps.5-7 do an excel-
lent job of covering most of the statistics needed by an
analytical chemist in an easy-to-read style.

. Code of Federal Regulations (2010) Environmental Pro-

tection Agency. 40 CFR, Vol. 22. Chapter I part 136 -
Guidelines Establishing Test Procedures for the Analysis
of Pollutants. Appendix B to Part 136 — Definition and
Procedure for the Determination of the Method Detection
Limit — Revision 1.11.



chapter

Sampling and Sample
Preparation

Rubén O. Morawicki

Department of Food Science, University of Arkansas,
Fayetteville, AR 72704, USA

rmorawic@uark.edu

5.1 Introduction 71 5.3.2 Homogeneous vs. Heterogeneous
5.2 Selection of Sampling Procedures 71 Populations 74
5.2.1 General Information 71 5.3.3 Manual vs. Continuous Sampling 74
5.2.2 Sampling Plan 71 5.3.4 Statistical Considerations 75
5.2.3 Factors Affecting the Choice of Sampling 5.3.4.1 Probability Sampling 75
Plans 72 5.3.4.2 Nonprobability Sampling 76
5.2.4 Sampling by Attributes and Sampling by 5.3.4.3 Mixed Sampling 76
Variables 72 5.3.4.4 Estimating the Sample Size 76
5.2.5 Acceptance Sampling 73 5.3.5 Problems in Sampling 77
5.2.6 Risks Associated with Sampling 74 5.4 Preparation of Samples 77
5.3 Sampling Procedures 74 5.4.1 General Size Reduction
5.3.1 Introduction and Examples 74 Considerations 77
S.S. Nielsen, Food Analysis, Food Science Texts Series, DOI 10.1007 /978-1-4419-1478-1_5, 69

© Springer Science+Business Media, LLC 2010



70

Part] ® General Information

5.4.2 Grinding 78
5.4.2.1 Introduction 78
5.4.2.2 Applications for Grinding
Equipment 78
5.4.2.3 Determination of Particle Size 78
5.4.3 Enzymatic Inactivation 79

5.4.4 Lipid Oxidation Protection 80
5.4.5 Microbial Growth and Contamination 80
5.5 Summary 80
5.6 Study Questions 80
5.7 Acknowledgments 81
5.8 References 81



Chapter 5 e Sampling and Sample Preparation

71

5.1 INTRODUCTION

Quality attributes in food products, raw materials, or
ingredients are measurable characteristics that need
monitoring to ensure that specifications are met. Some
quality attributes can be measured online by using
specially designed sensors and results obtained in real
time (e.g., color of vegetable oil in an oil extraction
plant). However, in most cases quality attributes are
measured on small portions of material that are taken
periodically from continuous processes or on a cer-
tain number of small portions taken from a lot. The
small portions taken for analysis are referred to as
samples, and the entire lot or the entire production for
a certain period of time, in the case of continuous pro-
cesses, is called a population. The process of taking
samples from a population is called sampling. If the
procedure is done correctly, the measurable character-
istics obtained for the samples become a very accurate
estimation of the population.

By sampling only a fraction of the population, a
quality estimate can be obtained accurately, quickly,
and with less expense and personnel time than if the
total population were measured. Moreover, in the
case of food products, analyzing a whole popula-
tion would be practically impossible because of the
destructive nature of most analytical methods. Para-
doxically, estimated parameters using representative
samples (discussed in Sects.5.2 and 5.3) are normally
more accurate than the same estimations done on the
whole population (census).

Alaboratory sample for analysis can be of any size
or quantity (1). Factors affecting the sample size and
associated problems are discussed in Sects. 5.3 and 5.4,
while preparation of laboratory samples for testing is
described in Sect. 5.4.

As you read each section of the chapter, con-
sider application of the information to some specific
examples of sampling needs in the food industry: sam-
pling for nutrition labeling (see Study Question 7 in
this chapter), pesticide analysis (see also Chap.18,
Sect.18.3), mycotoxin analysis (see also Chap.18,
Sect.18.4), extraneous matter (see also Chap.19), or
rheological properties (see also Chap.30). To con-
sider sample collection and preparation for these and
other applications subject to government regulations,
you are referred also to the sample collection sec-
tion of compliance procedures established by the Food
and Drug Administration (FDA) and Food Safety and
Inspection Service (FSIS) of the United States Depart-
ment of Agriculture (USDA) (see Chap. 3, Sect. 3.2.2.1).

It should be noted that sampling terminology and
procedures used may vary between companies and
between specific applications. However, the principles
described in this chapter are intended to provide a

basis for understanding, developing, and evaluating
sampling plans and sample handling procedures for
specific applications encountered.

5.2 SELECTION OF SAMPLING
PROCEDURES

5.2.1 General Information

The first step in any sampling procedure is to clearly
define the population that is going to be sampled.
The population may vary in size from a production
lot, a day’s production, to the contents of a ware-
house. Information obtained from a sample of a par-
ticular production lot in a warehouse must be used
strictly to make inferences about that particular lot,
but conclusions cannot be extended to other lots in the
warehouse.

Once sampling is conducted, a series of step-
wise procedures — from sample preparation, labora-
tory analysis, data processing, and interpretation — is
needed to obtain data from the samples. In each step,
there is a potential for error that would compromise
the certainty, or reliability, of the final result. This final
result depends on the cumulative errors at each stage
that are usually described by the variance (2, 3). Vari-
ance is an estimate of the uncertainty. The total vari-
ance of the whole testing procedure is equal to the sum
of the variances associated with each step of the sam-
pling procedure and represents the precision of the
process. Precision is a measure of the reproducibility
of the data. In contrast, accuracy is a measure of how
close the data are to the true value. The most efficient
way to improve accuracy is to improve the reliability
of the step with the greatest variance that is frequently
the initial sampling step. The reliability of sampling is
dependent more on the sample size than on the pop-
ulation size (4). The larger the sample size the more
reliable the sampling. However, sample size is limited
by time, cost, sampling methods, and the logistics of
sample handling, analysis, and data processing.

5.2.2 Sampling Plan

Most sampling is done for a specific purpose, and
the purpose may dictate the nature of the sampling
approach. The two primary objectives of sampling are
often to estimate the average value of a characteristic
and determine if the average value meets the specifica-
tions defined in the sampling plan. Sampling purposes
vary widely among different food industries; however,
the most important categories include the following;:

1. Nutritional labeling
2. Detection of contaminants and foreign matter
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3. Statistical process control (Quality Assurance)

. Acceptance of raw materials, ingredients, or
products (Acceptance Sampling)

. Release of lots of finished product

. Detection of adulterations

. Microbiological safety

. Authenticity of food ingredients, etc.

W
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The International Union of Pure and Applied
Chemistry (IUPAC) defines a sampling plan as: “A
predetermined procedure for the selection, with-
drawal, preservation, transportation, and preparation
of the portions to be removed from a lot as samples”
(5). A sampling plan should be a well-organized doc-
ument that establishes the goals of the sampling plan,
the factors to be measured, sampling point, sampling
procedure, frequency, size, personnel, preservation of
the samples, etc. The primary aim of sampling is to
obtain a sample, subject to constraints of size that will
satisfy the sampling plan specifications. A sampling
plan should be selected on the basis of the sampling
objective, the study population, the statistical unit,
the sample selection criteria, and the analysis pro-
cedures. Depending on the purpose of the sampling
plan, samples are taken at different points of the food
production system, and the sampling plan may vary
significantly for each point.

5.2.3 Factors Affecting the Choice
of Sampling Plans

Each factor affecting the choice of sampling plans
(Table 5-1) must be considered in the selection of a
plan. Once the purpose of the inspection, the nature
of the product, the test method, and the nature of the
population to be sampled are determined, then a sam-
pling plan that will provide the desired information
can be developed.

The choice of a sampling plan is an important con-
sideration, especially when monitoring food safety by
measurement of fungal toxins, named mycotoxins, in
food systems. Mycotoxins are distributed broadly and
randomly within a population and a normal distribu-
tion cannot be assumed (1). Such distribution requires
a combination of many randomly selected portions
to obtain a reasonable estimate of mycotoxin levels.
Methods of analysis that are extremely precise are
not needed when determining mycotoxin levels, when
sampling error is many times greater than analytical
error (1). In this case, sampling and good comminution
and mixing prior to particle size reduction are more
important than the chemical analysis itself. Additional
information on sampling for mycotoxin analysis is
provided in Chap. 18, Sect. 18.4.

5-1 Factors that Affect the Choice of
Sampling Plans

Factors to Be

Considered Questions

Purpose of the
inspection

Is it to accept or reject the lot?

Is it to measure the average quality
of the lot?

Is it to determine the variability of the
product?

Nature of the
product

Is it homogeneous or
heterogeneous?

What is the unit size?

How consistently have past popula-
tions met specifications?

What is the cost of the material
being sampled?

Nature of the test Is the test critical or minor?

method Will someone become sick or die
if the population fails to pass the
test?
Is the test destructive or nondestruc-
tive?
How much does the test cost to
complete?

Nature of the Is the lot large but uniform?
population Does the lot consist of smaller, eas-
being ily identifiable sublots?
investigated What is the distribution of the units

within the population?

Adapted from (1).

5.2.4 Sampling by Attributes and Sampling
by Variables

Sampling plans are designed for examination of either
attributes or variables (4). In attribute sampling, sam-
pling is performed to decide on the acceptability of a
population based on whether the sample possesses a
certain characteristic or not. The result has a binary
outcome of either conforming or nonconforming. Sam-
pling plans by attributes are based on the hypergeo-
metric, binomial, or Poisson statistical distributions.
In the event of a binomial distribution (e.g., presence
of Clostridium botulinumy), the probability of a single
occurrence of the event is directly proportional to the
size of the sample, which should be at least ten times
smaller than the population size. Computing bino-
mial probabilities will allow the investigator to make
inferences on the whole lot.

In variable sampling, sampling is performed to
estimate quantitatively the amount of a substance (e.g.,
protein content, moisture content, etc.) or a character-
istic (e.g., color) on a continuous scale. The estimate
obtained from the sample is compared with an accept-
able value (normally specified by the label, regulatory
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agencies, or the customer) and the deviation mea-
sured. This type of sampling usually produces data
that have a normal distribution such as in the percent
fill of a container and total solids of a food sample.
In general, variable sampling requires smaller sample
size than attribute sampling (4), and each character-
istic should be sampled for separately when possible.
However, when the FDA and the USDA’s FSIS per-
form sampling for compliance of nutrition labeling, a
composite of 12 and of at least six subsamples, respec-
tively, is obtained and used for all nutrients to be
analyzed.

5.2.5 Acceptance Sampling

Acceptance sampling is a procedure that serves a very
specific role: to determine if a shipment of prod-
ucts or ingredients has enough quality to be accepted.
Acceptance sampling can be performed by the food
processor before receiving a lot of materials from a
supplier, or by a buyer who is evaluating the proces-
sor’s output (6). Acceptance sampling is a very broad
topic that can be applied to any field; more specific
literature can be consulted if needed.

Lot acceptance sampling plans that may be used
for evaluation of attributes or variables, or a combina-
tion of both, fall into the following categories: single,
double, multiple, sequential, and skip plans. In sin-
gle sampling plans, the decision of accepting or reject-
ing a lot is based just on one sample of items taken at
random. These plans are usually denoted as (1,c) plans
for a sample size n, where the lot is rejected if there are
more than ¢ defective samples (7). If results are incon-
clusive, a second sample is taken and the decision
of accepting or rejecting is made based on the com-
bined outcome of both samples. Figure5-1 shows an
example of a double sampling plan (i.e., two samples
are taken). Multiple sampling plans are extensions
of double sampling plans for which more than two
samples are drawn to reach a conclusion.

The ultimate extension of multiple sampling is
sequential sampling. Under this plan, a sample is
taken, and after analysis a decision of accepting, reject-
ing, or taking another sample is made. Therefore, the
number of total samples to be taken depends exclu-
sively on the sampling process. A sequential sampling
graph is presented in Fig. 5-2. In this chart the cumula-
tive observed number of defective samples is plotted
against the number of samples taken. Two lines — the
rejection and acceptance lines — are drawn, thus divid-
ing the plot in three different regions: accept, reject,
and continue sampling. An initial sample is taken
and the results are plotted in the graph. If the plot-
ted point falls within the parallel lines, then a second
sample is taken and the process is repeated until the

Population (N)

Take a first
sample (size ny)

a;<d;<n;

A A
Accept the lot Take a second Reject the lot
sample (size ny)

A A

(d1+ dz) <a; (d1+ dz) 20

5-1 Example }?f a dﬁUbile samplin% plan with two
oints where the decision of acceptance or
| figure | fejection can be made [Adapted fror}; 7). N,
population size; nn; and 1y, sample size; a; and
ap, acceptance numbers; r; and r,, rejection
numbers; d; and d,, number of nonconformi-
ties. Subindices 1 and 2 represent samples 1 and
2, respectively.

[0}
(0]
2
5 A
S 1
S ! Continue sampling
: :
;: a
: -
zZ 1
- Accept

\v4

Number of items

5-2 Sequential sampling plan. [Adapted from (7).]
| figure |

reject or accept zones are reached (7). Details about the
construction of this plot are beyond the scope of this
book, and particulars can be found in more specialized
literature.

In skip lot sampling only a fraction of the sub-
mitted lots is inspected. It is a money-saving sampling
procedure, but it can be implemented only when there
is enough proof that the quality of the lots is consistent.
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5.2.6 Risks Associated with Sampling

There are two types of risks associated with sampling:
the producer’s and consumer’s risks (6). The con-
sumer’s risk describes the probability of accepting a
poor quality population. This should happen rarely
(<5% of the lots), but the actual acceptable probability
(B) of a consumer risk depends on the consequences
associated with accepting an unacceptable lot. These
may vary from major health hazards and subsequent
fatalities to a lot being of slightly lower quality than
standard lots. Obviously, the former demands a low or
no probability of occurring whereas the latter would
be allowed to occur more frequently. The producer
risk is the probability of rejecting («) an acceptable
product. As with consumer’s risk, the consequences
of an error determine the acceptable probability of the
risk. An acceptable probability of producer’s risk is
usually 5-10%. Further discussion of sampling plans
can be found in the following section.

5.3 SAMPLING PROCEDURES

5.3.1 Introduction and Examples

The reliability of analytical data is compromised if
sampling is not done properly. As shown in Table 5-1,
the use of the data to be obtained will determine the
sampling procedure. Details for the sampling of spe-
cific food products are described in the Official Methods
of Analysis of AOAC International (8) and in the Code
of Federal Regulations (CFR) (9). Two such examples for
specific foods follow.

The AOAC Method 925.08 (8) describes the
method for sampling flour from sacks. The number of
sacks to be sampled is determined by the square root of
the number of sacks in the lot. The sacks to be sampled
are chosen according to their exposure. The samples
that are more frequently exposed are sampled more
often than samples that are exposed less. Sampling is
done by drawing a core from a corner at the top of the
sack diagonally to the center. The sampling instrument
is a cylindrical, polished trier with a pointed end. It is
13mm in diameter with a slit at least one third of the
circumference of the trier. A second sample is taken
from the opposite corner in a similar manner. The cores
are stored for analysis in a clean, dry, airtight container
that has been opened near the lot to be sampled. The
container should be sealed immediately after the sam-
ple is added. A separate container is used for each
sack. Additional details regarding the container and
the procedure also are described below.

Title 21 CFR specifies the sampling procedures
required to ensure that specific foods conform to the
standard of identity. In the case of canned fruits,

21 CFR 145.3 defines a sample unit as “container, a
portion of the contents of the container, or a compos-
ite mixture of product from small containers that is
sufficient for the testing of a single unit” (9). Further-
more, a sampling plan is specified for containers of
specific net weights. The container size is determined
by the size of the lot. A specific number of contain-
ers must be filled for sampling of each lot size. The
lot is rejected if the number of defective units exceeds
the acceptable limit. For example, out of a lot con-
taining 48,001-84,000 units, each weighing 1 kg or less,
48 samples should be selected. If six or more of these
units fail to conform to the attribute of interest the lot
will be rejected. Based on statistical confidence inter-
vals, this sampling plan will reject 95% of the defective
lots examined, that is, 5% consumer risk (9).

The discussion below describes general considera-
tions to take into account when obtaining a sample for
analysis.

5.3.2 Homogeneous vs. Heterogeneous
Populations

The ideal population would be uniform throughout
and identical at all locations. Such a population would
be homogeneous. Sampling from such a population
is simple, as a sample can be taken from any location
and the analytical data obtained will be representa-
tive of the whole. However, this occurs rarely, as
even in an apparently uniform product, such as sugar
syrup, suspended particles and sediments in a few
places may render the population heterogeneous. In
fact, most populations that are sampled are hetero-
geneous. Therefore, the location within a population
where a sample is taken will affect the subsequent data
obtained. However, sampling plans (Sect.5.2.2) and
sample preparation (Sect.5.4) can make the sample
representative of the population or take heterogeneity
into account in some other way.

5.3.3 Manual vs. Continuous Sampling

To obtain a manual sample the person taking the sam-
ple must attempt to take a “random sample” to avoid
human bias in the sampling method. Thus, the sam-
ple must be taken from a number of locations within
the population to ensure that it is representative of
the whole population. For liquids in small containers,
this can be done by shaking prior to sampling. When
sampling from a large volume of liquid, such as that
stored in silos, aeration ensures a homogeneous unit.
Liquids may be sampled by pipetting, pumping, or
dipping. However, when sampling grain from a rail
car, mixing is impossible and samples are obtained by
probing from several points at random within the rail
car. Such manual sampling of granular or powdered
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An automatic liquid sampling device that uses
air under high pressure to collect multiple
1.5-ml samples. The control box (left) regulates
the sampling frequency. (Courtesy of Liquid
Sampling Systems Inc., Cedar Rapids, IA.)

material is usually achieved with triers or probes that
are inserted into the population at several locations.
Errors may occur in sampling (10), as rounded parti-
cles may flow into the sampling compartments more
easily than angular ones. Similarly, hygroscopic mate-
rials flow more readily into the sampling devices than
do nonhygroscopic materials. Horizontal core sam-
ples have been found to contain a larger proportion of
small-sized particles than vertical ones (10).

Continuous sampling is performed mechanically.
Figure 5-3 shows an automatic sampling device that is
used to take liquid samples from a continuous produc-
tion line. Continuous sampling should be less prone to
human bias than manual sampling.

5.3.4 Statistical Considerations
5.3.4.1 Probability Sampling

Probability sampling plans prescribe the selection of a
sample from a population based on chance. It provides
a statistically sound basis for obtaining representa-
tive samples with elimination of human bias (1). The
probability of including any item in the sample is
known, and sampling error can be calculated. Sev-
eral probability sampling methods are available to the

researcher, and the most common ones are described
in the next few paragraphs.

Simple random sampling requires that the num-
ber of units in the population be known and each unit
is assigned an identification number. Then using a
random selection process, a certain number of identi-
fication numbers are selected according to the sample
size. The sample size is determined according to the
lot size and the potential impact of a consumer or
vendor error. The random selection of the individu-
als units is done by using random number tables or
computer-generated random numbers. Units selected
randomly (sample) are analyzed, and the results can
be considered an unbiased estimate of the population.

Systematic sampling is used when a complete list
of sample units is not available, but when samples are
distributed evenly over time or space, such as on a
production line. The first unit is selected at random
(random start) and then units are taken every nth unit
(sampling interval) after that.

Stratified sampling involves dividing the popula-
tion (size N) into a certain number of mutually exclu-
sive homogeneous subgroups (size N1, Ny, N3, etc.)
and then applying random or another sampling tech-
nique to each subgroup. Stratified sampling is used
when subpopulations of similar characteristics can be
observed within the whole population. An example of
stratified sampling would be a company that produces
tomato juice in different plants. If we need to study the
residual activity of polygalacturonase in tomato juice
we can stratify on production plants and take samples
on each plant.

Cluster sampling entails dividing the population
into subgroups, or clusters, and then selecting ran-
domly only a certain number of clusters for analysis.
The main difference between cluster sampling and
stratified sampling is that in the latter samples are
taken from every single subgroup, while in cluster
sampling only some randomly selected clusters are
sampled. The clusters selected for sampling may be
either totally inspected or subsampled for analysis.
This sampling method is more efficient and less expen-
sive than simple random sampling, if populations can
be divided into clusters. Going back to the tomato
juice example, when using cluster sampling we would
consider all processing plants, but we would select
randomly just a few for the purpose of the study.

Composite sampling is used to obtain samples
from bagged products such as flour, seeds, and larger
items in bulk. Small aliquots are taken from differ-
ent bags, or containers, and combined in a simple
sample (the composite sample) that is used for anal-
ysis. Composite sampling also can be used when a
representative sample of a whole production day in a
continuous process is needed. In this case, a systematic
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approach is used to take equal aliquots at different
times, and then a representative sample is obtained by
mixing the individual aliquots. A typical example of
composite sampling is the sampling plan mandated by
the FDA and FSIS for nutritional labeling. They require
a composite of 12 samples with at least six subsam-
ples taken and analyzed for compliance with nutrition
labeling regulations (11).

5.3.4.2 Nonprobability Sampling

Randomization is always desired. However, it is not
always feasible, or even practical, to take samples
based on probability methods. Examples include pre-
liminary studies to generate hypothesis, the estimation
of the standard deviation so that a more accurate
sampling plan can be designed, or cases for which
the bulkiness of the material makes inaccessible the
removal of samples. In these cases, nonprobability
sampling plans may be more economical and prac-
tical than probability sampling. Moreover, in certain
cases of adulteration such as rodent contamination,
the objective of the sampling plan may be to highlight
the adulteration rather than collect a representative
sample of the population.

Nonprobability sampling can be done in many
ways, but in each case the probability of including any
specific portion of the population is not equal because
the investigator selects the samples deliberately. With-
out the use of a methodology that gives every element
of the population the same chance to be selected, it is
not possible to estimate the sampling variability and
possible bias.

Judgment sampling is solely at the discretion of
the sampler and therefore is highly dependent on the
person taking the sample. This method is used when
it is the only practical way of obtaining the sample. It
may result in a better estimate of the population than
random sampling if sampling is done by an experi-
enced individual and the limitations of extrapolation
from the results are understood (1). Convenience sam-
pling is performed when ease of sampling is the key
factor. The first pallet in a lot or the sample that is most
accessible is selected. This is also called “chunk sam-
pling” or “grab sampling.” Although this sampling
requires little effort, the sample obtained will not be
representative of the population, and therefore is not
recommended. Restricted sampling may be unavoid-
able when the entire population is not accessible. This
is the case if sampling from a loaded boxcar, but
the sample will not be representative of the popu-
lation. Quota sampling is the division of a lot into
groups representing various categories, and samples
are then taken from each group. This sampling method
is less expensive than random sampling but also is less
reliable.

5.3.4.3 Mixed Sampling

When the sampling plan is a mixture of two or
more basic sampling methods that can be random or
nonrandom, then the sampling plan is called mixed
sampling.

5.3.4.4 Estimating the Sample Size

Sample size determination can be based on either
precision analysis or power analysis. Precision and
power analysis are done by controlling the confidence
level (type I error) or the power (type Il error). For the
purpose of this section, the precision analysis will be
used, and it will be based on the confidence interval
approach and the assumptions that the population is
normal.
The confidence interval for a sample mean is
described by the following equation:
Xtz 1

Vn
where:

X = sample mean
z,/2 = z-value corresponding to the level of
confidence desired
SD = known, or estimated, standard deviation of
the population
n = sample size
In Equation [1],
SD
Zy/2 ﬁ

represents the maximum error (E) that is acceptable for
a desired level of confidence. Therefore, we can set the

equation
SD
E = Za/zi
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The maximum error, E, in Equation [2] can be
expressed in terms of the accuracy (y) as: E = ¢ x X.
Then Equation [2] can be rearranged as follows:

_ (Z/zSD)Z 3]

¥ XX

and solve for n:

Now, we have an equation to calculate the sample
size, but the equation is dependant on an unknown
parameter: the standard deviation. To solve this prob-
lem we can follow different approaches. One way is
to take few samples using a nonstatistical plan and
use the data to estimate the mean and standard devia-
tion. A second approach is using data from the past
or data from a similar study. A third method is to
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estimate the standard deviation as 1/6 of the range
of data values (6). A fourth method is to use typi-
cal coefficients of variation (defined as 100 x [standard
deviation/population mean]), assuming we have an
estimation of the population mean.

If the estimated sample is smaller than 30, then
the Student’s t distribution needs to be used instead of
the normal distribution by replacing the z,/, with the
parameter t, with n — 1 degrees of freedom. However,
the use of the Student’s t-test distribution comes with
the additional cost or introducing another uncertainty
into Equation [3]: the degrees of freedom. For the
estimation of the t-score, we need to start somewhere
by assuming the degrees of freedom, or assuming a
t-score, and then calculating the number of samples,
recalculating the t-score with n — 1 degrees of free-
dom, and calculating the number of samples again.
For a level of uncertainty of 95%, a conservative place
to start would be assuming a t-score of 2.0 and then
calculating the initial sample size. If we use a prelim-
inary experiment to estimate the standard deviation,
then we can use the sample size of the preliminary
experiment minus 1 to calculate the ¢-score.

Example: We want to test the concentration of
sodium in a lot of a ready-to-eat food product with
a level of confidence of 95%. Some preliminary test-
ing showed an average content of 1000 mg of sodium
per tray with an estimated standard deviation of 500.
Determine the sample size with an accuracy of 10%.

Data: Confidence level = 95% = a = 0.05 =
z = 1.96;y = 0.1;x = 1000; SD = 500

2 2
Za/2SD 1.96 x 500
= —_— = N — t
" ( ¥ XX ) (0.1 » 1000 96 trays

5.3.5 Problems in Sampling

No mater how reliable our analytical technique is, our
ability to make inferences on a population will always
depend on the adequacy of sampling techniques. Sam-
pling bias, due to nonstatistically viable convenience,
may compromise reliability. Errors also may be intro-
duced by not understanding the population distri-
bution and subsequent selection of an inappropriate
sampling plan.

Unreliable data also can be obtained by nonsta-
tistical factors such as poor sample storage resulting
in sample degradation. Samples should be stored in a
container that protects the sample from moisture and
other environmental factors that may affect the sam-
ple (e.g., heat, light, air). To protect against changes
in moisture content, samples should be stored in an
airtight container. Light-sensitive samples should be
stored in containers made of opaque glass or in con-
tainers wrapped in aluminum foil. Oxygen-sensitive
samples should be stored under nitrogen or an inert

gas. Refrigeration or freezing may be necessary to pro-
tect chemically unstable samples. However, freezing
should be avoided when storing unstable emulsions.
Preservatives (e.g.,, mercuric chloride, potassium
dichromate, and chloroform) (4) can be used to
stabilize certain food substances during storage.

Mislabeling of samples causes mistaken sample
identification. Samples should be clearly identified by
markings on the sample container in a manner such
that markings will not be removed or damaged during
storage and transport. For example, plastic bags that
are to be stored in ice water should be marked with
water-insoluble ink.

If the sample is an official or legal sample the con-
tainer must be sealed to protect against tampering and
the seal mark easily identified. Official samples also
must include the date of sampling with the name and
signature of the sampling agent. The chain of custody
of such samples must be identified clearly.

5.4 PREPARATION OF SAMPLES

5.4.1 General Size Reduction Considerations

If the particle size or mass of the sample is too large
for analysis, it must be reduced in bulk or particle size
(4). To obtain a smaller quantity for analysis the sam-
ple can be spread on a clean surface and divided into
quarters. The two opposite quarters are combined. If
the mass is still too large for analysis, the process is
repeated until an appropriate amount is obtained. This
method can be modified for homogeneous liquids by
pouring into four containers, and it can be automated
(Fig. 5-4). The samples are thus homogenized to ensure
negligible differences between each portion (1).

AOAC International (8) provides details on the
preparation of specific food samples for analysis,
which depends on the nature of the food and the anal-
ysis to be performed. For example, in the case of meat
and meat products (8), it is specified in Method 983.18
that small samples should be avoided, as this results
in significant moisture loss during preparation and
subsequent handling. Ground meat samples should
be stored in glass or similar containers, with air and
watertight lids. Fresh, dried, cured, and smoked meats
are to be bone free and passed three times through
a food chopper with plate openings no more than
3mm wide. The sample then should be mixed thor-
oughly and analyzed immediately. If immediate anal-
ysis is not possible, samples should be chilled or dried
for short-term and long-term storage, respectively.

A further example of size reduction is the prepa-
ration of solid sugar products for analysis as described
in AOAC Method 920.175 (8). The method prescribes
that the sugar should be ground, if necessary, and
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Laboratory

A rotating tube divider for reducing a large
sample (ca. 880kg) of dry, free-flowing mate-
rial to a laboratory size sample (ca. 0.2kg).
(Courtesy of Glen Mills, Inc., Clifton, NJ.)

mixed to uniformity. Raw sugars should be mixed
thoroughly and rapidly with a spatula. Lumps are to
be broken by a mortar and pestle or by crushing with
a glass or iron rolling pin on a glass plate.

5.4.2 Grinding
5.4.2.1 Introduction

Grinding is important both for sample preparation
prior to analysis and for food ingredient processing.
Various mills are available for reducing particle size
to achieve sample homogenization (11). To homoge-
nize moist samples, bowl cutters, meat mincers, tissue
grinders, mortars and pestles, or blenders are used,
while mortars and pestles and mills are best for dry
samples. Some foods are more easily ground after
drying in a desiccator or vacuum oven. Grinding wet
samples may cause significant losses of moisture and
chemical changes. In contrast, grinding frozen sam-
ples reduces undesirable changes. The grinding pro-
cess should not heat the sample, and therefore the
grinder should not be overloaded because heat will
be produced through friction. Contact of food with

bare metal surfaces should be avoided if trace metal
analysis is to be performed (12).

To break up moist tissues, a number of slicing
devices are available: bowl cutters can be used for
fleshy tubers and leafy vegetables, while meat min-
cers may be better suited for fruit, root, and meat
(13). Addition of sand as an abrasive can provide fur-
ther subdivision of moist foods. Blenders are effective
in grinding soft and flexible foods and suspensions.
Rotating knives (25,000 rpm) will disintegrate a sam-
ple in suspension. In colloidal mills, a dilute suspen-
sion is flown under pressure through a gap between
slightly serrated or smooth surfaced blades until they
are disintegrated by shear. Sonic and supersonic vibra-
tions disperse foods in suspension and in aqueous
and pressurized gas solution. The Mickle disintegra-
tor sonically shakes suspensions with glass particles,
and the sample is homogenized and centrifuged at the
same time (13). Alternatively, a low-shear continuous
tissue homogenizer is fast and handles large volumes
of sample.

5.4.2.2 Applications for Grinding Equipment

Mills differ according to their mode of action, being
classified as a burr, hammer, impeller, cyclone,
impact, centrifugal, or roller mill (13). Methods for
grinding dry materials range from a simple pestle and
mortar to power-driven hammer mills. Hammer mills
wear well, and reliably and effectively grind cere-
als and dry foods, while small samples can be finely
ground by ball mills. A ball mill grinds by rotating the
sample in a container that is half filled with ceramic
balls. This impact grinding can take hours or days
to complete. A chilled ball mill can be used to grind
frozen foods without predrying and also reduces the
likelihood of undesirable heat-initiated chemical reac-
tions occurring during milling (13). Alternatively, dry
materials can be ground using an ultracentrifugal mill
by beating, impact, and shearing. The food is fed from
an inlet to a grinding chamber and is reduced in size
by rotors. When the desired particle size is obtained,
the particles are delivered by centrifugal force into a
collection pan (13). Large quantities can be ground
continuously with a cyclone mill.

5.4.2.3 Determination of Particle Size

Particle size is controlled in certain mills by adjust-
ing the distance between burrs or blades or by screen
mesh size/number. The mesh number is the num-
ber of square screen openings per linear inch of mesh.
The final particles of dried foods should be 20 mesh
for moisture, total protein, or mineral determinations.



Chapter 5 e Sampling and Sample Preparation

79

Particles of 40-mesh size are used for extraction assays
such as lipid and carbohydrate estimation.

In addition to reducing particle size for analysis
of samples, it is also important to reduce the parti-
cle size of many food ingredients for use in specific
food products. For example, rolled oats for a grain-
based snack bar may have a specified granulation size
described as 15% of the oats maximum passes through
a #7 US standard sieve. A higher granulation (ie.,
more smaller particles) would mean more fines and
less whole oats in the finished bar. This would result
in higher incidences of snack bar breakage.

A Rototap is an instrument that can achieve sep-
aration by size of small particles, to then determine
the size distribution of the sample. This is a horizon-
tal rotating hollow cylinder into which materials of
varying particle sizes are introduced. The internal sur-
face of the cylinder has many indentations of a specific
size that hold particles of a specific size or smaller. In
this way the rotating cylinder carries smaller particles
away from the mass of material that remains at the
bottom of the cylinder.

There are a variety of methods for measuring
particle size, each suited for different materials. The
simplest way to measure particle sizes of dry mate-
rials of less than 50 pm in diameter is by passing the
sample through a series of vertically stacked sieves
with increasing mesh number. As the mesh num-
ber increases, the apertures between the mesh are
smaller and only finer and finer particles pass through
subsequent sieves (see Table5-2). Sieve sizes have
been specified for salt, sugar, wheat flour, corn meal,
semolina, and cocoa. The sieve method is inexpensive
and fast, but it is not suitable for emulsions or very
fine powders (14).

To obtain more accurate size data for smaller par-
ticles (<50um), characteristics that correlate to size
are measured, and thus size is measured indirectly
(15). Surface area and zeta potential (electrical charge
on a particle) are characteristics that are commonly
used. Zeta potential is measured by an electroacoustic
method whereby particles are oscillated in a high-
frequency electrical field and generate a sound wave
whose amplitude is proportional to the zeta poten-
tial. Optical and electron microscopes are routinely
used to measure particle size. Optical microscopes are
interfaced with video outputs and video-imaging soft-
ware to estimate size and shape. The advantage of
the visual approach is that a three-dimensional size
and detailed particle structure can be observed. The
most widely used technique for particle analysis is
dynamic light scattering. These instruments deter-
mine particle size and even the molecular weight of
large molecules in solution. This is achieved by mea-
surement of frequency shifts of light scattered by parti-
cles due to Brownian motion. This method can be used
for particles as small as a few nanometers in diameter.

5-2 US Standard Mesh with Equivalents
in Inches and Millimeters

Sieve opening

US Standard Mesh Inches Millimeters
4 0.1870 4.760
6 0.1320 3.360
7 0.1110 2.830
8 0.0937 2.380
10 0.0787 2.000
12 0.0661 1.680
14 0.0555 1.410
16 0.0469 1.190
18 0.0394 1.000
20 0.0331 0.841
30 0.0232 0.595
40 0.0165 0.400
50 0.0117 0.297
60 0.0098 0.250
70 0.0083 0.210
80 0.0070 0177
100 0.0059 0.149
120 0.0049 0.125
140 0.0041 0.105
170 0.0035 0.088
200 0.0029 0.074
230 0.0024 0.063
570 0.0021 0.053
325 0.0017 0.044
400 0.0015 0.037

Understanding of the principles of the instrument
used to obtain size data is vital to appreciate the limita-
tions of each method. For example, data obtained from
the same sample using sieves and light scattering will
differ (15). Sieves separate particles using square holes,
and therefore they distinguish size in the smallest
dimension, independent of shape. However, light scat-
tering techniques assume that the particle is spherical,
and data are derived from the average of all dimen-
sions. Particle size measurement is useful to maintain
sample quality, but care must be taken in choosing an
appropriate method and interpreting the data.

5.4.3 Enzymatic Inactivation

Food materials often contain enzymes that may
degrade the food components being analyzed.
Enzyme activity therefore must be eliminated or con-
trolled using methods that depend on the nature of
the food. Heat denaturation to inactivate enzymes
and freezer storage (—20°C to —30°C) for limiting
enzyme activity are common methods. However,
some enzymes are more effectively controlled by
changing the pH, or by salting out (13). Oxida-
tive enzymes may be controlled by adding reducing
agents.
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5.4.4 Lipid Oxidation Protection

Lipids present particular problems in sample prepa-
ration. High-fat foods are difficult to grind and may
need to be ground while frozen. Unsaturated lipids
are sensitive to oxidative degradation and should
be protected by storing under nitrogen or vacuum.
Antioxidants may stabilize lipids and may be used
if they do not interfere with the analysis. Light-
initiated photooxidation of unsaturated lipids can be
avoided by controlling storage conditions. In practice,
lipids are more stable when frozen in intact tissues
rather than as extracts (13). Therefore, ideally, unsat-
urated lipids should be extracted just prior to analysis.
Low-temperature storage is generally recommended
to protect most foods.

5.4.5 Microbial Growth and Contamination

Microorganisms are present in almost all foods and
can alter the sample composition. Likewise, microor-
ganisms are present on all but sterilized surfaces, so
sample cross-contamination can occur if samples are
not handled carefully. The former is always a prob-
lem, and the latter is particularly important in samples
for microbiological examination. Freezing, drying, and
chemical preservatives are effective controls and often
a combination of these is used. The preservation meth-
ods used are determined by the probability of contam-
ination, the storage conditions, storage time, and the
analysis to be performed (13).

5.5 SUMMARY

Food quality is monitored at various processing stages
but 100% inspection is rarely possible, or even desir-
able. To ensure that a representative sample of the
population is obtained for analysis, sampling and sam-
ple reduction methods must be developed and imple-
mented. The selection of the sampling procedure is
determined by the purpose of the inspection, the food
product, the test method, and the characteristics of the
population. Increasing the sample size will generally
increase the reliability of the analytical results, and
using t-test techniques will optimize the sample size
necessary to obtain reliable data. Multiple sampling
techniques also can be used to minimize the number of
samples to be analyzed. Sampling is a vital process, as
it is often the most variable step in the entire analytical
procedure.

Sampling may be for attributes or variables.
Attributes are monitored for their presence or absence,
whereas variables are quantified on a continuous scale.
Sampling plans are developed for either attributes
or variables and may be single, double, or multi-
ple. Multiple sampling plans reduce costs by rejecting

low-quality lots or accepting high-quality lots quickly,
while intermediate quality lots require further sam-
pling. There is no sampling plan that is risk free. The
consumer risk is the probability of accepting a poor-
quality product, while the vendor risk is the probabil-
ity of rejecting an acceptable product. An acceptable
probability of risk depends on the seriousness of a
negative consequence.

Sampling plans are determined by whether
the population is homogeneous or heterogeneous.
Although sampling from a homogeneous population
is simple, it rarely is found in practical industrial sit-
uations. Sampling from heterogeneous populations
is most common, and suitable sampling plans must
be used to obtain a representative sample. Sampling
methods may be manual or continuous. Ideally, the
sampling method should be statistically sound. How-
ever, nonprobability sampling is sometimes unavoid-
able, even though there is not an equal probability that
each member of the population will be selected due to
the bias of the person sampling. Probability sampling
is preferred because it ensures random sampling and
is a statistically sound method that allows calculation
of sampling error and the probability of any item of
the population being included in the sample.

Each sample must be clearly marked for identifica-
tion and preserved during storage until completion of
the analysis. Official and legal samples must be sealed
and a chain of custody maintained and identified.
Often, only a portion of the sample is used for analysis,
and sample size reduction must ensure that the por-
tion analyzed is representative of both the sample and
population. Sample preparation and storage should
account for factors that may cause sample changes.
Samples can be preserved by limiting enzyme activity,
preventing lipid oxidation, and inhibiting microbial
growth/contamination.

5.6 STUDY QUESTIONS

1. As part of your job as supervisor in a quality assurance
laboratory, you need to give a new employee instruc-
tion regarding choosing a sampling plan. Which general
factors would you discuss with the new employee? Dis-
tinguish between sampling for attributes vs. sampling for
variables. Differentiate the three basic sampling plans and
the risks associated with selecting a plan.

2. Your supervisor wants you to develop and implement
a multiple sampling plan. What would you take into
account to define the acceptance and rejection lines?
Why?

3. Distinguish probability sampling from nonprobability
sampling. Which is preferable and why?

4. (a) Identify a piece of equipment that would be useful in
collecting a representative sample for analysis. Describe
precautions to be taken to ensure that a representative
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sample is taken and a suitable food product that could
be sampled with this device. (b) Identify a piece of equip-
ment that would be useful for preparing a sample for anal-
ysis. What precautions should be taken to ensure that the
sample composition is not changed during preparation?

5. For each of the problems identified below that can be
associated with collection and preparation of samples for
analysis, state one solution for how the problem can be
overcome:

(a) Sample bias

(b) Change in composition during storage of sample prior
to analysis

(c) Metal contamination in grinding

(d) Microbial growth during storage of product prior to
analysis

6. The instructions you are following for cereal protein anal-
ysis specify grinding a cereal sample to 10 mesh before
you remove protein by a series of solvent extractions.

(a) What does 10 mesh mean?
(b) Would you question the use of a 10-mesh screen for
this analysis? Provide reasons for your answer.

7. You are to collect and prepare a sample of cereal produced
by your company for the analyses required to create a
standard nutritional label. Your product is considered
“low fat” and “high fiber” (see regulations for nutri-
ent claims, and FDA compliance procedures in Chap. 3).
What kind of sampling plan will you use? Will you do
attribute or variable sampling? What are the risks asso-
ciated with sampling in your specific case? Would you
use probability or nonprobability sampling, and which
specific type would you choose? What specific problems
would you anticipate in sample collection and in prepa-
ration of the sample? How would you avoid or minimize
each of these problems?
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6.1 INTRODUCTION

Moisture assays can be one of the most important
analyses performed on a food product and yet one of
the most difficult from which to obtain accurate and
precise data. This chapter describes various methods
for moisture analysis — their principles, procedures,
applications, cautions, advantages, and disadvan-
tages. Water activity measurement also is described,
since it parallels the measurement of total moisture
as an important stability and quality factor. With an
understanding of techniques described, one can apply
appropriate moisture analyses to a wide variety of
food products.

6.1.1 Importance of Moisture Assay

One of the most fundamental and important analytical
procedures that can be performed on a food product
is an assay for the amount of moisture (1-3). The dry
matter that remains after moisture removal is com-
monly referred to as total solids. This analytical value
is of great economic importance to a food manufac-
turer because water is an inexpensive filler. The fol-
lowing listing gives some examples in which moisture
content is important to the food processor.

1. Moisture is a quality factor in the preservation
of some products and affects stability in
(a) Dehydrated vegetables and fruits
(b) Dried milks
(c) Powdered eggs
(d) Dehydrated potatoes
(e) Spices and herbs
2. Moisture is used as a quality factor for
(a) Jams and jellies to prevent sugar crystalliza-
tion
(b) Sugar syrups
(c) Prepared cereals — conventional, 4-8%;
puffed, 7-8%
3. Reduced moisture is used for convenience in
packaging or shipping of
(a) Concentrated milks
(b) Liquid cane sugar (67% solids) and liquid
corn sweetener (80% solids)
(c) Dehydrated products (these are difficult to
package if too high in moisture)
(d) Concentrated fruit juices
4. Moisture (or solids) content is often specified
in compositional standards (i.e., Standards of
Identity)
(a) Cheddar cheese must be <39% moisture.
(b) Enriched flour must be <15% moisture.
(c) Pineapple juice must have soluble solids of
>10.5°Brix (conditions specified).

(d) Glucose syrup must have >70% total solids.
(e) The percentage of added water in processed
meats is commonly specified.

5. Computations of the nutritional value of foods
require that you know the moisture content.

6. Moisture data are used to express results of
other analytical determinations on a uniform
basis [i.e., dry weight basis (dwb), rather than
wet weight basis (wwb)].

6.1.2 Moisture Content of Foods

The moisture content of foods varies greatly as shown
in Table 6-1 (4). Water is a major constituent of most
food products. The approximate, expected moisture
content of a food can affect the choice of the method
of measurement. It can also guide the analyst in deter-
mining the practical level of accuracy required when
measuring moisture content, relative to other food
constituents.

6.1.3 Forms of Water in Foods

The ease of water removal from foods depends on how
it exists in the food product. The three states of water
in food products are:

1. Free water: This water retains its physical prop-
erties and thus acts as the dispersing agent for
colloids and the solvent for salts.

2. Adsorbed water: This water is held tightly or is
occluded in cell walls or protoplasm and is held
tightly to proteins.

3. Water of hydration: This water is bound chem-
ically, for example, lactose monohydrate; also
some salts such as NaySOy - 10H, 0.

Depending on the form of the water present in a
food, the method used for determining moisture may
measure more or less of the moisture present. This
is the reason for official methods with stated proce-
dures (5-7). However, several official methods may
exist for a particular product. For example, the AOAC
International methods for cheese include: Method
926.08, vacuum oven; 948.12, forced draft oven; 977.11,
microwave oven; 969.19, distillation (5). Usually, the
first method listed by AOAC International is preferred
over others in any section.

6.1.4 Sample Collection and Handling

General procedures for sampling, sample handling
and storage, and sample preparation are given in
Chap.5. These procedures are perhaps the greatest
potential source of error in any analysis. Precau-
tions must be taken to minimize inadvertent mois-
ture losses or gains that occur during these steps.
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6-1
|_table | Moisture Content of Selected Foods
Approximate
Percent Moisture
(Wet Weight
Food Item Basis)
Cereals, bread, and pasta
Wheat flour, whole-grain 10.3
White bread, enriched (wheat flour) 13.4
Corn flakes cereal 3.5
Crackers saltines 4.0
Macaroni, dry, enriched 9.9
Dairy products
Milk, reduced fat, fluid, 2% 89.3
Yogurt, plain, low fat 85.1
Cottage cheese, low fat or 2% milk fat 80.7
Cheddar cheese 36.8
Ice cream, vanilla 61.0
Fats and oils
Margarine, regular, hard, corn, 15.7
hydrogenated
Butter, with salt 15.9
Oil-soybean, salad, or cooking 0
Fruits and vegetables
Watermelon, raw 91.5
Oranges, raw, California navels 86.3
Apples, raw, with skin 85.6
Grapes, American type, raw 81.3
Raisins 15.3
Cucumbers, with peel, raw 95.2
Potatoes, microwaved, cooked in skin, 72.4
flesh and skin
Snap beans, green, raw 90.3
Meat, poultry, and fish
Beef, ground, raw, 95% lean 73.3
Chicken, broilers and fryers, light 68.6
meat, meat and skin, raw
Finfish, flatfish (flounder and sole 79.1
species), raw
Egg, whole, raw, fresh 75.8
Nuts
Walnuts, black, dried 4.6
Peanuts, all types, dry roasted 1.6
with salt
Peanut butter, smooth style, with salt 1.8
Sweeteners
Sugar, granulated 0
Sugar, brown 1.3
Honey, strained or extracted 171

From US Department of Agriculture, Agricultural Research Service
(2009) USDA National Nutrient Database for Standard Ref-
erence. Release 22. Nutrient Data Laboratory Home Page,
http://www.ars.usda.gov/ba/bhnre/ndl

Obviously, any exposure of a sample to the open
atmosphere should be as short as possible. Any heat-
ing of a sample by friction during grinding should
be minimized. Headspace in the sample storage con-
tainer should be minimal because moisture is lost from
the sample to equilibrate the container environment

against the sample. It is critical to control temperature
fluctuations since moisture will migrate in a sample to
the colder part. To control this potential error, remove
the entire sample from the container, reblend quickly,
and then remove a test portion (8,9).

To illustrate the need for optimum efficiency and
speed in weighing samples for analysis, Bradley and
Vanderwarn (10) showed, using shredded Cheddar
cheese (2-3g in a 5.5-cm aluminum foil pan), that
moisture loss within an analytical balance was a
straight line function. The rate of loss was related
to the relative humidity. At 50% relative humidity, it
required only 5s to lose 0.01% moisture. This time
doubled at 70% humidity or 0.01% moisture loss
in 10 s. While one might expect a curvilinear loss,
the moisture loss was actually linear over a 5-min
study interval. These data demonstrate the necessity of
absolute control during collection of samples through
weighing, before drying.

6.2 OVEN DRYING METHODS

In oven drying methods, the sample is heated under
specified conditions, and the loss of weight is used
to calculate the moisture content of the sample. The
amount of moisture determined is highly dependent
on the type of oven used, conditions within the oven,
and the time and temperature of drying. Various oven
methods are approved by AOAC International for
determining the amount of moisture in many food
products. The methods are simple, and many ovens
allow for simultaneous analysis of large numbers of
samples. The time required may be from a few minutes
toover 24 h.

6.2.1 General Information
6.2.1.1 Removal of Moisture

Any oven method used to evaporate moisture has as
its foundation the fact that the boiling point of water
is 100°C; however, this considers only pure water at
sea level. Free water is the easiest of the three forms
of water to remove. However, if 1 molecular weight
(Imol) of a solute is dissolved in 1.0L of water, the
boiling point would be raised by 0.512°C. This boil-
ing point elevation continues throughout the mois-
ture removal process as more and more concentration
occurs.

Moisture removal is sometimes best achieved in a
two-stage process. Liquid products (e.g., juices, milk)
are commonly predried over a steam bath before dry-
ing in an oven. Products such as bread and field-dried
grain are often air dried, then ground and oven dried,
with the moisture content calculated from moisture
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loss at both air and oven drying steps. Particle size,
particle size distribution, sample sizes, and surface
area during drying influence the rate and efficiency of
moisture removal.

6.2.1.2 Decomposition of Other Food
Constituents

Moisture loss from a sample during analysis is a
function of time and temperature. Decomposition
enters the picture when time is extended too much
or temperature is too high. Thus, most methods for
food moisture analysis involve a compromise between
time and a particular temperature at which limited
decomposition might be a factor. One major prob-
lem exists in that the physical process must sepa-
rate all the moisture without decomposing any of the
constituents that could release water. For example,
carbohydrates decompose at 100°C according to the
following reaction:

C6H1206 — 6C + 6H20 [1]

The moisture generated in carbohydrate decomposi-
tion is not the moisture that we want to measure.
Certain other chemical reactions (e.g., sucrose hydrol-
ysis) can result in utilization of moisture, which would
reduce the moisture for measurement. A less serious
problem, but one that would be a consistent error, is
the loss of volatile constituents, such as acetic, pro-
pionic, and butyric acids; and alcohols, esters, and
aldehydes among flavor compounds. While weight
changes in oven drying methods are assumed to be
due to moisture loss, weight gains also can occur due
to oxidation of unsaturated fatty acids and certain
other compounds.

Nelson and Hulett (11) determined that mois-
ture was retained in biological products to at least
365°C, which is coincidentally the critical temperature
for water. Their data indicate that among the decom-
position products at elevated temperatures were CO,
CO,, CH4, and HyO. These were not given off at
any one particular temperature but at all temperatures
and at different rates at the respective temperature in
question.

By plotting moisture liberated against tempera-
ture, curves were obtained that show the amount
of moisture liberated at each temperature (Fig.6-1).
Distinct breaks were shown that indicated the tem-
perature at which decomposition became measurable.
None of these curves showed any break before 184°C.
Generally, proteins decompose at temperatures some-
what lower than required for starches and celluloses.
Extrapolation of the flat portion of each curve to 250°C
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6-1 Moisture content of several foods held at vari-

Fhgure | ous temperatures in an oven. The hyphenated

line extrapolates data to 250°F, the true muois-
ture content. [Reprinted with permission from
(11) Nelson OA and Hulett GA. 1920. The
moisture content of cereals. J. Industrial Eng.
Chem. 12:40-45. Copyright 1920, American
Chemical Society.]

gave a true moisture content based on the assump-
tion that there was no adsorbed water present at the
temperature in question.

6.2.1.3 Temperature Control

Drying methods utilize specified drying tempera-
tures and times, which must be carefully controlled.
Moreover, there may be considerable variability of
temperature, depending on the type of oven used for
moisture analysis. One should determine the extent
of variation within an oven before relying on data
collected from its use.

Consider the temperature variation in three types
of ovens: convection (atmospheric), forced draft, and
vacuum. The greatest temperature variation exists in
a convection oven. This is because hot air slowly cir-
culates without the aid of a fan. Air movement is
obstructed further by pans placed in the oven. When
the oven door is closed, the rate of temperature recov-
ery is generally slow. This is dependent also upon
the load placed in the oven and upon the ambient
temperature. A 10°C temperature differential across
a convection oven is not unusual. This must be con-
sidered in view of anticipated analytical accuracy and
precision. A convection oven should not be used when
precise and accurate measurements are needed.

Forced draft ovens have the least temperature dif-
ferential across the interior of all ovens, usually not
greater than 1°C. Air is circulated by a fan that forces
air movement throughout the oven cavity. Forced draft
ovens with air distribution manifolds appear to have
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added benefit where air movement is horizontal across
shelving. Thus, no matter whether the oven shelves
are filled completely with moisture pans or only half
filled, the result would be the same for a particular
sample. This has been demonstrated using a Lab-
Line oven (Melrose Park, IL) in which three stacking
configurations for the pans were used (10). In one con-
figuration, the oven shelves were filled with as many
pans holding 2-3 g of Cheddar cheese as the forced
draft oven could hold. In the two others, one-half of
the full load of pans with cheese was used with the
pans (1) in orderly vertical rows with the width of
one pan between rows, or (2) staggered such that pans
on every other shelf were in vertical alignment. The
results after drying showed no difference in the mean
value or the standard deviation.

Two features of some vacuum ovens contribute
to a wider temperature spread across the oven. One
feature is a glass panel in the door. Although from
an educational point of view, it may be fascinating to
observe some samples in the drying mode; the glass is
a heat sink. The second feature is the way by which air
is bled into the oven. If the air inlet and discharge are
on opposite sides, conduct of air is virtually straight
across the oven. Some newer models have air inlet
and discharge manifolds mounted top and bottom. Air
movement in this style of vacuum oven is upward
from the front and then backward to the discharge in
a broad sweep. The effect is to minimize cold spots as
well as to exhaust moisture in the interior air.

6.2.1.4 Types of Pans for Oven Drying
Methods

Pans used for moisture determinations are varied in
shape and may or may not have a cover. The AOAC
International (5) moisture pan is about 5.5 cm in diam-
eter with an insert cover. Other pans have covers that
slip over the outside edge of the pan. These pans,
while reusable, are expensive, in terms of labor costs
to clean appropriately to allow reuse.

Pan covers are necessary to control loss of sample
by spattering during the heating process. If the cover
is metal, it must be slipped to one side during drying
to allow for moisture evaporation. However, this slip-
ping of the cover also creates an area where spattering
will result in product loss. Examine the interior of most
moisture ovens and you will detect odor and deposits
of burned-on residue, which, although undetected at
the time of occurrence, produce erroneous results and
large standard deviations (10).

Consider the use of disposable pans whenever
possible; then purchase glass fiber discs for covers.
At 5.5cm in diameter, these covers fit perfectly inside
disposable aluminum foil pans and prevent spatter-
ing while allowing the surface to breathe. Paper filter

discs foul with fat and thus do not breathe effectively.
Drying studies done on cheese using various pans
and covers have shown that fat does spatter from
pans with slipped covers, and fiberglass is the most
satisfactory cover.

6.2.1.5 Handling and Preparation of Pans

The preparation and handling of pans before use
requires consideration. Use only tongs to handle any
pan. Even fingerprints have weight. All pans must
be oven treated to prepare them for use. This is a factor
of major importance unless disproved by the technol-
ogist doing moisture determinations with a particular
type of pan. Disposable aluminum pans must be vac-
uum oven dried for 3h before use. At 3 and 15 h in
either a vacuum or forced draft oven at 100°C, pans
varied in their weight within the error of the balance or
0.0001 g (10). Store dried moisture pans in a function-
ing desiccator. The glass fiber covers should be dried
for 1 h before use.

6.2.1.6 Control of Surface Crust Formation
(Sand Pan Technique)

Some food materials tend to form a semipermeable
crust or lump together during drying, which will con-
tribute to erratic and erroneous results. To control this
problem, analysts use the sand pan technique. Clean,
dry sand and a short glass stirring rod are preweighed
into a moisture pan. Subsequently, after weighing in
a sample, the sand and sample are admixed with the
stirring rod left in the pan. The remainder of the pro-
cedure follows a standardized method if available;
otherwise the sample is dried to constant weight. The
purpose of the sand is twofold: to prevent surface
crust from forming and to disperse the sample so
evaporation of moisture is less impeded. The amount
of sand used is a function of sample size. Consider
20-30g sand/3 g sample to obtain desired distribu-
tion in the pan. Similar to the procedure, applica-
tions, and advantages of using sand, other heat-stable
inert materials such as diatomaceous earth can be
used in moisture determinations, especially for sticky
fruits.

The inert matrices such as sand and diatomaceous
earth function to disperse the food constituents and
minimize the retention of moisture in the food prod-
ucts. However, the analyst must ascertain that the inert
matrix used does not give erroneous results for the
assay because of decomposition or entrapped mois-
ture loss. Test the sand or other inert matrix for weight
loss before using in any method. Add approximately
25 g of sand into a moisture pan and heat at 100°C for
2h and weigh to 0.1mg. Add 5ml of water and mix
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with the matrix using a glass rod. Heat dish, matrix,
cover, and glass rod for at least 4h at 100°C, reweigh.
The difference between weighing must be less than
0.5mg for any suitable matrix (12).

6.2.1.7 Calculations

Moisture and total solids contents of foods can be
calculated as follows using oven drying procedures:

wtH,O in sample

x 100
wt of wet sample

%Moisture (wt/wt) = [2]

%Moisture (wt/wt)

_ wt of wet sample — wt of dry sample

wt of wet sample x 100131

wt of dry sample
wt of wet sample

%Total solids (wt/wt) = x 100 [4]

6.2.2 Forced Draft Oven

When using a forced draft oven, the sample is rapidly
weighed into a predried moisture pan covered and
placed in the oven for an arbitrarily selected time if no
standardized method exists. Drying time periods for
this method are 0.75-24 h (Table 6-2), depending on the
food sample and its pretreatment; some liquid samples
are dried initially on a steam bath at 100°C to minimize
spattering. In these cases, drying times are shortened
to 0.75-3h. A forced draft oven is used with or with-
out a steam table predrying treatment to determine the
solids content of fluid milks (AOAC Method 990.19,
990.20).

6-2

An alternative to selecting a time period for dry-
ing is to weigh and reweigh the dried sample and
pan until two successive weighings taken 30 min apart
agree within a specified limit, for example, 0.1-0.2mg
for a 5-g sample. The user of this second method must
be aware of sample transformation, such as brown-
ing which suggests moisture loss of the wrong form.
Lipid oxidation and a resulting sample weight gain
can occur at high temperatures in a forced draft oven.
Samples high in carbohydrates should not be dried in
a forced draft oven but rather in a vacuum oven at a
temperature no higher than 70°C.

6.2.3 Vacuum Oven

By drying under reduced pressure (25-100mm Hg),
one is able to obtain a more complete removal of water
and volatiles without decomposition within a 3-6-h
drying time. Vacuum ovens need a dry air purge in
addition to temperature and vacuum controls to oper-
ate within method definition. In older methods, a
vacuum flask is used, partially filled with concentrated
sulfuric acid as the desiccant. One or two air bub-
bles per second are passed through the acid. Recent
changes now stipulate an air trap that is filled with cal-
cium sulfate containing an indicator to show moisture
saturation. Between the trap and the vacuum oven is
an appropriately sized rotameter to measure air flow
(100-120 ml/min) into the oven.

The following are important points in the use of a
vacuum drying oven:

|_table | Forced Draft Oven Temperature and Times for Selected Foods
Oven
Dry on Temperature Time in

Product Steam Bath (°Cc+2) Oven (h)
Buttermilk, liquid xa 100 3
Cheese, natural type only 100 16.5+0.5
Chocolate and cocoa 100 3
Cottage cheese 100 3
Cream, liquid and frozen X 100 3
Egg albumin, liquid X 130 0.75
Egg albumin, dried X 100 0.75
Ice cream and frozen desserts X 100 3.5
Milk X 100 3

Whole, low fat, and skim 100 3

Condensed skim 100 3
Nuts: almonds, peanuts, walnuts 130 3

From (6) p. 492, with permission. Copyright 2004 by the American Public Health Association,

Washington, DC.

aX = samples must be partially dried on steam bath before being placed in oven.
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1. Temperature used depends on the product,
such as 70°C for fruits and other high-sugar
products. Even with reduced temperature,
there can be some decomposition.

2. If the product to be assayed has a high concen-
tration of volatiles, you should consider the use
of a correction factor to compensate for the loss.

3. Analysts should remember that in a vacuum,
heat is not conducted well. Thus pans must be
placed directly on the metal shelves to conduct
heat.

4. Evaporation is an endothermic process; thus,
a pronounced cooling is observed. Because of
the cooling effect of evaporation, when several
samples are placed in an oven of this type, you
will note that the temperature will drop. Do
not attempt to compensate for the cooling effect
by increasing the temperature, otherwise sam-
ples during the last stages of drying will be
overheated.

5. The drying time is a function of the total mois-
ture present, nature of the food, surface area
per unit weight of sample, whether sand is
used as a dispersant, and the relative concentra-
tion of sugars and other substances capable of
retaining moisture or decomposing. The drying
interval is determined experimentally to give
reproducible results.

6.2.4 Microwave Analyzer

Determination of moisture in food products has
traditionally been done using a standard oven, which,
though accurate, can take many hours to dry a sam-
ple. Other methods have been developed over the
years including infrared and various types of instru-
ments that utilize halogen lamps or ceramic heating
elements. They were often used for “spot checking”
because of their speed, but they lacked the accuracy
of the standard oven method. The introduction of
microwave moisture/solids analyzers in the late 1970s
gave laboratories the accuracy they needed and the
speed they wanted. Microwave moisture analysis,
often called microwave drying, was the first precise
and rapid technique that allowed some segments of
the food industry to make in-process adjustment of the
moisture content in food products before final pack-
aging. For example, processed cheese could be ana-
lyzed and the composition adjusted before the blend
was dumped from the cooker. The ability to adjust
the composition of a product in-process helps food
manufacturers reduce production costs, meet regula-
tory requirements, and ensure product consistency.
Such control could effectively pay for the microwave
analyzer within a few months.

A particular microwave moisture/solids analyzer
(CEM Corporation, Matthews, NC), or equivalent,
is specified in the AOAC International procedures
for total solids analysis of processed tomato products
(AOAC Method 985.26) and moisture analysis of meat
and poultry products (AOAC Method 985.14).

The general procedure for use of a microwave
moisture/solids analyzer has been to set the micro-
processor controller to a percentage of full power
to control the microwave output. Power settings are
dependent upon the type of sample and the recom-
mendations of the manufacturer of the microwave
moisture analyzer. Next, the internal balance is tared
with two sample pads on the balance. As rapidly as
possible, a sample is placed between the two pads,
then pads are centered on the pedestal, and weighed
against the tare weight. Time for the drying opera-
tion is set by the operator and “start” is activated.
The microprocessor controls the drying procedure,
with percentage moisture indicated in the controller
window. Some newer models of microwave moisture
analyzers have a temperature control feature to pre-
cisely control the drying process, removing the need to
guess appropriate time and power settings for specific
applications. These new models also have a smaller
cavity that allows the microwave energy to be focused
directly on the sample.

There are some considerations when using a
microwave analyzer for moisture determination: (1)
the sample must be of a uniform, appropriate size
to provide for complete drying under the conditions
specified; (2) the sample must be centrally located
and evenly distributed, so some portions are not
burned and other areas are underprocessed; and (3)
the amount of time used to place an appropriate sam-
ple weight between the pads must be minimized to
prevent moisture loss or gain before weight deter-
mination. Sample pads also should be considered.
There are several different types, including fiberglass
and quartz fiber pads. For optimum results, the pads
should not absorb microwave energy, as this can cause
the sample to burn, nor should they fray easily, as this
causes them to lose weight and can affect the analysis.
In addition, they should absorb liquids well.

Another style of microwave oven that includes a
vacuum system is used in some food plants. This vac-
uum microwave oven will accommodate one sample
in triplicate or three different samples at one time. In
10 min, the results are reported to be similar to 5h
in a vacuum oven at 100°C. The vacuum microwave
oven is not nearly as widely used as conventional
microwave analyzers, but can be beneficial in some
applications.

Microwave drying provides a fast, accurate
method to analyze many foods for moisture content.
The method is sufficiently accurate for routine assay.
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The distinct advantage of rapid analysis far outweighs
its limitation of testing only single samples (13).

6.2.5 Infrared Drying

Infrared drying involves penetration of heat into the
sample being dried, as compared with heat conduc-
tivity and convection with conventional ovens. Such
heat penetration to evaporate moisture from the sam-
ple can significantly shorten the required drying time
to 10-25min. The infrared lamp used to supply heat
to the sample results in a filament temperature of
2000-2500 K (degrees Kelvin). Factors that must be
controlled include distance of the infrared source from
the dried material and thickness of the sample. The
analyst must be careful that the sample does not burn
or case harden while drying. Infrared drying ovens
may be equipped with forced ventilation to remove
moisture air and an analytical balance to read moisture
content directly. No infrared drying moisture analysis
techniques are approved by AOAC International cur-
rently. However, because of the speed of analysis, this
technique is suited for qualitative in-process use.

6.2.6 Rapid Moisture Analyzer Technology

Many rapid moisture/solids analyzers are available
to the food industry. In addition to those based on
infrared and microwave drying as described previ-
ously, compact instruments that depend on high heat
are available, such as analyzers that detect moisture
levels from 50 ppm to 100% using sample weights
of 150 mg to 40 g (e.g., Computrac®, Arizona Instru-
ment LLC, Chandler, AZ). Using a digital balance, the
test sample is placed on an aluminum pan or filter
paper and the heat control program (with a heating
range of 25-275°C) elevates the test sample to a con-
stant temperature. As the moisture is driven from
the sample, the instrument automatically weighs and
calculates the percentage moisture or solids. This tech-
nology is utilized to cover a wide range of applications
within the food industry and offers quick and accurate
results within minutes. These analyzers are utilized
for both production and laboratory use with results
comparable to reference methods.

6.3 DISTILLATION PROCEDURES

6.3.1 Overview

Distillation techniques involve codistilling the mois-
ture in a food sample with a high boiling point solvent
that is immiscible in water, collecting the mixture that
distills off, and then measuring the volume of water.

Two distillation procedures are in use today: direct
and reflux distillations, with a variety of solvents.
For example, in direct distillation with immiscible sol-
vents of higher boiling point than water, the sample is
heated in mineral oil or liquid with a flash point well
above the boiling point for water. Other immiscible lig-
uids with boiling point only slightly above water can
be used (e.g., toluene, xylene, and benzene). However,
reflux distillation with the immiscible solvent toluene
is the most widely used method.

Distillation techniques were originally developed
as rapid methods for quality control work, but they
are not adaptable to routine testing. The distillation
method is an AOAC-approved technique for mois-
ture analysis of spices (AOAC Method 986.21), cheese
(AOAC Method 969.19), and animal feeds (AOAC
Method 925.04). It also can give good accuracy and
precision for nuts, oils, soaps, and waxes.

Distillation methods cause less thermal decompo-
sition of some foods than oven drying at high temper-
atures. Adverse chemical reactions are not eliminated
but can be minimized by using a solvent with a lower
boiling point. This, however, will increase distillation
times. Water is measured directly in the distillation
procedure (rather than by weight loss), but reading
the volume of water in a receiving tube may be less
accurate than using a weight measurement.

6.3.2 Reflux Distillation with Immiscible
Solvent

Reflux distillation uses either a solvent less dense than
water (e.g., toluene, with a boiling point of 110.6°C; or
xylene, with a boiling range of 137-140°C) or a solvent
more dense than water (e.g., tetrachlorethylene, with
a boiling point of 121°C). The advantage of using this
last solvent is that material to be dried floats; therefore
it will not char or burn. In addition, there is no fire
hazard with this solvent.

A Bidwell-Sterling moisture trap (Fig.6-2) is
commonly used as part of the apparatus for reflux
distillation with a solvent less dense than water. The
distillation procedure using such a trap is described
in Fig. 6-3, with emphasis placed on dislodging adher-
ing water drops, thereby minimizing error. When the
toluene in the distillation just starts to boil, the ana-
lyst will observe a hazy cloud rising in the distillation
flask. This is a vaporous emulsion of water in toluene.
Condensation occurs as the vapors rise, heating the
vessel, the Bidwell-Sterling trap, and the bottom of the
condenser. It is also hazy at the cold surface of the con-
denser, where water droplets are visible. The emulsion
inverts and becomes toluene dispersed in water. This
turbidity clears very slowly on cooling.
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Water
Water .
Solvent
+
Sample

Heat

Apparatus for reflux distillation of moisture
from a food. Key to this setup is the Bidwell-
Sterling moisture trap. This style can be used
only where the solvent is less dense than water.

| figure |

Three potential sources of error with distillation
should be eliminated if observed:

1. Formation of emulsions that will not break.
Usually this can be controlled by allowing the
apparatus to cool after distillation is completed
and before reading the amount of moisture in
the trap.

2. Clinging of water droplets to dirty apparatus.
Clean glassware is essential, but water seems
to cling even with the best cleaning effort.
A burette brush, with the handle end flattened
so it will pass down the condenser, is needed to
dislodge moisture droplets.

3. Decomposition of the sample with produc-
tion of water. This is principally due to car-
bohydrate decomposition to generate water
(C¢H1204 — 6H,0 + 6C). If this is a measur-
able problem, discontinue method use and find
an alternative procedure.

6.4 CHEMICAL METHOD: KARL FISCHER
TITRATION

The Karl Fischer titration is particularly adaptable
to food products that show erratic results when
heated or submitted to a vacuum. This is the method

REFLUX DISTILLATION

Place sample in distillation flask and cover completely with
solvent.

U

Fill the receiving tube (e.g., Bidwell-Sterling Trap) with solvent,
by pouring it through the top of the condenser.

Bring to a boil and distill slowly at first then at increased rate.

U
After the distillation has proceeded for approximately 1 hr, use an
adapted buret brush to dislodge moisture droplets from the
condenser and top part of the Bidwell-Sterling trap.

U

Slide the brush up the condenser to a point above the vapor
condensing area.

U

Rinse the brush and wire with a small amount of toluene to
dislodge adhering water drops.

U

If water has adhered to the walls of the calibrated tube, invert the
brush and use the straight wire to dislodge this water so it
collects in the bottom of the tube.

U

Return the wire to a point above the condensation point, and
rinse with another small amount of toluene.

U

After no more water has distilled from the sample, repeat the
brush and wire routine to dislodge adhering water droplets.

U

Rinse the brush and wire with toluene before removing from the
condenser.

u
Allow the apparatus to cool to ambient temperatures before
measuring the volume of water in the trap.

U

Volume of water x 2 (for a 50 g sample) = % moisture

| figure |

of choice for determination of water in many low-
moisture foods such as dried fruits and vegeta-
bles (AOAC Method 967.19 E-G), candies, chocolate
(AOAC Method 977.10), roasted coffee, oils and fats
(AOAC Method 984.20), or any low-moisture food
high in sugar or protein. The method is quite rapid,
is accurate, and uses no heat. This method is based on
the fundamental reaction described by Bunsen in 1853
(14) involving the reduction of iodine by SO, in the
presence of water:

Procedures for reflux distillation with toluene
using a Bidwell-Sterling trap. Steps to dis-
lodge adhering moisture drops are given.

2H,0 + SO, + 1, — C5H,S0,4 4 2HI [5]

This was modified to include methanol and pyridine
in a four-component system to dissolve the iodine and
802:
CsHsN - I, + CsHsN - SO, 4+ CsHsN + H,O
— 2C5H5N - HI 4 C5HsN - SO3 [6]
C5H5N . SO3 + CH3OH — C5H5N(H)SO4 : CH3 [7]
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Manual Karl Fischer titration unit. (Courtesy of
Lab Industries, Inc., Berkeley, CA.)
| figure |

These reactions show that for each mole of water, 1 mol
of iodine, 1mol of SO,, 3mol of pyridine, and 1 mol
of methanol are used. For general work, a methano-
lic solution is used that contains these components in
the ratio of 1 iodine:3 SO,:10 pyridine, and at a con-
centration so that 3.5mg of water = 1ml of reagent.
A procedure for standardizing this reagent is given
below.

In a volumetric titration procedure (Fig.6-4 is
manual titration unit; Fig. 6-5 is example of automated
titration unit), iodine and SO; in the appropriate form
are added to the sample in a closed chamber protected
from atmospheric moisture. The excess of I, that can-
not react with the water can be determined visually.
The endpoint color is dark red-brown. Some instru-
mental systems are improved by the inclusion of a
potentiometer (i.e., conductometric method) to elec-
tronically determine the endpoint, which increases the
sensitivity and accuracy. The volumetric titration can
be done manually (Fig. 6-4) or with an automated unit
(Fig. 6-5 is one example instrument). The automated
volumetric titration units (used for 100 ppm water to
very high concentrations) use a pump for mechanical
addition of titrant and use the conductometric method
for endpoint determination (i.e., detection of excess
iodine is by applying a current and measuring the
potential).

Automated Karl Fischer volumetric titration

6-5 .
unit. (Courtesy of Mettler-Toledo, Columbus,
OH.)

The volumetric titration procedure described
above is appropriate for samples with a moisture
content greater than ~0.03%. A second type of titra-
tion, referred to as coulometric titration, is ideal for
products with very low levels of moisture, from 0.03%
down to parts per million (ppm) levels. In this method,
iodine is electrolytically generated (21 — I, +2e™) to
titrate the moisture. The amount of iodine required
to titrate the moisture is determined by the current
needed to generate the iodine. Just like for volumet-
ric titration, automated coulometric titration units are
available commercially.

In a Karl Fischer volumetric titration, the Karl Fis-
cher reagent (KFR) is added directly as the titrant if the
moisture in the sample is accessible. However, if mois-
ture in a solid sample is inaccessible to the reagent,
the moisture is extracted from the food with an appro-
priate solvent (e.g., methanol). (Particle size affects
efficiency of extraction directly.) Then the methanol
extract is titrated with KFR.

The obnoxious odor of pyridine makes it an
undesirable reagent. Therefore, researchers have
experimented with other amines capable of dissolving
iodine and sulfur dioxide. Some aliphatic amines and
several other heterocyclic compounds were found
suitable. On the basis of these new amines, one-
component reagents (solvent and titrant components
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together) and two-component reagents (solvent and
titrant components separate) have been prepared.
The one-component reagent may be more convenient
to use, but the two-component reagent has greater
storage stability.

Before the amount of water found in a food
sample can be determined, a KFR water (moisture)
equivalence (KFReq) must be determined. The KFReq
value represents the equivalent amount of moisture
that reacts with 1ml of KFR. Standardization must
be checked before each use because the KFReq will
change with time.

The KFReq can be established with pure water,
a water-in-methanol standard, or sodium tartrate
dihydrate. Pure water is a difficult standard to use
because of inaccuracy in measuring the small amounts
required. The water-in-methanol standard is pre-
mixed by the manufacturer and generally contains
1mg of water/ml of solution. This standard can
change over prolonged storage periods by absorb-
ing atmospheric moisture. Sodium tartrate dihydrate
(NapyC4H4O4-2H,0) is a primary standard for deter-
mining KFReq. This compound is very stable, contains
15.66% water under all conditions expected in the
laboratory, and is the material of choice to use.

The KFReq is calculated as follows using sodium
tartrate dihydrate:

KFReq (mg H,O/ml)
. 36gH20/1’1’101 Na2C4H406 '2H2O X § x 1000
N 230.08g/mol x A

[8]
where:

KFReq = Karl Fischer reagent moisture equivalence
S = weight of sodium tartrate dihydrate (g)
A = ml of KFR required for titration of sodium
tartrate dehydrate

Once the KFReq is known, the moisture content of
the sample is determined as follows:

KFReq x Ks

%H,0 = x 100 [9]

where:
KFReq = Karl Fischer reagent water (moisture)
equivalence
Ks = ml of KFR used to titrate sample
S = weight of sample (mg)

The major difficulties and sources of error in the
Karl Fischer titration methods are as follows:

1. Incomplete moisture extraction. For this rea-
son, fineness of grind (i.e.,, particle size) is

important in preparation of cereal grains and
some foods.

2. Atmospheric moisture. External air must not
be allowed to infiltrate the reaction chamber.

3. Moisture adhering to walls of unit. All glass-
ware and utensils must be carefully dried.

4. Interferences from certain food constituents.
Ascorbic acid is oxidized by KFR to dehy-
droascorbic acid to overestimate moisture con-
tent; carbonyl compounds react with methanol
to form acetals and release water to overesti-
mate moisture content (this reaction also may
result in fading endpoints); unsaturated fatty
acids will react with iodine, so moisture content
will be overestimated.

6.5 PHYSICAL METHODS

6.5.1 Dielectric Method

The electrical properties of water are used in the
dielectric method to determine the moisture content
of certain foods, by measuring the change in capac-
itance or resistance to an electric current passed
through a sample. These instruments require calibra-
tion against samples of known moisture content as
determined by standard methods. Sample density or
weight/volume relationships and sample temperature
are important factors to control in making reliable and
repeatable measurements by dielectric methods. These
techniques can be very useful for process control mea-
surement applications, where continuous measure-
ment is required. These methods are limited to food
systems that contain no more than 30-35% moisture.

The moisture determination in dielectric-type
meters is based on the fact that the dielectric constant
of water (80.37 at 20°C) is higher than that of most sol-
vents. The dielectric constant is measured as an index
of capacitance. As an example, the dielectric method
is used widely for cereal grains. Its use is based on
the fact that water has a dielectric constant of 80.37,
whereas starches and proteins found in cereals have
dielectric constants of 10. By determining this properly
on samples in standard metal condensers, dial read-
ings may be obtained and the percentage of moisture
determined from a previously constructed standard
curve for a particular cereal grain.

6.5.2 Hydrometry

Hydrometry is the science of measuring specific grav-
ity or density, which can be done using several dif-
ferent principles and instruments. While hydrometry
is considered archaic in some analytical circles, it is
still widely used and, with proper technique, is highly
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accurate. Specific gravity measurements with various
types of hydrometers or with a pycnometer are com-
monly used for routine testing of moisture (or solids)
content of numerous food products. These include
beverages, salt brines, and sugar solutions. Specific
gravity measurements are best applied to the analysis
of solutions consisting of only one solute in a medium
of water.

6.5.2.1 Hydrometer

A second approach to measuring specific gravity is
based on Archimedes’ principle, which states that a
solid suspended in a liquid will be buoyed by a force
equal to the weight of the liquid displaced. The weight
per unit volume of a liquid is determined by mea-
suring the volume displaced by an object of standard
weight. A hydrometer is a standard weight on the
end of a spindle, and it displaces a weight of liquid
equal to its own weight (Fig. 6-6). For example, in a
liquid of low density, the hydrometer will sink to a
greater depth, whereas in a liquid of high density, the
hydrometer will not sink as far. Hydrometers are avail-
able in narrow and wide ranges of specific gravity.
The spindle of the hydrometer is calibrated to read

&y

=R

L R

6-6 Hydrometers. (Courtesy of Cole-Parmer Instru-
ment Company, Vernon Hills, IL.)

specific gravity directly at 15.5 or 20°C. A hydrome-
ter is not as accurate as a pycnometer, but the speed
with which you can do an analysis is a decisive fac-
tor. The accuracy of specific gravity measurements can
be improved by using a hydrometer calibrated in the
desired range of specific gravities.

The rudimentary but surprisingly accurate hydro-
meter comes equipped with various modifications
depending on the fluid to be measured:

1. The Quevenne and New York Board of Health
lactometer is used to determine the density of
milk. The Quevenne lactometer reads from 15
to 40 lactometer units and corresponds to 1.015
to 1.040 specific gravity. For every degree above
60°F, 0.1 lactometer unit is added to the read-
ing, and 0.1 lactometer unit is subtracted for
every degree below 60°F.

2. The Baumé hydrometer was used originally to
determine the density of salt solutions (origi-
nally 10% salt), but it has come into much wider
use. From the value obtained in the Baumé
scale, you can convert to specific gravity of lig-
uids heavier than water. For example, it is used
to determine the specific gravity of milk being
condensed in a vacuum pan.

3. The Brix hydrometer is a type of saccharome-
ter used for sugar solutions such as fruit juices
and syrups and one usually reads directly the
percentage of sucrose at 20°C. Balling saccha-
rometers are graduated to indicate percentage
of sugar by weight at 60°F. The terms Brix and
Balling are interpreted as the weight percent-
age of pure sucrose.

4. Alcoholometers are used to estimate the alco-
hol content of beverages. Such hydrometers
are calibrated in 0.1 or 0.2° proof to determine
the percentage of alcohol in distilled liquors
(AOAC Method 957.03).

5. The Twaddell hydrometer is only for liquids
heavier than water.

6.5.2.2 Pycnometer

One approach to measuring specific gravity is a com-
parison of the weights of equal volumes of a liquid
and water in standardized glassware, a pycnometer
(Fig.6-7). This will yield density of the liquid com-
pared to water. In some texts and reference books,
20/20 is given after the specific gravity number. This
indicates that the temperature of both fluids was 20°C
when the weights were measured. Using a clean, dry
pycnometer at 20°C, the analyst weighs it empty, fills it
to the full point with distilled water at 20°C, inserts the
thermometer to seal the fill opening, and then touches
off the last drops of water and puts on the cap for the
overflow tube. The pycnometer is wiped dry in case of



98

Partll ® Compositional Analysis of Foods

6-7 Pycnometer.

any spillage from filling and is reweighed. The density
of the sample is calculated as follows:

weight of sample-filled pycnometer
—weight of empty pycnometer

weight of water-filled pycnometer
—weight of empty pycnometer

= density of sample [10]

This method is used for determining alcohol con-
tent in alcoholic beverages (e.g., distilled liquor,
AOAC Method 930.17), solids in sugar syrups (AOAC
Method 932.14B), and solids in milk (AOAC Method
925.22).

6.5.3 Refractometry

Moisture in liquid sugar products and condensed
milks can be determined using a Baumé hydrometer
(solids), a Brix hydrometer (sugar content), gravimet-
ric means, or a refractometer. If it is performed cor-
rectly and no crystalline solids are evident, the refrac-
tometer procedure is rapid and surprisingly accurate
(AOAC Method 9.32.14C, for solids in syrups). The
refractometer has been valuable in determining the
soluble solids in fruits and fruit products (AOAC
Method 932.12; 976.20; 983.17).

The refractive index (RI) of an oil, syrup, or
other liquid is a dimensionless constant that can be

used to describe the nature of the food. While some
refractometers are designed only to provide results
as refractive indices, others, particularly hand-held,
quick-to-use units, are equipped with scales calibrated
to read the percentage of solids, percentage of sugars,
and the like, depending on the products for which they
are intended. Tables are provided with the instruments
to convert values and adjust for temperature differ-
ences. Refractometers are used not just on the labora-
tory bench or as hand-held units. Refractometers can
be installed in a liquid processing line to monitor the
*Brix of products such as carbonated soft drinks, dis-
solved solids in orange juice, and the percentage of
solids in milk (15).

When a beam of light is passed from one medium
to another and the density of the two differs, then the
beam of light is bent or refracted. Bending of the light
beam is a function of the media and the sines of the
angles of incidence and refraction at any given tem-
perature and pressure and is thus a constant (Fig. 6-8).
The (RI) (77) is a ratio of the sines of the angles:

sine incident ray angle
== [11]
sine refracted ray angle

All chemical compounds have an index of refrac-
tion. Therefore, this measurement can be used for the
qualitative identification of an unknown compound
by comparing its RI with literature values. RI varies
with concentration of the compound, temperature,
and wavelength of light. Instruments are designed
to give a reading by passing a light beam of a spe-
cific wavelength through a glass prism into a liquid,
the sample. Bench-top or hand-held units use Amici
prisms to obtain the D line of the sodium spectrum or

incident

reflected ray

ray

| 3
—— e ] —— — e — —

refracted
ray

6-8 Reflection and refraction concepts of

“Hgure | refractometry.
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589 nm from white light. Whenever refractive indices
of standard fluids are given, these are prefaced with
173 = a value from 1.3000 to 1.7000. The Greek letter 7
is the symbol for RI; the 20 refers to temperature in °C;
and D is the wavelength of the light beam, the D line
of the sodium spectrum.

Bench-top instruments are more accurate com-
pared with hand-held units mainly because of
temperature control (Fig. 6-9). These former units have
provisions for water circulation through the head
where the prism and sample meet. Abbe refractome-
ters are the most popular for laboratory use. Care must
be taken when cleaning the prism surface following
use. Wipe the contact surface clean with lens paper
and rinse with distilled water and then ethanol. Close
the prism chamber and cover the instrument with a
bag when not in use to protect the delicate prism
surface from dust or other debris that might lead to
scratches and inaccuracy.

The fact that the RI of a solution increases with
concentration has been exploited in the analysis of
total soluble solids of carbohydrate-based foods such
as sugar syrups, fruit products, and tomato prod-
ucts. Because of this use, these refractometers are
calibrated in °Brix (g of sucrose/100g of sample),
which is equivalent to percentage sucrose on a wt/wt
basis. Refractive index measurements are used widely
to approximate sugar concentration in foods, even
though values are accurate only for pure sucrose
solutions.

6.5.4 Infrared Analysis

Infrared spectroscopy (see Chap.23) has attained a
primary position in monitoring the composition of
food products before, during, and following process-
ing (16). It has a wide range of food applications and
has proven successful in the laboratory, at-line, and
on-line. Infrared spectroscopy measures the absorp-
tion of radiation (near- or mid-infrared) by molecules
in foods. Different frequencies of infrared radiation are
absorbed by different functional groups characteristic
of the molecules in food. Similar to the use of ultravi-
olet (UV) or visible (Vis) light in UV-Vis spectroscopy,
a sample is irradiated with a wavelength of infrared
light specific for the constituent to be measured. The
concentration of that constituent is determined by
measuring the energy that is reflected or transmitted
by the sample, which is inversely proportional to the
energy absorbed. Infrared spectrometers must be cali-
brated for each analyte to be measured and the analyte
must be uniformly distributed in the sample.

For water, near-infrared (NIR) bands (1400-1450;
1920-1950nm) are characteristic of the —OH stretch

Relthe

6'9 Rhino Brix hand-held refractometer, R? mini

digital hand-held refractometer, and Mark

| figure | 11 Abbe refractometer. (Courtesy of Reichert
Analytical Instrument, Depew, NY.)
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of the water molecule and can be used to deter-
mine the moisture content of a food. NIR has been
applied to moisture analysis of a wide variety of food
commodities.

The use of mid-infrared milk analyzers to deter-
mine fat, protein, lactose, and total solids in milk
(AOAC Method 972.16) is covered in Chap.23. The
midrange spectroscopic method does not yield mois-
ture or solids results except by computer calculation
because these instruments do not monitor at wave-
lengths where water absorbs. The instrument must be
calibrated using a minimum of eight milk samples that
were previously analyzed for fat (F), protein (P), lac-
tose (L), and total solids (TS) by standard methods.
Then, a mean difference value, g, is calculated for all
samples used in calibration:

a=%(TS—F—-P—-L)/n [12]
where:

a = solids not measurable by the F, P, and L
methods

n = number of samples
F = fat percentage
P = protein percentage
L = lactose percentage
TS = total solids percentage

Total solids then can be determined from any
infrared milk analyzer results by using the formula

TS=a+F+P+L [13]

The a value is thus a standard value mathematically
derived. Newer instruments have the algorithm in
their computer software to ascertain this value auto-
matically. Moreover, Fourier transform infrared spec-
troscopy (FTIR) is the latest development that allows
greater flexibility in infrared assays.

6.5.5 Freezing Point

When water is added to a food product, many of
the physical constants are altered. Some properties of
solutions depend on the number of solute particles as
ions or molecules present. These properties are vapor
pressure, freezing point, boiling point, and osmotic
pressure. Measurement of any of these properties can
be used to determine the concentration of solutes in
a solution. However, the most commonly practiced
assay for milk is the change of the freezing point value.
It has economic importance with regard to both raw
and pasteurized milk. The freezing point of milk is its
most constant physical property. The secretory process
of the mammary gland is such that the osmotic pres-
sure is kept in equilibrium with blood and milk. Thus,

with any decrease in the synthesis of lactose, there is
a compensating increase in the concentrations of Na™
and Cl™. While termed a physical constant, the freez-
ing point varies within narrow limits, and the vast
majority of samples from individual cows fall between
—0.503°C and —0.541°C (—0.525 and —0.565°H, tem-
perature in °H or Hortvet, the surname of the inventor
of the first freezing point apparatus). The average is
very close to —0.517°C (—0.540°H). Herd or bulk milk
will exhibit a narrower range unless the supply was
watered intentionally or accidentally or if the milk is
from an area where severe drought has existed. All val-
ues today are given in °C by agreement. The following
is used to convert °H to °C, or °C to °H (5, 6):

°C = 0.9623°H — 0.0024 [14]
°H = 1.03916°C + 0.0025 [15]

The principal utility of freezing point is to mea-
sure for added water. However, the freezing point of
milk can be altered by mastitis infection in cows and
souring of milk. In special cases, nutrition and envi-
ronment of the cow, stage of lactation, and processing
operations for the milk can affect the freezing point.
If the solute remains constant in weight and composi-
tion, the change of the freezing point varies inversely
with the amount of solvent present. Therefore, we can
calculate the percent H,O added:

o _0517-T
%oH,0O added = GV % 100 [16]

where:

0.517 = freezing point in °C of all milk entering
a plant

T = freezing point in °C of a sample

The AOAC Method 961.07 for water added to
milk uses a cryoscope to test for freezing points,
and assumes a freezing point for normal milk of
—0.527°C (—0.550°H). The Food and Drug Adminis-
tration will reject all milk with freezing points above
—0.503°C (—0.525°H). Since the difference between
the freezing points of milk and water is slight and
since the freezing point can be used to calculate the
amount of water added, it is essential that the method
be as precise as possible. The thermister used can sense
temperature change to 0.001°C (0.001°H). The general
technique is to supercool the solution and then induce
crystallization by a vibrating reed. The temperature
will rise rapidly to the freezing point or eutectic tem-
perature as the water freezes. In the case of pure water,
the temperature remains constant until all the water
is frozen. In the case of milk, the temperature is read
when there is no further temperature rise.
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A model 4D3 advanced instruments cryo-
scope for freezing point determination in milk.
(Courtesy of Advanced Instruments, Inc., Nor-
wood, MA.)

Instrumentation available is manufactured by
Advanced Instruments (Fig.6-10). Time required for
the automated instruments is 1-2min per sample
using a prechilled sample.

6.6 WATER ACTIVITY

Water content alone is not a reliable indicator of food
stability, since foods with the same water content differ
in their perishability (17). This is at least partly due to
differences in the way that water associates with other
constituents in a food. Water tightly associated with
other food constituents is less available for microbial
growth and chemical reactions to cause decomposi-
tion. Water activity (ay) is a better indication of food
perishability than is water content. Water activity is
defined as follows:

P

Aw = FO [17]
ERH

Ay = J00 [18]

where:
aw = water activity
P = partial pressure of water above the sample

P, = vapor pressure of pure water at the same
temperature (specified)
ERH = equilibrium relative humidity
surrounding the product

There are various techniques to measure ay.
A commonly used approach relies on measuring the
amount of moisture in the equilibrated headspace
above a sample of the food product, which correlates
directly with sample a,,. A sample for such analy-
sis is placed in a small closed chamber at constant
temperature, and a relative humidity sensor is used
to measure the ERH of the sample atmosphere after
equilibration. A simple and accurate variation of this
approach is the chilled mirror technique in which the
water vapor in the headspace condenses on the surface
of a mirror that is cooled in a controlled manner. The
dew point is determined by the temperature at which
condensation takes place, and this determines the rel-
ative humidity in the headspace. Two other general
approaches to measuring a,, are (1) using the sample
freezing point depression and moisture content to cal-
culate ay, and (2) equilibrating a sample in a chamber
held at constant relative humidity (by means of a sat-
urated salt solution) and then using the water content
of the sample to calculate a,, (17).

6.7 COMPARISON OF METHODS

6.7.1 Principles

Oven drying methods involve the removal of mois-
ture from the sample and then a weight determination
of the solids remaining to calculate the moisture con-
tent. Nonwater volatiles can be lost during drying,
but their loss is generally a negligible percentage of
the amount of water lost. Distillation procedures also
involve a separation of the moisture from the solids,
and the moisture is quantitated directly by volume.
Karl Fischer titration is based on chemical reactions of
the moisture present, reflected as the amount of titrant
used.

The dielectric method is based on electrical prop-
erties of water. Hydrometric methods are based on
the relationship between specific gravity and mois-
ture content. The refractive index method is based on
how water in a sample affects the refraction of light.
Near-infrared analysis of water in foods is based on
measuring the absorption at wavelengths characteris-
tic of the molecular vibration in water. Freezing point
is a physical property of milk that is changed by a

change in solute concentration.

6.7.2 Nature of Sample

While most foods will tolerate oven drying at high
temperatures, some foods contain volatiles that are
lost at such temperatures. Some foods have con-
stituents that undergo chemical reactions at high tem-
peratures to generate or utilize moisture or other
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compounds, to affect the calculated moisture content.
Vacuum oven drying at reduced temperatures may
overcome such problems for some foods. However,
a distillation technique is necessary for some food to
minimize volatilization and decomposition. For foods
very low in moisture or high in fats and sugars,
Karl Fischer titration is often the method of choice.
The use of a pycnometer, hydrometer, and refrac-
tometer requires liquid samples, ideally with limited
constituents.

6.7.3 Intended Purposes

Moisture analysis data may be needed quickly for
quality control purposes, in which high accuracy
may not be necessary. Of the oven drying methods,
microwave drying, infrared drying, and the mois-
ture analyzer technique are fastest. Some forced draft
oven procedures require less than 1h drying, but
most forced draft oven and vacuum oven procedures
require a much longer time. The electrical, hydro-
metric, and refractive index methods are very rapid
but often require correlation to less empirical meth-
ods. Oven drying procedures are official methods for
a variety of food products. Reflux distillation is an
AOAC method for chocolate, dried vegetables, dried
milk, and oils and fats. Such official methods are used
for regulatory and nutrition labeling purposes.

6.8 SUMMARY

The moisture content of foods is important to food
processors and consumers for a variety of reasons.
While moisture determination may seem simplistic, it
is often one of the most difficult assays in obtaining
accurate and precise results. The free water present in
food is generally more easily quantitated as compared
to the adsorbed moisture and the water of hydration.
Some moisture analysis methods involve a separation
of moisture in the sample from the solids and then
quantitation by weight or volume. Other methods do
not involve such a separation but instead are based
on some physical or chemical property of the water
in the sample. A major difficulty with many meth-
ods is attempting to remove or otherwise quantitate
all water present. This often is complicated by decom-
position or interference by other food constituents.
For each moisture analysis method, there are factors
that must be controlled or precautions that must be
taken to ensure accurate and precise results. Care-
ful sample collection and handling procedures are
extremely important and cannot be overemphasized.
The choice of moisture analysis method is often deter-
mined by the expected moisture content, nature of

other food constituents (e.g., highly volatile, heat sen-
sitive), equipment available, speed necessary, accuracy
and precision required, and intended purpose (e.g.,
regulatory or in-plant quality control).

6.9 STUDY QUESTIONS

1. Identify five factors that one would need to consider
when choosing a moisture analysis method for a specific
food product.

2. Why is standardized methodology needed for moisture
determinations?

3. What are the potential advantages of using a vacuum
oven rather than a forced draft oven for moisture content
determination?

4. In each case specified below, would you likely overes-
timate or underestimate the moisture content of a food
product being tested? Explain your answer.

(a) Forced draft oven:
e Particle size too large
e High concentration of volatile flavor compounds
present
Lipid oxidation
Sample very hygroscopic
Alteration of carbohydrates (e.g.,
browning)
Sucrose hydrolysis
Surface crust formation
Splattering
e Desiccator with dried sample not sealed properly
(b) Toluene distillation:
e Emulsion between water in sample and solvent
not broken
e Water clinging to condenser
(c) Karl Fischer:
e Very humid day when weighing original samples
Glassware not dry
Sample ground coarsely
Food high in vitamin C
Food high in unsaturated fatty acids

Maillard

5. The procedure for an analysis for moisture in a liquid
food product requires the addition of 1-2 ml of deionized
water to the weighed sample in the moisture pan. Why
should you add water to an analysis in which moisture is
being determined?

6. A new instrument based on infrared principles has been
received in your laboratory to be used in moisture anal-
ysis. Briefly describe the way you would ascertain if
the new instrument would meet your satisfaction and
company standards.

7. A technician you supervise is to determine the moisture
content of a food product by the Karl Fischer method.
Your technician wants to know what is this “Karl Fischer
reagent water equivalence” that is used in the equation to
calculate percentage of moisture in the sample, why it is
necessary, and how it is determined. Give the technician
your answer.
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8.

10.

11.

To explain and contrast the principles (not procedures)
in determining the moisture content of food products by
the following method, complete the table below. (Assume
that sample selection and handling has been done appro-
priately.)

What
assumptions are

How is made in trusting
water the data obtained
What is removed/  (or precautions
actually reacted/ taken to ensure
measured? identified? accurate data)?
Microwave
oven
NIR
Karl Fischer
Toluene
distillation

. You are fortunate to have available in your laboratory the

equipment for doing moisture analysis by essentially all
methods — both official and rapid quality control meth-
ods. For each of the food products listed below (with
the purpose specified as rapid quality control or official),
indicate (a) the name of the method you would use, (b)
the principle (not procedure) for the method, (c) a justi-
fication for use of that method (as compared to using a
hot air drying oven), and (d) two cautions in use of the
method to ensure accurate results.

(@) Ice cream mix (liquid) — quality control

(b) Milk chocolate — official

(c) Spices — official

(d) Syrup for canned peaches — quality control
(e) Oat flour — quality control

You are a manufacturer of processed cheese. The maxi-
mum allowed moisture content for your product is 40%.
Your current product has a mean moisture content of 38%,
with a standard deviation of 0.7. It would be possible
to increase your mean moisture content to 39.5% if you
could reduce your standard deviation to 0.25. This would
result in a saving of $3.4 million per year. You can accom-
plish this by rapidly analyzing the moisture content of
the cheese blend prior to the cooking step of manufac-
ture. The cheese blend is prepared in a batch process, and
you have 10min to adjust the moisture content of each
batch.

(a) Describe the rapid moisture analysis method you
would use. Include your rationale for selecting the
method.

(b) How would you ensure the accuracy and precision
of this method (you need to be sure your standard
deviation is below 0.25)?

You work in a milk drying plant. As part of the produc-
tion process, you need to rapidly analyze the moisture
content of condensed milk.

(a) What rapid secondary method would you use, and
what primary method would you use to calibrate

12.

the secondary method? Additionally, how would you
ensure the accuracy and precision of your secondary
method?

(b) Your results with the secondary method are con-
sistently high (about 1%), based on the secondary
method you chose. What are some potential problems
and how would you correct them?

During a 12-h period, 1000 blocks (401bs each) from ten
different vats (100 blocks per vat) of Cheddar cheese
were produced. It was later realized that the cooking
temperature was too low during cheesemaking. You are
concerned that this might increase the moisture content
of the cheese above the legal requirement. Describe the
sampling plan and method of analysis you would use to
determine the moisture content of the cheese. You want
the results within 48 h so you can determine what to do
with the cheese.

6.10 PRACTICE PROBLEMS

As an analyst, you are given a sample of condensed soup
to analyze to determine if it is reduced to the correct
concentration. By gravimetric means, you find that the
concentration is 26.54% solids. The company standard
reads 28.63%. If the starting volume were 1000 gallons at
8.67% solids and the weight is 8.5 pounds per gallon, how
much more water must be removed?

Your laboratory just received several sample containers
of peas to analyze for moisture content. There is a visible
condensate on the inside of the container. What is your
procedure to obtain a result?

. You have the following gravimetric results: weight of

dried pan and glass disc is 1.0376 g, weight of pan and
liquid sample is 4.6274 g, and weight of the pan and dried
sample is 1.7321 g. What was the moisture content of the
sample and what is the percent solids?

Answers

1.

The weight of the soup initially is superfluous infor-
mation. By condensing the soup to 26.54% solids
from 8.67% solids, the volume is reduced to 326.7 gal
[(8.67%/26.54%) x 1000 gal]. You need to reduce the vol-
ume further to obtain 28.63% solids [(8.67%/28.63%) X
1000gal] or 302.8gal. The difference in the gallons
obtained is 23.9gal (326.7gal — 302.8gal), or the vol-
ume of water that must be removed from the partially
condensed soup to comply with company standards.

. This problem focuses on a real issue in the food pro-

cessing industry — when do you analyze a sample and
when don’t you? It would appear that the peas have lost
moisture that should be within the vegetable for correct
results. You will need to grind the peas in a food mill or
blender. If the peas are in a Mason jar or one that fits a
blender head, no transfer is needed. Blend the peas to
a creamy texture. If a container transfer was made, then
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put the blended peas back into the original container. Mix
with the residual moisture to a uniform blend. Collect
a sample for moisture analysis. You should note on the
report form containing the results of the analysis that the
pea samples had free moisture on container walls when
they arrived.

. Note Equations [2]-[4]. To use any of the equations, you
must subtract the weight of the dried pan and glass disc.
Then you obtain 3.5898 g of original sample and 0.6945¢g
when dried. By subtracting these results, you have
removed water (2.8953g). Then (0.6945g/3.5898¢g) x
100 = 19.35% solids and (2.8953g/3.5898¢g) x 100 =
80.65% water.
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7.1 INTRODUCTION

Ash refers to the inorganic residue remaining after
either ignition or complete oxidation of organic matter
in a foodstuff. A basic knowledge of the characteristics
of various ashing procedures and types of equipment
is essential to ensure reliable results. Two major types
of ashing are used: dry ashing, primarily for proximate
composition and for some types of specific mineral
analyses; wet ashing (oxidation), as a preparation for
the analysis of certain minerals. Microwave systems
now are available for both dry and wet ashing, to
speed the processes. Most dry samples (i.e., whole
grain, cereals, dried vegetables) need no preparation,
while fresh vegetables need to be dried prior to ash-
ing. High-fat products such as meats may need to be
dried and fat extracted before ashing. The ash content
of foods can be expressed on either a wet weight (as
is) or on a dry weight basis. For general and food-
specific information on measuring ash content, see
references (1-11).

7.1.1 Definitions

Dry ashing refers to the use of a muffle furnace capa-
ble of maintaining temperatures of 500-600°C. Water
and volatiles are vaporized, and organic substances
are burned in the presence of oxygen in air to CO, and
oxides of N,. Most minerals are converted to oxides,
sulfates, phosphates, chlorides, and silicates. Elements
such as Fe, Se, Pb, and Hg may partially volatilize
with this procedure, so other methods must be used
if ashing is a preliminary step for specific elemental
analysis.

Wet ashing is a procedure for oxidizing organic
substances by using acids and oxidizing agents or their
combinations. Minerals are solubilized without vola-
tilization. Wet ashing often is preferable to dry ashing
as a preparation for specific elemental analysis. Wet
ashing often uses a combination of acids and requires
a special perchloric acid hood if that acid is used.

7.1.2 Importance of Ash in Food Analysis

Ash content represents the total mineral content in
foods. Determining the ash content may be important
for several reasons. It is a part of proximate analy-
sis for nutritional evaluation. Ashing is the first step
in preparing a food sample for specific elemental
analysis. Because certain foods are high in particu-
lar minerals, ash content becomes important. One can
usually expect a constant elemental content from the
ash of animal products, but that from plant sources is
variable.

7.1.3 Ash Contents in Foods

The average ash content for various food groups is
given in Table 7-1. The ash content of most fresh foods
rarely is greater than 5%. Pure oils and fats generally
contain little or no ash; products such as cured bacon
may contain 6% ash, and dried beef may be as high as
11.6% (wet weight basis).

Fats, oils, and shortenings vary from 0.0 to 4.1%
ash, while dairy products vary from 0.5 to 5.1%. Fruits,
fruit juice, and melons contain 0.2-0.6% ash, while
dried fruits are higher (2.4-3.5%). Flours and meals
vary from 0.3 to 1.4% ash. Pure starch contains 0.3%
and wheat germ 4.3% ash. It would be expected that

7-1
|_table | Ash Content of Selected Foods
Percent Ash
(Wet Weight
Food Item Basis)
Cereals, bread, and pasta
Rice, brown, long-grain, raw 1.5
Corn meal, whole-grain, yellow 1.1
Hominy, canned, white 0.9
White rice, long-grain, regular, raw, 0.6
enriched
Wheat flour, whole-grain 1.6
Macaroni, dry, enriched 0.9
Rye bread 25
Dairy products
Milk, reduced fat, fluid, 2% 0.7
Evaporated milk, canned, with added 1.6
vitamin A
Butter, with salt 2.1
Cream, fluid, half-and-half 0.7
Margarine, hard, regular, soybean 2.0
Yogurt, plain, low fat 1.1
Fruits and vegetables
Appl