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The US. EPA Manual
of Chemical Methods
for Pesticides and Devices,
Second Edition

Charles J Stafford, Everett S. Greer, Adrian W. Burns, Editors

Act now and take advantage of
this special pre-publication offer.
Scheduled for April 1, 1992
release, The U.S. EPA M anualof
Chemical M ethodsfor Pesticides
and Devices iISa compendium of
chemical methods for the analy-
sis of pesticides in technical
materials, commercial pesticide
formulations and devices. The
manual contains 287 methods
that have been contributed by
federal and state agencies and
private industry.

Although not collaboratively
tested official AOAC methods,
most have been validated in
eilther EPA or state laboratories.
These procedures are believed
to be the most suitable and, iIn
some cases, the only methods
available for a particular
formulation.

This newly revised edition offers
an updated format and 18 new
methods. Some methods present
in the previous edition and up-
dates have been eliminated, such
as those for pesticides that are
no longer registered and those
for which an equivalent pro-
cedure exists Ino fficial M ethods
ofAnalysis ofthe AOAC. The
result isa concise, up-to-date
manual designed to serve all
analytical scientists involved in
pesticides and devices.

Second edition. Approximately

790 pages. 3-hole drill with binder.
ISBN 0-935584-47-1. $131.00 in
North America (USA, Canada, Mexico)
$154.00 outside North America.

To order: Send your name and address and payment. AOAC Intermatiaral acoepts checks (S
funds on US banks anly, please) and VISA, MasterCard or Diners aedit cards. When paying by
aadit cad, plesse inclucke: type of card, card nurber, eiration date and your sigeture.

Send to: AOAC Intermatiael -J, 1970 Chain Bridge Roed, Dept. 0742, McLean, VA 22109-0742.
Qrediit card orders may also be placed by phone +1 (703) 522-3032, or FAX +1 (A08) 522-5468.
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Keep Your Skills On the Cutting Edge
with AOAC International’s

1992 SHORT COURSES

M ake Y our?P lans N ow to A tten d !

Quality Assurance for Analytical Labs
Quality Assurance for Microbiological Labs
Laboratory Waste Disposal, Environmental Compliance
and Safety
Statistics for Methodology
Improving Your Technical Writing Skills

How to Testify as an Expert Witness

San Francisco, CA Cincinnati, OH
June 15-20, 1992 August 29-30, 1992 and
September 3-4, 1992
St. Louis, MO
October 12-17, 1992

Here’swhat past participants have said ...

--a tremendous source ofvaluable “Wellpaced program covering a

information. Cited casestudies...aplus. wealth ofinform ation

uThe workshoplshortcourse was so “Very useful as to new regulations™
inform ative thatlwould like toinvite the
instructor to my universityfor a mini- “Lots ofgood ideas & suggestions...can

. 7 . . . . 77
seminar. be activated with minimum expense

For more information, dates and locations, call the AOAC Meetings Department at
+1(703) 522- 3032 or fax, t1(703) 522-54(58.
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Attention
Test Kit

Manufacturerseee

The AO AC Research Institute Test Kit
Performance Testing Program is currently
accepting applications for test kits intended
for use in testing for Beta-lactam residues
in milk.

Test kits submitted to the AOAC Research
Institute will be subject to technical review
and independent laboratory testing. Kits that
are successfully tested will be licensed to use
the AOAC Research Institute Performance
Tested seal.

Application fees to cover the administration
costs are as follows: $7,500 for testing a
single kit; $5,000 per kit for testing second
and subsequent kits meeting the application
scope and submitted at the same time as first
application. Costs of independent laboratory
testing are separate and will be passed along
to the applicant.

Opening dates will soon be announced for
other classes of kits: food microbiology
screening Kkits, mycotoxin detection kits, and
industrial residue screening kits.

Obtain your application package from the
Program Manager, AOAC Research Institute,
2200 Wilson Boulevard, Suite 400, Arlington,
VA 22201-3301, telephone +1 (703) 522-
2529, fax +1 (703) 522-5468.

AOAC

[yl RESEARCH
K I INSTITUTE

AModem
Complement
ToKjeldahl
Testing

Combustion Method. The

S22 PE 2410 Series 11 Nitrogen
Analyzer does in minutes what Kjeldahl
testing does in hours.
This microprocessor-
controlled analyzer
is a great complemen-
tary tool for measur-
ing nitrogen and/or
protein. Add the 60-
position Autosampler
and get results even
faster.

The PE 2410 Series 1l features multi-
tasking operation. It lets you run samples,
add new samples and print results-all at
the same time for improved laboratory
efficiency.

For more information on the PE 2410
Series 1l Nitrogen Analyzer, contact your
local Perkin-Elmer office. For product liter-
ature in the U.S., call 1-800-762-4000.

The PE 2410 Senes |1
meets AOAC requirements.

FOR INFORMATION ONLY, CIRCLE 69 ON READER SERVICE CARD

FOR SALES CALLS, CIRCLE 70 ON READER SERVICE CARD

PERKIN ELMETR

The Perkin-Elmer Corporation, Norwalk,CT 06859-0012 L'.S.A



For Your Information

Meetings

May 28-30, 1992: AOAC Official
Methods Board Meeting, St. John’s,
Newfoundland, Canada. Contact:
Nancy Palmer, AOAC, 2200 Wilson
Blvd, Suite 400, Arlington, VA 22201-
3301, telephone 703/522-3032.

June 2-4,1992: AOAC Board of Di-
rectors Meeting, AOAC, Arlington,
VA. Contact: Nora Petty, AOAC,
2200 Wilson Blvd, Suite 400, Ar-
lington, VA 22201-3301, telephone
703/522-3032.

June 8-10, 1992: Midwest Regional
Section Meeting, Champaign, IL. Con-
tact: Karen Harlin, University of lllinois,
Dept of Veterinary Bioscience,
2001 S. Lincoln, Urbana, IL 61801,
telephone 217/244-15609.

June 17,1992: MidCanada Regional
Section Meeting/AOAC Day, Winni-
peg, Manitoba, Canada. Contact: Tom
Nowicki, Canadian Grain Commission,
1401-303 Main St, Winnipeg, MB,
R3C 3G1, Canada, telephone 204/983-
3345,

June 24-26,1992: Pacific Northwest
Regional Section Meeting, Olympia,
WA. Contact: Norma J. Corristan, Ore-
gon Dept of Agriculture, 635 Capitol
St NE, Salem, OR 97310-0110, tele-
phone 503/378-3793.

August 30September 3,1992:106th
AOAC Annual International Meeting
and Exposition. Cincinnati, OH. Con-
tact: AOAC Meetings Dept, Suite 400,
2200 Wilson Blvd, Arlington, VA
22201-3301, telephone 703/522-3032.

August 30 and September 4, 1992:
AOAC Board of Directors Meeting,
Cincinnati, OH. Contact: Nora Petty,
AOAC, 2200 Wilson Blvd, Suite 400,
Arlington, VA 22201-3301, telephone
703/522-3032.

November 17-20,1992: Central Re-
gional Section Meeting, Kalamzaoo,
MI. Contact: Sungsoo Lee, Kellogg Co.,
235 Porter St, PO Box 3423, Battle

Creek, MI 49016-3423, telephone
606/961-2823.

February 14, 1993: Southeast USA
Regional Section Meeting, Atlanta,
GA. Contact: Jan Hobson, Griffith
Corp., Rocky Ford Rd, PO Box 1847,
Valdosta, GA 31603-8635, telephone
912/242-8635.

March 29-30, 1993: Europe Re-
gional Section Meeting, Barcelona,
Spain. Contact: J. Sabater, Laboratorio
Dr. J. Sabater Tobella, Calle de Londres
6, 08029 Barcelona, Spain, telephone
34/3-410-9343

July 25-29,1993:107th AOAC An-
nual International Meeting and Exposi-
tion, Washington, DC. Contact: AOAC
Meetings Dept, Suite 400, 2200 Wilson
Blvd, Arlington, VA 22201-3301, tele-
phone 703/522-3032.

Report on AOAC Europe Section
Second Intermational
Symposium—~Protection of Public
Health: A Challenge for Food and
Environmental Analysts

The theme of the second international
symposium organized by the AOAC Eu-
rope Section held in Maastricht, The
Netherlands, November 12-13, 1991,
was the protection of public health
through food and environmental analy-
Sis.

In his keynote presentation, Dr.
Schuring of The Netherlands outlined
the current food law enforcement situa-
tion within EEA (EC plus EFTA (Euro-
pean Free Trade Association)). The
existing systems are both diverse and
complex. In some countries, as many as
3 government departments are involved
in the administrative control while the
laboratory control may be at central, re-
gional, or local levels or at various com-
binations of these 3 levels.

Food and beverages play an import-
ant role in trade and in the Single Mar-
ket; they account for 30% of all goods
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traded. EC took the first steps toward
harmonization of food laws in 1989 with
the adoption of Council directive
89/397/EEC “on the official control of
foodstuffs.” This directive lays down the
framework for food law harmonization
within EC and outlines the means by
which this objective will be achieved.
Very recently, people engaged in Food
Law Enforcement within EEA formed
an informal organization called Food
I_aw Enforcement Practitioners (FLEP).
The aims and objectives of FLEP in-
clude (1) preparation of a register of
people engaged in food law enforce-
ment listing their respective areas of ex-
pertise; (2) laboratory quality assurance;
(3) exchange of technical/non-technical
information, analytical expertise, etc.;
(4) and investigation of the possible im-
plementation of the HACCP system for
food control.

The second keynote paper presented
by Dr. van der Berg of The Netherlands
concentrated on environmental policies
for health protection within Europe. The
speaker gave an overview of the com-
plex legislative scene relating to chemi-
cal substances. He indicated that the
initial thmst was market harmonization,
but risk assessment is now playing an in-
creasingly important role. Many other
environmental directives exist, includ-
ing those concerned with the quality of
air and water.

Trace Element Analysis.—Advances
in technology and the introduction of
hyphenated techniques have afforded
the analyst with the opportunity to sepa-
rate, identify, and quantify the actual
form(s) in which trace elements exist in
the sample matrix. Professor Astruc of
Pau, France, concentrated on sample
preparation aspects of speciation analy-
sis and referred to work undertaken on
Hg and Sn in the aquatic environment.
The solubility and extractability of the
various species that each element can
form are extremely variable parameters
and present many sample preparation
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difficulties. For water, sample prepara-
tion is not normally problematic. Sedi-
ments and fish, however, may require a
variety of extraction procedures and pre-
chromatographic clean-up steps.

Professor Ebdon of Plymouth, UK,
gave an account of coupling techniques
in use and an illustration of their practi-
cal application in the workplace. GC-
AAS issuitable for volatile species, such
as Hg and Se, while the non-volatiles,
such as As and Sn, require the use of
HPLC. Problems which arise from cou-
pling the above systems were discussed
and solutions offered. Levels of 20 parts
per trillion of tributyltin (TBT) in water
can be achieved by using HPLC-FAAS
with the addition of a simple interface
and a slotted tub-in flame atom trap.
Lower levels of TBT require ICP-MS;
an optimum coupling for this technique
was described.

Flue gases and work place atmo-
spheres were considered by Professor
Klockow of Dortmund, Germany. Air
and flue gases are complex mixtures of
gaseous and particulate compounds
(normally referred to as aerosols) in
which the droplets and solid particles are
suspended in a carrier gas. Prior to metal
speciation analysis of aerosols, a proper
sampling plan is required. This plan
must ensure that reliable separation and
pre-concentration of the gaseous and
particulate metal compounds can be
achieved without artifact formation.

Organic Contaminants.—Dr. Pfann-
hauser of Vienna, Austria, concentrated
on polycyclic aromatic hydrocarbons in
food. PAHSs are mainly anthropogenic in
origin. They are the products of incom-
plete combustion and arise from various
sources, such as motor car exhaust, in-
dustrial incineration, and the burning of
household organic waste matter. The
amount of PAHs which man can ingest
is controlled by avariety of factors, such
as location of raw material production
(open farmland or industrial area), sea-
son, diet, and climate. In 1990, the Aus-
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trian Federal Ministry of Health spon-
sored a research project to ascertain the
contribution made by vegetables to the
PAH content of the total diet.

The second paper in this session was
presented by Dr. van Zoonen of RIVM,
The Netherlands, who concentrated on
the determination of pesticides in food
using coupled chromatographic tech-
niques. These techniques are amenable
to automation and have the potential to
enhance both sensitivity and selectivity.
The application of LC-LC to varying
matrixes was presented. ETU and re-
lated pesticides inwaterwere cleaned up
on one column by using the “heart cut-
ting” technique and separated on the
second column using a different mobile
phase. The extension of this technique to
apple juice necessitated the introduction
of a precolumn SPE step. The develop-
ment of a multiresidue system for 9
permissible pesticides in cereals was
also described.

Traceability of measurement was dis-
cussed by Mr. Wagstaff of BCR, EEC. He
outlined the projects in the food and envi-
ronmental areas that are either com-
pleted or underway, and the reference
materials that have been certified.

Biotechniques in Food and Environ-
mental Analysis—Food safety plays a
vital role in public health, and each year
anumber of people die from food-borne
diseases and many more are hospital-
ized. Classical microbiological methods
are labor intensive and time consuming,
and frequently the food has been con-
sumed before the analytical data be-
comes available. Professor Huis of
TNO, The Netherlands, dealt with the
changing scene in this area where both
automation and biotechnology are lead-
ing to an increase in throughput and
rapid turnaround time for analytical
data. Techniques/instrumental methods
discussed included those based on con-
ductance, impedance, bioluminescence,
immunoassays, and DNA. Using some
of the above, it is now possible to moni-

m@m@

New Batch
Processing
Equipment

Ideal for R&D, QC, scien-
tists, engineers, sample
preparation for analysis
and pilot plant production,
these batch processors
are used for mixing light
to heavy viscosity natter,
powders, liquids with
solids or powders.
Rugged 1/2 to 15 HP
motors provide mixing,
blending, homogenizing
and emulsification in a
controlled environment
vessel. Size reduction
can be achieved during
the mixing cycle. Mixing
and size reduction can be
achieved independently
or simultaneously. Some
benchtop models can
also be converted to
continuous feed for size
reduction.

For more information
contact Robert Hughes,
800-824-1646 or

FAX 601-956-5758.
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tor and measure the sources of microbi-
ological contamination of food during
the various production stages. In the pro-
duction of poultry produce, continuous
monitoring of the feed, housing, hy-
giene, slaughterhouse, and final product
are now possible and as soon as contam-
ination is detected, corrective action can
be taken.

Biosensors, which are composed of a
biological selector coupled directly to a
detector, offer a simple and selective
measurement technique.

TNO and the University of Nijmegan
have developed a bio-electro catalytic
sensor. In this instance, a redox enzyme
is coupled to an electron conducting
polymer, which, in turn, is linked to an
amperometric detector. A practical ap-
plication of this involves using the redox
enzyme-glucose oxidase for the contin-
uous monitoring of glucose in the fer-
mentation industry. These sensors can
be used for several months without loss
of sensitivity; they have a fast response
time and are independent of the concen-
tration. The stability of the enzyme is
also improved by the fact that it can be
turned “on and off.”

AOQAC—AFDO Cooperative
Program Initiated with QA Short
Course

As the first project in a program to ac-
tively cooperate in joint ventures,
AOAC International and the Associa-
tion of Food and Drug Officials (AFDO)
are jointly offering the 2-day AOAC
Quality Assurance for Analytical Labo-
ratories Short Course on June 17 and 18,
1992, at the AFDO Annual Meeting in
Buffalo, NY.

For this special scheduling of the
course, a $295 registration rate is being
offered to both AFDO and AOAC mem-
bers (the regular AOAC member price is

$495). Non-members will be charged
the current AOAC non-member rate of
$560.00.

For registration forms or further in-
formation, contact AFDO, telephone
717/757-2888, fax 717/755-8089, or the
AOAC Administration and Meetings
Dept, telephone 703/522-3032, fax
703/522-5468.

AOAC Research Institute
Board of Directors Meeting

The newly elected Board of Directors of
the AOAC Research Institute met for the
first time February 24, 1992, at AOAC
headquarters. Members of the Board
were elected by the Board of Directors
of AOAC International, which is the
sole member of the Research Institute.
Board members are Ronald A. Case, An-
thony M. Guarino, R Frank Ross, Law-
rence A. Roth, and H. Michael Wehr. As
its first order of business, the Board
elected Wehr and Ross as chair and vice-
chair for the term ending with the annual
meeting. Ronald R. Christensen, as
AOAC International Executive Direc-
tor, serves as permanent secretary-trea-
surer of the Board.

Actions taken by the Board included
ratification of the Certificate of Incorpo-
ration and the Bylaws for the AOAC Re-
search Institute; amendment of the
bylaws to increase the number of direc-
tors from 5 to 7 to allow more diverse
representation; and authorization to exe-
cute several agreements with AOAC In-
ternational for facilities and services and
license to use the AOAC name.

The Board also reviewed in depth the
documentation and budget for the Test
Kit Performance Testing Program and
made several suggestions and requests
for operational policy and budget items.

Program Initiation—See “Update:
AOAC Research Institute” in the Febru-
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ary, 1992, issue of The Referee for de-
tails of the first phase of the Test Kit
Performance Testing Program. Applica-
tions will be accepted first for review of
Kits intended to determine p-lactams,
tetracylines, sulfonamides, and genta-
micin residues in milk. Applications
may be submitted beginning April 1,
1992. This date has been revised from
the date previously announced because
ofthe need to resolve uncertainties in the
regulatory requirements for the desig-
nated Kits.

This first phase will be done in coop-
eration with the Center for Veterinary
Medicine of the U.S. Food and Drug Ad-
ministration and will focus on kits in-
tended to be used in regulatory milk
screening programs. Applicants are re-
sponsible for ensuring that the specifica-
tions and claimed performance for a
submitted kit meet the regulatory re-
quirements for the Kit’s intended use,
and that the testing protocol developed
by the AOAC Research Institute is an
appropriate test for those specifications.
Applicants in other national market
areas must verify compliance with the
particular national specifications the kit
is intended to meet.

As a result, previously announced
data requirements have been expanded
to include performance data on incurred
residues, and differentiation of positive
and negative samples at safe levels.

Although drug residue screening is
done on fresh milk, submission of data
on previously frozen milk is encour-
aged. Because of the need to maintain
stable test samples for the program,
kit performance on incurred resi-
dues will be verified using previously
frozen milk.

Application packages or further in-
formation may be obtained from the
AOAC Research Institute, 2200 Wilson
Blvd, Suite 400, Arlington, VA 22201-
3301 USA, telephone 703/522-2529,
fax 703/522-5468.



Books In Brief

Good Laboratory Practice Stan-
dards: Applications for Field and
Laboratory Studies. Edited by Willa Y.
Gamer, Maureen S. Barge, and James P.
Ussary. Published by the American
Chemical Society, 1155 16th St, NW,
Washington, DC 20036, 1992. 571 pp.
Price: U.S. & Export: $89.95. ISBN 0-
8412-2192-8.

What should you be doing to meet the
EPA’s Good Laboratory Practice (GLP)
Standards regulations? This new vol-
ume tells you with concrete ideas for es-
tablishing a compliance program and for
refining the compliance process. Its 33
chapters, written by experienced quality
assurance professionals, outline ap-
proaches that have resulted in successful
compliance. The authors, representing

industry, field and laboratory research,
and government agencies, also describe
methods for avoiding some common
mistakes. Included are sections on GLP
requirements, quality assurance respon-
sibilities, computer validation, special
studies, and regulatory impact. Of spe-
cial interest are appendices containing
the text of the GLP Standards and the re-
cently established EPA penalties for
non compliance.

Handbook of Inductively Coupled
Plasma Mass Spectrometry. Edited by
K.E. Jarvis, A.L. Gray, and R.S. Houk.
Published by Blackie & Sons, Ltd, Aca-
demic & Professional Division, Bishop-
briggs, Glasgow G64 2NZ, UK, 1991.
392 pp. Price: £75.00. ISBN 0-2169-
2912-1.

Inductively coupled plasma mass spec-
trometry (ICP-MS) is a new analytical
technique that has gained rapid and wide
acceptance in many fields. Experience of
ICP-MS in many laboratories is limited;
therefore, there is a need for a handbook
covering not only the theory of operation,
fundamentals, and history of the tech-
nique, but including practical information
and tips that allow the reader to make best
use ofthe instrumentation available. Com-
prehensive coverage is given of critical
areas such as sample preparation, sample
introduction, solids analysis, and isotope
ratio measurements.

Food Safety Assessment. Edited by
John W. Finley, Susan F. Robinson, and
David Jon Armstrong. Published by the
American Chemical Society, 1155 16th
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St, NW, Washington, DC 20036, 1992.
478 pp. Price: U.S. & Export $99.95.
ISBN 0-8412-2198-7.

Providing the latest information from
academia, industry, and government,
this volume offers a comprehensive ex-
amination of the principles and issues
involved in the safety evaluation of
foods and ingredients, as well as of new
processes for the manufacturer and dis-
tribution of food products. Its 35 chap-
ters are divided into 8 sections covering:
past and present perspectives, risk as-
sessment, laboratory testing of ingredi-
ents, evaluation guidelines, computer
modeling of risk assessment, assessing
microbial safety in food, impact of diet,
and evaluation of specific foods. Both

animal and clinical testing guidelines
and safety issues are discussed, along
with potential ethical, legal, and regula-
tory consequences.

Chemiluminescence Immunoassay.
By I. Weeks. Published by Elsevier Sci-
ence Publishers, PO Box 211,1000 AE
Amsterdam, The Netherlands, 1992.
294 pp. Price: U.S. $151.50/Dfl. 295.00.
ISBN 0-444-89035-1.

Chemiluminescence immunoassay is now
established as one of the best alternatives
to conventional radioimmunoassay for the
quantitation of low concentrations of an-
alytes in complex samples. During the last
2 decades, the technology has evolved into
analytical procedures whose performance

far exceeds that of immunoassays based
on the use of radioactive labels. Without
the constraints of radioactivity, the
scope of this type of analytical proce-
dure has widened beyond the confines of
the specialist clinical chemistry labora-
tory to other disciplines such as microbi-
ology, veterinary medicine, agriculture,
food, and environmental testing. Over-
views are presented of chemilumines-
cence and immunoassay with the
requirements for interfacing chemilumi-
nescent and immunochemical reactions.
The possible ways of configuring
chemiluminescence immunoassays are
described. State-of-the-art chemilumi-
nescence immunoassay systems are
covered in detail together with those
systems that are commerically available.

AOAC Wants to Publish Your Books

Doyou have an idea fora book on a subjectin the analytical sciences?

Doyou have a manuscriptbutno other publisher com mitted to publishing it?

Areyou preparing a workshop, symposium, or training course and want to
publish the proceedings orwork with AOAC to develop a manual?

If you have answered “Yes” to any
of the questions we’ve posed, please

call or fax:

Krystyna Mclver

Director of Publications

AOAC International
+ 1 (703) 522-3032 or
fax +1 (703) 522-5468

The Publications Department of
AOAC International is seeking pro-
posals from authors for books to be

published by AOAC.

AOAC offers com petitive contract
terms, royalties, and comprehensive

m arketing. Promotional campaign ef-
forts are designed to provide the widest
appropriate exposure through the use
of space ads, exchange ad programs,
conference displays, and targeted
mailings. AOAC publications reach a
worldwide audience of analytical chem -
ists, microbiologists,
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New Products

lon Chromatography Standards

A new line of ion chromatography cali-
bration standards are manufactured
from high purity raw materials (typi-
cally 99.999% or higher) and are
checked against the corresponding Na-
tional Institute of Standards and Tech-
nology SRMs. This new product line
includes single ion concentrates at 1000
ug/mL concentration, a selection of 8
stock mixed ion standards and custom
single or mixed ion solutions, made to
specification. All IC standards are sup-
plied in 100 mLbottles with afull NIST-
traceable certificate of analysis and a
guarantee of customer satisfaction.
VHG Labs, Inc.

Circle No. 325 on reader service card.

Four Channel Portable Gas
Detector

The Triple Plus is a 4 channel unit that
can simultaneously monitor the atmo-
sphere for flammable gases, toxic gases,
and oxygen levels. Alarms are triggered
if adangerous concentration of gas is de-
tected. The detector can be fitted with
any combination of up to 4 catalytic,
thermal conductivity, or electrochemical
sensors such as hydrogen sulfide, hy-
drogen cyanide, hydrogen chloride, car-
bon monoxide, chlorine, sulfur dioxide,
or nitrogen dioxide. Gases can be
monitored instantaneously or as time
weighted averages by a single sensor.
CEA Instruments, Inc.

Circle No. 326 on reader service card.

High-Pressure Liquid
Chromatograph Pump Seals

The new EnerSeal HPLC pump seal’s
patented design includes an open cavity
that minimizes pressure fluctuations
during pump operation to ensure precise
readouts. The metal-free pump seal is
said to prevent leakage at pressures to as
high as 8500 psi, and at flow rates from

as low as 0.1 mL/min to as high as
32 mL/min. The seal is composed of a
UHMW-PE blend, the only material
registered with the U.S. Food and Drug
Administration for use in clinical pro-
cesses. This polymer blend is highly
friction-resistant, which extends seal
life, and is impervious to degradation
from the materials under test, which pre-
vents system contamination during
pump operations. Advanced Prod-
ucts Co.

Circle No. 327 on reader service card.

Moisture Determination Balance
for Routine or Advanced
Analysis

The Ohaus MB200 is designed for
quick, automatic determination of dry
weight or moisture content of processed
foods, adhesives, grains, chemicals,
pharmaceuticals, and many more mate-
rials. With all functions user-selectable
from the front panel, the MB200 com-
bines many features including an auto-
dry mode and a reliable digital timer to
signal when a test cycle has ended with
locked in results. A multi-temperature
feature allows programming of up to 3
different temperatures during a single
cycle. Ohaus Corp.

Circle No. 328 on reader service card.

NIST/EPAINIH Mass Spectral
Database—PC Version

A major update of the PC version of the
NIST/EPA/NIH mass spectral database
has been released. Produced by the U.S.
National Institute of Standards and
Technology, the new version contains
9000 new spectra, an increase of over
16%, which takes the total to over
63 000 spectra. This is the only publicly
available mass spectral database to con-
sist almost entirely of complete mass
spectra. In addition, virtually all of the
spectra will have associated chemical
structures. These are displayed on the

hits screen and with each individual
spectrum and can be printed separately.
HD Science Ltd.

Circle No. 329 on reader service card.

Fully Integrated System for
Cyanide Distillation

The Lab-Crest Midi cyanide system is a
fully integrated system for cyanide dis-
tillation. The system permits 10 simulta-
neous distillations in as little as I/5th the
space needed by conventional distilla-
tion apparatus. The system conforms to
the U.S. Environmental Protection
Agency Method 335.2 CLP-M. Fully
self-contained, the system is easy to han-
dle, clean, store, and set up. It signifi-
cantly reduces the amount of reagents
used. The borosilicate glass distillation
apparatus is integrated with a heater,
timer, glassware holder, water and vac-
uum manifolds, controls, tubing, and
quick-disconnect couplings for a com-
pact, complete setup that saves valuable
bench space and technician time. The
10-position aluminum heat block is
coated with Teflon and the aluminum
case is coated with a baked epoxy finish
for corrosion resistance. Andrews
Glass Co.

Circle No. 330 on reader service card.

Ph Monitoring System Features
Hach One Technology

Based on Hach Company’s Hach One
electrode technology, the EC100 pro-
cess pH monitoring system is ideal for
monitoring and controlling pH in many
industrial and municipal applications.
The system components include the Se-
ries EC100 controller, a Hach One pro-
cess pH electrode assembly, and a
reference electrolyte pump. The elec-
trode assembly features a reference elec-
trode design that replaces conventional
porous junctions with a free-flowing,
non-clogging liquid/liquid interface.
Because there is no porous material to

Journal OF AOAC International Vol.75, No. 3,1992 63A



New Products

clog, free electrolyte flow is assured and
the electrode lasts longer because it can-
not become fouled. Hach Co.

Circle No. 331 on reader service card.

HPLC Sample Injectors

Bio-Rad’s sample injectors are 6-port
rotary valves with external sample
loops, which operate at pressures up to
7000 psi. The injectors use a polished
flat stainless steel stator with drilled
flow passages and threaded ports for
tubing connections. The Model 7010
sample injector injects sample volumes
of 10 &L or larger with a sample loop.
This injector provides superior volumet-
ric reproducibility by completely filling
the sample loop, and is ideal for routine
analysis. For applications in which only
small quantities of sample are available,
the Model 7012 loop filler port permits
loading the sample loop by conventional
microliter syringes to minimize sample
waste. The Model 7125 syringe loading
sample injector is a modification of the
Model 7010 sample injector in which
loading of the loop is accomplished with
a syringe through a needle port in the
valve rotor. This design allows 2 injec-
tion methods: complete loop filling for
reproducibility, as in the Model 7010
sample injector; or partial loop filling for
no sample loss, using a special syringe.
The Model 7125 injector is suitable for
routine assays, as well as for methods
development. Both injectors are sup-
plied with a 10 pL sample loop. Other
sample loop sizes are available. Bio-Rad
Laboratories.

Circle No. 332 on reader service card.

20-Bit, Fast, Cost Effective
Chromatography Board

The DT2804 is a high resolution (20-
bit), fast (75 Hz) data acquisition board
for capillary gas chromatography, capil-

lary zone electrophoresis, and liquid
chromatography applications. One inte-
grator with 4 time-base independent in-
puts can sample 4 different detectors
from up to 4 chromatographs. Com-
mand-driven microprocessor design
supports background operation. An RS-
232 interface permits operation from a
remote host. GLOBAL LAB Data Ac-
quisition Library, a Windows-compati-
ble DLL, is available free with the
board. Support is also available from in-
dustry-standard application software.
Data Translation.

Circle No. 333 on reader service card.

Micro-Robotic Sample Processor

A new micro-robotic sample processor,
the AS3000, is optimized for microliter
sample preparation procedures and in-
jection onto an HPLC. This new au-
tosampler product line provides
automated micro-volume sample prepa-
ration that significantly reduces solvent
waste and eliminates handling of toxic
solvents. The complete automation of
sample preparation also increases sam-
ple throughput and improves accuracy
and precision, especially when working
with microliter volumes. The AS3000 is
designed with a patented built-in vortex
mixer/heater. This vortex mixer/heater
replicates the function of normal labora-
tory vortex mixers/heaters, thus opening
opportunities for the automation of new
procedures. Spectra-Physics.

Circle No. 334 on reader service cards.

Buffered Listeria Enrichment
Broth

A selective enrichment medium for the
detection of Listeria monocytogenes has
been introduced by Unipath. The Oxoid
Buffered Listeria Enrichment Broth is
intended for use with samples of fer-
mented products, and as an alternate
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method for the enrichment of environ-
mental samples. The addition of buffers
(potassium dihydrogen orthophosphate
and disodium hydrogen orthophos-
phate) enhances the enrichment of Liste-
ria species when used with fermented
products. The Buffered Listeria Enrich-
ment Broth base is available in 500 gm
containers and the Listeria Selective En-
richment Supplement package is suffi-
cient to supplement 5 L of medium.
Unipath Co.

Circle No. 335 on reader service card.

TracePur Plus High Purity Acids

TracePur Plus acids were created to
meet the growing demand in environ-
mental analysis for acids with impurity
levels in the ppb range. They offer ace-
tic, nitric, hydrochloric, sulfuric acids,
and ammonium hydroxide in 500 mL
and 2.5 L sizes. They are available in
glass containers as well as PVC-coated
glass containers for extra safety, and are
tested for selenium and 37 trace metals.
EM Science.

Circle No. 336 on reader service card.

Leak-Free Hiltration for Small
Volume Samples

Iso-Disc syringe tip filter units are ideal
for small water-based, gaseous, or or-
ganic solvent-based samples. They con-
sist of solvent-resistant, autoclavable, 3
and 25 mm diameter, 0.20 and 0.45 pm
membranes (nylon for aqueous solvents,
PTFE for organic solvents or gases) in a
seamless housing that cannot fail under
pressure. A patented membrane encap-
sulation process ensures samples cannot
bypass the membrane. ALuer fitting en-
sures secure connection. 1so-Disc units
offer extractable-free construction.
Supelco, Inc.

Circle No. 337 on reader service card.
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DISCUSSIONS IN ANALYTICAL CHEMISTRY

Analytical Supercritical Fluid E xtraction:

Current Trends and Future Vistas

Jerry W. King

U.S. Department of Agriculture, Agricultural Research Service, National Center for Agricultural Utilization Research,

1815 N. University St, Peoria, IL 61604
Marvin L. Hopper

U.S. Food and Drug Administration, Total Diet Research Center, 1009 Cherry St, Kansas City, MO 64106

Current Trends

S upercritical fluids have been used as unique solvents in a
number of analytical techniques (:), such as nuclear
magnetic resonance spectroscopy (. ), thin-layer chroma-

tography (TLC) (3), and field flow fractionation (4). The ana-
lytical chemist, however, normally associates the prefix
“supercritical fluid”’with chromatographic or extraction meth-
odologies that have been extensively developed within the past
15 years. The ““renaissance” of supercritical fluid chromatogra-
phy (SFC) occurred in the mid-1970s, largely as a result of
improvements in injection and pumping devices, enhanced
column efficiencies, and the refinement of transport mecha-
nisms to deliver the separated solutes to modified gas (GC) and
liquid chromatographic (LC) detectors (5). By contrast, super-
critical fluid extraction (SFE), despite along history as a phys-
icochemical phenomenon (. ) and a recent plethora of
applications in chemical engineering (7), has developed as an
analytical technique only since the mid-1980s and is presently
in an “‘evolutionary” state.

Despite the early pioneering research of Stahl in coupling
SFE with TLC (s ), activity in “analytical”” SFE remained lim-
ited until it was introduced as a pendant technique coupled to
SFC. However, this tandem methodology severely limited the
sample size that could be extracted with these dense fluids and
placed a dual burden on the analyst to optimize both SFE and
SFC simultaneously. Because the future of SFC was unknown
at the time, commercial instrument manufacturers opted to
scale extraction cells to be compatible with the fluid volume
and delivery rate capabilities of the syringe pumps used in SFC.
Indeed, many of the early extraction cells consisted of modified
LC guard cartridges, which were eventually replaced by cell
designs that could be “finger-tightened” to withstand extrac-
tion pressures up t0 10 000 PSi.

The development of analytical SFE has also been somewhat
hampered by alack of theoretical guidelines that can be applied
to the diverse array of sample types and matrixes encountered
by the analyst. Nevertheless, a number of theoretical concepts,

Received September 9,1991. Accepted October 14,1991,

ranging from the “solubility parameter theory’” (9) to the “hot
ball’” kinetic model (10), have been applied to optimize SFE
conditions. The limitations of such theoretical models, how-
ever, become apparent in the actual practice of SFE, as demon-
strated by the difference in analyte solubility in a supercritical
fluid and its extractability from a specific matrix. For the
moment, therefore, experimental optimization of the extraction
conditions appears to be the surest way of attaining high an-
alyte recoveries.

The current practice of analytical SFE is divided between
“off-line”” and “‘on-line”” methods, despite their common phys-
icochemical basis. Such definitions refer to the mechanism of
conducting the extraction. The on-line methods are usually
combinations of SFE with ancillary techniques such as GC,
SFC, LC, or gel permeation chromatography (GPC). Off-line
SFE, the current method in vogue, offers more flexibility with
respect to extracting different sample sizes and types, as well
as in the choice of the final analytical method. Nevertheless, the
selection of an SFE method should be based on the problem
facing the analyst.

To date, carbon dioxide has been by far the supercritical
fluid of choice for analytical SFE (11). The selection of CO.
was initially based on itswidespread use in SFC, its low critical
temperature (31°C), and the high degree of nonideality that
the gas exhibits even at relatively low levels of compression.
Moreover, recent concerns over environmental pollution, the
exposure of laboratory workers to noxious solvents, and the
disposal costs associated with organic solvents have placed an-
alytical SFE using CO. in a different light. The suggested use
of such an innocuous solvent as a substitute for organic sol-
vents has been met with skepticism from some scientists. How-
ever, supercritical carbon dioxide (SC-C02 has proved tobe a
convenient solvent, whether used as a medium for conducting
“Soxhlet-type” extractions of lipid material in various sample
matrixes (.. ) or for extracting ultralow level trace analytes,
such as pesticide or drug moieties, from an assortment of sam-
ple types (13).

In general, SC-C0. mimics the solvent behavior of nonpo-
lar to moderately polar solvents (14). The dissolution power of
a supercritical fluid is exponentially proportional to its fluid
density; therefore, rapid and exhaustive extractions are best
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handled by conducting the extractions at high pressures. Ex-
traction selectivity for a particular species in SFE is achieved
by operating at a lower extraction pressure, but usually at the
expense of solute solubility. However, with respect to trace
analysis, many analytes, even extremely polar moieties, can be
readily dissolved in SC-CO. at the ppm or ppb level. Neat SC-
CO0. should not be perceived as a “magic solvent,” capable of
extracting only the desired target analytes. Coextractives will
frequently dissolve in supercritical fluid solvents, just as in lig-
uid solvent extraction. Selectivity can be enhanced for an
analyte, or a particular class of analytes (15), by incorporat-
ing adsorbents, either in situ or after the initial extraction
stage (16).

SFE has been clearly demonstrated to efficiently extract
many pesticides and specific drug moieties. Much of the evi-
dence supporting this conclusion has come from extractions
performed on spiked sample matrixes (17). However, recent
reports of results obtained on samples containing incurred res-
idues (18,19) confirm the efficacy of SC-CO0. as an extraction
solvent for these analytes. Polar analytes, such as antibiotics,
remain a challenge to the analyst because of their lower solu-
bility in SC-CO0. and their partitioning equilibria, which favor
an aqueous medium. However, a number of extraction options
remain to be explored with respect to these polar solutes, in-
cluding the addition of low levels of organic cosolvents or spe-
cial additives to the supercritical fluid. An impressive range of
solubility enhancements for polar solutes in these additive/co-
solvent-supercritical fluid systems was recorded (; . ), and the
amount of cosolvent required is still considerably below the
volumes required in conventional liquid-based extractions.

The coupled or on-line SFE methodologies mentioned pre-
viously appear to have special applications and problems con-
nected with their use. On-line SFE can truly be regarded as a
“micro SFE”’ technique, because the sample sizes used are fre-
quently small (mg level) to avoid solute overload on microbore
chromatographic columns. These coupled methods have
proved to be of particular value in characterizing small samples
such as single seeds, fibers, and live insects. However, consid-
erable skill is required of the analyst to produce uniform and
consistent extraction results. On-line SFE tends to be prone to
contamination, and the diminutive scale of the technique raises
questions about sample uniformity. In addition, procedures for
concentrating extracts, such as cryofocusing or sorbent trap-
ping, which are frequently used in on-line SFE/SFC methods,
are still poorly understood and are capable of introducing bias
in the analytical resuit.

Current trends in analytical SFE are diverse and worthy of
comment. The recent introduction of instrumentation capable
of performing extractions on larger and more representative
samples is one current trend. As aresult, instrumentation man-
ufacturers have had to consider the design of supercritical fluid
delivery systems with respect to higher fluid flow rates and
extraction pressures. Likewise, the development of multi-sam-
ple extractors (; . , - . ) for the simultaneous processing of large
numbers of samples has further catalyzed the creation of new
instrumentation. One specialized application of analytical SFE,
the determination of fat levels in food products, requires instru-

mentation capable of producing very high extraction pressures
and fluid flow rates. Optimization of the extraction conditions
for removing lipid moieties (23) results in the efficient and
rapid removal of fats by SC-CO0. in 15-20 min (24).

The purity level of extraction fluid such as CO. has always
been suspect, particularly when SFE in either the off- or on-line
mode is used in conjunction with ultrasensitive, element-spe-
cific detectors. To cite a specific example, the use of off-line
SFE in conjunction with electron capture detection, using im-
pure grades of C0 2 will limit the detectability of organochlo-
rine pesticides below the sub-ppm level. Commercial gas
manufacturers have recently responded to such needs by pro-
ducing ultrahigh purity CO. in which thetotal impurity level is
in the range of .. ppt as determined by an electron capture
detector (25, 26). These grades of extraction fluids can be ex-
pensive for use of exhaustive, high pressure SFE with large
samples, suggesting that sorbent-based gas purification
systems attached to the extractor modules will need to be
developed in the near future. Hence, even industrial grades of
CO0: will have a place in analytical SFE, particularly in the rou-
tine determination of the fat content of samples.

The influence of the sample matrix on SFE results was
noted by one of the authors (27). Control of sample matrix ef-
fects is critical in SFE to limit coextractives, moderate the in-
fluence of moisture, and improve the efficiency of the
extraction. Recent studies have shown that the addition of both
inert and active sorbents to the sample matrix can improve the
efficiency of SFE (28). Extractions from difficult sample ma-
trixes, such as soils, can be improved by adding various co-
solvents or by using other supercritical fluids, such as nitrous
oxide (29, 30).

Future Vistas

What does the future hold for analytical SFE? We believe
that the optimal SFE system has yet to be created. Extraction
systems need to be developed that offer the flexibility of oper-
ating at both higher and lower pressure ranges. Current instru-
mentation has reached the . » ..o psi level, but theory suggests
that many useful extractions can be conducted at higher tem-
peratures and pressures. These conditions will certainly in-
crease the potential molecular weight range of nonthermally
labile solutes that can be extracted, but instrumentation must be
constructed that is capable of maintaining the proper fluid den-
sities at elevated temperatures. Likewise, SFE is an excellent
technique for examining volatile components because the ex-
tractions can be conducted at relatively low temperatures and
in a nonoxidative environment. These target analytes can best
be extracted at pressures that are very low by conventional SFE
standards. However, to date most extraction systems offer
limited control at the lower extraction pressures required for
analysis of volatiles. Certainly, SFE is a viable alternative to
headspace techniques, which depend on thermal energy to vol-
atilize analytes; hence, the authors can envisage abright future
for SFE in sensory analysis problens.

Postextraction fractionation will play an increasingly im-
portant role in the future of SFE. As alluded to earlier, target
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analytes such as pesticides and drugs can be selectively frac-
tionated from unwanted coextractives by using selective sor-
bents packed in the extraction vessel or in individual vessels
downstream from the extraction stage. Such crude fraction-
ations may be viewed as a simple form of normal-phase chro-
matography when SC-CO:. is used as the eluant. As such, the
analyst should be able to apply L C principles todesign the most
appropriate supercritical fractionation system. Extraction of
unwanted materials by SFE, a form of “inverse” SFE, falls
within the context of supercritical fluid fractionations. This
form of sample cleanup was already demonstrated on an engi-
neering scale (31) and offers the possibility of isolating an-
alytes from interfering components.

The advantages and disadvantages of coupling SFE with
other analytical techniques have already been noted. Several
detection and identification schemes coupling mass spectrom-
etry (MS) and Fourier-transform infrared spectroscopy (FTIR)
were published (32, 33), but thus far have not found wide-
spread use by the analytical community. Undoubtedly, further
research will result in the adoption of some of these hybrid
techniques by the analytical chemist. To date, most of the cou-
pled technologies have used rather sophisticated instruments or
detectorswith SFE. However, arelatively untouched areais the
coupling of SFE with simple chemical tests or techniques. One
tandem method that was recently explored is the coupling of
SFE with immunoassays (33) for the rapid assessment of pes-
ticide contamination in meat products. Such a method offers
the possibility of implementation on-site, at a processing plant
or inspection station. The method can be made to work with a
“pumpless’™ SFE system and introduces only benign SC-CO.
and water into the environment. Such simplified SFE systerns,
along with field portable instrumentation, constitute awave of
the future in analytical SFE.

Conclusion

In concluding our overview of analytical SFE, we should
like to make several comments about its implementation in reg-
ulatory chemistry protocols. No single analytical technique can
hope to solve the diversity of sample preparation problems
confronting the analyst; however, analytical SFE will eventu-
ally take its rightful place among other sample preparation
methods. Successful implementation of SFE will require that
analysts expand their horizons and trade some of their conven-
tional tools, such as volumetric flasks and beakers, for pressure
gauges and extraction cells. At the same time, the proponents
of SFE should attenpt to integrate the technique into estab-
lished analytical protocols, thereby facilitating an easy transi-
tion for the bench analyst.

Interest in SFE remains high among such agencies as the
Agricultural Research Service (ARS), U.S. Food and Drug Ad-
ministration (FDA), Food Safety and Inspection Service
(FSIS), U.S. Environmental Protection Agency (EPA), Federal
Grain and Inspection Service (FGIS), Agricultural Marketing
Service (AMS), and some state monitoring agencies. A round
robin type of study on sediments and dust has been undertaken
by the National Institute of Science and Technology (NIST)

and EPAlaboratories in the hope of ascertaining the reproduc-
ibility of the technique between laboratories. ARS and FDA
laboratories now have multi-sample extraction equipment, and
commercial counterparts are available. SFE in the laboratories
of ARS and FDAwas shown to yield both complete and repro-
ducible extractions for pesticide residues down to the 0.5 ppb
level. A rough analysis of the savings afforded by using SC-
C02as the extraction solvent in place of conventional organic
solvents used in the PAM procedures indicates a cost savings
of 94-97% (34,35). This does not include the disposal costs of
the organic solvents. However, governmental and industrial
laboratories must make their needs known to instrumentation
companies if the technique is to remain viable.
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Liguid Chromatographic M ethod for Determination

of Glycerol in W ine and Grape Juice:

Collaborative Study
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Collaborators: M. Ascarie; N. Biedenweg; G. Bums; M. Bums; R. Carey; D. Just; S. Kupina; C. Markman; C. Nagel; M. Salehi

An lon-exchange liquid chromatographic method
forthe determination of glycerol in wine, white
grape Juice, and pink grape Juice was col-
laboratively studied by 8 laboratories. Eight wine
types and 12 Juice sam ples were provided to each
collaborator. Using a strong cation column, blind
duplicates and standards were analyzed by an ex-
ternal standard method. Separate statistical evalua-
tions were run on wine, white grape Juice, and pink
grape Juice data. The averages of the relative stan-
dard deviations for repeatability, excluding outlying
results, were 1.25% forthe wine samples, 7.32% for
the white grape Juice samples, and 8.63% for the
pink grape Juice samples. The averages of the rela-
tive standard deviations for reproducibility, exclud-
ing outlying results, were 2.79% for the wine
samples, 16.97% for the white grape Juice samples,
and 19.10% forthe pink grape Juice samples.

The method has been adopted first action by
AOAC International.

G lycerol in grape juice has been shown to be an indicator
of defects in harvested grapes (1). It is also a primary
fermentation product in wine. Therefore, a rapid and

reliable method for the determination of glycerol in wine and

grape juice is desired.

The 2 AOAC methods for glycerol in wines (2) are very
time-consuming due to many washing and evaporating steps.
In addition, they have been declared “‘surplus,”” indicating they
are no longer in current use.

An enzymatic method for the analysis of glycerol (3) re-
quires sample preparation and preparation of many reagents.

Liquid chromatography (LC) for analysis of glycerol in
wine and must has been investigated and found to be a rapid

Submitted for publication June 17,1991.

The report was evaluated and approved by the General Referee,
Committee Statistician, and the Committee on Foods II. The method was
adopted first action by the Official Methods Board, August 16,1991, at
Phoenix, AZ. Association actions were published in “Changes in Official
Methods of Analysis” (1992) J. AOAC Int. 75, January/February issue.

and reliable alternative method (4) and has the advantage of
requiring only membrane filtration for sample preparation.

A modified LC method for glycerol analysis in wine and
grape juice was investigated in the collaborative study reported
here. This procedure was selected based on familiarity with the
California Department of Food and Agriculture Wine Grape
Inspection High Performance Liquid Chromatography Rec-
ommendations (1986).

Collaborative Study

Eight laboratories participated in the collaborative study.
Each collaborator was supplied with sterile-filtered, blind du-
plicate samples and standards. Although collaborators could
detect differences in color in the samples, there should have
been no bias because there is no established glycerol content
for each wine or juice type. The : wines (16 samples) were
analyzed as a group with an external standard of 7500 mg/L
glycerol. The 12 juices (24 samples) were analyzed with a
1000 mg/L glycerol external standard. The white and pink
grape juice data were evaluated separately. A linearity range of
glycerol standards (Figure 1) was established using O, 100,
200,500,1000,2000,5000, 7500, and 10 000 ppm glycerol (in
deionized water).

Collaborators were supplied with a typical chromatogram
(Figure 2) and a practice sample set along with the procedure.
The practice wine sample contained 12% ethanol, 5000 mg/L
glucose, 5000 mg/L fructose, 2000 mg/L tartaric acid,
2000 mg/L malic acid, 1000 mg/L succinic acid, 200 mg/L
acetic acid, and 7500 mg/L glycerol. The practice juice sample
contained 10% glucose, 10% fructose, 500 mg/L potassium
metabisulfite, 2000 mg/L tartaric acid, 2000 mg/L malic acid,
and 750 mg/L glycerol. Samples were at room termperature be-
fore analysis. After standardization of the instrument, the prac-
tice samples were injected. Values of 7500 mg/L for wine and
750 mg/L for juice should have been observed. When satisfac-
tory results were obtained, each sample was injected twice, and
the results were reported to 3 significant figures. These replica-
tions were averaged for the statistical evaluation. Conse-
guently, the statistical calculations for repeatability and
reproducibility were based on the mean of duplicate determi-
nations, performed on each of 2 single test results. This aver-



380 Caputi Et Al.:Journal OFAOAC International Vol. 75, No. 3,1992

10
ot
st
8 7
1
i g 5r
OE a4t
-
2t
4 b
o . N . L
o 2000 4000 6000 8000 10000
Glycerol Concentration (mg/L)
Figure 1. Method linearity.

aging may have resulted in lower variances than if variances
were calculated from single determinations of each test sample.
The data from the wine, white grape juice, and pink grape juice
samples were treated as separate experiments statistically.

Collaborators were chosen based on the availability of a
suitable LC system and the recommended Bio-Rad HPX87H4
30 cm column. However, several collaborators achieved ac-
ceptable results with other “‘equivalent’ strong cation columns.
Collaborators were requested to furnish a chromatogram of
wine sample p, noting the type of instrument, integrator, detec-
tor, and injector; the settings of the integrator and detector; and
all operating conditions and any noteworthy observations.
Some collaborators reported problems optimizing integrator
parameters and/or instrument conditions.

991.46 Glycerol In Wine and Grape Juice— Liquid
Chromatographic Method

First Action 1991

(Applicable to determination of glycerol in wine, and white
and pink grape juice)

Method Performance: (Analyte range, 25-10 000 mg/L)

Wine

sr=57.96; sR = 143.69; RSDr= 1.25%; RSDr = 2.79%

White grape juice

sr=19.29; sR=52.55; RSDr=7.32%; RSDr = 16.97%

Pink grape juice

sr=31.02; sR=55.14; RSDr= 8.63%; RSDr = 19.10%

A Principle

The sample is prepared by membrane filtration. Glycerol in
sample is determined by LC, using strong cation column with
refractive index detector and integrator, and external standard.

B. Apparatus

@ Liquid chromatograph — With injector, column heater,

refractive index detector, and integrator. Operating conditions:
flow rate 0.5 £0.05 mL/min (glycerol should elute:::. » min);
injection volume 10 pL; column temperature 65°C.

L RHINE WINE

= — > plucose
fructose

C glycerol
—

A

= ethanol

1546 APR. 15 i9!36

:5«MPLE 416

8@
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BB
glycerol
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401 b
.100000B+01 .1000000+01 .10000010+01
NAME RT A OR W MK CONC
GLYC 15 .910 4r1509&1 ,?A09
TOTAL 4T-509€"1 <5383 .7409
Figure 2. Sample chromatograms: A, real time;

B, recalculated chromatogram.

(b) Lc column— 300 mm x 7.8 mm, with strong cation
packing (H+form), theoretical plates, n 21500, tailing factor, T
si.5 calculated for glycerol (Bio-Rad HPX87H+ No. 125
0740, with n =2800, T ca 1.0, or equivalent).

(¢) Guard column.— Deashing system, to remove inorgan-
ics (strong cation resin H+; strong anion resin OH). If LC
system (guard and LC column) tailing factor for glycerol >1.5,
replace guard column. (Bio-Rad, number 125-0118, or equiv-
alent).

(d) membranefilters.— Disposable, mini-filters with Luer-
Lok hub, 0.45 pm (3 cm diam.), attached to 5 mL glass or plas-
tic syringe.

C. Reagents

(@) Glycerol— 99.5%.

(b) Standard solution for wine.— 7500 mg/L glycerol (ex-
ternal standard concentrate) in distilled, deionized H20.

(C) standard solution for grape juice.— 1000 mg/L glyc-
erol (external standard concentrate) in distilled, deionized H20.

(d) mobile phase.— HZ, LC grade (or filter deionized
H20 through 0.45 pm membrane filter), degas by boiling or
helium sparging.

D. sample Preparation

Filter juice or any unclarified product through 0.45 pm
membrane filter.
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£ Determination

Inject standard until reproducibility of <2%b is obtained for
5 successive injections. Use series of 3 injections to establish
average calibration for standard.

Inject sample. Calculate mg/Lglycerol insample as follows
(or by integrating microprocessor):

Glycerol, mg/lL=(ac/ac") X c'

where AC anda c * = peak areafor sample and standard, respec-
tively; and c' = glycerol concentration in standard.

Ref.: JAOAC 75, May/June issue (1992)

CAS-56-81-5 (glycerol)

Results

Data and statistical results for wine, white grape juice, and
pink grape juice are listed in Tables 1 and 2. The Cochran test
(5) disqualified Laboratory 4 for both white and pink grape
juice data, so these datawere eliminated in subsequent statisti-
cal analyses. Although variation between replicate samples
was low for Laboratory 4, blind duplicate samples showed a
large variance. This collaborator reported difficulty with the
equipment and sample analysis. The Cochran test also identi-
fied outliers among individual results, and the statistical
evaluation in Tables 1 and 2 is shown with and without
these outliers.

Inthe wine experiment, the relative standard deviations for
repeatability (RSDr) and reproducibility (RSDr) are low ex-
cept for the apple wine sample, and those values become low
when outliers are omitted (Table 1).

Inthe white grapejuice experiment, the RSDrand RSDr-are
slightly higher, especially at the lower glycerol concentrations
(Table 2). These results appear to agree with work by Horwitz
et al. (6), which reports an inverse relationship between the co-
efficient of variation and sample concentration.

The pink grape juice experiment results are similar to those
of the white grape juice experiment (Table 2).

Recommendation

We recommend that the liquid chromatographic method for
the determination of glycerol in wine and grape juice be
adopted first action.
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CEREALS AND CEREAL PRODUCTS

Interlaboratory Study ofDecreasing the NumberofStandard

Points in

James |. Martin and A.M. Soliman

the O fficial lron Standard Curve

U.S. Food and Drug Administration, 60 8th St, N.E., Atlanta, GA 30309

Collaborators: J. Bagwell; TW. Brueggermeyer; KH. Cook; RR. Eitenmiller;

K.O. Furgason; C. Gaston; E.C. Phifer; WE. Rayford

An Interlaboratory study was conducted to (1) evalu-
ate the effects of reducing the 10 points for the iron
standard curve to 5 points in Official Methods ofAnal-
ysis (1990) 15th Ed., secs 944.02A-944.02C(a), and (2)
compare the levels of iron found in foods by using
the 10-point and 5-point standard curves. The 5
points (0.2,0.6,1.0,1.4, and 1.8 pg Fe/mL) were se-
lected by eliminating every other standard point from
the 10-polnt curve after correction for the reagent
blank. No differences in the performance parameters
between method versions were found when blind du-
plicate analysis was used to estimate the perfor-
mance parameters for each sample analyzed.

T his study was conducted with the goal of reducing the
number of points required to prepare the standard curve
for iron in foods, Official Methods of Analysis (1990)
15th Ed., sec. 944.02B (1). The method was established in
1945. Iron (Fe) concentrations were measured by using a2 in.
cell in the neutral wedge photometer (2). With today’s modem
state-of-the-art spectrophotometers, fewer standard points are
required to obtain a linear curve, as demonstrated by extensive
observations reported in an in-house publication (3).

The interlaboratory study consisted of 8 duplicate samples
analyzed by 7 laboratories. Six products were analyzed on sep-
arate days; they consisted of milk-based infant formula powder
(low Fe), soy-based infant formula powder (Fe-fortified), en-
riched bread, whole wheat flour, and fortified and nonfortified
cereals. Enriched macaroni and enriched egg noodles were
used as blind duplicates and were assayed on the same day.
Although 7 laboratories participated in this study, the results
from 2 collaborating laboratories were discarded because of
failure to follow directions.

Interlaboratory Study

No sample preparation, other than thorough mixing, was re-
quired for the infant formulas and the whole wheat flour. The

Received August 8,1991. Accepted September 30,1991.

enriched bread was air-dried for 2 days and ground in a
Brinkmann mill with a 2 mm sieve. The cereals, enriched egg
noodles, and enriched macaroni were ground in a Brinkmann
mill with a 2 mm sieve. All samples were thoroughly mixed
and then dispensed into individually identified small screw-cap
plastic bottles. Each sample plus a practice sample was identi-
fied for the appropriate day to be assayed. The analysts were
instructed to refrigerate the samples upon arrival and to allow
them to come to room temperature before they were opened for
analysis. Each analyst was given sample and standard data
sheets to record the raw data and was requested to submit these
completed data sheets and all instrument-generated graphs
and charts.

The method used in this study is described in O fficialMeth-
ods ofAnalysis (1990) 15th Ed., secs 944.02-944.02C(a), with
the following changes: (1) a5.0 g sample was used, instead of
the stated 10.0 g; (2) the first dilution was filtered, if necessary,
through ashless filter paper and the first 15-20 mL filtrate was
discarded; and (3) after the addition of the hydroxylamine HQ
reagent, there was a5 min wait before the acetate buffer solu-
tion (944.02C) was added.

The analysts were instructed to prepare the iron solution for
the standard curve according to sec. 944.02A (c)(1); use the
o-phenanthroline, hydroxylamine HCL, and ironwire provided
to them; analyze the designated samples on separate days; in-
crease the dilution if asample absorbance reading exceeded the
highest standard point and maintain the required HCL concen-
tration as well as the amounts of reagents in the rediluted sam-
ple solution; and finally, enter the raw data for each sample,
standard, and blank reading on the data sheets provided.

Results and Discussion

The sample data were statistically evaluated according to
the Guidelines for Collaborative Procedures (4) and the SAS
analysis of variance (5). The data were treated by using the
Day | and Day Il values as replicates for all samples except
enriched macaroni and enriched egg noodles, which were rep-
licated on the same day. The day-to-day variability for agiven
sample was not differentiated from variability between same-
day replicates of a sample. Table 1 summarizes the performance
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Table 1. Comparison of the performance parameters of Iron content between the 5-point and 10-polnt versions

Standard curve Mean,

Product version ng Fe/100 g
Milk-based infant formula6 5 1.48
10 1.47
Soy-based infant formulaO 5 9.64
10 9.62
Nonfortified cereal 5 5.95
10 5.95
Fortified cereal 5 22.30
10 22.34
Enriched bread 5 5.25
10 5.25
Whole wheat flour 5 477
10 4,76
Enriched macaroni 5 4.54
10 453
Enriched egg noodles 5 4.10
10 4.10

@r R RSDr RSDr
0.13 0.21 8.48 14.20
0.13 0.19 8.96 1321
0.43 0.59 443 6.13
0.44 0.58 4.61 5.99
0.18 0.26 3.08 441
0.19 0.25 3.20 4.23
124 124 5.55 5.55
118 118 5.29 5.29
0.64 0.64 12.14 12.14
0.63 0.63 12.09 12.09
0.16 0.40 343 8.39
0.15 0.39 321 8.18
0.12 0.27 271 5.96
0.14 0.27 3.10 5.87
0.08 0.15 2.05 3.54
0.09 0.13 2.10 3.24

d sr=repeatability: within-laboratory precision; sR= reproducibility: among-laboratories precision; RSDr = relative standard deviation for

repeatability; RSDr = relative standard deviation for reproducibility.
6 Powder-iow Fe.
¢ Powder-Fe-fortified.

paraneters of each version of the method. On the basis of du-
plicate assays from each of 5 laboratories, the iron results from
each version of the method (5-point or 10-point iron standard
cune) were statistically analyzed by using a blind duplicate
analysis to estimate the performance paraneters; they clearly
show no significant difference between method versions.

Recommendation

On the basis of the interlaboratory study, the 5-point iron
standard curve gives the same precision and accuracy as the
currently used 10-point curve and is recommended for adop-
tion as official first action.

The following changes and additions to the method are sug-
gested: (i) Inthe Determination, 944.02C(a), paragraph 3, line 2,
replace “infew min”with “let stand 5 min.” (2) Insert a statenment
concerning the importance of maintaining the HCL concentration
throughout the entire dilution scheme, because proper color de-
velopment is pH-dependent; for example, “If further dilution is
required to maintain the sample absorbance reading below the
highest standard point on the curve, pipet a smaller aliquot
into a25.0 mL flask, dilute to 10.0 mLwith 2% HCL solution,
and continue as described in sec. 944.02C, para. 3.
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CHEMICAL CONTAMINANTS MONITORING

Total Diet Study ofLead and Cadmium

Preliminary Investigations

Robert W.Dabeka and Arthur D. M cKenzie

in Food Composites:

Health and WWelHfare Caredh,, Bureau of Chemiicall Safety, Food Research Divisian, Food Directorate,

Health Protectian Branch, Ottana, ON K1A 0.2, Canada

In atrial for a comprehensive total diet study, 105
food composites were prepared in the summer of
1985, and another 105 composites In the late fall of
1985. Lead and cadmium were determined In all
composites. The mean, median, and range of lead
concentrations in the samples were 29.9,14.7, and
1.42-407 ng/g, respectively. The estimated dietary
Ingestion of lead by the average adult Canadian
was 36.4 pg/day. The mean, median, and range of
cadmium concentrations were 13.7, 5.4, and <0.07-
297 ng/g. Dietary ingestion of cadmium by adults
averaged 14.5 pg/day. Sample planning and con-
tamination control for trace element determinations
of the study are discussed.

T  daddetangsaeusd aslyz averietyofcemi-
&l carpounds N foods preparad far cosunption.
These angys estate intaes of compounds via te

food ayply ad pinpoint these prodcts tet aontain higher

then aerage bedground ledls ar ae ruriticelly cefice

As aresitofttese estinatio s, tre reltive safety of tre fod

Uy ean ke assessd, ad St ean ke tden o inproe

food g dlity.

In 1985, tte Canedian Haalth Protection Branch (HPB), &8
partofanangoing o dietprogram, initiEiedanew suney in
which 106 food aomposites were dosen 1o rgaresant foos
oconsured inCanech (. As mrtoftepreliminary tel fatre
ey, Toobwere olledted intte sumer of 1986 intteNa-
tiadl Cpital Region. These were processad and aonbiined
ino 106 aomposites &t D (). Asecondsetwas thenpreparad
fronfoos dllected ntte He Hl of 19685 frantte sare geo-
gradhic regian. The aompositesvere aallyzsd farseledted nu-

Numerous fadasgo inoplamingicel dstangs, rdudirg
what typesoffral ctsared teen, how prad.ctsarepgaed, ad
how diceely pradlcts rresat adeal cosunptiion ettars by
difiaatae adssxgays Q). Inatitimmtogeraral arsidara-
s, hoever, gecEl atentinmust ke given totte rovid Al
rutrasar antaninants sdeclled Taradlas. To enbarkan
awyaneyoftissge, teepartieofadjtical densts, nu-

Received June 18, 1991. Accepted October 18,1991.

Titsss, ad atasmust ke irchuckd inte prelimirery plan-
ning stagss. For eaple, when foods are staed, treymust ot
be abjat 10 antamiration ar kee teir ntriet\alLe kefore
ttey araslyal. Thus, arenust be @en duiig saple @l-
lection ad pracessiry, prgoer anararsnust be s, ad te
guqxiae teperature ad duation of staae nust ke do-
s Also, sldivision of same food conposites Into arstitu-
att fooks can ke plaTed © Etiar estirate te antriluton
fran a.gected sourass of antaniretion.

Lead and cadmium were among the aotamirents ceter—
mined nfoodspraparad duning thistrEl. Thils pgper desribes
how tretod distauneywes designed o indiucke leedand cad-
mium Nnteaney ad pesnistteasiical rsits.

Experimental

sample choice — Canned ad/or raw (ﬁ’é’] crfrozen)
faok, purdesd attre il kb d nOttana, were prggared far
conaunption astheywould be inahome ssttirg. The praared
Toooswere trencorbined o 106 aonposites, harmogenized,
ad frazn util aelysis. The whole prooess was rgeated
apinaftar 6 mths.

Insame Gsss, todotain infomataon regarding treefledtsof
processig, aokig, e, saples of tre uprepared foods
were alkoaalyzd. For eaple, both raw and codked neats
were aalyzd, althoghtrefood aorposites inccluced anly tre
coocked neats. Also, tre caned aorstitiants of some compos-—
itesere aalyzad sgarately todstermine trepotentsal antri-
utaan of leedsolcred cas o tte leed AL

Sample processing =— Stankess ged uasiks ad blathars
withgless antairerswere used throughout toavoid cortami-
retirg tre fooos with leed and cadnium. Irstiuictia s vwere
gnven toavid pondered dearsas, gloveswith talaum pow—
ar, ad gyaratus nwhich leed-solcderad parts might antect
trefoods. Bench s, teoles, and auttirgboardsvere weshed
thoroughlly with tgp watter between saples 1o avoid

Faalitiesnere rotaaikble faprganimg laeg entatiesof
ceionized vater, ad a dcisinvwas made o use loatry
(comunity) tepvater fTarvweshing ad processig tre foos.
Previas aalysss of ttiswater reealad led ledls 1sally
below 2 /ML, with amaximum cocentratian of 5 ng/ML.
Because no cetargatsvere ussd (1o avoid antamiratdian of
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Table 1. Quality control results for cadmium

Blank spike rec., Vi

Analyzed batch Set 16 Set 2
1c 105 101
2 104 95
3 104 89
4 97 87
5 87 99
6 92 %
7 93 9
8 94 94
9 9% 86

10 99 92

u a1 —

Av. 96 93

Av, both sets 94

a 50 ng cadmium was spiked before digestion.

Sample spike rec., %a

Setl

95
59
108
124
80
72

92
99
94
a1

387

Detection limit, ng/g

Set 2 Setl Set 2
78 0.38 0.36
94 0.43 0.28
90 0.33 0.66
88 0.08 0.61
99 0.37 0.16
94 0.20 0.17
68 0.33 0.07
96 0.07 0.07
82 0.01 0.14
9 0.05 0.06
— 0.03 —
88 021 0.26

90 0.23

In this and all subsequent tables, the samples collected in the summer of 1985 are designated as Set 1. Those collected in the late fall

are designated as Set 2.

0 The summer samples were analyzed In 11 batches and the fall samples In 10 batches.

the foods with organics, which were analyzed separately), ex-
tremely hot water was needed for washing utensils and equip-
ment. This was obtained by installing a separate water-heating
tank for the laboratory midway through the preparation of
Set 1 samples.

To obtain better homogeneity, food composites 32, 33, 34,
36, and 38 were dried before homogenization. The percentages
of moisture content (31, 40, 43, 32, and 24%, respectively)
were used to adjust the reported concentrations to a wet
weight basis.

Sample storage —F00ds designated for trace element anal-
ysis were stored in high-density, large-mouth, polyethylene

Table 2. Quality control results for lead

Blank spike rec., %a

Analyzed batch Setl Set 2
1 103 101
2 98 92
3 100 92
4 93 83
5 89 9
6 92 93
7 92 87
8 97 95
9 95 9%

10 % 101
u 90 —
Av. 95 9

Av, both sets 94

a 500 ng lead was spiked before digestion.

Sample spike rec., %a

square bottles, 175 mL capacity, with screw caps. Bottles were
prewashed with nitric acid, rinsed with deionized water, dried,
and tested for contamination by leaching with 5%b nitric acid.
Bottles contained no metal liners that could contaminate
the samples.

Analytical reagents—Deionized water (ASTM Type IlI)
was used wherever water was specified.

For lead and cadmium determinations, nitric and perchloric
acids were purified by sub-boiling distillation in a quartz still.
Lead nitrate (NIST SRM No. 928) and high-purity cadmium
metal (M6N, No. 00062, Alfa Products, Danvers, MA 01923)
were stock materials used for preparation of standards. Ammo-

Detection limit, ng/g

Set 1 Set 2 Setl Set2
106 99 0.3 4.6
93 106 0.8 11
109 e1 0.3 19
96 88 0.6 2.8
85 95 13 24
89 a 17 1.0
87 86 13 17
— 110 1.0 0.7
— 95 16 19
86 103 32 1.0
88 — 01 —
93 96 11 19

95 15
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Table 3. Cadmium and lead levels In individual composites

Composite

AW DN

12A

14
14A

15A
16
17
17A

18A
19
19A

BRRY

24
24A
25
25A
26
27

28

B8y

Category and food
Milk and dairy products

Milk, whole

milk, 2% BF.

Milk, skim

Instant breakfast prepd.
Instant breakfast dry
Cream

Ice cream, mixed
Ice cream, chocolate
Yogurt, mixed
Yogurt, plain
Cheese

Cottage cheese
Cheese, processed
Butter

Meat and poultry

Beef steak, cooked
Beef steak, raw

Roast beef

Ground beef, cooked
Ground beef, raw

Pork, cooked

Pork, raw

Pork, cured

Veal, cooked

Veal, raw

Lamb, cooked

Lamb, raw

Poultry, cooked

Poultry, raw

Eggs

Meat organs

Cold cuts luncheon meats
Luncheon meat, canned

Fish

Marine fish, cooked
Marine fish, raw
Freshwater fish, cooked
Freshwater fish, raw
Fish, canned

Shellfish

Soups

Soups, meat, canned
Soups, pea, canned
Tomato soup, canned
Soups, dehydrated

Seti

0.37
011
0.16
4.13
50.13
0.33
0.84

0.61
0.53
6.04
021
24.19
0.68

14.02
26.62
2.50
5.68
2.80
6.37
4.75
3.13
1.86
3.85
6.92
8.25
122
201
0.89
70.65
2.78
3.06

2.64
79.40
7.68
151
13.78
297.40

3.89
8.40
9.42
5.92

Cd, ng/g
Set 2

0.40
0.22
0.52
0.98

0.23
1.98

0.30
031
0.14
0.67
0.27
1.04

041
2.84
197
0.76
0.62
2.70
041
3.09
0.97
247
147
0.61
134
1.93
0.36
44,34
197
2.95

4.46
7.56
124
3.72
9.13
165.50

1.93
7.98
11.09
194

Seti

14
15
10
8.0
48.6
18
12.3

0.7
18
17
04
24.2
<0.3

114
68.8
105
41.6
171
2733
158
156.3
25.8
133
21.2
15.2
18.6
8.8
33
76.7
14.2
47.7

44.7
10.8
81
1.7
168.9
298.4

20.2
25.3
39.3
104

Pb, ng/g
Set 2

25
19
33
4.7

2.7
5.2
9.9
4.8
34
16.2
6.5
17.6
6.5

10.2
16.2
16.6
124
7.8
53
4.0
22.5
7.6
24.4
82
5.7
30
221
35
47.9
48.5
66.8

135
12.9

4.7
20.9
341
41.0

25.3
42.0
34.2

37
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Table 3. continued

Cd, ng/g Pb, ng/g
Composite Category and food Seti Set 2 Seti Set 2
Bakery goods and cereals
32 White bread, all 15.68 14.66 30.5 36.7
32A White bread, no raisins 17.93 14.72 22.4 14.4
33 Bread, whole wheat and rye 18.12 16.20 341 20.2
34 Bread rolls and biscuits 14.01 12.38 154 145
34A Roalls and buns only — 12.76 — 139
35 Wheat flour 19.83 17.09 5.0 16
36 Cake & muffins with raisins 12.17 10.37 36.2 189
36A Cake and muffins 14,06 119 21.6 26.2
37 Cookies, all 17.23 15.73 231 16.3
37A Cookies, oatmeal, arrowroot 16.97 11.08 318 144
37B Cookies, chocolate chip 23.16 2141 23.2 21.7
38 Danish and donuts 10.62 8.66 133 189
39 Crackers 23.36 2143 141 231
40 Waffles and pancakes 9.20 9.13 18.6 211
4 Cooked wheat cereal 6.03 25.40 4.3 17
41A Cream of wheat, dry 3211 7.70 35 8.6
42 Oatmeal cereal 2.20 3.79 51 6.7
42A Oatmeal cereal, dry 12.43 18.59 9.6 31
43 Corn cereal 4.73 3.67 136.9 6.4
4 Wheat and bran cereals 68.50 99.28 92.0 20.0
45 Rice cereal, cooked 20.19 11.47 118 95
45A Rice cereal, dry 64.02 22.99 9.5 53
46 Apple pie 9.99 7.47 26.2 131
47 Pie, others, mix 1177 7.16 180.8 373
A7A Pie, no raisins 517 7.99 7.7 19.6
47B Raisin pie 50.38 8.99 488.2 247.4
48 Pizza 25.38 14.26 312 18.9
49 Pasta, canned 16.64 1131 34.2 79
50 Pasta, plain, cooked 41.60 33.59 26.1 141
Vegetables
51 Corn, raw & canned, cooked 8.02 1.20 36.8 51.8
51A Corn, raw 243 1.86 40.3 181.5
51B Corn, kernel, canned 10.25 2.85 4.7 5.7
52 Potatoes, raw 46.20 34.52 219 7.8
53 Potatoes, baked 94.35 38.43 2547.0 40.6
54 Potatoes, boiled, skins 60.69 3177 115 4.0
55 Potatoes, peeled, boiled 57.67 26.16 36 38
56 French fries 55.98 52.76 33 51
57 Potato chips 123.90 122.50 151 12.0
58 Cabbage, cooked & coleslaw 751 2.55 1137.0 4.6
59 Celery 45,13 64.52 29.9 44.9
60 Peppers, green & red 13.43 9.52 54.7 8.7
61 Lettuce 1381 39.73 1025.0 23
62 Cauliflower, raw & cooked 13.94 9.02 211 63.7
62A Cauliflower, raw — 9.88 — 19
63 Broccoli, raw and cooked 11.29 30.06 35.6 16.0
64 Beans, raw & canned, cooked 7.29 1.72 1689.0 72.6
64A Beans, raw 4,01 1.90 34.3 133
64B Beans, canned 4.05 0.80 735.7 120.2
65 Peas, raw & canned, cooked 5.83 2.24 323 14.7

65A Peas, raw 1113 6.26 13.2 9.6
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Table 3. Continued

Composite

65B
66
66A
66B
66C
67
67A
68
69
69A
69B
70
7
72
T2A
72B
73
73A

74
75
76

78
79
T9A
79B

80A
80B

A

FRRIYBR

85A
85B

87
87A

28883

91B

92
93

Category and food

Peas, canned

Carrots, raw & canned, cooked
Carrots, raw and canned
Carrots, raw

Carrots, canned

Onions, cooked and raw
Onions, raw

Turnips, parsnips
Tomatoes, raw and cooked
Tomatoes, cooked
Tomatoes, raw

Tomato juice, canned
Tomatoes, canned

Mushrooms, raw & canned, cooked

Mushrooms, canned
Mushrooms, raw
Cucumber, raw, pickled
Cucumber, raw

Fruit and fruit juices

Citrus fruit, raw

Citrus fruit, canned

Citrus juice

Citrus juice, canned

Apples

Apple juice, canned & bottled
Apple juice, bottled

Apple juice, canned

Apple sauce, canned & bottled
Apple sauce, bottled

Apple sauce, canned
Bananas

Grapes

Grape juice, bottled
Peaches, canned and raw
Peaches, raw

Pears, raw and canned
Pears, canned

Pears, raw

Plums, prunes, dried & canned
Cherries, raw and canned
Cherries, canned

Melons

Strawberries

Blueberries

Pineapple, raw and canned
Pineapple, fresh

Pineapple, canned

Fats and oils

Cooking fats & salad oils
Margarine
Peanut butter

Seti

1165
19.68
14.05
1154

9.58
39.34

18.79
25.08
2051
6.87
14.72
11.89
55.45
107.60
7.47
7.95

0.57
0.19
0.52
0.08
0.78
0.79
0.95
0.43
0.30
0.09
0.08
0.86
131
2.62
145
2.95
0.80
105
2.22
6.02
0.48
0.57
6.35
1112
127
130
1.68

0.91
3.66
39.23

Cd, ng/g

Set 2

3.19
17.45

17.79

12.58
16.72
18.85
4.93
6.03
5.92
16.77
52.42
13.12
14.52
14.07
5.35
2.98

0.18
<0.07
<0.07
<0.07

0.44

0.55

2.75

0.57

0.14
<0.07

8.43

0.15

0.84
139

1.20

2.63
0.82

5.66
14.20
17.10

0.39

110

131

051

0.66
0.65
48.63

Seti

2371.0
50.1
8.0
12.2
1159
75

2165.0
2547.0
914.1
338.9
935.3
67.3
135
59.6
228.2
458.2

7.2
165.8
59
821
12.8
141
199
9.8
344
57
56.3
<1.6
6.9
24.7
177.7
19.8
140.8
162.1
15.0
355.7
12.9
88.6
6.7
114
47.2
41
<0.6

9.9
<0.2
24.5

Pb, ng/g

Set 2

239
9.7

91

81
94
15.6
25
14
2.0
24.0
109.4
44.6
70.9
52.9
83
81

18.3
407.4
19.7
17.8
18.2
24,9
10.4
23.3
48.2
12.7
102.3
<1.9

21.5
119.7

97.6

8.6
206.7

203.8
19
7.6

21.2
158
15.2
313

31
6.0
15.2
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Table3. Continued
Composite Category and food
Sugar and candies
95 Sugar
96 Syrup
97 Jams and jellies
98 Honey
9 Pudding, canned, mixed, powder, prepared
99B Pudding, chocolate powder and canned
100 Candy, chocolate bars
101 Candy, other
Beverages
102 Coffee
103 Tea
104 Soft drinks
105 Wine and beer, cans and bottles
105A Wine

nium pyrrolidine dithiocarbamate solution was prepared fresh
daily and purified by filtering through a 0.3 pm cellulose ace-
tate filter.

Analytical instrumentation.— A Model 875-ABQ atomic
absorption spectrophotometer was used in conjunction with a
GTA-95 graphite-furnace atomizer to determine lead and cad-
mium (Varian Analytical Instruments, Sunnyvale, CA 94034).
Plateau-type pyrolytically coated graphite tubes with pyrolytic
graphite platforms were purchased from the manufacturer.
Lead and cadmium were determined at 283.3 and 228.8 nm
under the instrumental conditions described previously (2).

Lead and cadmium methodology.— After a nitric-perchlo-
ric acid digestion, the ammonium pyrrolidine dithiocarbamate
complexes were coprecipitated with copper and iron carriers
and dissolved in nitric acid containing ammonium dihydrogen
phosphate modifier (2). The final concentration of ammonium
dihydrogen phosphate was 0.1%, a modification of the origi-
nal method.

Quality control for lead and cadmium.— Quality control
was maintained as follows: Each analytical batch included a
minimum of 3 reagent blanks used to monitor contamination
and estimate detection limits, and the recoveries from 2 spiked
reagent blanks and 2 spiked samples were calculated. The
method required that the sample concentrations be corrected
for the recovery of spikes (500 ng lead and 50 ng cadmium)
added to the reagent blanks before digestion to compensate for
day-to-day variation of instrumental response to synthetic stan-
dards and coprecipitated samples.

Calculations and dietary intake estimations.— To estimate
means, medians, and ranges of concentrations, samples with
concentrations less than the detection limit of the batch were
reported as being at the detection limit. In those instances in
which both the constituents of a composite and the composite

Cd, ng/g Pb, ng/g
Seti Set 2 Seti Set2
0.37 5.03 52.2 <1.9
2.96 148 132.8 69.0
5.75 5.63 176.9 19.2
0.69 0.83 223 41.8
244 0.70 133 8.8
391 4.48 9.3 30.3
28.29 16.81 51.6 40.2
3.52 0.61 79.4 51.5
0.64 0.10 41 52
0.50 0.45 71 9.2
0.57 0.19 2.7 5.1
147 0.62 16.0 76.9
0.97 0.64 285 140.6

itself were analyzed, no distinction was made between them,
and all concentrations were included when means, medians,
and ranges were calculated. Only the composite results were
used for estimating dietary ingestion of lead and cadmium.

Food intake data were based on 112 finalized composites
(1) and primarily reflect average ingestion by adults and older
children of both sexes. Because the categories of muffins,
baked beans, raisins, wieners, gelatin dessert, and beets were
not separate composites when this preliminary study was con-
ducted, the weights given by Conacher et al. (1) for these cate-
gories were added to those given for the following composites:
cake and muffins with raisins (No. 36), beans (No. 64), raisin
pie (No. 47B), cold cuts and luncheon meats (No. 22), and tur-
nips (No. 68), respectively.

Estimations of trace element intake were based on the sum
over all composites of the product of the intake in grams of
each composite and its lead or cadmium concentration.

Results and Discussion

Lead and cadmium quality control results.— Set 1 compos-
ites were analyzed in 11 analytical batches, and Set 2 compos-
ites were analyzed in 10 batches. The average recoveries of
cadmium and lead from spiked blanks (duplicates) and samples
(duplicates) are listed in Tables 1 and 2 for each analytical
batch in both sets.

The recovery of 500 ng lead added to the reagent blanks
before digestion averaged 94% and ranged from 87 to 103%.
Sample spike recoveries averaged 95% and ranged from 85 to
110%. The spiking level was equivalent to a sample concentra-
tion of about 25-500 ng/g, depending on the actual sample
weight taken.
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Table 4. Cadmium levels Infood categories
Category Description Set
1 Milk and dairy products 1
2
I Meat and poultry 1
2
n Fish 1
2
\Y Soups 1
2
\% Bakery goods and cereals 1
2
Vi Vegetables 1
2
VI Fruit and fruit juices 1
2
Vil Fats and oils 1
2
IX Sugar and candies 1
2
X Beverages 1
2
All composites 1+2
1
2

The average recovery of 50 ng cadmium added to the re-
agent blanks before digestion was 94% (range 86-105%). Re-
coveries from spiked samples were less consistent than those
obtained for lead, averaging 90% and ranging from 59 to
124%. The potential contribution of sample inhomogeneity to
the recoveries was not evaluated. The spiking level for cad-
mium was equivalent to a sample concentration of about 3-
50 ng/g.

The detection limits of the method were defined as 3 times
the standard deviation of the replicate blanks within each ana-
lytical batch divided by the average sample weight. Detection
limits averaged 1.5 ng/g (range 0.1-4.6 ng/g) for lead and
0.23 ng/g (range 0.01-0.66 ng/g) for cadmium.

Cadmium survey results— Determination of cadmium in
the individual samples revealed that only shellfish (No. 27) and
potato chips (No. 57) contained levels that consistently ex-
ceeded 100 ng/g (Table 3). Chocolate bars (No. 100) had
higher cadmium levels than other candy (No. 101). No signif-
icant increase in cadmium levels as a result of cooking
was found.

A summary of the cadmium levels in the individual food
categories showed that fish, bread and cereals, and vegetables
contained the highest levels (Table 4).

n Mean, ng/g Median, ng/g Range, ng/g
13 6.79 0.61 0.11-50
12 0.59 0.40 0.14-2.0
18 9.30 3.85 0.89-70.7
18 3.96 193 0.36-44.3
6 67.07 7.68 1.51-297
6 31.94 4.46 1.24-166
4 6.91 5.92 3.89-9.4
4 5.74 1.94 1.93-11.1
28 20.84 16.97 2.2-69
29 16.59 12.76 3.7-99
36 27.20 1381 2.4-124
37 19.27 13.12 0.8-123
27 173 0.95 0.08-11.12
24 253 0.82 <0.07-17.1
3 14.60 3.66 0.91-39.2
3 16.65 0.66 0.65-48.6
8 5.99 2.96 0.37-28.3
8 4.45 148 0.61-16.8
5 0.83 0.64 0.5-1.47
5 0.40 0.45 0.1-0.64
294 13.69 5.35 <0.07-297
148 16.16 6.35 0.8-297
146 11.20 3.67 <0.07-166

For cadmium in Set 1, the mean, median, and range of con-
centrations in all the individual composites were 16, 6.4, and
0.8-297 ng/g, respectively (Table 4). The respective concen-
trations for Set 2 were 11.2, 3.7, and <0.07-166 ng/g. The
means of 16 and 11.2 ng/g for all samples are similar to an
average level of 10.8 ng/g found in a 24 h duplicate diet sur-
vey (3).

The estimated dietary intake of cadmium by Canadianswas
16.8 and 12.2 pg/day for Sets 1 and 2, respectively. The aver-
age of 14.5 pg/day agrees well with 13.8 pg/day found in a
previous Canadian 24 h duplicate diet survey (3). The average
of 14.5 pg/day is equivalent to an intake of 0.21 pg/kg body
weight/day, which is about one-fifth of the FAO/WHO provi-
sional tolerable daily intake of cadmium from all sources, i.e.,
0.96-1.2 pg/kg/day.

Lead survey results— Analysis of the individual compos-
ites revealed several peculiarities (Tables 3 and 5). Some of the
samples in Set 1 (No. 15, 53,58, 61, 64,65,69, 69A, 69B, 73,
73A) had unusually high lead levels (Table 5). This was attrib-
uted to “in house” contamination for 2 reasons: First, a second
set of samples from Ottawa (Set 2), as well as similar samples
from 2 other cities (Sets 3 and 4), had consistently lower lead
levels. Second, in the case of pork, beans, and peas, there was
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Table 5. Apparent lead contamination of Set 1 samples
Content In

No. Food sample composite

15 Pork, baked8 _

15A Pork, raw 100%

52 Potatoes, raw8 —

53 Potatoes, baked8 —

54 Potatoes, boiled with skins8 —

58 Cabbage, cooked & coleslaw8 —

6l Lettuce8 —

64 Beans, raw & canned, cooked8 —

64A Beans, raw 50%

64B Beans, canned 50%

65 Peas, raw & canned, cooked8 —

65A Peas, raw 50%

65B Peas, canned 50%

69 Tomatoes, raw and cooked8 —

69A Tomatoes, cooked 50%

69B Tomatoes, raw 50%

73 Cucumber, raw and pickled8 —

73A Cucumber, raw 50%

8 Composite.

no correlation between the lead level in the composite and the
level in the food item(s) that actually went into preparation of
the composite.

The nature of the contamination source appeared to differ.
The cucumber (No. 73A) and tomatoes (No. 69A) appeared to
have been contaminated before preparation of the composites,
whereas the canned peas (No. 65B) appeared to have been con-
taminated without processing after the composite was pre-
pared. The beans (No. 64), pork (No. 15), and possibly baked
potatoes (No. 53) appeared to have been contaminated during
or after processing. The possibility also existed that all samples
were contaminated after processing from their storage contain-
ers, but the approximate correlations between lead levels of the
composites and their constituent foods suggest otherwise for
cucumbers and tomatoes. Some of the steps taken to find the
source of contamination are outlined below.

First, careful examination of all components of the utensils did
not reveal any lead source, although one of the strainers that was
not made of stainless steel was subsequently replaced by a stain-
less steel strainer. Some ofthe blenders used for the first part of the
study were borrowed, and they could not be traced for evaluation
afterward. Examination of the time the samples were processed
revealed that all of the above fruit and vegetable samples were
prepared within a 1-week period, soon after the installation of a
new hotwater tank and water supply line to the sample preparation
laboratory. Belated but careful scrutiny of the hot and cold water
supply showed that the water consistently contained less than
5 ng/mL lead, even after sitting in the pipes overnight. Contami-

Ottawa Ottawa Halifax Toronto
Seti Set 2 Set 3 Set 4
2733 53 15.8 <3.0
15.8 4.0 76 <4.2
21.9 7.8 8.7 89
2547.0 40.6 15.7 35
115 40 18.3 3.0
11370 46 101 20.0
1025.0 23 7.9 18.2
1689.0 72.6 45.7 38.0
34.3 133 39.8 271
735.7 120.2 140.5 38.0
32.3 14.7 57.0 16.2
13.2 9.6 110 17
2371.0 239 58.6 128
2165.0 25 35 —
2547.0 14 — 84
914.1 20 2.8 <3.2
228.2 8.3 7.4 <4.6
458.2 81 8.2 <2.4

nation from the prewashed polyethylene sample bottles was
unlikely because all the bottles for Set 1 were washed at the
same time and randomly tested for contamination, yet most of
the sample contamination was localized to a 1-week sample
preparation period. Thus, all attempts to find the source of the
contamination were unsuccessful.

The decision to analyze components of the composites as
well as the composites themselves revealed that some of the
canned foods (luncheon meats, fish, beans, citrus fruit, apple
sauce, and cherries) contained appreciably higher lead levels
than their fresh or frozen counterparts. In those cases in which
lead-soldered cans were known to have been used (luncheon
meat, fish, tomato juice, citrus fruit, apple sauce, pineapple,
syrup, pudding, and pea, tomato, and meat soups) the lead level
exceeded 100 ng/g in only the syrup, citrus fruit, tomato juice,
and fish.

Pies with raisins contained higher lead levels (247 and
488 ng/g) than other pies, and raisins appeared to be a
significant source of lead. Contamination of steak, ground
beef, veal, lamb, poultry, and fish with lead during cooking
was insignificant.

The mean, median, and range of lead concentrations by
food category are given in Table 6. The higher mean levels for
Set 1vegetables and for Set 1 summary are probably unreliable
because of the potential contamination discussed above.

The mean, median, and ranges of lead levels over all sam-
ples were 154, 21.6, and <0.2-2547 ng/g for Set 1, and 30,
14.7, and 1.4-407 ng/g for Set 2. The mean level of 30 ng/g for
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Table 6. Lead levels in food categories
Category Description Set
| Milk and dairy products 1
2
I Meat and poultry 1
2
n Fish 1
2
\Y Soups 1
2
\% Bakery goods and cereals 1
2
Vi Vegetables 1
2
Vil Fruit and fruit juices 1
2
Vil Fats and oils 1
2
IX Sugar and candies 1
2
X Beverages 1
2
All composites 1+2
1
2

Set 2, which was not skewed by the suspected contamination
source, agreed well with the mean level of 32 ng/g found in
foods analyzed in a Canadian 24 h duplicate diet survey con-
ducted in 1981 (3).

On the basis of lead concentrations found for Set 2, the es-
timated dietary ingestion of lead by all segments of the popu-
lation was 36.4 pg/day, equivalent to 0.61 pg/kg body
weight/day for a 60 kg adult. This was lower than the 54 pg/day
reported in a Canadian 24 h duplicate diet study (3), and was
well below the FAO/WHO provisional tolerable weekly intake
of lead from all sources (7.1 pg/kg on a daily basis).

Total diet study structure.—-As noted previously, the com-
posites in Table 3 were changed slightly after the preliminary
trials. The changes (1) were made to better reflect current food
consumption patterns and to correlate the composites more
closely with those used by the U.S. Food and Drug Adminis-
tration. No changes were made to the composites on the basis
of the trace element results; however, the practice of separately
bottling specific foods that go into the preparation of some
composites was continued. The precautions taken to avoid con-
tamination during preparation and storage of the samples were
continued for the main part of the study. For any new study,
however, the lead results obtained in the first part of the study

n Mean, ng/g Median, ng/g Range, ng/g
13 7.98 17 0.28-48.6
13 6.56 4.8 1.94-17.6
18 46.6 18.6 3.25-273
18 185 124 3.03-67
6 89.8 10.8 7.70-298
6 21.2 135 4.73-41.0
4 238 20.2 10.4-39.3
4 26.3 253 3.74-42.0
28 484 231 3.49-488
29 235 16.3 1.58-247
36 494 50.1 3.31-2547
37 29.3 120 1.42-182
27 55.2 19.8 <0.6-356
24 60.7 21.2 1.85-407
3 115 9.9 <0.2-245
3 81 6.0 3.11-15.2
8 67,2 51.6 9.3-177
8 328 30.3 <1.9-69.0
5 1.7 71 2.71-285
5 474 9.2 5.13-141
295 92.3 16.3 <0.2-2547
148 154.3 216 <0.2-2547
147 29.9 14.7 1.42-407

demonstrate the necessity of monitoring the water supply, care-
fully tracking all kitchen utensils and blenders, and pretesting
all preparatory procedures for contamination by using a food
low in metal concentration.

Additional quality control was desirable from an analytical
viewpoint, and the decision was made to include a laboratory
reference material in each analytical batch.
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A joint AOAC/AACC (American Association of Ce-
real Chemists) collaborative study of methods for
the determination of soluble, insoluble, and total di-
etary fiber (SDF, IDF, and TDF) was conducted with
11 participating laboratories. The assay is based on
a modification of the AOAC TDF method 985.29
and the SDF/IDF method collaboratively studied re-
cently by AOAC. The principles of the method are
the same as those for the AOAC dietary fiber meth-
ods 985.29 and 991.42, including the use of the
same 3 enzymes (heat-stable a-amylase, protease,
and amyloglucosidase) and similar enzyme incuba-
tion conditions. In the modification, minor changes
have been made to reduce analysis time and to im-
prove assay precision: () MES-TRIS buffer re-
places phosphate buffer; (2) one pH adjustment
step is eliminated; and (3) total volumes of reaction
mixture and filtration are reduced. Eleven collabora-
tors were sent 20 analytical samples (4 cereal and
grain products, 3 fruits, and 3 vegetables) for dupli-
cate blind analysis. The SDF, IDF, and TDF content
of the foods tested ranged from 0.53 to 7.17,0.59 to
60.53, and 1.12 to 67.56 g/100 g, respectively. The
respective average RSDrvalues for SDF, IDF, and
TDF determinations by direct measurements were
13.1,5.2, and 4.5%. The TDF values calculated by
summing SDF and IDF were In excellent agreement
with the TDF values measured independently. The
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The recommendation was approved by the General Referee and the
Committee on Foods Il and was adopted by the Official Methods Board of
AOAC. See “Official Methods of Analysis” (1992) 15th Ed., 3rd
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modification did not alter the method performance
with regard to mean dietary fiber values, yet it gen-
erated lower assay variability compared with the
unmodified methods. The method for SDF, IDF, and
TDF (by summing SDF and IDF) has been adopted
first action by AOAC international.

R ecent studies indicate that dietary fiber (DF) may be
protective against cardiovascular diseases, diabetes,
obesity, colon cancer, and other diverticular diseases

(1-3). These findings have led to an increasing awareness of

the importance of consuming foods rich in dietary fiber and the

necessity of reliable methodology to determine DF content in
foods and food products. Dietary fiber was initially defined as
plant cell wall remnants that are resistant to hydrolysis by
human alimentary enzymes (4). The definition has been ex-
tended to include all the polysaccharides and lignin in the diet
that are resistant to the endogenous secretions of the human
digestive tract (5). Accordingly, the term dietary fiber refers to
nonstarch polysaccharides, resistant starch, and lignin; the

AOAC total dietary fiber (TDF) method has evolved on this

basis. This rapid enzymatic-gravimetric method was chosen by

AOAC because it is simple and inexpensive for routine use in

both quality control and research laboratories. The TDF

method has passed several international interlaboratory studies

(6-8) and was adopted final action by AOAC in 1986 (9), with

a method change in 1988 (8). Subsequently, the AOAC TDF

method, 985.29 (10), was adopted by government agencies in

many countries, including the United States, Canada, Australia,

Japan, Switzerland, Germany, and the Nordic countries.

The scope of the method was further expanded to give indi-
vidual values for soluble and insoluble dietary fiber (SDF and
IDF) (8,11), which exhibit distinct physiological functions.
Foods rich inwater-insoluble dietary fiber are important in gas-
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trointestinal function, and foods rich in water-soluble dietary
fiber have important metabolic effects on glucose and lipid me-
tabolism (2). Separation of IDF from SDF by this method (8,
11) is based on water solubility of dietary fiber at atmospheric
pressure, which has more physiological significance than do
other SDF/IDF separation techniques that are based on the sol-
ubility of dietary fiber components either in dimethyl sulfoxide
(DMSO) at elevated temperature (100°C) (H. Englyst, Dunn
Clinical Research Laboratory, Cambridge, UK (1990), per-
sonal written communication) or in aqueous solutions under
autoclave conditions (121°C, 15 psi) (12). Inthe 1988 and 1990
AOAC interlaboratory studies for TDF, SDF, and IDF determi-
nations with the unmodified procedure, the precision of all 3
dietary fiber determinations was satisfactory, with the excep-
tion of values for SDF. Agreement of TDF values measured by
independent analysis with those obtained by summation of
SDF and IDF was excellent.

In the present collaborative study, the principles of the
method are similar to those of method 985.29, with the follow-
ing minor modifications: (1) use of MES/TRIS buffer, pH 8.2
at 24°C, instead of phosphate buffer, pH 6.0; (2) elimination of
a pH adjustment step for protease action; and (3) reduced vol-
ume of the reaction mixture and of the total filtration. These
modifications were introduced to simplify the determination
and improve assay efficiency while minimizing buffer precip-
itation. On the basis of the results of minicollaborative studies
(13; G. Conti, Kraft General Foods, Tarrytown, NY, and D.
Gordon, University of Missouri, Columbia, MO (1990), per-
sonal written communication) in the United States and of the
methods comparison study in Mexico, this modification was
adopted as official in Mexico in the spring of 1990. At that time,
the National Institute of Nutrition in Mexico upgraded its fiber
food tables and labeling from the previously accepted crude
fiber to this new AOAC DF method, 991.43 (C. Rosado, Na-
tional Institute of Nutrition, Mexico, Mexico City, Mexico
(1990), personal written communication).

Various problematic food products, as well as analytically
“normal” products that were identified from the previous stud-
ies (8,11), were included in the present study to determine if
the precision of dietary fiber determination (especially SDF)
could be further improved with these modifications. The study
was also designed to evaluate if any calculated dietary fiber
values, such as TDF by summation of SDF and IDF, IDF by
difference between TDF and SDF, and SDF by difference be-
tween TDF and IDF, could be successfully used as alternatives
for the values determined by direct measurements. The present
paper reports mean dietary fiber values and precision parame-
ters on both an as-is basis and a dried basis (as analyzed) be-
cause reporting the values on an as-is basis is mandatory for
nutrition labeling and because dietary fiber is often determined
on dried foods.

Collaborative Study

The collaborators participating in this study were chemists
in food industries, universities, commercial laboratories, and

government laboratories in the United States and Canada. Each
collaborator was sent the 3 enzymes (heat-stable a-amylase,
protease, and amyloglucosidase), as well as Celite 545 AW, to
be used in this study.

In the pretrial study, 4 test samples (oat bran and prunes in
blind duplicate) were provided to collaborators. The oat bran
and prunes were chosen for pretrial because they had been rec-
ognized as difficult to analyze in the previous AACC (14) and
AOAC (11) studies. If the actual assay protocol in a laboratory
was found to be similar to the suggested assay protocol, analy-
sis of the main collaborative test samples could proceed. If not
deemed acceptable, these laboratories were dropped from the
study. Results from 2 collaborators who used a Tecator Fibertec
apparatus and P-2 crucibles (pore size 40-90 pm), instead of
regular vacuum source and coarse-pore crucibles (40-60 pm),
were considered acceptable. Two other collaborators used a
different grade of Celite, Analytical Filter Aid, instead of 545
AW, and their results were also considered acceptable in
this study.

In the main collaborative study, 11 collaborators were sent
16 additional analytical samples in blind duplicate, which in-
cluded the following 4 cereal and grain products, 3 fruits, and
3 vegetables: (a) barley, dehulled, rolled; (b) high-fiber cereal;
(c) oat bran; (d) soy bran; (e) apricots; (f) prunes; (g) raisins;
(h) carrots; (i) green beans; and (j) parsley. The barley, high-
fiber cereal, and oat bran were purchased at a local supermar-
ket. The soy bran and carrots were used in the AOAC 1989
collaborative study with the unmodified procedure. Results for
these 2 foods showed good precision in the previous study.
Thus, the foods were considered suitable for comparing the
mean values generated by the 2 methods, because the compar-
ison of means assumes homogeneity of variance for the 2 meth-
ods. All the fruit powders were obtained from VacuDry, Santa
Rosa, CA; green beans and parsley were obtained from Cali-
fornia Vegetable Concentrates, Modesto, CA.

Preparation of Analytical Samples

The barley, high-fiber cereal, and oat bran were ground in a
Wiley mill with a 0.5 mm screen. If the fat content of any food
had exceeded 10%, the food would have been defatted with
petroleum ether (3 times with 25 mL/g food) before milling.
[Note: Foods of unknown fat content should be defatted. High
amounts of fat (>10%) in simple may interfere with DF deter-
minations.] The fruit powders were desugared by using 10 vol-
umes of 85% ethanol 2-3 times with decanting, then drying
overnight at 40°C in an air oven with occasional turnover, and
grinding in the Wiley mill (0.5 mm screen). The green beans
and parsley were freeze-dried and ground by the supplier in a
Glenn Hammermill with a 60-mesh screen.

Each analytical sample, except the prunes, was dried over-
night in a 70°C vacuum oven and stored in vials containing
desiccant until analyzed. The pmnes contained 4.4% moisture
and were analyzed as received. The loss of weight due to fat,
sugar, or moisture removal was recorded to make appropriate
corrections to the final percent DF. Each set was randomly split
in half, and each subgroup was labeled with a separate number.
Thus, 2 replicates of each of the foods were supplied blind to
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each collaborator. Because none of the analytical samples con-
tained more than 10% fat, fat extraction was not recommended.

Statistical Methods

Tests for outlying laboratories and outlying individual rep-
licate values were performed according to methods described
in the fourth (final) draft of AOAC “Guidelines for Collabora-
tive Study Procedures to Validate Characteristics of a Method
of Analysis” (15). The Cochran test was performed to remove
data showing significantly greater variability among replicate
(within-laboratory) analyses than did other laboratories for a
given material. Grubbs tests were performed to remove labora-
tories with extreme averages.

Precision of the method was estimated by calculating the
following parameters: standard deviations (SD); sR reproduc-
ibility SD (SD among laboratories including within labora-
tory); Sp repeatability SD (SD within laboratory); and relative
standard deviations (RSD = SD/X x 100) for reproducibility
(RSDr) and repeatability (RSDr. Maximum tolerable differ-
ences (SD x 2.8) were also calculated for reproducibility (R =
sRx 2.8) and repeatability (r = srx 2.8).

To transform the dietary fiber content and its standard devi-
ation from a dried basis to a fresh weight basis, the following
formula was used (16):

% Dietary fiber (or SD) fresh weight basis = % DF (or SD)
in dried product x (100 - % moisture fresh weight
basis)/(100 - % moisture in dried product), i.e., % DF (or
SD) fresh weight basis = % DF (or SD) in dried product x
conversion factor.

The conversion factors that were calculated for each prod-
uct are as follows (the conversion factors for fruits included the
factors for both dewatering and desugaring steps): barley,
0.935000; high-fiber cereal, 0.973000; oat bran, 0.927400; soy
bran, 0.935000; apricots, 0.016841; prunes, 0.308000; raisins,
0.066130; carrots, 0.089000; green beans, 0.096100; and pars-
ley, 0.092084.

991.43 Total, Soluble, and Insoluble Dietary Fiber
In Foods Enzymatic-Gravimetric Method,
MES-TRIS Buffer

First Action 1991

(Applicable to processed foods, grain and cereal products,
fruits, and vegetables.)

Method Performance:

See Table 991.43A for method performance data.

A. Principle

Duplicate samples of dried foods, fat-extracted if containing
>10% fat, undergo sequential enzymatic digestion by heat sta-
ble a-amylase, protease, and amyloglycosidase to remove
starch and protein. For total dietary fiber (TDF), enzyme
digestate is treated with alcohol to precipitate soluble dietary
fiber before filtering, and TDF residue is washed with alcohol

and acetone, dried, and weighed. For insoluble and soluble di-
etary fiber (IDF and SDF), enzyme digestate is filtered, and
residue (IDF) is washed with warm water, dried, and weighed.
For SDF, combined filtrate and washes are precipitated with
alcohol, filtered, dried, and weighed. TDF, IDF, and SDF resi-
due values are corrected for protein, ash, and blank.

B. Apparatus

(a) Beakers.— 400 or 600 mL tall form.

(b) Filtering crucible.— With fritted disk, coarse, ASTM
40-60 pm pore size, Pyrex 60 mL (Coming No. 36060 Buch-
ner, or equivalent). Prepare as follows. Ash overnight at 525°
in muffle furnace. Let furnace temperature fall below 130° be-
fore removing crucibles. Soak crucibles 1 h in 2% cleaning so-
lution at room temperature. Rinse crucibles with H20 and then
deionized H20; for final rinse, use 15 mL acetone and then air-
dry. Add ca 1.0 g Celite to dry crucibles, and dry at 130° to
constant weight. Cool crucible ca 1 hin desiccator, and record
weight, to nearest 0.1 mg, of crucible plus Celite.

(c) Vacuum system.— Vacuum pump or aspirator with reg-
ulating device. Heavy walled filtering flask, 1 L, with side arm.
Rubber ring adaptors, for use with filtering flasks.

(d) shaking water baths.— (1) Capable of maintaining 98
+2°, with automatic on-and-off timer. (2) Constant tempera-
ture, adjustable to 60°.

(e) Balance.— Analytical, sensitivity £0.1 mg.

(f) Mufflefurnace.— Capable of maintaining 525 +5°.

(g) oven.— Capable of maintaining 105 and 130 +3°.

(h) Desiccator.—With Si02 or equivalent desiccant. Bi-
weekly, dry desiccant overnight at 130°.

(i) pH meter.— Temperature compensated, standardized
with pH 4.0,7.0, and 10.0 buffer solutions.

(J) Pipetters.— With disposable tips, 50-300 pL and 5 mL
capacity.

(k) Dispensers.— Capable of dispensing 15 £0.5 mL for
78% EtOH, 95% EtOH, and acetone; 40 £0.5 mLfor buffer.

(|) Magnetic stirrers and stir bars.

C. Reagents

Use deionized water throughout.

(a) Ethanolsolutions.— (1) 85%. Place 895 mL 95% etha-
nol into 1 L volumetric flask, dilute to volume with H20. (2)
78%. Place 821 mL 95% ethanol into 1 L volumetric flask, di-
lute to volume with H20 .

(b) Heat-stable a-amylase solution.— Cat. No. A 3306,
Sigma Chemical Co., St. Louis, MO 63178, or Termamyl
300L, Cat. No. 361-6282, Novo-Nordisk, Bagsvaerd, Den-
mark, or equivalent. Store at 0-5°C.

(c) Protease.— Cat. No. P 3910, Sigma Chemical Co., or
equivalent. Prepare 50 mg/mL enzyme solution in MES/TRIS
buffer fresh daffy. Store at 0-5°C.

(d) Amyloglucosidase solution.— Cat. No. AMG A9913,
Sigma Chemical Co., or equivalent. Store at 0-5°.

(e) Diatomaceous earth.— Acid washed (Celite 545 AW,
No. C8656, Sigma Chemical Co., or equivalent).

(f) Cleaning solution.— Liquid surfactant-type laboratory
cleaner, designed for critical cleaning (Micro®, International
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Table 991.43A. Method performance for 991.43, dietary fiber infoods
Food Mean, g/100 g S R RSDr, % RSDY , %
Total dietary fiber (TDF)

Barley 12.25 0.36 0.85 2.88 6.89
High fiber cereal 33.73 0.70 0.94 2.08 279
Oat bran 16.92 1.06 2.06 6.26 12.17
Soy bran 67.14 101 1.06 150 158
Apricots 112 0.01 0.01 0.89 0.89
Prunes 9.29 0.13 0.40 1.40 431
Raisins 3.13 0.09 0.15 2.88 4.79
Carrots 3.93 0.13 0.13 331 331
Green beans 2.89 0.07 0.07 242 242
Parsley 2.66 0.07 0.14 2.63 5.26

Soluble dietary fiber (SDF)

Barley 5.02 0.40 0.62 801 12.29
High fiber cereal 278 0.44 0.56 15.83 20.14
Oat bran 7.17 0.72 1.14 10.04 15.90
Soy bran 6.90 0.30 0.60 4.35 8.70
Apricots 053 0.02 0.02 3.77 3.77
Prunes 5.07 011 031 217 6.11
Raisins 0.73 0.05 0.16 6.85 21.92
Carrots 110 0.07 0.18 6.36 16.36
Green beans 1.02 0.08 011 7.84 10.78
Parsley 0.64 0.03 0.10 4.69 15.63

Insoluble dietary fiber (IDF)

Barley 7.05 0.61 0.61 8.62 8.62
High fiber cereal 30.52 0.44 071 144 2.33
Qat bran 9.73 0.85 117 8.74 12.02
Soy bran 60.53 0.70 0.70 116 1.16
Apricots 0.59 0.02 0.02 3.39 3.39
Prunes 417 0.07 0.09 1.68 2.16
Raisins 2.37 0.04 0.07 1.69 2.95
Carrots 281 0.09 0.16 3.20 5.69
Green beans 201 0.08 0.08 3.98 3.98
Parsley 237 0.12 0.24 5.06 10.13

Total dietary fiber (SDF + IDF)

Barley 12.14 0.39 0.70 321 5.77
High fiber cereal 33.30 0.63 0.90 1.89 2.70
Qat bran 16.90 0.99 149 5.86 8.82
Soy bran 67.56 0.56 0.94 0.83 1.39
Apricots 112 0.02 0.02 1.79 1.79
Prunes 9.37 0.12 0.30 1.28 3.20
Raisins 3.10 0.05 0.18 161 581
Carrots 3.92 011 0.13 281 3.32
Green beans 3.03 0.09 0.12 297 3.96

Parsley 301 0.12 0.23 3.99 7.64
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Products Corp., Trenton, NJ 08016, or equivalent). Prepare 2%
solution in H20.

(9) MES.— 2-(Af-Morpholino)ethanesulfonic acid (No. M-
8250, Sigma Chemical Co., or equivalent.)

(h) TRIS.— Tris(hydroxymethyl)aminomethane (No. T-
1503, Sigma Chemical Co., or equivalent).

(i) MES/TRIS buffer solution.—0.05M MES, 0.05M TRIS,
pH 8.2 at24°. Dissolve 19.52 g MES and 12.2g TRIS in 1.7 L
H20. Adjust pH to 8.2 with 6N NaOH, and dilute to 2 L with
H20. (Note: Itis important to adjust pH to 8.2 at 24°. However,
if buffer temperature is 20°, adjust pH to 8.3; if temperature is
28°, adjust pH to 8.1. For deviations between 20 and 28°, adjust
by interpolation.)

(i) Hydrochloric acidsolution.—0.561N. Add 93.5 mL 6N
HC1 to ca 700 mL H20 in 1 L volumetric flask. Dilute to 1 L
with H20.

D. Enzyme Purity

To ensure absence of undesirable enzymatic activities and
presence of desirable enzymatic activities, ran standards listed
in Table 991.43B each time enzyme lot changes or at maxi-
mum interval of 6 months.

E Sample Preparation and Digestion

Prepare samples as in 985.29E (if fat content of sample is
unknown, defat before determining dietary fiber). For high
sugar samples, desugar before determining dietary fiber by ex-
tracting 2-3 times with 85% EtOH, 10 mL/g, decanting, and
then drying overnight at 40°.

Run 2 blanks/assay with samples to measure any contribu-
tion from reagents to residue.

Weigh duplicate 1.000 £0.005 g samples (Mj and M2, ac-
curate to 0.1 mg, into 400 mL (or 600 mL) tall form beakers.
Add 40 mL MES/TRIS buffer solution, pH 8.2, to each. Stir on
magnetic stirrer until sample is completely dispersed (to pre-
vent lump formation, which would make test material inacces-
sible to enzymes). Add 50 pL heat-stable a-amylase solution,
stirring at low speed. Cover beakers with Al foil, and incubate
in 95-100° H20 bath 15 min with continuous agitation. Start
timing once bath temperature reaches 95° (total of 35 min is
normally sufficient).

Remove all beakers from bath, and cool to 60°. Remove foil.
Scrape any ring from inside of beaker and disperse any gels in
bottom of beaker with spatula. Rinse beaker walls and spatula
with 10 mL H20.

Table 991.43B. Enzyme purity

Standard Activity tested
Citrus pectin Pectinase
Arabinogalactan Hemicellulase
p-Glucan p-Glucanase
Wheat starch a-Amylase + AMG
Corn starch a-Amylase + AMG
Casein Protease

Add 100 pLprotease solution to each beaker. Cover with Al
foil, and incubate 30 min at 60 £1° with continuous agitation.
Start timing when bath temperature reaches 60°.

Remove foil. Dispense 5 mL 0.561N HC1 into beakers
while stirring. Adjust pH to 4.0-4.7 at 60°, by adding IN NaOH
solution or IN HC1 solution. (Note: Itis important to check and
adjust pH while solutions are 60° because pH will increase at
lower temperatures.) (Most cereal, grain, and vegetable prod-
ucts do not require pH adjustment. Once verified for each lab-
oratory, pH checking procedure can be omitted. As a
precaution, check pH of blank routinely; if outside desirable
range, check samples also.)

Add 300 pL amyloglucosidase solution while stirring.
Cover with Alfoil, and incubate 30 min at 60° +1° with constant
agitation. Start timing once bath reaches 60°.

F. Determination of Total Dietary Fiber

To each digested sample, add 225 mL (measured after heat-
ing) 95 % EtOH at 60°. Ratio of EtOH to sample volume should
be 4:1. Remove from bath, and cover beakers with large sheets
of Al foil. Let precipitate form 1 h at room temperature.

Wet and redistribute Celite bed in previously tared crucible
5(b), using 15 mL 78% EtOH from wash bottle. Apply suction
to crucible to draw Celite onto fritted glass as even mat.

Filter alcohol-treated enzyme digestate through crucible.
Using wash bottle with 78% EtOH and rubber spatula, quanti-
tatively transfer all remaining particles to crucible. (Note: If
some samples form a gum, trapping the liquid, break film
with spatula.)

Using vacuum, wash residue 2 times each with 15 mL por-
tions of 78% EtOH, 95% EtOH, and acetone. Dry crucible con-
taining residue overnight in 105° oven. Cool crucible in
desiccator ca 1 h. Weigh crucible, containing dietary fiber res-
idue and Celite, to nearest 0.1 mg, and calculate residue weight
by subtracting weight of dry crucible with Celite, 5(b).

Use one duplicate from each sample to determine protein,
by method 960.52, using N x 6.25 as conversion factor. For ash
analysis, incinerate second duplicate 5 h at 525°. Cool in des-
iccator, and weigh to nearest 0.1 mg. Subtract weight of cruci-
ble and Celite, 5(b), to determine ash wt.

G. Determination of Insoluble Dietary Fiber

Wet and redistribute Celite bed in previously tared crucible,
5(b), using ca 3 mL H20. Apply suction to crucible to draw
Celite into even mat.

Wt of Std, g Expected rec, %
0.1-0.2 95-100
0.1-0.2 95-100
0.1-0.2 95-100

10 0-1
10 0-1
0.3 0-1
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Filter enzyme digestate, from£, through crucible into filtra-
tion flask. Rinse beaker, and then wash residue 2 times with
10 mL70° H20. Combine filtrate and water washings, transfer
to pretared 600 mLtall form beaker, and reserve for determina-
tion of soluble dietary fiber, H.

Using vacuum, wash residue 2 times each with 15 mL por-
tions of 78% EtOH, 95% EtOH, and acetone. (Note: Delay in
washing IDF residues with 78% EtOH, 95% EtOH, and ace-
tone may cause inflated IDF values.)

Use duplicates to determine protein and ash as in F.

H. Determination of Soluble Dietary Fiber

Proceed as for insoluble dietary fiber determination through
instmction to combine the filtrate and water washings in pre-
tared 600 mL tall form beakers. Weigh beakers with combined
solution of filtrate and water washings, and estimate volumes.

Add 4 volumes of 95% EtOH preheated to 60°. Use portion
of 60° EtOH to rinse filtering flask from IDF determination.
Alternatively, adjust weight of combined solution of filtrate
and water washings to 80 g by addition of H20, and add
320 mL 60° 95% EtOH. Let precipitate form at room tempera-
ture 1 h.

Follow TDF determination, F, from “Wet and redistribute
Celite bed...”

I. Calculations

Blank (B, mg) determination:
B =[(BR1+BR2/2\-Pb-Ab

where BRi and BR2= residue weights (mg) for duplicate blank
determinations; and PBand AB = weights (mg) of protein and
ash, respectively, determined on first and second blank resi-
dues.

Dietary fiber (DF, g/100 g) determination:

DF = {[(RI +R2!2] - P - A - BY/[(MI + M2)I2] x 100

where R\ and R2= residue weights (mg) for duplicate samples;
P andA = weights (mg) of protein and ash, respectively, deter-
mined on first and second residues; B = blank weight (mg); and
Mi and Af2 = weights (mg) for samples.

Total dietary fiber determination: Determine either by inde-
pendent analysis, as in F, or by summing IDF and SDF, as in G
and H.

Ref.: JAOAC 75, May/June issue (1992)

Results and Discussion

Recent surveys showed a mean total dietary fiber intake of
11.2-22.2 g/day in the population of various countries, includ-
ing the United States (17), Japan (18), the United Kingdom (19,
20), and Sweden (21). These intakes are less than the recom-
mended dietary goals of 25-35 g TDF/day (2). People who
consume more than 20 g TDF/day had 3 or more servings of
fruits and vegetables in addition to whole grain cereals in the
diet (17). Approximately 40-50% DF intake is from fruits and
vegetables and 30-50% from cereals and grains in those popu-
lations (18, 20-22). Although fruits and vegetables contain

small amounts of DF on an as-is basis, they are consumed in
sufficiently large quantities to make an appreciable contribu-
tion to dietary fiber intake (14). Fruits and vegetables, as well
as cereal and grain products, are also good sources of SDF (8,
11). Thus, itis important to investigate the performance of the
method used to determine soluble, insoluble, and total dietary
fiber on low-fiber products such as fruits and vegetables, as
well as on grains and cereals. Accordingly, this study included
4 cereal and grain products, 3 fruits, and 3 vegetables to cover
avariety of foods at awide range of dietary fiber concentra-
tions. In the future, nutrition labeling may require reporting on
an as-is basis, even though dietary fiber is usually determined
in the dried food. Consequently, mean dietary fiber values and
precision parameters were reported on a dried basis as well as
an as-is basis. With most dry-type products such as grains and
cereals, changing the basis made little difference in the magni-
tude of fiber content and conclusions regarding precision pa-
rameters such as §j and sR However, the dietary fiber content
and standard deviations for fruits and vegetables differed by
1-2 orders of magnitude. In all cases, the relative standard
deviations, RSDr and RSDr, were not affected by changing
the basis.

In the present study, a modification of the AOAC DF
method 985.29 was used to determine SDF, IDF, and TDF.
The method was modified, as described earlier, to improve
analytical productivity. Preliminary results indicated that
this modification improved assay precision. This study investi-
gated whether the modification could improve the method per-
formance for commodities such as prunes, raisins, apricots,
parsley, and oat bran. In the previous AOAC/AACC collabora-
tive studies (11,14), these commodities were difficult to ana-
lyze in the evaluation of the precision of the method in the
worst cases. The present study also included foods such as soy
bran and carrots, for which the DF determination was found to
be precise.

Results reported by each participating laboratory are pre-
sented in Table 1, where blind duplicate results have been
paired for each food material. The tested foods covered a
wide range of dietary fiber concentrations (Tables 1-5).
Total dietary fiber content (g/100 g) on an as-is basis ranged
from 1.12 for apricots to 67.14 for soy bran (13.10-71.80 on
dry weight basis). Soluble dietary fiber content (g/100 g)
ranged from 0.53 for apricot to 7.17 for oat bran (2.86-
31.42 on a dried basis). Insoluble dietary fiber content
(g/100 g) ranged from 0.59 for apricots to 60.53 for soy
bran (7.54-64.74 on a dried basis).

The AOAC statistical parameters for both repeatability and
reproducibility for each food are summarized in Tables 1-5 for
soluble, insoluble, and total dietary fiber determination. All the
dietary fiber determinations by direct measurement showed ex-
cellent precision. For TDF determination, the RSDr ranged
from 0.89% for apricots to 12.17% for oat bran, with an aver-
age of 4.44%. The sRof TDF values (g/100 g) was in the range
of 0.01 for apricots and 2.06 for oat bran on an as-is basis and
0.77 for apricots/green beans and 2.38 for raisins on a dried
basis. The RSDr of SDF determinations ranged from 3.77% for
apricots to 21.92% for raisins; the mean RSDr for all 10 prod-
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Table 1. Collaborative results of dietary fiber determination In blind duplicates by the AOAC DF method 991.43s

Direct measurement Calculation
C-TDF C-SDF C-IDF
Laboratory TDF SDF IDF (SDF + IDF) (TDF-IDF) (TDF - SDF)

Barley, g DF/100 g

1 1274 4.88 7.88 12.76 4.86 7.86
12.69 5.58 7.14 1272 5.55 1
2 12.96 5.14 7.47 1261 5.49 7.82
12.64 541 7.46 12.87 5.18 7.23
3 12.45 6.98 6.82 13.80 5.63 547
12.29 5.92 8.44 14.36 3.85 6.37
4 13.32 4.96 8.496 13.45 4.83 8.36
12.97 5.07 8.096 13.16 4.88 7.90
5 12.05 5.92 8.58 14.50° 347 6.13
11.82 4.74 6.55 11.29° 5.27 7.08
6 14.49 6.46 7.38 13.84 1 8.03
14.82 6.06 7.82 13.88 7.00 8.76
7 12.98 4.82 752 12.34 5.46 8.16
1364 431 7.8 11.39 6.56 9.33
8 12.14 4.94 7.29 12.23 4.83 7.20
12.29 5.04 7.56 12.60 4.73 7.25

9 — 4.95 754 12.49 — —

NAd 521 7.59 12.80 — —
10 14.43 5.88 797 13.85 6.46 8.55
13.28 591 7.35 13.26 5.93 7.37
n 14.38 533 7.92 13.25 6.46 9.05
13.57 4.63 7.36 11.99 6.21 8.94
X 13.10 5.37 754 12.98 5.49 7.70
g 0.38 0.43 0.65 0.42 0.65 0.55
R 091 0.66 0.65 0.75 0.98 1.03
RSDr, % 2.90 8.01 8.62 3.24 11.85 7.14
RSDr, % 6.95 12.29 8.62 578 17.97 13.38

High-fiber cereal, g DF/100 g

1 33.58 3.27 31.37 34.64 221 30.31
34.88 3.23 30.68 3391 4.20 31.65
2 34.25 1.96 31.60 33.56 2.65 32.29
33.35 2.03 31.80 33.83 155 31.32
3 34.37 3.43 32.55 35.98 1.82 30.94
33.14 1.9 33.15 3H11 -0.01 31.18
4 34.39 2.48 3121 33.69 3.18 3191
34.87 242 31.05 33.47 3.82 3245
5 34.93 3.65 31.74 35.39 3.19 31.28
34.84 3.53 3131 34.75 344 31.22
6 36.94 347 30,84 3431 6.10 3347
35,51 3.38 30.95 34.33 4.56 32.13
7 35.96 3.29 32.26 35.55 3.70 32.67
35.73 2.57 31.52 34.09 421 33.16
8 34.75 2.70 30.47 33.17 4.28 32.05
33.19 3.26 31.52 34.78 167 29.93
9 NAd 2.53 30.04 3257 — —
- 2.23 30,89 33.12 — —
10 35.34 371 3181 35.52 3.53 31.63

34.09 254 3161 34.15 2.48 31.59
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Table 1. Continued

Direct measurement Calculation

C-TDF C-SDF C-IDF

Laboratory TDF SDF IDF (SDF + IDF) (TDF - IDF) (TDF - SDF)
i 34.64 2.67 30.40 33.07 4.24 31.97
34.70 254 3135 33.89 3.35 32.16
X 34.67 2.86 31.37 34.22 321 31.76
S 0.72 0.45 0.45 0.65 101 0.70
R 0.97 0.58 0.73 0.93 1.36 0.87
RSDr, % 2.08 15.73 143 190 31.46 2.20
RSDr, % 2.80 20.28 2.33 272 42.37 2.74

Oat bran (pretrial sample), g DF/100 g

1 19.95 7.72 12.53 20.25 7.42 12.23
2111 8.44 12.16 20.60 8.95 12.67

2 17.25 8.98 9.35 18.33 7.90 8.29
18.46 8.82 9.72 1854 8.74 9.64

3 17.24 10.39 8.76 19.15 8.48 6.85
16.05 7.79 9.44 17.23 6.61 8.26

4 19.54 6.85 9.47 16.32 10.07 12.69
20.53 7.03 10.55 17.58 9.98 13.50

5 1251 4.68 1179 16.47 0.72 7.83
15.30 6.77 1011 16.89 5.19 8.53

6 17.52 8.15 1011 18.34 7.33 9.37
17.54 7.70 9.89 17.59 7.65 9.84

7 21.70 5.20 10.20 15.40 11.50 16.50
20.60 6.20 10.70 16.90 9.90 14.40

8 19.09 8.17 1252 20.69 6.57 10.92
16.07 7.78 9.66 17.44 6.41 8.29

17.86 8.65 11.23 19.88 6.63 9.21

18.04 8.65 1198 20.63 6.06 9.39

9 16.85 8.12 9.06 17.18 7.79 8.73
16.63 7.80 8.73 16.53 7.90 8.83

10 18.99 8.37 9.47 17.84 9.52 10.62
18.73 721 121 18.42 7.52 11.52

n 2181 7.79 10.55 18.34 11.26 14.02
18.60 8.30 12.64 20.94 5.96 10.30

X 18.25 7.73 10.50 18.23 7.75 10.52
s, 114 0.78 0.92 1.07 154 110
sn 222 123 1.26 161 2.28 2.50
RSDr, % 6.25 10.09 8.76 5.87 19.87 10.46
RSDr, % 12.16 1591 12.00 8.83 29.42 23.76

Soy bran, g DF/100 g

71.02 7.60 64.70 72.30 6.32 63.42
71.13 7.78 64.06 71.84 7.37 63.65
71.68 7.02 65.63 72.65 6.05 64.66
7041 6.61 64.81 71.42 5.60 63.80
70.88 781 64.16 71.97 6.72 63.07
71.27 6.85 65.64 72.49 5.63 64.42
72.96 7.79 64.73 72.52 8.23 65.17
70.38 7.61 64.59 72.20 5.79 62.77
5 71.39 7.58 64.92 72.50 6.47 63.81

71.82 7.96 64.68 72.64 7.14 63.86
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Table 1. Continued

Direct measurement Calculation

C-TDF C-SDF C-IDF

Laboratory TDF SDF IDF (SDF + IDF) (TDF-IDF) (TDF - SDF)
6 74.61 7.30 65.31 7261 9.30 67.31
7111 7.87 64.78 72.65 6.33 63.24
7 73.23 7.62 65.10 71.72 8.13 65.61
73.89 7.32 63.97 71.29 9.92 66.57
8 72.20 7.04 67.01* 74.05 5.19 65.16
7241 6.97 66.31* 73.28 6.10 65.44

9 NA* 6.04 64.37 7041 — —
— 6.50 64.07 70.57 — —

10 71.97 8.82 63.93 72.75 8.04 63.15
71.30 8.28 66.18 74.46 5.12 63.02
n 70.57 6.86 64.04 70.90 6.53 63.71
71.71 7.18 65.16 72.34 6.55 64.53
X 71.80 7.38 64.74 72.25 6.83 64.32
g 1.08 0.32 0.75 0.60 123 1.15
R 114 0.64 0.75 1.00 1.32 124
RSDr, % 1.50 4.34 116 0.83 18.01 1.79
RSDr, % 1.59 8.67 116 138 19.33 1.93

Apricots, g DF/100 g

1 67.78 31.04 34.55 65.59 33.23 36.74
67.10 31.38 36.86 68.24 30.24 35.72
2 66.51 32.14 35.06 67.20 31.45 34.37
67.38 30.65 36.60 67.25 30.78 36.73
3 66.36 31.59 36.72 68.31 29.64 34.77
67.96 33.33 35.62 68.95 32.34 34.63
4 65.63 31.83 34.43 66.26 31.20 33.80
66.16 31.25 34.82 66.07 31.34 34.91
5 67.68 31.44 35.45 66.89 32.23 36.24
67.15 30.99 34.64 65.63 3251 36.16
6 66.47 3221 33.79 66.00 32.68 34.26
66.09 31.42 35.47 66.89 30.62 34.67
7 71.24* 30.36 36.05 66.41 35.19 40.88
70.19* 31.26 35.06 66.30 34.53 38.93
8 67.38 32.63 35.00 67.63 32.38 34.75
67.81 30,08 36.14 66.22 31.67 37.73

9 NA* 27.45* 35.76 63.21* — —

— 29.05* 3571 64.76* — —
10 66.82 31.65 35.44 67.09 31.38 35.17
65.66 30.40 33.52 63.92 32.14 35.26
n 65.91 27.24* 33.99 61.23* 31.92 38.67
66.56 23.26* 33.18 56.44* 33.38 43.30
X 66.80 31.42 35.20 66.75 31.73 36.38
g 0.60 0.92 091 mn 116 145
R 0.77 0.93 1.02 117 116 2.49
RSDr, % 0.90 2.93 2.59 1.66 3.66 3.99
RSDr, % 115 2.96 2.90 175 3.66 6.84

Prunes (pretrial sample), g DF/100 g

1 29.59 16.92 13.50 30.42 16.09 12.67
30.36 17.33 13.59 30.92 16.77 13.03
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Table 1. Continued

Direct measurement Calculation

C-TDF C-SDF C-IDF

Laboratory TDF SDF IDF (SDF + IDF) (TDF - IDF) (TDF - SDF)
2 28.84 15.92 1358 29.50 15.26 12.92
29.27 16.78 13.05 29.83 16.22 12.49
3 32.14 18.33 13.28 31.61 18.86 1381
32.07 17.94 13.67 31.61 18.40 14.13
4 29.85 16.04 14.24 30.28 1561 1381
30.82 15.83 13.63 29.46 17.19 14.99
5 28.15 16.20 13.28 29.48 14.87 11.95
2811 17.09 1341 30.50 14.70 11.02
6 30.54 17.17 13.78 30.95 16.76 13.37
30.95 17.74 13.85 31.59 17.10 1321
7 32.50 14.33 15.51e 29.84 16.99 18.17
31.70 14.70 14.33e 29.03 17.37 17.00
8 30.94 16.10 15.63* 31.73 1531 14.84
30.45 16.24 15.46* 31.70 14.99 1421
30.63 16.88 15.07* 31.95 15.66 13.75
29.82 16.01 15.35* 31.36 14.47 1381
9 29.04 15.97 13.46 29.43 15.58 13.07
28.62 15.95 13.62 29.57 15.00 12.67
10 30.91e 17.67 13.16 30.83 17.75 13.24
28.11e 17.21 1321 30.42 14.90 10.90
u 29.60 15.52 13.62 29.14 15.98 14.08
29.47 15.56 13.77 29.33 15.70 1391
X 30.16 16.48 1354 30.43 16.14 13.63
g 041 0.37 0.22 0.38 0.74 0.66
S 1.30 1.02 0.28 0.98 123 163
RSDr, % 1.36 2.25 1.62 125 4.58 484
RSDr, % 431 6.19 207 3.22 7.62 11.96

Raisins, g DF/100 g

1 44.99 9.45 36.02 4547 8.97 35.54
44.23 10.06 36.39 46.45 7.84 34.17
2 45.27 — 35.60 — 9.67 —
43.73 8.03 35.84 43.90 7.89 35.70
3 48.83 14.23 36.47 50.70 12.36 34.60
49.35 12.08 37.19 49.27 12.16 37.27
4 46.36 10.64 3541 46.05 10.95 35.72
45.67 9.29 35.63 44.92 10.04 36.38
5 47.06 13.87 36.30 50.17 10.76 33.19
47.27 14.74 35.69 50.43 1158 32.53
6 50.73 11.85 36.64 48.49 14.09 38.88
49.04 11.26 35.94 47.20 13.10 37.78
7 50.84 8.60 36.30 44.90 1454 42.24
49.33 8.38 37.94 46.32 11.39 40.95
8 51.62 11.65 42.48e 54.13e 9.14 39.97
46.50 10.76 37.74e 48.50e 8.76 35.74
9 NA* 11.88 36.49 48.37 — —
— 11.45 36.13 47.58 — —
10 48.82 14.36 33.36 47.72 15.46 34.46
46.72 13.65 33.43 48.08 12.29 33.07
n 44.98 7.79 34.62 4241 10.36 37.19

45.53 6.86 34.20 41.06 1133 38.67
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Table 1. Continued

Direct measurement Calculation

C-TDF C-SDF C-IDF
Laboratory TDF SDF IDF (SDF + IDF) (TDF-IDF) (TDF - SDF)
X 47.34 10.99 35.83 46.81 11.13 36.53
g 141 0.72 0.54 0.77 118 1.39
sn 2.38 2.39 1.08 2.70 2.18 2.76
RSDr, % 2.98 6.55 151 164 10.60 381
RSDn, % 5.03 21.75 301 5.77 19.59 7.56

Carrots, g DF/100 g

1 43.22 1135 32.18 43.53 11.04 31.87
45.50 11.48 33.18 44.66 12.32 34.02

2 43.28 10.03 32.96 42.99 10.32 33.25
4217 9.90 32.86 42.76 9.31 32.27

3 45.38 15.16 29.32 44.48 15.96 30.12
42.16 14.28 3142 45.70 10.74 27.88

4 4401 12.78 30.84 43.62 13.17 31.23
43.56 1145 31.66 4311 11.90 3211

5 4351 12.16 34.69 46.85 8.82 31.35
46.19 12.83 31.83 44.66 14.36 33.36

6 45.10 12.68 30.68 43.36 14.42 3242
42.49 14.05 30.07 4412 12.42 28.44

7 44.66 10.85 32.05 42.90 1261 3381
46.14 1154 32.30 43.84 13.84 34.60

8 43.79 10.47 32.39 42.86 11.40 33.32
45.39 12.97 34.39 47.36 11.00 3242

10 45,01 16.25 2831 44.62 16.64 28.76
44.61 16.61 27.89 44.50 16.72 28.00

n 44.76 10.32 32.27 42.59 12.49 34.44
42.49 1081 30.89 41.70 11.60 31.68

X 44.17 12.40 3161 44,01 12.55 3177
g 1.42 0.77 1.02 123 1.85 143
R 1.42 2.04 1.79 142 2.25 2.15
RSDr, % 321 6.21 3.23 2.79 14.74 4.50
RSDr, % 321 16.45 5.66 3.23 17.93 6.77

Green beans, g DF/100 g

1 29.75 11.52 20.54 32.06 9.21 18.23
30.33 11.32 21.16 32.48 9.17 19.01
2 30.56 10.48 20.47 30.95 10.09 20.08
30.00 10.44 20.60 31.04 9.40 19.56
3 30.61 12.20 20.72 32.92 9.89 1841
29.44 1125 21.08 32.33 8.36 18.19
4 30.22 1113 20.07 31.20 10.15 19.09
29.92 8.82 22.19 31.01 7.33 20.70
5 29.13 10.96 22.04 33.00 7.09 18.17
30.79 10.96 — — 19.83
6 30.95 10.63 21.70 32.33 9.23 20.30
30.88 10.37 2141 31.78 9.47 2051
7 32.18 9.09 2281 31.90 9.37 23.09
31.61 11.08 20.68 31.76 10.93 20.53
8 30.89 12.06 20.83 32.89 10.06 18.83

20.01 10.79 20.44 31.23 8.57 18.22
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Table 1. Continued

Direct measurement Calculation
C-TDF C-SDF C-IDF
Laboratory TDF SDF IDF (SDF + IDF) (TDF-IDF) (TDF - SDF)
9 NAd 921 21.40 30.60 - —
— 8.95 20.66 2961 — —
10 30.64 1155 20.39 31.94 10.25 19.09
29.93 12.00 20.12 32.12 9.81 17.93
n 30.23 9.63 21.33 30.96 8.90 20.60
30.62 8.52 19.06 27.58 11.56 22.10
X 30.10 10.59 20.94 3151 941 19.62
g 0.77 0.78 0.88 0.90 112 0.92
R 0.77 112 0.88 1.25 112 141
RSDr, % 2.56 7.37 4.20 2.86 11.90 4,69
RSDr, % 2.56 10.58 4.20 3.97 11.90 7.19
Parsley, g DF/100g
1 28.59 731 28.23 35.54 0.36 21.28
26.92 6.59 32.90 39.49 5.98 20.33
2 27.09 5.36 29.06 34.42 197 21.73
28.10 520 27.46 32.66 0.64 22.90
3 27.81 7.37 25.77 33.14 204 20.44
28.49 7.59 27.06 34.65 143 20.90
4 2851 6.83 26.18 33.01 2.33 21.68
27.90 6.57 26.24 3281 1.66 21.33
5 28.43 7.85 24.96 3281 347 20.58
27.93 6.69 22.72 29.41 521 21.24
6 30.81 7.44 2511 32.55 5.70 23.37
29.49 7.75 23.33 31.08 6.16 21.74
7 3161 7.24 26.41 33.65 5.20 24.37
31.63 7.69 25.68 33.37 5.95 23.94
8 2851 7.38 21.13 2851 7.38 21.13
27.04 7.62 21.40 29.02 5.64 19.42
9 NAd 5.67 24.06 29.73 — —
— 5.65 24.19 29.84 — —
10 3121 8.70 26.03 34.73 5.18 2251
30.14 8.97 2451 33.48 5.63 21.17
n 29.73 6.40 26.78 33.18 2.95 23.33
29.09 5.62 26.50 32.12 2.59 23.47
X 28.95 6.98 2571 32.69 3.08 21.84
53 0.72 0.37 1.30 131 1.66 0.73
sr 1.15 1.05 2.62 2.53 3.29 1.36
RSDr, % 2.49 5.30 5.06 401 53.90 334
RSDh, % 3.97 15.04 10.19 7.74 106.82 6.23

a Dry weight basis (except prunes, 4.4% water); as-analyzed.

b Grubbs tests outlier.
¢ Cochran test outlier.
d NA = not analyzed.

ucts was 13.16%. The Sr of SDF values (g/100 g) ranged from
0.02 for apricots to 1.14 for oat bran on an as-is basis and 0.58
for high-fiber cereal to 2.39 for raisins on a dry weight basis.
For IDF determinations, the RSDr was in the range of 1.16%
for soy bran to 12.02% for oat bran, with an average of 5.24%.

The sRof IDF values (g/100 g) ranged from 0.02 for apricots to
1.17 for oat bran on an as-is basis, and from 0.28 for prunes to
2.62 for parsley on a dried basis.

Precision of SDF, IDF, and TDF determinations by direct
measurements is considered excellent. The sRof SDF determi-
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Table 2.
Food Mean, g/100 g S SR
Cereal products
Barley 1225 0.36 0.85
High-fiber cereal 33.73 0.70 0.94
Oat bran (pretrial) 16.92 1.06 2.06
Soy bran 67.14 101 1.06
Fruit and vegetables
Apricots 112 0.01 0.01
Prunes (pretrial) 9.29 0.13 0.40
Raisins 3.13 0.09 0.15
Carrots 3.93 0.13 0.13
Green beans 2.89 0.07 0.07
Parsley 2.66 0.07 0.14
a As-is (fresh weight basis).

nation (0.02-1.14 g/100 g) is equal to or lower than those of
IDF (0.02-1.17 g/100 g) and TDF (0.01-2.06 g/100 g) deter-
minations, even though the RSDr was higher for SDF values
(13.2 vs 4.4-5.2%). Because most foods contain lower
amounts of SDF than of IDF, obtaining natural foods contain-
ing more than 8 g SDF/100 g for use in this study was difficult.

Tables 1-9 and Figures 1-6 compare the dietary fiber values
obtained by direct measurement and by calculation, with re-
spect to mean dietary fiber values and their variation. The mea-
sured TDF values by independent analysis and the calculated
TDF (C-TDF) values by summing SDF and EDF (C-SDF and
C-IDF) were in excellent agreement (Tables 1,2,5, and 6; Fig-
ure 1). The equation expressing the agreement between the 2
values was C-TDF = 1.003 x TDF, measured, and the correla-
tion coefficient, r2of the 2 methods was 0.997 (Figure 1). The

Measures of precision for determining total dietary fiber by independent analysis8

Max. toi. diff., g/100 g

RSDr, % RSDr, % r R
2.88 6.89 0.99 2.38
2.08 2.79 1.96 2.63
6.26 12.17 297 5.77
150 158 2.83 297
0.89 0.89 0.03 0.03
140 431 0.36 112
2.88 4.79 0.25 0.42
331 331 0.36 0.36
242 242 0.20 0.20
2.63 5.26 0.20 0.39

assay variabilities of the 2 methods, which were estimated by
srand sR, RSDr, and RSDr, were comparable (Tables 1,2, and
5). Both methods showed the mean RSDr of 4.4-4.5% and
demonstrated similar cumulative RSDr distribution curves
(Figure 4). The SDF values also showed good correlation be-
tween the calculation and direct measurement methods (Tables
1, 3, and 7; Figure 2). The correlation equation was C-SDF =
0.960 x measured SDF, and r2was 0.864 (Figure 2).

The IDF values generated by direct measurement and by
calculation also show excellent agreement (Tables 1,4, and 8;
Figure 3). The equation was C-EDF = 0.995 x measured IDF,
and r2was 0.997 (Figure 3). Calculated SDF and IDF values
tend to show higher variability than do measured SDF and IDF
values (Figures 5 and 6). The overall respective RSDr and
RSDr of SDF determinations increased from 7.0 and 13.1% by

Table 3. Measures of precision for soluble dietary fiber determination8
Max. toi. diff., g/100 g
Food Mean, g/100 g s SR RSDr, % RSDr, % r R
Cereal products
Barley 5.02 0.40 0.62 8.01 12.29 112 173
High-fiber cereal 2.78 0.44 0.56 15.83 20.14 123 157
QOat bran (pretrial) 717 0.72 114 10.04 15.90 2.02 3.19
Soy bran 6.90 0.30 0.60 4.35 8.70 0.84 1.68
Fruits and vegetables
Apricots 0.53 0.02 0.02 3.77 3.77 0.06 0.06
Prunes (pretrial) 5.07 011 031 217 6.11 0.31 0.87
Raisins 0.73 0.05 0.16 6.85 21.92 0.14 0.45
Carrots 1.10 0.07 0.18 6.36 16.36 0.20 0.50
Green beans 1.02 0.08 011 7.84 10.78 0.22 0.31
Parsley 0.64 0.03 0.10 4.69 15.63 0.08 0.28

As-is (fresh weight) basis.
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Max. toi. diff., g/100 g

Table 4. Measures of precision for Insoluble dietary fiber determination*
Food Mean, g/100g S8 S
Cereal products
Barley 7.05 0.61 0.61
High-fiber cereal 30.52 0.44 071
Oat bran (pretrial) 9.73 0.85 117
Soy bran 60.53 0.70 0.70
Fruits and vegetables
Apricots 0.59 0.02 0.02
Prunes (pretrial) 4.17 0.07 0.09
Raisins 2.37 0.04 0.07
Carrots 281 0.09 0.16
Green beans 201 0.08 0.08
Parsley 2.37 0.12 0.24

a As-is (fresh weight) basis.

direct measurement to 18.0 and 27.6% by the difference
method (Tables 3, 7, and 9). The overall respective RSDr and
RSDr of IDF determination are 3.9 and 5.2% for the measured
values and 4.6 and 8.7% for the calculated values (Tables 4,8,
and 9).

The variations of calculated SDF values in relation to those
of measured SDF values were not consistent. For grains and
cereals, the variations of C-SDF values are almost doubled rel-
ative to the measured SDF values, although fruits and vegeta-
bles (except parsley) showed comparable precision parameters
between the 2 methods. For parsley, the variability of C-SDF
values is approximately 6-7 times as great as that of measured
SDF values, probably because parsley contains a low amount
of SDF, and 2 of the IDF values reported are slightly higher
than the TDF values. Negative C-SDF values resulted. In real-
ity, the laboratories would report 0 g SDF when the IDF values
were higher than the TDF values. However, for estimation of

RSDY, % RSDr, % r R
8.62 8.62 1.70 1.70
1.44 2.33 1.23 1.99
8.74 12.02 2.38 3.28
1.16 116 1.96 1.96
3.39 3.39 0.06 0.06
1.68 2.16 0.20 0.25
1.69 2.95 011 0.20
3.20 5.69 0.25 0.45
3.98 3.98 0.22 0.22
5.06 10.13 0.34 0.67

actual variation of C-SDF values, the negative values, instead
of 0, were used in the precision estimate. Parsley may contain
a low concentration of water-insoluble dietary fiber compo-
nents that can be solubilized in 78% ethanol. One collaborator
suggested that washing IDF residues with portions of ethanol
and acetone immediately after separation from the SDF solu-
tion could minimize the higher IDF values occasionally en-
countered for the special commodities such as parsley.

This study shows that the sRfor dietary fiber determination
on a dry weight basis is relatively constant. Approximately
80% of the sRvalues are in the range of 0.5-1.5 g/100 g across
the products. Each food group tended toward its own relatively
constant sRwhen calculated on an as-is basis. The sRvalues for
SDF, IDF, and TDF determinations are 0.02-0.31, 0.02-0.24,
and 0.01-0.40, respectively, for fruits and vegetables, and
0.56-0.62, 0.62-0.71, and 0.85-1.06, respectively, for cereal
and grain products except oat bran. Thus, changing the basis

Table 5. Measures of precision for determining total dietary fiber as a sum of SDF and IDF*
Max. tol. diff., g/100g
Food Mean, g/100 g g R RSD,, % RSDr, % r R
Cereal products
Barley 12.14 0.39 0.70 321 5.77 1.10 1.96
High-fiber cereal 33.30 0.63 0.90 1.89 2.70 1.76 2.52
QOat bran (pretrial) 16.90 0.99 1.49 5.86 8.82 2.77 4.17
Soy bran 67.56 0.56 0.94 0.83 1.39 157 2.63
Fruit and vegetables
Apricots 112 0.02 0.02 1.79 179 0.06 0.06
Prunes (pretrial) 9.37 0.12 0.30 1.28 3.20 0.34 0.84
Raisins 3.10 0.05 0.18 161 581 0.14 0.50
Carrots 3.92 011 0.13 281 3.32 0.31 0.36
Green beans 3.03 0.09 0.12 297 3.96 0.25 0.34
Parsley 301 0.12 0.23 3.99 7.64 0.34 0.64

As-is (fresh weight) basis.
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Table 6. Comparison of measured and calculated TDF
(g DF/100 g)a

Calculated TDF

Food Measured TDF6 (SDF + IDF)C
Cereal products

Barley 12.25 12.14

High-fiber cereal 33.73 33.30

Oat bran 16.92 16.90

Soy bran 67.14 67.56
Fruits and vegetables

Apricots 112 1.12

Prunes 9.29 9.37

Raisins 313 3.10

Carrots 3.93 3.92

Green beans 2.89 3.03

Parsley 2.66 301

a As-s (fresh weight) basis.
b Measured total DF is by independent analysis.
e Calculated total DF is the sum of soluble and insoluble D

from dry weight to as-is makes little difference with dried prod-
ucts such as grain and cereals and improves the precision pa-
rameters srand sRfor high moisture products such as fruits and
vegetables. Relative standard deviations, RSDrand RSDr,
were not changed by the basis change.

Oat bran showed a higher sRthan did the other grains. Col-
laborator 5 reported averages 0f5.72,10.95, and 13.90 g/100 g
for SDF, IDF, and TDF, respectively, the first time he used this
modification. He reported similar averages (5.53, 9.77, and
14.08 g/100 g, respectively) a week later when he used the
method of Li and Andrews (23). One month later, however, the
laboratory repeated the analysis by this modified method and
obtained 16.34 g/100 g for TDF. The values reported the first
time were used in the statistical evaluation of the data. The high
time-to-time variability difference in values by these methods

Table 7.
Food Mean, g/100 g g
Cereal products
Barley 513 0.61b
High-fiber cereal 3.12 0.98c
Oat bran (pretrial) 7.19 1.43c
Soy bran 6.38 1.15e
Fruits and vegetables
Apricots 0.53 0.02
Prunes 4.97 0.23c
Raisins 0.74 0.08b
Carrots 1.12 0.16C
Green beans 0.90 0.11
Parsley 0.28 0.15C

a Ass (fresh weight) besis.

indicates that sample heterogeneity might contribute to the
high assay variability of oat bran. Bran products, especially oat
bran, have a natural tendency to separate (15), and the particle
size of oat brans is highly variable (24). The data also indicate
that oat bran analysis requires an improved method for sample
preparation to minimize the heterogeneity problem. Similar
observations were made in the AACC Oat Bran Committee
Collaborative Study (14).

Overall, the findings in this study show that this dietary fiber
determination method is highly compatible with soluble, insol-
uble, and total dietary fiber labeling on cereal, fruit, and vege-
table products. In the case of fruits and vegetables, the method
showed excellent performance on products containing dietary
fiber as low as 0.53 g/100 g (Table 3). For example, the R value
(“maximum tolerable differences”) of SDF values for apricot,
calculated by 2.8 x sR was 0.06 when the mean SDF value was
0.53 g/100 g. This finding indicates that 2 values from different
laboratories are expected to disagree with each other by no
more than R g/100 g, 0.06 g/100 g for apricot, and that 95% of
the SDF values may fall into a range of 0.50-0.56 g/100 g. In
the case of IDF values for apricot, the R value (g/100 g) was
0.06 when the mean IDF value was 0.59 (Table 4), indicating
that 95% of the IDF values might be in the range 0f0.56-0.62.
The TDF values for apricot (g/100 g) showed even better pre-
cision; the R value of 0.06 and the mean TDF value of 1.12
(Table 5) indicated that 19 times in 20 the TDF values might
fall into the 1.09-1.15 g range.

The method can also reproducibly measure dietary fiber
content as low as 2.78 g/100 g in cereal products. For example,
the §jand sRof SDF (g/100 g) for high-fiber cereal were 0.44
and 0.56, respectively, when the mean SDF value was 2.78.
The R value was 1.57 g/100 g, indicating that 95% of the time
the 2 values from different laboratories would be within the
range of 2.00-3.57 g/100 g. The sL (SD among-laboratories)
was also 0.33 g/100 g, indicating that in 95% of the cases the
mean of 2 DF values from different laboratories would be in
the range of 2.32-3.24 g/100 g. This reproducibility value is

Measures of precision for C-SDF determination by difference between TDF and IDFa

SR RSDY, % RSDr, %
0.92c 1184 17.85
1.32¢ 3141 4231
2.11c 19.89 29.35
1.23e 18.03 19.28
0.02 377 377
0.38e 4.63 7.65
0.14 1081 1892
0.20 14.29 17.86
0.11 12.22 12.22
0.30e 5357 107.14

b The C-SDF values showed significantly higher variance than did the measured values (P< 0.10).
¢ The variance of the C-SDF values was significantly higher than that of the measured SDF values at P <0.05.
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Table 8.
Food Mean, g/ 100 g sr
Cereal products
Barley 7.20 051
High-fiber cereal 30.90 0.68°
Oat bran (pretrial) 9.75 1.02
Soy bran 60.14 1.08c
Fruits and vegetables
Apricots 0.61 0.02°
Prunes 4.20 0.20b
Raisins 242 0.09b
Carrots 2.83 0.13
Green beans 1.88 0.09
Parsley 2.01 0.07b

8 As-is (fresh weight) basis.

Measures of precision for C-IDF determination by difference between TDF and SDF8

SR RSDr, % RSDr, %
0.96b 7.08 13.33
0.85 2.20 2.75
2.32b 10.46 23.79
1.16* 1.80 193
0.04b 3.28 6.56
050 4.76 11.90
0.18b 372 7.44
0.19 459 6.71
0.13b 479 6.91
0.12b 3.48 5.97

b The variance of the C-IDF values was significantly higher than that of the measured IDF values at P <0.05.
¢ The variance of the C-IDF values was significantly higher than that of the measured IDF values at P <0.10.

considered suitable for nutrition labeling of dietary fiber at this
low concentration of DF. Official routine practice in Japan (25)
has demonstrated that the assay working range can be reduced
to as low as 1 g DF/100 g in dried foods, including cereals and
grains, by increasing the analytical portion from 1to 3 g.

Two materials already collaboratively studied by the un-
modified AOAC method (11) were used in the present study to
compare method performance with regard to mean DF values.
Specifically, the same batches of carrot and soy bran from the
previous AOAC study (11) were introduced in this study to
investigate if this modification could generate mean soluble,
insoluble, and total dietary fiber values similar to those ob-
tained by the unmodified methods. As shown in Table 10, the
2 methods generate remarkably similar mean SDF, IDF, and
C-TDF values, even though the 2 studies used different partic-
ipating laboratories at different times.

Agreement of the dietary fiber values for soy bran by the 2
methods was within 0.53 g/100 g. The unmodified method and
the modification generated values (g/100 g) of 6.62 and 6.90
for SDF, 61.00 and 60.53 for IDF, and 67.62 and 67.56 for TDF,
respectively. Agreement on values for carrots was also excel-

lent, within 0.12 g DF/100 g. The values (g/100 g) obtained by
the method and the modification were 0.98 and 1.10 for SDF,
2.28 and 2.81 for IDF, and 3.86 and 3.92 for TDF, respectively.
The modified method showed better precision in most cases
than the earlier method. With the modification, the sRfor soy
bran was reduced by 41% and 68% for SDF and TDF, respec-
tively; the sRfor carrot was reduced by 50% for IDF. The RSDr
of SDF values for carrot were comparable between the 2 meth-
ods. The comparison of precision of the unmodified method
and the present modification was further extended to other
products listed in Table 11. We emphasize that the 2 studies
used different participating laboratories at different times. The
modification showed significant precision improvements for
determination of SDF, IDF, and TDF (by summing SDF and
IDF) on most products tested here, especially for fruits
and parsley.

From the comparative data in Tables 10-11, we surmised
that neither the simplification of the method nor the buffer
change altered the mean DF values. These modifications could
further improve the precision of method performance, even for
the products that showed good precision with the unmodified

Table 9. Summary of statistical parameters for dietary fiber determination8

DF type Determination method Concn range, g/100 g RSDr av., % RSDr range, %

SDF Direct measurement 0.53-7.2 13.16 3.8-21.9
Calculation (TDF - IDF) 0.28-7.2 18.81b 76424

(27.67) (7.6-107.1)

IDF Direct measurement 0.59-60.5 5.24 1.2-12.0
Calculation (TDF - SDF) 0.61-60.1 8.73 1.9-23.8

TDF Direct measurement 11-67.1 4.44 0.9-12.2
Calculation (SDF + IDF) 1.1-67.6 4.45 1.4-8.8

8 As-is (fresh weight) basis.

b The average RSDr without parsley data. The number in parentheses includes parsley data.
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Table 10. Method performance of 2 dietary fiber determination methods8

SDF IDF TDF (SDF + IDF)
Statistic Unmod.b Mod.c Unmod. Mod. Unmod. Mod.
Dry weight basis (as-analyzed)
Soy bran
X g/100 g 7.08 7.38 65.24 64.74 72.68 72.25
sR g/100 g 104 0.64 2.40 0.75 178 1.00
Carrots
X g/100 g 11.02 12.40 32.29 3161 44.10 44,01
SR g/100 g 174 2.04 3.68 179 2.62 142
As-is (fresh weight) basis
Soy bran
X g/100 g 6.62 6.90 61.00 60.53 67.62 67.56
sR g/100 g 0.97 0.60 2.24 0.70 1.66 0.94
RSDr, % 14.66 8.70 3.68 116 245 139
Carrots
X g/100 g 0.98 1.10 2.88 281 3.86 3.92
sR g/100 g 0.16 0.18 0.33 0.16 0.23 0.13
RSDr, % 15.76 16.36 11.39 5.69 594 3.32

a Data for the unmodified (1989) and the modified (1990) methods are based on the results from the same batches of test samples by different

participating laboratories.
6 Unmodified method.
¢ Modified method.

method. The precision of the enzymatic-gravimetric method
has been greatly improved through the several modifications,
including the simplification of the assay protocol and the use of
organic buffers. The method might be further improved
through the optimization of analytical portion size for each
food category (0.5-3.0 g), test sample preparation (optimized
uniform particle sizing), and further analytical simplification of
the determination. Significant improvements made to date
might also be further advanced by the development of opti-
mized determination methods that are physiologically relevant
to soluble/insoluble dietary fiber.

Conclusions

(1) The modification does not alter mean dietary fiber val-
ues, when compared to those for the unmodified method.

(2) The precision of enzymatic-gravimetric methods has
been significantly improved, and a reliable method for simul-
taneous determination of soluble, insoluble, and total dietary
fiber is now available.

(3) The overall precision of the soluble, insoluble, and total
dietary fiber determination by direct measurement is excellent.

(4) The total dietary fiber values calculated by summing
SDF and IDF were in excellent agreement with the TDF values
measured independently, and the assay variations by the 2
methods were comparable.

(5) The soluble and insoluble dietary fiber values obtained
by direct measurement were more consistent and precise than
those estimated by the difference method, although the calcu-
lated SDF and IDF values also showed good precision, with the
exception of C-SDF values for parsley.

(6) From a practical point of view, this method for soluble,
insoluble, and total dietary fiber determination can be success-
fully used to generate reliable values for quality control, re-
search, and labeling.

Collaborators’Comments

General comments by the collaborators confirmed that the
method was simpler and less time-consuming than the unmod-
ified AOAC method. Many laboratories encountered filtration
difficulties with desugared fruits (prunes, raisins, and apricots).
Some difficulty was encountered with carrots. When the ana-
lytical portion size was reduced from 1.0 to 0.5 g, suspensions
of these foods could be filtered faster. Collaborators in research
laboratories preferred to use Celite Analytical Filter Aid
(CAFA), instead of Celite 545 AW, because CAFA allowed a
minimum loss during filtration. However, most of the labora-
tories in which a multitude of test samples are analyzed daily
supported the use of Celite 545 AW because of its fast filtration
rate compared to that for CAFA.
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Table 11. sr (g/100 g) of 2 dietary fiber determination methods4
SDF IDF C-TDF (SDF + IDF)
Food Unmod.0 Mod.c Unmod. Mod. Unmod. Mod.
Dry weight basis (as-analyzed)
Barley 1.37 0.66 0.62 0.65 1.87 0.75
High-fiber cereal 0.65 0.58 131 0.73 153 0.93
Oat bran 1.25 123 2.06 1.26 2.46 161
Apricots 431 0.93 3.69 1.02 4.82 117
Prunes 9.53 1.02 8.98 0.28 2.99 0.98
Raisins 6.02 2.39 9.49 1.08 7.22 2.70
Parsley 2.92 1.05 4.69 2.62 261 253
As-is (fresh weight) basis

Barley 121 0.62 0.55 0.62 1.65 0.70
High-fiber cereal 0.65 0.56 1.27 071 1.49 0.90
Oat bran 1.15 114 1.90 117 2.26 1.49
Apricots 0.25 0.02 0.19 0.02 0.28 0.02
Prunes 2.08 0.31 1.96 0.09 0.65 0.30
Raisins 0.40 0.16 0.63 0.07 0.48 0.18
Parsley 0.34 0.10 0.55 0.24 0.31 0.23

a Data for the 2 methods were based on results from different batches of test samples by different participating laboratories.
6 Data for the unmodified method were calculated from the previous study results (8,11,14). High fiber cereal data were from the 1988 AOAC
study (11), oat bran data were fromthe 1989 AACC study (14), and all other data were from the 1989 AOAC study (8).

¢ Modified method.
Recommendations

We recommend that the methods for the determination of
soluble, insoluble, and total dietary fiber (by independent anal-
ysis and by summing SDF and IDF) be adopted first action.
Specifically, we recommend that total dietary fiber values be
determined either by summing soluble and insoluble dietary
fiber values, or by independent analysis.
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DRUG FORMULATIONS

*H NM R Spectroscopic Method with Chiral E u (1)
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A simple method based on the use of IH NIVR spec-
troscopy with chiral Eu(lll) shift reagent Is de-
scribed for the determination of (S)-(+)- and
(fl)-(-)-naproxen Inthe presence of each other. To
enhance the coordinating affinity of the substrate
for the lanthanide ion, the sample was first
derivatized to a mixture of methyl esters, which in
the presence of Eu(hfc)3 formed short-lived
dlastereomeric complexes with sufficient non-
equivalency in the JH NIVR spectrum. Optimum
complexing conditions corresponded to concentra-
tions of substrate and Eu(hfc)3 of 0.1Meach In
CDCls. Inthis matter, the enantiomeric ester-methyl
protons and a-methyl protons yielded weli-re-
solved resonance signals of utility In the measure-
ment of enantiomeric compositions. Recovery
studies demonstrated that the proposed method

is quantitative.

N aproxen, 6-methoxy-a-methyl-2-naphthaleneacetic acid,
is a systemic nonsteroidal anti-inflammatory and analge-
sic agent widely used for the relief of the symptoms of

acute and chronic rheumatoid arthritis, osteoarthritis, juvenile ar-

thritis, and acute gout (1-3). The presence of a chiral carbon adja-
cent to its carboxyl functional group permits this compound to
exist as both rectus (R) and sinister (S) enantiomers (4). Like other
arylacetic acid derivatives, the pharmacological potencies of the
optical antipodes of naproxen are known to be different and to
reside mostly in the (S)-(+)-enantiomer (1, 3-7). Thus, (S)-(+)-

naproxen has shown a much greater activity than the (7?)-(-)-

antipode on both platelet aggregation and prostaglandin

(thromboxane B2) synthesis from collagen-stimulated human

platelets (4) and on laboratory models of inflammation (1,3).

The stereoselective chromatographic separation of the enanti-
omers of naproxen and of related arylacetic acids with analgesic
and anti-inflammatory actions has been the subject of several re-
ports (8-14). For example, the enantiomers of ibuprofen (8) and

Received February 11,1991. Accepted September 8,1991.

indoprofen (9) have been determined as the a-methylbenzyl-
amide derivatives by gas chromatography (GQ, and the same
type of derivative has been used for the analysis of benoxaprofen
(10) and carprofen (7) by liquid chromatography (LC). In addi-
tion, the enantiomers of naproxen have been analyzed as a pair of
diastereomers by LC on achiral columns after acid-catalyzed es-
terification with (5)-(+)-2-octanol (11) or after amide formation
with either (-)-1-(4-dimethylamino-l-naphthyl)ethylamine (12)
or (S)-(-)-I-phenylethylamine (13). An alternative approach en-
tails conversion of the enantiomers of naproxen to a pair of dia-
stereomeric 1-naphthalenemethylamides before LC separation on
achiral stationary phase (14). Although chiral derivatization of a
mixture of diastereomers can lead to a most satisfactory enantio-
selective resolution, this approach is susceptible to drawbacks
such as the possibility of partial racemization during the deri-
vatization reaction (8,11) or Kinetic resolution due to (7) differ-
ences in diastereomeric transition states (11,14); (2) the likelihood
of introducing systematic error upon the use of an enantiomeric-
ally impure chiral derivatizing reagent (11,15); (3) long analysis
times (15); (4) the necessity for multiple procedural steps that may
result in significant sample losses; and (5) the reliance on samples
of the pure enantiomers for use as reference standards during the
quantification steps.

The purpose of this paper is to report the development of a
simple, straightforward, and accurate X1 NMR spectroscopic
method to determine the optical purity of naproxen. The pro-
posed method is based on the formation of apair of short-lived
and reversible diastereomeric solvates displaying resonances that
are sufficiently separated in the X1 NMR spectrum of the sample
mixture so that the enantiomeric levels can be measured without
reference to an enantiomerically pure external standard.

Experimental

Apparatus and Reagents

(a) Spectrometer.— All X4 NMR spectra were recorded on
a 90 MHz Varian EM-390 spectrometer (Varian Instruments,
Palo Alto, CA) operating at a probe temperature of 35 + 1 °C.

(b) Reference standard.— Tetramethylsilane (TMS, Al-
drich Chemical Co., Milwaukee, W1), washed first with con-
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Table 1.
by 1IH NMR spectroscopy with Eu(hfc)3*

(1-()- (SHH-
Sample enantiomer, mg  enantlomer, mg Added
1 11331 222 192
2 o1l 2.35 2051
3 7.93 3.55 30.92
4 6.75 4.78 41.46
5 6.10 5.39 46.19
6 4.55 6.95 60.43
7 4.08 7.45 64.61
8 3.01 8.53 73.92
9 2.27 9.25 80.30
10 162 9.93 85.97
Mean
sD

Determination of the enantiomeric composition of synthetic mixtures of (S)-(+)- and (fl)-(-)-naproxen

(S)-(+)-enantiomer, %

-c-ch3 -cozh3

Found Rec., %b Found Rec., %
1.88 97.92 1.89 98.44
20.35 99.22 2041 99.51
30.81 99.64 30.88 99.87
41.75 100.70 41.65 100.46
46.63 99.40 46.72 99.59
60.33 99.83 60.21 99.64
64.85 100.37 64.42 99.71
73.39 99.28 73.29 99.15
80.01 99.63 80.07 99.71
84.15 97.88 84.39 98.16
99.39 99.42

0.92 068

a Total concentration of drug was 0.1 M in CDCI3, and the Eu(hfc)3-substrate molar ratiowas 1.0.
b Recoveries were calculated from (amt found x 100)/amt added. Amt found, mg S(+), was calculated from [AS(+)/AS(+) +AR(-)] X mg sample

taken.

centrated sulfuric acid and next with saturated potassium bicar-
bonate, distilled, and stored over type 4A molecular sieves (Al-
drich Chemical Co.).

(c) Deuterated chloroform (CDCI3).— Isotopic purity,
+99.5% (Aldrich Chemical Co.), distilled before use, and
stored over type 4A molecular sieves.

(d) chiral shift reagent [Eu(hfc)3.— Tris[3-heptafluoro-
propylhydroxymethylene)-(+)-camphorato]europium(l11) (Al-
drich Chemical Co.), stored over P205 in an evacuated
desiccator (or under dry nitrogen). All experiments with
Eu(hfc)3 were conducted under conditions that would mini-
mize the possibility of contamination by ambiental moisture or
air, i.e., within aglove box and under dry nitrogen.

(e) samples.— (S)-(+)- and (/?)-(-)-naproxen were gener-
ously supplied by the manufacturer (Syntex Laboratories, Palo
Alto, CA).

Preparation of Samples

Synthetic mixtures of (S)-(+)- and (R)-(-)-naproxen were
prepared by accurately weighing the quantities of each enan-
tiomer that are listed in Table 1. These samples were first
converted to the corresponding methyl esters by either of the
following methods:

(a) Refluxing method.— The sample was dissolved in

40 mL methanol, mixed with 2 mL 12M hydrochloric acid, and
refluxed 1 h. The reaction mixture was evaporated to a small
volume under reduced pressure, transferred to a separatory fun-
nel, and extracted with three 15 mL portions of ether. The ethe-
real extracts were combined, the solvent was evaporated to
dryness under a stream of dry nitrogen, and the residue was
dried at 50°C in vacuo.

(b) Diazomethane treatm ent— The sample was allowed to

react with 3 mL freshly prepared 0.25M ethereal diazomethane
for 5 min at room temperature. Then, the solution was evapo-
rated to dryness under a stream of dry nitrogen, and the residue
was dried at 50°C in vacuo. Solutions for JH NMR studies were
prepared by dissolving the residue of methyl esters in CDC13
containing 1% (v/v) TMS. These solutions were stored
immediately in glass vials that were crimper-sealed with Tef-
lon-coated rubber septa and aluminum seals. Samples for anal-
ysis were withdrawn through the septa by means of a fixed
needle, liquid-tight, dry microliter syringe.

NMR Studies of Lanthanide-Induced Shifts

The required changes in lanthanide shift reagent to substrate
(L/S) molar ratios were obtained by first adding the shift re-
agent to a dry NMR tube and then adding the appropriate ali-
quot of substrate stock solution (the exact amount having been
determined gravimetrically). The NMR tube was capped im-
mediately, and its contents were mixed by inversion, allowed
to stand 10 min, and then placed in the spectrometer for record-
ing the *H NMR spectrum. A second aliquot of the substrate
stock solution was added to the same tube, and the spectrum
was recorded once more. The additions and spectral recordings
were repeated until an appropriate number of spectra were
available for properly defining the effects of the molar ratio of
L/S on the enantiomeric spectral lines.

Determination of Enantiomeric Purities

An accurately weighed quantity of naproxen sample (ca
11.5 mg) was converted to the methyl ester as described under
Preparation of Samples. The dry residue was dissolved in
0.5 mL CDC13 containing 1% (v/v) TMS, and the solution was
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Figure 1. 1H NMR spectrum of a mixture of (fl)-(-)- and (S)-(+)-naproxen methyl esters In CDCI3.

transferred to a dry NMR tube containing ca 59.5 mg Eu(hfc)3.
The tube was capped, inverted several times to effect solu-
tion, and allowed to stand 10 min; the X4 NMR spectrum of the
solution was then recorded. The relative intensities of the
resonance signals (peak heights or peak areas) for the enan-
tiomeric ester-methyl protons (singlets) at 9.03 ppm [(5)-(+)-en-
antiomer] and 9.21 ppm [(R)-(-)-enantiomer] or, alternatively,
the enantiomeric signals for the a-methyl protons (doublets) at
5.87 ppm [(5)-(+)-enantiomer] and 5.67 ppm [(R)-(-)-enantio-
mer] were measured and used to calculate the percentage of
each enantiomer in the sample taken from the following equa-
tions:

% (S)-(+)-enantiomer = [AS(+) x 100]/[AS(+) + AR(-)], and
% (1?)-(-)-enantiomer = [AR(-) x 100)/[A5(+) + AR(-)]

where AS(+) = peak area (or peak height) of the resonance sig-
nal for the (S)-(+)-enantiomer, andAft(-) = peak area (or peak
height) of the resonance signal for the (R)-(-)-enantiomer.

Results and Discussion

The extent of the lanthanide-induced shift is strongly influ-
enced by the lanthanide-substrate complexation binding con-
stants. Because the lanthanide shift reagent is a Lewis acid, the
complexation binding constant of the adduct is a function of
substrate basicity (16-21). Of the 2 functional groups capable
of coordinating with the lanthanide ion, namely, the aryl me-
thoxy group and the carboxyl group, the former functionality
will complex less effectively with the lanthanide shift reagent
than the latter because of its much lower affinity (22). How-
ever, because of the known instability of complexes of a lan-
thanide shift reagent with substrates containing carboxyl
groups (19, 20), the enantiomers of naproxen were first con-
verted into the methyl ester derivatives. Like other arylacetic
acid derivatives, esterification with either methanolic hydro-

chloric acid or ethereal diazomethane was rapid and quantita-
tive and afforded a product of such purity that it did not require
purification (23, 24). Ester groups demonstrate enhanced coor-
dinating ability by virtue of their appreciable Lewis basicity
and their minimal steric hindrance (22, 25, 26). The *H NMR
spectra of (S)-(+)- and (R)-(-)-naproxen methyl esters in
CDCI3 shown in Figure 1 displayed the following resonances:
(a) a doublet at 1.53 ppm (a-methyl proton); (b) a singlet at
3.62 ppm (ester methyl protons); (c) a quartet centered at 3.77
ppm (a-methine proton); (d) a singlet at 3.87 ppm (methoxy
protons); and (e) multiplets in the region 7.0-7.8 ppm (2,6-di-
substituted naphthalene).

The :H NMR spectra of a mixture of (S)-(+)- and (/?)-(-)-
enantiomers of naproxen methyl esters (0.1M in CDC13) that
had been complexed with Eu(hfc)3 at various L/S molar ratios
are shown in Figure 2. The large downfield shifts exhibited by
the resonances from their original position in the uncomplexed
spectrum are induced by the paramagnetic ion mainly as a re-
sult of dipole-dipole “through space” interactions between its
unpaired electron and the protons being examined (27). Be-
cause the equilibrium between the substrate and the lanthanide
chelate is rapid on the NMR time scale (28-30), the resulting
spectrum will be an average of the spectra of complexed and
uncomplexed substrate. The lanthanide-induced shifts (A8) for
the resonance frequency of a particular proton were found to
decrease as the distance from the proton in question to the ester
group increased. Accordingly, the largest A8 was observed
with the a-methine proton and the smallest one with the me-
thoxy protons. In most cases, pseudocontact shifts are known
to reflect the distance, and the angle between a particular pro-
ton and the lanthanide ion as given by the McConnell-Robert-
son equation (31). Moreover, other contact interactions
contributing to some proton resonances may come from pro-
tons close to the coordination site (32,33).

The A8 values increased with increasing L/S molar ratios.
The plots of As for the a-methyl and ester methyl protons vs
L/S molar ratios, shown in Figure 3, indicate that the relation-
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Figure 2. 1H NMR spectra of a mixture of (fl)-(-)- and
(S)-(+)-naproxen methyl esters, 0.1 M In CDCla, after
complexation with various Eu(hfc)3 to substrate molar
ratios.

ship becomes nonlinear at L/S ratios higher than about 0.5. This
would suggest that although other than a 1:1 equilibrium may
be involved, 1:1 complexes are the predominant ones, because
a bend in the curve occurred at an L/S ratio of 1.0. The slopes
of the curves differed at low lanthanide reagent concentrations
for different substrate concentrations despite equal L/S ratios
(21). The optimal substrate concentration at which the chiral
lanthanide reagent did not produce any line broadening was
about 0.1 M.

The differences in induced chemical shifts (AA8) for the 2
enantiomers after complexation with the chiral lanthanide shift
reagent might arise from at least 2, probably mutually depen-
dent, interactions: the differences in equilibrium constants for
formation of the various possible diastereomeric complexes
between enantiomeric substrates and the chiral lanthanide re-
agent and the distinct geometries of the resulting complexes.
The data presented in Table 2 provide qualitative support for
the contributions ofthese 2 types of interactions to the observed
AAS values. Additionally, the magnitudes of AA8 varied with
the changes in L/S molar ratios, as seen from the plot of the
AAG6 values for the a-methyl and ester-methyl protons vs the
L/S ratios shown in Figure 4. Interestingly, the signal for the
a-methyl protons of the (5)-(+)-enantiomer was shifted to a
greater extent than that of the (i?)-(-)-enantiomer, whereas the
reverse situation was noted for the enantiomeric ester methyl
signals. Such differences in the sense of nonequivalence are
probably a reflection of differences in the geometries of the
complexes formed. They clearly demonstrate that the AA8 val-
ues are not simply the result of differences in equilibrium con-
stants but also of differing structural and conformational
features for each of the enantiomer-shift chelate complexes.
However, in light of the present results, it is not possible to
establish their relative contributions to enantiomeric shift dif-
ferences.

The degree of nonequivalence of the enantiomeric a-
methyl doublets and ester-methyl singlets was sufficiently

6.5
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-COZCH3
5.5 - Sl+)
4.5 S(*) _'_
> Rl ¢
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3.5
2.5 1
1.5 T T T T T T T T T
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MOLAR RATIO

Figure 3. Plot of induced chemical shifts (A6) for the -CCH3and -CO2CH3protons of (fl)-(-)- and (S)-(+)-naproxen

methyl esters vs Eu(hfc)3 to substrate molar ratios.
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Table 2, Shift data (ppm) of the -CCH3 and -CO2CH3 protons of (S)-(+)- and (fl)-(-)-naproxen methyl esters after
complexation with various molar equivalents of Eu(hfc)3

-C-CH3 -COXH3
(SH+) m~) S («)-(-)

Eu(hfo)3 )
substrate ratio 6 AS 6 20 A0 6 AS 6 AS AAG
1.179 6.10 457 5.90 4.38 0.19 9.32 5.70 9.48 5.86 0.16
1.094 5.92 4.39 573 4.20 0.19 9.09 5.47 9.25 5.61 0.16
1.019 5.87 434 5.67 414 020 9.03 541 9.21 5.59 0.18
0.962 5.75 4.22 557 4.04 0.18 8.83 5.24 8.98 5.36 0.15
0.906 5.48 3.95 5.32 3.79 0.16 8.57 4.95 8.72 5.10 0.15
0.849 5.28 3.75 5.13 3.60 0.15 8.31 4.69 8.45 4.83 0.14
0.811 5.12 3.59 497 3.44 0.15 8.08 4.46 822 4.60 0.14
0.764 491 3.88 477 3.24 0.14 7.85 4.23 7.97 4.35 012
0.726 478 3.25 4.64 311 0.14 7.68 4.06 7.79 417 on
0.698 4.67 3.14 452 2.99 0.13 751 3.89 7.62 4.00 on
0.670 451 2.98 4.38 2.85 0.13 7.32 3.70 7.43 3.81 on
0.642 4.35 2.82 4.22 2.69 0.13 7.12 3.50 7.22 3.60 010
0.613 4.30 2.77 417 2.64 0.13 7.06 3.44 7.16 3.54 010
0.594 4.22 2.69 4.10 257 012 6.46 3.34 7.05 343 0.09
0.568 412 2.59 4.00 247 012 6.85 3.23 6.94 3.32 0.09
0.548 4.10 257 3.99 2.46 ou 6.82 3.20 6.91 3.29 0.09
0.528 4.00 247 3.88 2.35 010 6.69 3.07 6.71 3.15 0.08
0.511 3.88 2.35 3.78 2.25 010 6.53 291 6.61 2.99 0.08
0.494 3.83 2.30 3.73 220 0.10 6.47 2.85 6.55 2.93 0.08
0.479 3.78 2.25 3.67 2.14 0.09 6.41 2.79 6.49 2.87 0.08
0.464 3.62 2.09 3.53 200 0.09 6.20 2.58 6.27 2.65 0.07
0.451 3.47 1.94 3.40 1.87 0.07 6.05 2.43 6.11 2.49 0.06
0.438 3.24 171 3.17 1.64 0.07 5.75 2.12 5.80 2.18 0.05

0.24
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0.20 ~C-CHs
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-CO2CHz
AAS 012
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Figure 4. Plot of chemical shift differences (AA8) for the -CCH3 and -CO2CH3 protons of (fl)-(-)- and (S)-(+)-naproxen
methyl esters vs Eu(hfc)3 to substrate molar ratios.
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Figure 5.
after complexation with 1 .0Mequivalents of Eu(hfc)a.

large and well separated from other signals to permit their use
in the direct quantitative determination of the enantiomers.
Resolution was optimal at an L/S ratio of about 0.1 in CDC13.
Under these conditions, the enantiomeric a-methyl protons of
the (£)-(+)- and (R)-(-)-enantiomers each resonated as a
doublet centered at 5.87 ppm and 5.67 ppm, respectively,
whereas the enantiomeric ester-methyl signals of the (S)-(+)-
and (R)-(-)-enantiomers each appeared as a singlet at 9.03 ppm
and 9.21 ppm, respectively (Figure 5). Both sets of signals
were found to be suitable for quantitating the enantiomeric
composition of samples of naproxen based on the measurement
of either peak areas or peak heights.

To confirm its validity, the proposed NMR method was
used to assay a set of 10 synthetic mixtures of (S)-(+)- and
(i?)-(-)-naproxen made in the proportions shown in Table 1.
The results of the assays were found to be in close agreement
with the known weights of the individual enantiomers in the
sample mixtures whether they were based on the integrals of
the a-methyl or ester-methyl proton signals. At the same
time, they were indicative of the good accuracy of the method.
The mean + SD recovery values were 99.39 + 0.92% and
99.42 £ 0.68% of (S)-(+)-naproxen, depending on whether
the quantitation is based on the a-methyl or ester-methyl
proton signals, respectively.
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The individual enantiomers of c¢/s- and trans-3,4-di-
methylaminorex were prepared by treating ephe-
drines or pseudoephedrines with cyanogen
bromide. These compounds represent potential de-
signer drug modifications of aminorex and 4-
methylaminorex, which have appeared recently in
the clandestine drug market. The UV spectra for
these compounds are typical of phenethylamine-
type compounds, and FTIR spectra allow for differ-
entiation of c/s- and frans-isomers. The mass
spectra for the dimethylaminorex stereoisomers
show characteristic fragments at m/z57,118, and
190. The c/s- and trans-isomers were separated in a
reversed-phase liquid chromatographic system on
a C18 stationary phase, with the c/s-isomer display-
ing the higher capacity factor.

T he pharmacological properties and abuse potential of the
various derivatives of 2-amino-5-aryl-2-oxazolines have
received considerable attention in recent years (1-3). Early

reports (4,5) described the anorectic activity of a large series of

these compounds as potential substitutes for the amphetamine-
type anorectics. The original reports on 2-amino-5-phenyl-2-oxa-
zoline (aminorex) described it as a potent anorectic with

Received April 19,1991. Accepted October 1,1991.

interesting central nervous system (CNS) stimulating proper-
ties (4). Its anorectic properties were initially examined in rats
and showed it to be equipotent with ¢/-amphetamine. Substitu-
tion of halogens, particularly fluorine and chlorine at thepara po-
sition of the aromatic ring, yielded anorectic activity up to 4 times
that of aminorex. Electron donating alkoxy groups on the phenyl
ring reduced activity, as did complete aromatization of the hetero-
cyclic system to yield the oxazole.

The methyl derivative of aminorex, 4-methylaminorex or 2-
amino-4-methyl-5-phenyl-2-oxazoline, was shown (4) to possess
considerable anorectic activity in rats, having a slightly higher
ED50than aminorex and activity comparable to racemic amphet-
amine. The addition of amethyl group at the 4-position introduces
geometric (cis-trans) isomerism into these compounds. The ano-
rectic properties of the racemic cis- and racemic trans-
methylaminorex, as well as the (+)-frans-methylaminorex, were
essentially equipotent.

The anorectic activity of various aminorex derivatives has
been substantiated in humans, and early animal studies re-
vealed that these compounds also possessed CNS stimulant
and cardiovascular effects similar to those of amphetamine.

In recent years, racemic c/s-methylaminorex has appeared
among the growing number of designer drags available on the
clandestine market. This compound was also recently classi-
fied as a Schedule I substance. Recently, Glennon and Misen-
heimer (6) reported the stimulus-generalization properties of
the 4 individual stereoisomers of 4-methylaminorex compared
to (S)-(+)-amphetamine. These studies showed the trans-
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cis—(4S, 5R)
c/s-(4S,5fl); c/s-(4f1,5S); trans-(4R,5R)\ frans-(4S,5S)

cis—(4R, 5S)

(45.55) -isomer to be more potent than either cis-isomer [the
(45,5R)- and (4R,55)-isomers], which, in turn, were more
potent than the trans-(4R,5R)-isomtr. The more potent trans-
(45.55) -isomer was found to be similar in potency to ~-am -
phetamine. These stimulant and euphoriant effects, as well as
blood pressure elevation, are likely the result of a sympathomi-
metic mechanism similar to amphetamine.

The stereoisomers of 4-methylaminorex have the potential
to become significant problems in the clandestine drug market.
These compounds can be prepared in a 1-step synthesis from
readily available starting materials, norephedrine, norpseudo-
ephedrine, and cyanogen bromide. Aminorex is prepared by an
analogous synthesis from commercially available 2-amino-1-
phenylethanol. Aminorex and 4-methylaminorex have already
appeared on the clandestine street market (1, 3). The potential
exists for the 3,4-dimethylaminorex isomers to appear in street
samples as further designer modifications of the aminorex mol-
ecule. The dimethylaminorex isomers could be prepared via
the same synthetic route described above from commercially
available ephedrine and pseudoephedrine starting materials. In
this study, we report the synthesis and analytical profiles of the
4 isomers of dimethylaminorex as “designer drug” analogues
of aminorex and 4-methylaminorex.

Experimental

Instrumentation

The liquid chromatograph consisted of a Laboratory Data
Control Constametric 3000 pump, 3100 spectromonitor UV
detector operated at 220 nm, ClI 4100 integrator, Rheodyne
7125 injector, and Waters Associates 30 cm x 3.9 mm
pBondapak C18 column. Infrared spectra were recorded on a
Perkin-Elmer Model 1710 Fourier transform infrared (FTIR)

B —_—
L — Ix
‘ I}IH CH,COONa NH

H3
H, CH,0H™ H,

Scheme 1

Scheme 1. Synthesis of the stereoisomers
of 3,4-dimethylaminorex.

trans—(4R, 5S)

trans—(4R, 5S)

spectrophotometer. Ultraviolet spectrawere recorded on a Shi-
madzu Instruments Model UV-160 spectrophotometer.
Nuclear magnetic resonance spectra (’"H) were determined on
a Varian EM-360 60 "H MHz spectrometer.

Synthesis of cis- and trans-3,4-Dimethyl-5-phenyl-
4,5-dihydro-2-amino-2-oxazolines (cis- and
trans-3,4-Dimethylaminorex)

A solution of 1.6 g cyanogen bromide (15 mmol) in 10 mL
methanol was added over a 10 min period to a cold (ice bath),
stirred solution composed of 2.5 g of the appropriate ephedrine
or pseudoephedrine (15 mmol) and 2.4 g sodium acetate
(29 mmol) in 25 mL methanol. After the addition was complete,
the mixture was stirred 1 h at room temperature and the solvent
was evaporated under reduced pressure. The remaining oil was
suspended in 25 mL water and made basic with 10% sodium hy-
droxide. The resulting oils were isolated by extraction with two
2 mL portions of chloroform and evaporation of the combined
chloroform extracts. The product oils were crystallized from mix-
tures of carbon tetrachloride and ethyl acetate.

Liquid Chromatographic Procedures

The analytical column was 30 cm x 3.9 mm id packed with
pBondapak C18 (Waters Associates). The analytical column
was preceded by a 7cm x 2.1 mm id guard column packed with
COrPell ODS (Whatman). The derivatives were dissolved in
LC-grade acetonitrile or methanol (1.0 mg/mL) and chromato-
graphed with a mobile phase of pH 3.0 phosphate buffer and
methanol (5 + 1). The phosphate buffer was prepared by dis-
solving 9.2 g monobasic sodium phosphate (NaHz2Po4)in 1L
double-distilled water and adjusting the pH to 3.0 with H3P04.
The mobile phase flow rate was 1.5 mL/min, and the detector
was operated at 0.2 AUFS. A 10 pL aliquot of sample solution
was injected into the liquid chromatograph.

Results and Discussion

The analytical profiles for the isomers of methylaminorex
(1) and aminorex (2) and its 4-phenyl regioisomer (7) have
been reported previously. These compounds are all available
through the same synthetic methodology: cyanogen bromide
cyclization of the requisite phenethanolamine to yield the 2-o0x-
azoline. Thus, it is reasonable that continued designer drug in-
terest in this series will lead to the use of ephedrine or
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Figure 1. Ultraviolet absorption spectra of the Isomers of
3,4-dImethylaminorex. A = c¢/s-(S,fl)-dImethylaminorex; B =
frans-(/?,fl)-dimethylamlInorex. Spectra represented by the
solid line were determined in dilute sulfuric acid; spectra
represented by the dashed line were determined In
aqueous base.

pseudoephedrine as the phenethanolamine moiety in the cy-
anogen bromide cyclization reaction. The stereocisomers of di-
methylaminorex were synthesized by this procedure as shown
in Scheme 1, and these compounds were found to exist in the
exocyclic double bond form because of the additional methyl
group on the amine moiety of the ethanolamine fragment. The
melting points for the dimethylaminorex isomers were deter-
mined in open capillary tubes and were quite low compared to
the isomers of methylaminorex. The cis-(5?)-isomer melted at
94-97°C and the cis-(R,S)-isomer melted slightly lower, at 90-
93°C. The trans-(S£)-isomer melted at 38-42°C and the trans-
(7?7?)-isomer at 39-44°C. The low melting points of these

ex=100.00 7
o T
PRENEN o d ‘\/ \‘ ” d |! U{ \/
/ PNV B YA
=TT
\ / b Jf I
i \ / i |
L v i
BRTAY, I
- bl
- A
HIN=0.00 T
4060 3500 3000 2509 2000 1500 1582 oif-1 500
Mhx=te0.00 T
[ s
I AT W) n
b . ) {
VK\ / \\| FANN u/"'\xf \[ \'\
i \ / | \ﬂ ! \
i ‘\ y/ \i ,f‘;f ‘; %il
/ Y
L \ \\\// ‘ { g }
’ k
- B
HIl=a.08 T
Y90 Wm0 e 2500 2000 1500 1626 o-1 <36
»10B00 T
I P ans " T _\‘wh s A !"‘Fa v f‘“;\'aﬂ'f
- AT R
A A -HL 1‘ | i
i / 'ﬂh\j Iﬁ \\ !'H’ Vi \ | r |
ivl i : ,i ; | ,’ [""'. [.
I
- I |
i U c
MAEE «
4606 3506 3600 3560 2606 150» 1660 Cll-1 506
»iee.ee t
" ,.f"-”“M_'-V_—; e { .
Lon N
\ 'y'\ "

yorro

—

1116=6,69 T

4066 3560 3600 2506 3060 1506 1600 CM-1 560

Figure 2. Infrared spectra of isomers of
3,4-dimethylamlInorex. A = cls-(S,fl)-dimethylamInorex,
B = c/s-(fl,S)-dImethylamInorex, C =
ffans-(/?,/i)-dimethylamlInorex, and D =
trans-(S,S)-dimethylaminorex.

compounds may contribute to the necessity for organic solvent
extraction in the synthetic work-up procedure. The higher-
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Table 1. Proton NMR data (ppm) for the dimethylaminorex stereoisomers*

Proton cis-(AS,5R) Cis-(AR,5S) trans-(AS,5S) trans-(AR,5R)
2-N-H 4.72's 4.65s 4.25s 4.25s

3-CH3 2.84s 2.85s 2.82s 2.82s

4-H 3.92p (J=7Hz) 3.90p (3=7 Hz) 3.40m 3.38m

4-CH3 071 d (J= 7 Hz) 0.73d (J= 7 Hz) 1.25d (J=7 Hz) 1.22d (J=7 Hz)
5-H 5.49d (J= 8 Hz) 5.47d (J=8 Hz) 482 d (J=9 Hz) 4.80d (J =9 Hz)
5-Ar-H 7.35s 7.33s 7.38s 7.35s

a All NMR spectra were determined in CDCI3 with tetramethylsilane as an internal standard. Signal multiplicities are designated as follows:

s = singlet, d = doublet, m = multiplet, and p = pentet.

melting methylaminorex isomers precipitate upon addition of
base to the reaction mixture. The individual isomers of methyl-
aminorex melt at temperatures above 177°C (1).

The ultraviolet absorption spectra of cis-(SJi)- and trans-
(7?,7?,)-dimethylaminorex are shown in Figure 1. These spectra
show the general absorption bands for phenethylamines in the
240-270 nm range. In Figure 1A, the spectrum for the cr's-iso-
mer shows 1 major absorption band with 2 slightly less intense
bands in both acid and base solution. The spectrum for the
fram-isomer in Figure IB shows 2 bands of almost equal in-
tensity in acid with a single major absorption of significantly
lower intensity in base.

The infrared absorption spectra of the free base form of each
isomer of dimethylaminorex are shown in Figure 2. These
spectra were obtained from KBr disks on a Fourier transform
infrared spectrophotometer. Because these compounds were
synthesized as the individual stereoisomers, no spectra were
obtained for racemic cis- or racemic fram-dimethylaminorex.
The infrared spectra for the individual enantiomers of cis- can
clearly be distinguished from the enantiomers of iram-dimeth-
ylaminorex. The spectra for the 2 rram-isomers (47?57? and
45,55) appear identical in all respects, but slight differences in
relative intensity exist between the individual stereoisomers of
m-dimethylaminorex.

The X4 NMR data for the cis- and iram-dimethylaminorex
isomers are shown in Table 1. The imino proton appears at a
slightly higher field in the trans-isomers, while the A-methyl
group does not appear to be influenced by the geometry of the
4,5-substituents. The methyl group at C-4 is upfield in the cis-
isomer, appearing as a doublet centered at 0.7 ppm, whereas
this signal in the tram-isomers occurs as a doublet at 1.2 ppm.
This same trend was observed for the C-4 methyl group in the
cis- and tram-isomers of 4-methylaminorex (1). The proton at
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Mass spectrum of cis-(S,fl)-dimethylaminorex.
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Figure 3.

C-4 occurs as a pentet centered at 3.9 ppm for crs-dimethyl-
aminorex and as a multiplet centered at 3.4 ppm for the tram-
isomer. The proton at C-5 occurs as a doublet in the spectrum
of both isomers, with the signal for the cts-isomer slightly
downfield compared to the iram-dimethylaminorex.

The mass spectra for these dimethylaminorex isomers are
identical and an example spectrum (EI) is shown in Figure 3.
The molecular ion is presented at m/z 190 as well as a peak for
m/z 175 (M-15) most likely resulting from the loss of a methyl
group. Because 4-methylaminorex shows an analogous loss of
15 mass units, the M-15 peak likely arises from the loss of the
C-4 methyl group. The m/z 118 ion in the dimethylaminorex

co N

H

LM__,J v

Figure 4. Reversed-phase liquid chromatographic
separation of frans-dimethylaminorex (11.86 min) and
c/s-dimethylaminorex (14.77 min).
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Scheme 2. Mass spectral fragmentation scheme for the

stereoisomers of 3,4-dimethylaminorex.

isomers is not observed in the spectrum of methylaminorex and
likely is the phenylpropane skeleton, CgHjo (Scheme 2). The base
peakin the dimethylaminorex spectraoccurs atm/z 57 and likely
results from a retro-Diels-Alder-type fragmentation to yield
C3H7N by splitting out the C-N, rings positions 4 and 3, re-
spectively, and the accompanying methyl substituents. Ac-
cording to data from Klein et al. (1), the most abundant ion at
m!z 43 in the EI-MS of methylaminorex has the elemental
composition QjHsN. This ion possibly originates from the
2-imino tautomer by the loss of the N-3 and C-4 with its
methyl substituent (CH3CH=NH). The analogous reaction
with dimethylaminorex, which is locked in the 2-imino tau-
tomeric form, would yield the m/z 57 ion due to the additional
methyl group present on N-3.

The liquid chromatographic separation of the cis- and trans-
isomers of dimethylaminorex is shown in Figure 4. This sepa-
ration was achieved in the reversed-phase mode with a C18

stationary phase and a mobile phase of pH 3 phosphate buffer
and methanol (5 + 1). The peak eluting first corresponds to the
trans-isomer (11.86 min) and the cts-isomer elutes approxi-
mately 3 min later (14.77 min). The chromatographic system
used for this separation is commonly used in our laboratory for
the analysis of other basic drugs. However, further refinements
of the system will be necessary to adequately resolve the iso-
mers of both dimethylaminorex and methylaminorex in a sin-
gle isocratic system.

In summary, the 3,4-dimethylaminorex isomers can be pre-
pared from cyanogen bromide cyclization of ephedrine or
pseudoephedrine. These compounds represent potential de-
signer drug modifications of the 2-amino-5-phenyl-2-oxazol-
ine (@aminorex) system. These dimethyl derivatives contain the
exocyclic imino (C=NH) double bond due to the additional N -
methyl substituent at the 3-position of the oxazoline ring. These
compounds are low-melting solids that show UV alsorption
properties characteristic of phenethylamine-type compounds.
The cis- and fraas-isomers can be separated by liquid chroma-
tography with a reversed-phase system, and the trans-isomer
displays the lower capacity factor. The cis- and frans-isomers
can be differentiated on the basis of their infrared albsorption
spectra, and the EI-MS for all isomers show characteristic frag-
ments at miz 57 (base peak), 118, and 190 (molecular ion).
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Matrix solid-phase dispersion Isolation and liquid
chromatographic techniques were developed to
quantify oxolinic acid (OA) and OA-related metabo-
lites in channel catfish (ictalurus punctatus) mus-
cle tissue and bile. Mean percent recovery,
correlation coefficient, and inter- and intra-assay
variabilities were 82.8 +15.0%, 0.996 £0.004,12.5
+8.9%, and 1.22%, respectively, for OA isolated
from fortified muscle tissue. Using the methodolo-
gies described in the current study, incurred OA in
muscle tissue and 4 OA-related metabolites were
isolated In the bile of dosed catfish.
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The intent of the present study was to develop MSPD and
liquid chromatography (LC) techniques suitable for use with
OA and its respective metabolites, and to determine percent
recovery, standard curve correlation coefficients, and inter- and
intra-assay variabilities of OAfrom fortified fish tissue.

Experimental

Reagents and Apparatus

(a) Solvents.—LC grade. Highest purity available from
commercial sources; used without further purification.

(b) water.—For LC analysis, double deionized and passed
through Modulab Polisher I water purification system (Conti-
nental Water Systems Corporation, San Antonio, TX 78238).

(c) oxolinic acid (0A).—Argent Chemical Laboratories,
Inc., Redmond, WA.

(d) Piromidic acid (PA).—Sigma Chemical Co., St. Louis,
MO 63178.

(e) sodium hydroxide.—EM Science, Cherry Hill, NJ.

() Glacial acetic acid (GAA).—Mallinckrodt, Inc., Paris,
KY.

(@) Column material.—Bulk C18, 40 pm, 18% load, end-
capped (Analytichem International, Harbor City, CA), cleaned
by making a column (50 mL syringe barrel) of the bulk C18
material (22 g) and washing sequentially with 2 column vol-
umes each of hexane, methylene chloride (DCM), and metha-
nol. C18 material was vacuum aspirated until dry and stored
in glass.

(h) stock oxolinic acid solution.—2 mg/mL. OAwas par-
tially dissolved in methanol, and 2 mL 1.0N NaOH was added
for complete OA dissolution. Methanol was added to bring the
final volume to 1L

(i) stock piromidic acid solution.—0.16 mg/mL. PAwas
partially dissolved in methanol, and 100 pL 1.0N NaOH was
added to bring PA completely into solution. Methanol was
added to bring the final volume to 100 mL.

(j) Stock solutionsfor standard curves.—Prepared by add-
ing pure methanol to 37.5 (750 pg/mL), 25.0 (500 pg/mL),
125 (250 pg/mL), 2.5 (50 pg/mL), 1.25 (25 pg/mL), and
0.25 mL (5 pg/mL) stock OA to make a 100 mL final volume.
A 780 pLvolume of 0.05M GAA-100% MeOH (1 + 1), 10pL
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OAstandard, and 10 pL PAinternal standard were mixed in an
LCvial to serve as standards.

vortexed 30 s, and filtered through a 0.22 pm nylon 13 mm
polypropylene encased syringe filter (Alltech Associates Inc.,

(k) Sample extraction columns—Syringe barrels (12 mL); Deerfield, IL 60015). An 800 pL aliquot of sample was ana-

washed in hot soapy water, rinsedwith experimental water, and
air-dried before use.

Sample Preparation and Extraction Procedure

Channel catfish (1ctalurus punctatus) used in this study were
obtained fromthe Ben Hur Aquaculture Research Unit, Louisiana
State University, Baton Rouge, LA Fishwere maintained at least
3weeks before experimentation under flow-through conditionsin
carbonfiltered, pH, and hardness adjusted water (pH 8.3, hard-
ness 21 mg/L as CaCO03 alkalinity 171 mg/L as CaC03
and 24°C).

Skinned catfish muscle tissue excised from the epaxial
group was used in the fortification studies, which evaluated
percent recoveries, standard curve correlation coefficients, and
inter- and intra-assay variabilities. Muscle tissues (0.5 g) were
individually fortified with standard OA (10 pL, 5.0-
750 pg/mL) and internal standard (10 pL, 0.16 pg/pL). Once
fortified, tissues were undisturbed for 5 min. Blank tissue con-
trols (0.0 pg/g) were prepared by the addition of 10 pL 100%
methanol and 10 pL PAinternal standard.

Incurred residues in muscle and bile were derived from a
catfish (240 g) administered 1.2 mg 3H-OA (previously puri-
fied to 99.8% by thin-layer chromatography and LC verified)
with a specific activity of 0.016 pCi/mM. Catfish were dosed
via gavage administration.

Extraction procedures were essentially the same for muscle
and bile generated in both phases of the study. The only differ-
ences resulted from the degree of mixing required for the 2
biological matrixes. Muscle or bile samples (40 pL) were indi-
vidually placed onto 2.0 g C18 in a glass nortar. Tissue sam-
ples were then blended into C18 with a glass pestle until the
sample mixture appeared homogeneously dispersed over the
C18. The C18/tissue mixture was then quantitatively trans-
ferred to a 12 mL syringe plugged with a filter paper disc
(Whatman No. 1, 15 mm, Whatman International Ltd,
Maidstone, England). Column contents were compressed to
4.0 mL using the syringe plunger (rubber end and plastic tip
removed). A 100 pL pipet tip was fitted to the syringe barrel
outlet to retard solvent flow through the column.

Column containing C18/matrix was first washed with 8 mL
hexane. Once flow ceased, excess hexane was removed from
the column by gently applying positive pressure from a pipet
bulb. The hexane fraction was not found to contain OA so it
was discarded. OA, internal standard, and metabolites (when
applicable) were eluted from the column by sequentially wash-
ing with 8 mL each of acetonitrile and methanol. Acetonitrile
and methanol fractions were collected inasingle 18 x 150 mm
disposable borosilicate glass culture tube. The eluant was con-
centrated to dryness under nitrogen gas with heat (45°C) main-
tained by awater bath. During drying, tubes were periodically
rinsed with methanol to remove any residue from glass walls.
Samples were either analyzed immediately or stored at -14°C
under nitrogen gas. Before LC analysis, dried residue was re-
constituted in 1600 pL 0.05M GAA-methanol (1 + 1),

lyzed by LC.
Liquid Chromatographic Analysis

LC analysis of fortified muscle samples, OA standards, and
incurred residue were conducted using the following chromato-
graphic system: Waters M-6000A chromatography pumps (We-
ters Associates Inc., Milford, MA 01757); Micrometries 728
Autosampler and Model 732 Electronic Actuator (Micrometries
Instrurent Corp., Norcross, GA30093); Waters Guard-Pakguard
column, 500 pL injection loop; Alltech Versapack C18 LC col-
umn, 10 pm, 250 x 4.1 mm id; Spectroflow 783 UV detector
(Kratos Analytical, Ramsey, NJ 07446) set at 260 nn; and a
Hewlett-Packard 3392A integrator (Hewlett-Packard Co.,
Avondale, PA). Column termperature was maintained at 40°C for
all determinations. Samples were analyzed under gradient condi-
tions at 1 mL/min using 100% methanol (Solvent A) and 0.05M
GAA (Solvent B). Conditions were initially 0% Solvent A and
100%Solvent B for 5 min, then changed at 3%/min for 20 minto
60% Solvent A 40% Solvent B. Conditions were held constant
for 10 min, then Solvent A content was increased to 100% over
10 min. The columnwas returmed to initial chromatographiccon-
ditions over the next 10 min and maintained there for 10 min to
allow for adequate reequilibration between injections. Under
these chromatographic conditions, OAand PAeluted at 26.2 and
3L1 min, respectively.

Inmetabolite determinations of 3H-OA incurred residues,
all eluant fractions associated with peaks from the chroma-
tographic runwere collected. Fractions were counted for ra-
dioactivity using a Packard Tricarb Liquid Scintillation
Counter, Model 4640 (Packard Instrument Co., Downers
Grove, IL). Fractions containing radioactivity significantly
above background were defined as those containing OA-de-
rived metabolites.

Data Analysis

Peak area ratio (PAR) curves of OA standards and samples
were determined by plotting integration areas of the generated
OA peaks vs PAinternal standard peaks. A comparison of ex-
tracted fortified sample PARs to the PARs of pure standards
under identical chromatographic conditions gave percent re-
coveries. The means and standard deviations (SD) were deter-
mined for 5 replicates of each concentration. Coefficient of
variation (CV) was then obtained by dividing the SD by its
respective mean and multiplying this value by 100. Interassay
variability was determined by averaging CVs (£SD) over all
concentrations. Intra-assay variability was estimated as the CV
of the mean for 5 replicates of the same sample. Intra-assay
variability is an estimation of the variation associated with the
analytical instrumentation.

Results

OA percent recoveries ranged from 63.0 £19.8 to 100.2
+3.9, and percent recovery increased with OA concentration
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Table 1.
recoveries, standard curve correlation coefficient, and

Concentration range, mean (1 SD) percent

Inter- and Intra-assay variabilities of oxollnic acid
isolated from oxollnic acid-fortified channel catfish
{Ictalurus punctatus) muscle tissue

Mean (+1 SD)

Oxolinic acid concn, ng/g tissue rec., %
01 63.0 £ 19.8
0.5 65.8+ 5.7
10 905+ 75
5.0 859+ 83

10.0 91.7+ 121

15.0 100.2+ 3.9

Mean recovery 828+ 15.0

Correlation coefficient 0.996 + 0.004

Interassay variability, % 125+8.9

Intra-assay variability, % 122

(r = 0.789). PARs were linear from 0.1 to 15.0 pg/g, and the
correlation coefficient was 0.996 +0.004. Inter- and intra-assay
variations were minimal at 12.5 £8.9 and 1.22%, respectively.
Other response variables investigated in this study are pre-
sented in Table 1. Figure 1 shows chromatograms for extracted
blanks, fortified muscle tissue, and incurred residue in muscle.

The MSPD isolation and subsequent LC analysis of bile
using the described methods resulted in a separation of 4 OA-
related metabolites (Peaks 1-4) and parent OA (Peak 5), as
seen in Figure 2.

Discussion

MSPD involves the dispersion of a sample matrix over a
large surface area by using both mechanical and hydrophobic
forces. Pressure applied by the tissue grinding process causes
lipids and outer-membrrane structures to interact with the non-
polar C18 support, which results in a disruption of the tissue
metrix. Compounds of interest are then preferentially eluted
from the C18/tissue matrix by a selection of solvents with po-
larity similar to that of the analyte (8-18).

The advantages of MSPD isolation over traditional extrac-
tion techniques have been thoroughly discussed (8-17). The
present study dermonstrates that many of the same advantages
also exist for the extraction of OA from catfish tissue. Qurrent
methods for the isolation of OA from fish tissue required 20-
61 min, solvent volumes of 60-560 mL, sample sizes of 5.0-
10.0 g, and 7-10 procedural steps (2-6). In contrast, MSPD
isolation of OA requires only 15-25 min for complete tissue
processing and column elution, 24 mL elution solvents, 0.5 g
tissue, and no more than 4-5 procedural steps.

Results of the current study indicate that MSPD isolation of
OA from fish tissue yields a mean percent recovery of 83%
over a range of concentrations from 0.1 to 15.0 pig/lg Other
studies that investigated extraction procedures for OA reported
percent recoveries ranging from 77 to 105% (2-6). In these
studies, percent recoveries were derived using OA concentra-

FIGURE A

FIGURE B

FIGURE C
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Figure 1. Representative liquid chromatograms of (A)

MSPD-extracted muscle tissue blank containing 3.2 pg/g

plromidic acid (Peak 2), (B) 5.0 pg/g oxolinic acid

(Peak 1) and 3.2 pg/g plromidic acid (Peak 2) Isolated

from fortified channel catfish muscle tissue, and (C)

Incurred oxolinic acid (Peak 1) and plromidic acid

(Peak 2) isolated from muscle tissue of dosed channel
catfish.

tionsof 1or 2 pg/g (2, 5-7). Using MSPD, OArecovery within
acomparable range of concentrations was greater than 90.0%.
The current study indicates MSPD coupled with LC can be
used to quantify OA either as incurred residue or fromfortified
muscle tissue. The isolation of incurred residues can provide
important metabolic information for ascertaining risk and effi-
cacy. MSPD was also used to isolate OTC and SDM (17,18).
Even though percent recoveries of these compounds from for-
tified tissue were 82.0 and 101.7% for OTC (17) and SDM
(18), respectively, these studies did not attempt to demonstrate
the use of MSPD to extract the incurred antibiotic residues.
Initially, a slow gradient (3%%/min) was used to determine
the presence of 3H-OA-related metabolites in tissue. This gra-
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Liquid chromatogram of 40 pL channel catfish bile sample extracted using MSPD. Peaks 1-5 were those

Figure 2.
Identified as containing radioactivity.
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The amat ressarch presats an MSPD tedmige for tre
oltinofOAfrom fartifildamel atfismuscle iss ead
inunred reside. The methad yielcs an average paraant reov-
ayof83.04. Additiaelly, e LC codiiacsdesribed intte
fpresentstudy can be usad effectinely o resoheloth para it OA
andnetaolite resid e fran atfishmuscle tisead bile.

Acknowledgments

We would like to acknowledge the advice and technical as-
sistance of Kevin Greenlees, U.S. Food and Drug Administra-

3 U\f‘/\/‘/\
+ 1
D 5

i, Weshington, DC, ad Bruce R. Tath, Department of\Vet-
erirary Fhysiolayy, Pramecolagy, and Toxicolay, Louisiaa
Saelhinasity, Sdhool of\veterireryVedicire, BatonRouge,
LA. This ressardhwess funded by grant 1U01 FD-01466 fram
tre U.S. Food and Drug Advinistratian.

References

O Bb, T.,Sum, M., Tada, H., Gishing, K., Haa, T,
Chehimg, S, & SHD, Y. (A973)Bull. Jpn. Soc. Scl Fish. 39,
173177

© Achintalt, PH, Atbroogi, G., & Nicokss, 1 (1IS83)Ad.
Reck Vet. ]9,:9—’8

@ Ko, Y.,Sgitai, A, Yareds, FA, & MorikanaS
(]%7.Jpn. FoodHyg. Soc. 25, 512516

@ HBtb, T.,& Ozana, M. ABN)Nip. suis. Gak 53,F/-532

© o, R, Hrig, Y., & Kiota, SS. AGBM. suis.
Gak. 54, 4/9-434

©® W, R,Gunura, M., Horigd, Y., & Klola, SS.
(9B) Nip. suis. Gak. 54, 485430

@ s, M.D. (I9P)7 Fish Dis. 12, 2-3H6

® Bata,SA,Lay, AR, & Sut,CR. (1989)7 chro-
matogr. 4/, IB3-FHL

O Loy, AR, Haeh, LC, Melbrogh, MS., Sut,CR., &
Batear, SA (]%)7Assoc. Off. Anal. Chem. 72, 730-741

@O Loy, AR.,Hseh, LC, Mallrach, MS., Jut,CR,, &
Batear, SA (1%)7Assoc. Off. Anal. chem. 72, 813815

D Loy, AR, Haeh, LC, Malragh, MS., 3T, CR., &
Batar, SA (190)7 Agric. Food Chem. 38, 423-46

(@ Loy, AR, Hsen, LC, Melbrogh, MS., Sut, CR,, &
WG',S.A. (m)7Liq. Chromatogr. 12,1@.—1612

@O Loy, AR, Hseh, LC,, Melbraugh, MS., 3ut,CR., &
Batar, SA (muaboratory Information Bulletin, US.
Food ar Drug Advinistratian, 5, 3364



432 Jarboe & Kleinow:Journal OFAOAC International Vol 75, No. 3,1992

1) Satk, RlBda,SA,& Lag, AR. (I9)Laboratory
Adrnastration, 5,

Information Bulletin, U.S. FoodardDrlg
3
@®O Loy, AR, Hseh, LC  Mallrauch, MS., Sat, CR., &
Batar, SA. (199)7.Agric. Food Chem. 33,4304
@) Loyg,AR.,Hseh, LC.,Nalraugh, MS., 3ut, CR., &
Batar, SA (190)7.Assoc. Off. Anal. Chem. 73,864-8657
@ L(rgA.R. Hsieh, LC., Valloraugh, MS_, Sat, CR., &
SA (190)7.Assoc. Off. Anal Chem. 73,888-871

(8 Hamen, RL., & Bullak, G.L. (1985) Vet. Hum. Toxicol 28
Gpl. D117

1 Hrie, M., Sato, K, Hehio, Y, & Noee, N. (A987)7-chro-
matogr. 4P, 301-38B

@ Batud,HV. (A90)7. chromatogr. Biomed. AppL 530,
&

@ Sy LHomazaal, V, & Yoesstad, M. Q9BD). Lig.
Chromatogr. 14,61-/0



Roybal Et Al.:Journal Of AOAC International Vol. 75, No. 3,1992 433

DRUGS IN FEEDS

Liquid Chromatographic Determination of Gentian Violet

in Poultry Feed

José E. Roybal, Robert K. M unns, David C. Holland, Roger G. Burkepile, al’ﬂJeffrey A.Hurlbut
U.S. Food and Drrag Adninistratian, Aniimall Drag Research Ganter, Denver Feckeral Ganterr, PO Box 25087,

Denver, CO 80225-0087

A liquid chromatographic (LC) method Is presented
for the determination of gentian violet (GV) In poul-
try feed (turkey/chlcken) at the therapeutic feeding
level of 4-8 ppm. GV Is extracted from feed with
acidified methanol, an aliquot of the supernatant is
diluted with mobile phase, and the solution is fil-
tered. LC analysis is performed by isocratic elution
with a buffered mobile phase on an Alltech CN
(cyano) column with amperometrlc electrochemical
detection (ED) at +1.000 V or detection in the visi-
ble absorbance mode at 588 nm. The overall aver-
age recovery of GV from chicken feed spiked at
2.5,5, and 10 ppm was 103% (standard deviation =
6.6; coefficient of variation = 6.4%) by LC/ED analy-
sis. Data for recovery of GV from chicken and tur-
key feeds, fortified with 1% GV premix at feeding
levels of 4 and 8 ppm, are presented and dis-
cussed. Data for the 2 detection techniques are
compared.@

T ypical goproedres fardetermining gantianvicket (GV)
have iInolhvad tre use of gectrid otoretry, tin-aar
dvoratogady, and ligad chroretography (LO) with

measuremant of absorbence 588 nm (VIS) (7). In 1980,

Rushing ad Bowman @) rgoorted an LCAVIS method farde-

temining GV inanimal fexd, human uire, and vestenater.

The arelysis of feed by ttetmethod inolves edracticnwath

methanol-INHC1 (9 + 1), follaned by isolationand cleanp

onaSgphedex columwithberzerne-metherol befare LCAVIS
cetamiratian. In 1987, Carbrridge Pradcts, Ld, documented
amethod fartredetemiratinn of GV inpramibes and fartifid
animal feaks (9). The method was besed on trework ofRush-
igand Bowman inwhiich theyused atoluare-netrerol sol-
vatmixture intte Sephadex collum. Martinez ard Shimoda

(0) modirfied tre Rushing and Bowman procecre by sbsti-

tutagtre ksshezardous sohentanbiretion ofiretharol ad

vater inthe Sephedex colum stgp. Althouch trese procedres
gopear tohe satisfeday, theuse of tte Sephadex colum adds
alogad Bo-ineshesgptotreadhas.

Received June 24,1991. Accepted November 13,1991.
Presented at the Midwest Regional AOAC Section Meeting, June 3-5,
1991, at Sioux Falls, SD.

Inareontpblication, LC coditiasvere rqorted fate
electradenical detection @) of GV @D). The method pre-
snited here iloporates treuse oFED intre determiretaanof
GV npultyfed atafedirg ked of4-8 pom. Thismethod
elimiratestreuse oftte Sephedex colum and treevgooratian
ggs. Inatiition o dearessirg aslivtical tire and Inaessiry
saple thragput, itreduoss trevolure of rezardous vieste
gererated. Thisprooadre isaloveryvel l suited fardetection
ntrevisiberace iftre UV/VI1S soectrdotoretric cetector
pesss asinple sEtMty L

METHOD

Apparatus

(a) Syringes.— Miadlitar, 25 pL (\o. 82, Hmiltn @,
Rero, NV 88P); dkss, 5mL (Bacton Dickinsm Miardhiol-
ogy Systans, Gdeysville, MD 21030).

©) Pasteurpipet.— Digsable, 5.75 in. (4.6an).

(c) Centrifuge bottle.— 500 mLwith glessstgqqer, T 2¥/%6
(K-322000-0022, Kontes @, Virelard, NJ (8330).

@) centrifuge tube.— 15 L, gredated, with gless stp-
e, No. 13 @G No. 45153-A, Kinble Divisian, Onens-
Iliias, I, Tolecb, OH 4355%).

© Feed grinder.— Micojet 10-ZM 1, equipped with
Imm saean (Micro Materials Gap., Westiury, NY 1150).

(@ Mechanical shaker.— 3D flardder, Model VS55202
wirth \aricble movement antrol (Glas-Col Agparatus .,
TareHaute, IN4BD).

@©) Liguid chromatograph.— WWaters Model 6000-A LC
pump and Model UK universal LC injedtar (Matexs Assocl-
aes, Mitiad, MA Q1757). Qeerating codiitios: dartged,
0.5 awvhin; mabile phese flov, 1.0m/miin; colum tenper—
dure, arbient; colum pressure, 2500 [=; injectian\volune,
200

() Detectors.—Electrochemical detector.— BAS Model
LC-4B sirgle electrak cetector Gicralytical Sstats, e,
Purdle Irdstriall Research Park, lest Lafaette, IN 47906)
wirth glessy carton electrack, Ag/AQCH refaraces; working po-
atE+1.000V; anatrate, 5arl0nAFSD. UV/VIS detec-
tor.— Shimadzu ulravioletvisible spectrophotoretric
cbtedtar, SPD-6AV modulle farL.C (Shiimedzu Garp., Arelyti-
al Irstrurants Divisian, Koo, Jgen); allvolure, 8 [
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Table 1. Recovery of GV from spiked control chicken
feed (5% tallow) by LC/ED

Detn Added, ppm Rec., ppm Rec., %
1 253 2.55 101
2 253 2.73 108
3 253 2.60 103
4 253 2.75 109
5 253 2.78 110
6 5.06 5.46 108
7 5.06 5.56 110
8 5.06 4.99 98.6
9 5.06 5.35 106

10 5.06 5.30 105

u 101 9.98 98.8

1 101 105 104

13 101 9.88 97.8

14 101 8.58 85.0

15 101 9.88 97.8

X 103

SD 6.6

CV, % 6.4

Igtsure, tugsten iadice (WMD) larp (370-700m); asorb-
arerate, 0.0bAUFS.

« LC column.— Alltah, CN (©an), 5 pm partide iz,
20x46mm d @Gt No. 605CN (new Gat. No. 60L3B),
Aleth Associates/Aplied Sciee, Deerfield, 1L 60015),
a

(1) Recorder— Dual darel SE-120 stripdert rerter
sta10mV ECMetranatt/Coerz, Broarfield, CO 81X0).

@ Filter— Millipore, digossble, 5 pm polytetrafloo-
ethylere (PTFE) membrane (Gat. No. SLSR (025 NB,
Milllipore Garp., Bdford, MA Q1730).

Reagents

(@) Solvents.— DistilledHnghess, pestiace grade metharol
ad UV gectro-gack astoitrile @urdidk & Jadaem Labo-
rares, ko, Muskegon, M1 22402), arequinalat.

© water— LC grack (Rdar Saetific, Fair Lawn, NJ
07410) or ckionizd, dessotillel

© Acetic acid.— ACS grace, dieael, aldehyde-firee.

(d) Sodium acetate.— ACS grack, ahydras.

© Extracting solution.— Methanol-INHC1 (®+ 1).

@ Acetate buffer— Prepare by adjustirg0. 1M sodiumac-
eatesolutian (B2g sodium acetate/1000mL water) topH 4.5
withacsticacid (@8nL). Use toprgaremnile e, ©-

© Mobilephase.— Actnitrille-acstate buffer (B0 + 4)).

(h) Reference standards.-—Gentian violet— USP, aystal
vioket 986. Stock standard (100 \xg/mL).— Acauratelyweigh
10.0 mg refarate stathrd ino 100 mL voluretric flek, -
e tovwlumrewithnettarol, and mix. Intermediate standard
(1.0 pgimL).— Pipst L.0mL stodksolution ino 100 mL volu-
metric fied<, diluie tovolure with retherol, and mix. LC/ED
working standard (0.1 pg/mL).— Pipet LOmL intamediate

Table 2. LC/ED determination of GV In premix0

Weight of premix analyzed, g* GV found, % of label

1.0042 99.6
0.9948 92.0
1.0022 101

1.0052 96.9
1.0033 103

X 98.5
SD 4.3
CV, % 4.3

a Used by CVM, Beltsville, MD, to prepare fortified feeds.
b Premix dilution factor inthese analyses = 1000.

stathd o 15 mL antrifige e, dilue ©© 10.0mL with
nobile dese, andmix. Prapareweekly arasnesdad.

Sample Preparation

Grind feed topess 1mm siee. Miix grourd fesd and stare
ingatgssh-Keep inaol, dryplae. (see ReaultsandDils-
QEsia)

Extraction

Acuratelyweigh 20 g ground feed o500 mL aantrifige
bottle. Add 200.0mLmethanol-INHC1 (9 + Dadgde 1h
on medenical sekerwith vigoraus motian. Let stard over—
nigt.

Cleanup

Dilute ggriaealigotof s pamatant o 15mL et
fupe e, acoording 1o tre follovirg sdhedule (GV led
@), aligoe @L)): 10pam, 1.00mL; Spom, 2.0 ; ad
25 pom, 4nmL; GV led Buknonn, use4mL aligot. Di-
e aliqot © 10.0mL with mdbile phese and mix. Trasfer
solution o srirge fitldwirth PTRE il (k). Al soluian
o5 mL gbEriemeyer ik

Liquid Chromatography

Inject 20 pL filtged solubian no ligud dyoratogrgh.
Bradet mnyectio s fareach sstoffiltlaad oluioswith 20 pL
inectio s0fG V working stardard Q1L pyhl) - Galaulatecon-
antration (o) of GV infeed s follons:

ppm =(P/S) X (C/W) X (D)

wherer = peskheight (mm) dotaiined from igectionoffiltaed
solutian, s = average peak heidht (M) dotaired fraom injec-
tinof stathd, ¢ = aoantratian (U/fl) of injedtsd stan-
cad, o =firdl wolure (L) of filtaed solution, and w =
initel veight Q) offeed sanple Eenfarashyas.

Results and Discussion

Inaur Evatary, treelectrademical cetectorbesproved o
be avery effective tool Tar selective resid e aalysss because
of iIssraitMity and selectiMity. Our Intiet in thisprgjetves
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Table 3. Recovery of GV from fortified feeds by LC/ED
Analyzed as received  Analyzed after grinding™
GV GV GV
added, found, found,
ppm6  ppmc Rec., % CV, % pon® Rec., % CV, %
A-11 4 41® 102 104 — — —
A-12 8 926® 120 117 79 99 4.2
A-13 0 0 — — 0 — —
B 8 6.6 82 335 76 95 85
B-12 0 0 — — 0 — —
B-13 4 3.4 85 29.6 — — —
A-21 8 8.0 100 135 71 89 141
A-22 0 0 — — 0 — —
A-23 4 4.4 110 26.3 30 75 104
B-21 0 0 — — 0 — —
B-22 4 37 92 26.4 33 82 11.2
B-23 8 71 89 9.9 75 94 16.1
X 98 89
SD 13 9.0
CV,% 133 101

® A = chicken feed (5% tallow); B =turkey feed (1% tallow).
b Fortified feeds received from CVM, Beltsville, MD.

¢ Average of 8 determinations except where noted.

d To pass 1 mm sieve.

® Average of 6 determinations.

tosiplify tre cetemiratiocn ofgentianvicket inpoultry feas.

In actiition, we vanted tominimize hezardaus weste garera-
1101 The method desoried isessiarandmore Shakefficiat
trenpreviasly plblished methods B-10).

CGontrol and fartifedfesdswere fumishadby treU.S. Food
ad Drag Adninistration’s CGarter far \eterirery Mediicine
(CW) nBitsalle, VD . The fastshipmentoffestsaosisted
of 2 tyes: chiden ad turkey axtainirg 5 and 1% oy,
resectively. Each type of fartifiedfesd antained GV a4 ad
8 pom. CVM Ha syplied a secod shiprent of fartified
feak, arsistirgofchidkkesal distantainirg GV a0,2,4,6,
8, and 10pom.

The edractionmethod usedwas tretofRushing and Bow-
man @), who determined ttatamethanol-INHC1 (®+ D)
extractian solution procuced tre dlearest edract and con-
sty good ramveries of GV, Medrenically srekirng te
edractinmixture far 1h resultad inan 86% recvery of G.
The antrol chiden feed fumished by CVM was spiked ad
used farremnvery aslysss. Teble 1. shons treoadll renery
ofGV added & 2.5,5, and 10 ppm toantrol chiden faed
(&% k). Reooveries Tartte irdivid el ledklsvwere 107%
@5pam, stathrd deviation (D) =4, axfficetohariatin
@) =3.7); 106% Gppm, SD =4, CV =3.80); ad 97%
(Opam, SD =7, CV =7.20). The premix usedby CVM 1O
prapare tre frtihed faadswas alsoaralyzed and fourd tbaon-
NGV a98.5% oftre el declaration (Teble ).

Data previasly dotained irdicated tret the develloped
method s cgeble of producing reesareble CVs (Teble 0).
Sarple uinifomity and edractionefficie oy gyoear tohe tre2
major cetemining fadasof tiisnethod. The arigiral analy-
g5 whiichwas performedonvwel I-mied“ ‘ssreceived " fartified
fed, resuted in ke Ovs. Prpaniing feads tretare hamoge-
neous B\ery difficlt for G/-medicated feas. Althouch
girdingttefesd inproves tteCVs, treheatandmoisturegen
aated tad o lover tre renarissby casing tte GV o ine-

5nA
L v -
\ap ha
F E D C B
i o8 i ? ? 2 b ? 2 ° g _ e 9% ? 9
TIME I minutes |

Figure 1.

Typical chromatograms from LC/ED determination of GV in fortified feeds: (A) gentian violet standard, 0.1

pg/mL, 20 pL in]ection (2 ng GV); (B) control chicken feed (5% tallow), 0.04 g feed/mL, 20 pL Injection (0.8 mg feed);

(C) chicken feed, A-21 (8 ppm), 0.01 g feed/mL, 20 pL injection (0.2 mg feed); (D) chicken feed, A-23 (4 ppm), 0.02 g
feed/mL, 20 pL Injection (0.4 mg feed); (E) turkey feed (1% tallow), B-22 (4 ppm), 0.02 g feed/mL, 20 pL Injection (0.4 mg
feed); (F) turkey feed, B-23 (8 ppm), 0.01 g feed/mL, 20 pL Injection (0.2 mg feed).
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Figure 2.

Typical chromatograms from LC/ED determination of GV In fortified chick basal diet (CBD): (A) gentian

violet standard, 0.1 pg/mL, 20 pL InJection (2 ng GV); (B) control CBD feed, 0.04 g feed/mL, 20 pL Injection (0.8 mg
feed); (C) spiked CBD, 2 ppm, 0.04 g feed/mL, 20 pL injection (0.8 mg feed); (D) spiked CBD, 4 ppm, 0.02 g feed/mL, 20
pL injection (0.4 mg feed); (E) spiked CBD, 6 ppm, 0.02 g feed/mL, 20 pL Injection (0.4 mg feed); (F) spiked CBD,

8 ppm, 0.01 g feed/mL, 20 pL injection (0.2 mg feed); (G) spiked CBD, 10 ppm, 0.01 g feed/mL, 20 pL injection (0.2 mg

feed).

versibly stain the matrix. Table 3 shows the effect of grinding
on the overall recovery of GV from fortified feeds. A 9% loss
in recovery was noted after grinding, with a corresponding 3%
increase in CV. Therefore, the choice is between higher recov-
eries of the assay without grinding and improved CVs with

grinding. Figure 1 shows some typical LC/ED chromatograms
obtained from analysis of fortified feed.

Our recent acquisition of a Shimadzu SPD-6AV spectro-
photometric detector for LC led us to investigate the applica-
bility of this method to visible detection. Earlier work with

0.002 AU
[
E |
| | | | f | |
v I i j | |
«..h — _Jm - H H __JfL
G TF | e h p |l h B | Ia
12 8 4 i 2 8 4 é 2 8 4 i 12 é‘é 12 4 ci] 2 8 4 éwlz 8 4 |
time (minutes |

Figure 3.

Typical chromatograms from LC/VIS determination of GV In fortified chick basal diet (CBD):

(A) gentian violet standard, 0.1 pg/mL, 20 pL injection (2 ng GV); (B) control CBD, 0.04 g feed/mL, 20 pL Injection
(0.8 mg feed); (C) spiked CBD, 2 ppm, 0.04 g feed/mL, 20 pL Injection (0.8 mg feed); (D) spiked CBD, 4 ppm, 0.02 g
feed/mL, 20 pL injection (0.4 mg feed); (E) spiked CBD, 6 ppm, 0.02 g feed/mL, 20 pL Injection (0.4 mg feed);

(F) spiked CBD, 8 ppm, 0.01 g feed/mL, 20 pL injection (0.2 mg feed); (G) spiked CBD, 10 ppm, 0.01 g feed/mL, 20

pL injection (0.2 mg feed).
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Table 4. Recovery of GV from fortified chick basal diet*
Rec., %b CV, %
Fortification level, ppm LC/ED LCNIS LC/ED LCNVIS
0]
2 86 94 71 6.0
4 8l 90 8.4 8.0
6 86 95 11.2 6.1
8 90 96 11.1 10.7
10 89 95 6.6 4.7
Overall mean rec., % 86 94
Overall CV, % 3.8 2.7

a Fortified feeds received from CVM, Beltsville, MD.
b Average of 5 determinations.

photodiode array and variable wavelength detectors proved
them to be unsatisfactory for detection of GV at very low con-
centrations (<0.1 pg/mL). UV/VIS detectors with a tungsten
lamp light source appear to be very well suited for use in this
analysis. For a UV/VIS spectrophotometer to be acceptable, a
20 pL injection of a GV solution containing 0.1 pg/mL (2 ng
GV) should give a minimum peak response of 1.5 mAU. Fig-
ures 2 and 3 are typical LC/ED and LC/VIS chromatograms,
respectively. Table 4 shows recovery data obtained with each
detector in analysis of fortified chick basal diet. Although
LC/ED is an excellent system for the simultaneous determina-
tion of residue levels of GV, its demethylated metabolites, and
leucogentian violet in tissue, the LC/VIS detector is quite sat-
isfactory for feed analyses and is preferred. Because no exten-
sive cleanup procedures are involved, the LC/VIS detector is
less prone to fouling, and therefore requires less maintenance.

Electrochemical (+1.000 V) or visible detection (588 nm) in
combination with LC results in a simple and solvent-efficient
analytical tool. The method eliminates the use of hazardous
solvents, such as benzene and toluene, because the time-con-
suming Sephadex column chromatography step is not used.

Compared with previously published methods, the method as
developed and presented provides a more rapid chromato-
graphic determination of gentian violet in poultry feeds at
therapeutic levels of 4-8 ppm.
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FOOD ADDITIVES

Solid-Phase E xtraction M ethod for Volatile V -N itrosam ines

in Ham s Processed w ith Elastic Rubber Netting

John W. Pensabene, W alter Fiddler, and Robert A. G ates

U.S. Department of Agriculture, Agricultural Research Service, Eastern Regional Research Center,

600 E. Mermaid Lane, Philadelphia, PA 19118

A method was developed for the determination of vol-
atile W-nitrosamines in hams processed in elastic rub-
ber nettings. The method was based on a
modification of a solid-phase extraction (SPE) proce-
dure used inthe pastto determine selected nitrosa-
mines in different types of cured meat products. The
nitrosamines detected in ham most likely originate
from the amine precursors in rubber and from the ni-
trite commonly used in the meat curing process. The
method was compared with 2 established proce-
dures for AAnitrosodibutylamine (NDBA) analysis in
cured meat products: the mineral oil distillation pro-
cedure (MOD) and the low temperature vacuum distil-
lation procedure (LTVD). All 3 methods used the
same gas chromatographic/chemiluminescent detec-
tion conditions and system. No significant difference
was found between the MOD and LTVD methods.
These methods were found to yield significantly
higher NDBA levels than the SPE procedure. When
2,6-dimethylmorpholine was added to the sample be-
fore analysis inthe MOD and LTVD procedures, arti-
factual nitrosamines were formed. No artifactual
formation was noted in the SPE method. We propose
that the new SPE method replace the current meth-
ods being used for analysis of netted, cured

meat products.

F  ajenetal. (1) first reported volatile A-nitrosamines in the
air of rubber and tire manufacturing plants in 1979. Since
then, several reports have been published about detection

of nitrosamines in the precursors used in the production of

natural and synthetic rubber (2, 3) and in the finished products
themselves. The source of these nitrosamines was attributed
to rubber vulcanization accelerators, which contain a dialkyla-
mine or acyclic amino group. The nitrosamines found range
from simple dialkyls such as A-nitrosodimethylamine
(NDMA), A-nitrosodiethylamine (NDEA), and A-nitrosodi-

Received July 16, 1991. Accepted November 1,1991.

Mention of brand or firm names does not constitute an endorsement by
the U.S. Department of Agriculture over others of a similar nature not
mentioned.

butylamine (NDBA) to alicyclics such as A-nitrosopiperidine
(NPIP), A-nitrosopyrrolidine (NPYR), and A-nitrosomorphol-
ine (NMOR). For instance, Lakritz and Kimoto (4) reported
nitrosamines in rubber-stoppered blood collection tubes, and
Fiddler et al. (5) found them in disposable mbber gloves. Ire-
land et al. (6) found nitrosamines in a wide variety of finished
rubber products including gloves and condoms. The most
widely publicized reports concerned their detection in infant
pacifiers and baby bottle nipples (7-9). Regulatory action ini-
tially limited the total nitrosamine content in the rubber nipples
to 60 ppb (10). This was eventually lowered to 10 ppb, and the
mbber industry complied with this limit (11). A similar reduc-
tion in nitrosamine content of nipples and pacifiers was ob-
served by Sen et al. in Canadian investigations (12,13).

The finding of nitrosamines in mbber products raised con-
cern about the possible hazards of mbber-containing products
in contact with food and the possible migration of preformed
nitrosamines into the food. Sen et al. (14) reported finding
NDEA and NDBA in cured meats held in elastic mbber netting
during smokehouse processing. They found trace quantities of
these nitrosamines in the unused netting and high levels (up to
504 ppb NDBA) in the used netting. The corresponding meat
samples also contained NDBA (up to 29 ppb). Recently, the
Food Safety and Inspection Service (FSIS) of the U.S. Depart-
ment of Agriculture, while examining a new process for pre-
paring hams, found significant levels of NDBA in the product.
This was attributed to mbber in the elastic netting.

A comprehensive FSIS monitoring program of hams and
other products processed in these elastic mbber nettings is ex-
pected to determine the extent of the occurrence of nitrosa-
mines, before regulatory action. However, the available
methodology creates problems with conducting an extensive
survey. First, only limited numbers of samples can be analyzed
by methods currently in use by FSIS. Second, the reliability of
this methodology needs to be demonstrated for volatile nitro-
samines, particularly NDBA. Third, the simultaneous presence
of both nitrite in the cured meat product and amine from the
mbber, which may have migrated into the meat product, may
artifactually produce NDBA as a result of analysis (14). There-
fore, an alternative method based on a nondistillation technique
had to be developed to minimize the potential for artifact for-
mation. This method was then compared with those currently
in use.
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METHOD

Caution: N-Nitrosamines are potential carcinogens. Exer-
cise care in handling these compounds.

Reagents

(&) Celite 545.— Not acid-washed (Fisher Scientific Co.).
Test reagent blank before starting sample analysis, particularly
if new lot of Celite is used. If interfering chromatographic
peaks are noted, prewash twice with dichloromethane (DCM),
filter, then dry 4 h in 120°C vacuum oven before use.

(b) Sodium sulfate.—Anhydrous, granular (Mallinckrodt
No. 8024).

(c) Silica gel.—70-230 mesh (EM 7734). Prewash twice
with DCM, filter, and dry 4 h in 60°C vacuum oven before use.

(d) Propyl gallate.— Aldrich Chemical Co.

(e) Morpholine.—Aldrich Chemical Co., doubly distilled
before use to remove traces of NMOR.

(f) 2,6-Dimethylmorpholine.— Aldrich Chemical Co.,
checked for nitrosamine contamination before use.

(g) Dichloromethane (DCM), pentane, ethyl ether.—LC
grade (Burdick and Jackson).

(h) N-Nitrosodipropylamine (NDPA) internal standard so-
lution.—0.10 pg/mLin DCM.

(i) Gas chromatography working standard solution —
NDM A, JV-nitrosomethylethylamine (NMEA), NDEA,
NDPA, iV-nitrosoazetidine (NAZET), NDBA, NPIP, NPYR,
NMOR, and N-nitrosohexamethyleneimine (NHMI), each
0.10 pg/mL in DCM. These nitrosamines were either pur-
chased or synthesized from their corresponding amines and so-
dium nitrite according to general procedure published
previously (15). N-Nitroso-2,6-dimethylmorpholine was also
synthesized as above.

(J) Ham samples.— Random samples were obtained from
local suppliers or FSIS and analyzed without further heating.
Two samples were obtained from each ham: outer 1/4 in. and
second 1/4 in. of product. Grind samples through 1/16 in. plate
before analysis and store in -20°C freezer until analyzed.

Apparatus

(@) Mortar and pestle.—Glass, 473 mL (16 oz., A.H.
Thomas).

(b) Chromatographic columns.— (1) Glass, 350 x 32 mm
id with 60 x 6 mm id drip tip, no stopcock, prepared by
glassblower. (2) Glass, 300 x 19 mm with 250 mL reservoir
(Lurex Scientific).

(c) Tamping rod.— Glass, 450 mm long with 12 mm diam-
eter disk on end, prepared by glassblower.

(d) Evaporative concentrator.— Kuderna-Danish (K-D),
250 mL; concentrator tube, 4 and 10 mL, Snyder (3-section)
and micro-Snyder distilling columns (Kontes Glass Co.).

(e) Gas chromatograph-Thermal Energy Analyzer (GC-
TEA).— Shimadzu gas chromatograph Model GC-14A
equipped with AOC-14 auto-injector or equivalent, interfaced
to Thermal Energy Analyzer Model 502A (Thermedics, Inc.).
Operating conditions: 2.7 m x 2.6 mm glass column packed
with 15% Carbowax 20M-TPAon 60-80 mesh Gas Chrom P;

He carrier gas 35 mL/min; injector 180°C; TEAfumace 475°C;
TEA vacuum 0A mm; liquid nitrogen cold trap; column pro-
grammed from 120 to 200°C at 4°C/min.

Determination

(a) Solid-phase extraction (SPE).—Weigh 10.0 0.1 g
sample into mortar, and add 250 mg propy! gallate directly to
sample. Spike sample with 1.0 mL internal standard solution
(equivalent to 10 ppb), using transfer pipet. Add 25 g anhy-
drous sodium sulfate and mix with pestle ca 15 s; then add 20 g
Celite and again mix with pestle 15-20 s until Celite is thor-
oughly mixed with sodium sulfate and sample. Grind entire
mixture with moderate pressure for additional 1 min. Using
powder funnel, quantitatively transfer mixture into glass col-
umn (350 x 32 mm) containing glass wool plug at bottom.
Tamp with tamping rod to achieve height of ca 75 mm. Add
20 g anhydrous sodium sulfate to top of column. Rinse mortar,
pestle, and tamping rod with 20 mL DCM and add rinse to top
of column. Immediately add additional 130 mL DCM to col-
umn (column will darken when solvent elutes through it). Col-
lect eluate in 250 mL K-D flask equipped with 10 mL
concentrator tube. When column stops dripping, remove K-D
flask (discard contents of glass column), add boiling chip, at-
tach Snyder column, and concentrate eluate on steam bath until
DCM stops distilling. There will be ca 3-7 mL of concentrate
remaining in concentrator tube. Add 4.0 g silica gel to glass
column (300 x 19 mm with 250 mL reservoir) containing glass
wool plug and 25 mL pentane, and top it with 5.0 g anhydrous
sodium sulfate. Using disposable glass pipet, quantitatively
transfer concentrate to silica gel column; then rinse concentra-
tor tube with two 4 mL portions of pentane and add to column.
Collect eluate in 250 mL Erlenmeyer flask (flow rate ca 2-
3 drops). When liquid level in column reaches top of sodium
sulfate, add 150 mL wash mixture (25% DCM in pentane).
When liquid level in column again reaches top of sodium sul-
fate, change collection vessel to 250 mL K-D flask equipped
with 4 mL concentrator tube (discard contents of Erlenmeyer
flask). Add 150 mL elution solvent (30% ether in DCM). When
column stops dripping, remove K-D flask, add boiling chip,
attach Snyder column, and concentrate on steam bath to 4 mL.
Remove Snyder column and K-D flask, add new boiling chip,
attach micro Snyder column, and concentrate to 1.0 mL in
70°C water bath. Do not concentrate sample with stream of
nitrogen. (Note: Room temperature should be less than 24°C
during SPE procedure.)

(b) Low temperature vacuum distillation (LTVD).—Sam-
ples were analyzed by technique developed by Sen et al. (16)
and described in detail in USDA, FSIS Chemistry Laboratory
Guidebook (17). Briefly, 25 g sample, without any nitrosation
inhibitors, was distilled under vacuum (20 torr) from base in 2
L pear-shaped flask immersed in 45-46°C water bath. Aqueous
distillate was acidified and extracted with DCM. DCM was
washed with acid and base, dried with anhydrous sodium sul-
fate, and concentrated.

(c) Mineral oil distillation (MOD).—Samples were ana-
lyzed by method originally developed by Fine et al. (18) as
specified in USDA, FSIS Chemistry Laboratory Guidebook
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Table 1. Recovery of volatile N-nltrosamines In ham at the 10 ppb fortification level

Recovery, %

N-NItroso compound Range Mean (n = 12) SD Ccv
Dimethylamine 67.8-96.0 817 8.7 10.7
Methylethylamine 67.0-91.0 77.9 6.4 8.3
Dlethylamine 68.9-90.5 77.8 6.9 8.9
Dlpropylamine 71.4-108.2 89.6 105 11.7
Azetidine 77.5-105.4 91.7 8.6 9.4
Dlbutylamine 72.0-102.4 87.7 11.2 12.8
Piperidine 85.8-105.6 96.0 6.7 7.0
Pyrrolidine 83.3-109.1 97.5 91 9.3
Morpholine 81.2-102.4 94.8 7.4 7.8
Hexamethylenelmine 85.6-109.5 99.5 7.6 7.7

(29). Briefly, 25 g sample, without any nitrosation inhibitors,
was distilled under vacuum (<2 torr) from base and mineral oil
to temperature of 120°C. Aqueous distillate was extracted with
DCM, dried with anhydrous sodium sulfate, and concentrated.

(d) Nitrosamine determination.-—Quantitate volatile nitro-
samines as described previously (20), using 5.0 pL injection.
Minimum detectable level (signalmoise >2) of NDMA,
NMEA, and NDEA, 0.2 ppb; NAZET, NPIP, NPYR, NMOR,
and NHMI, 0.5 ppb; and NDBA 1.0 ppb.

(e) Sodium nitrite analysis.—Residual sodium nitrite was
determined in 10.0 g sample by Griess-Saltzman procedure as
modified by Fiddler (21).

(f) statistical analysis.—Data were analyzed by General
Linear Model and Means procedures (ANOVA and Student’s
paired r-test) of Statistical Analysis System PC software dis-
tributed by SAS Institute, Inc. (22). These results were then
interpreted according to methods of Snedecor and Cochran
(23) and Youden and Steiner (24).

Results and Discussion

There is an ongoing need to improve and expand the capa-
bilities of the methodology used in the analysis of cured meat
products for volatile nitrosamines, with assurance that nitrosa-
mines will not artifactually form during analysis. We have pre-
viously shown that our solid-phase extraction (SPE) procedure
is versatile. It enabled us, with solid support and solvent mod-
ifications, to determine NPYR in pumped and dry-cured bacon
(20, 25) and nitrosoamino acids in avariety of cured meat prod-
ucts (26). The analysis of frankfurters containing fish protein in
the form of Alaska pollock mince and surimi posed a special
problem with regard to artifactual NDMA formation because
of the presence of both nitrite in the meat and dimethylamine
in the fish. This problem was resolved by using 2 chromato-
graphic columns. In the first, the amine and nitrosamine were
separated from the nitrite-containing sample, and in the second,
the nitrosamine was isolated from the retained amine (27). Al-
though this SPE method has been used for the isolation and
quantitation of selected nitrosamines in specific sample types,
its potential applicability has not been fully investigated. For

example, the SPE method with acid-Celite in the bottom col-
umn of a 2-column system could only be used to isolate
NDMA NAZET, NPYR, and NMOR, because ofthe acidified
Celite’s retention characteristics. To isolate any other nitrosa-
mines, a third column containing silica gel or alumina was re-
quired (20, 27). The use of a second column containing silica
gel was based on a modification of the method originally de-
veloped by White et al. (28). Because NDBA was the nitrosa-
mine of primary interest in the elastic-netted cured meat
products, a modification in the solid support was required.
First, changing the acid-to-Celite ratio was tried, but NDBA
was not retained. Next, substituting silica gel for acid-Celite in
the lower column was attempted. The amount of silica gel in
the lower column and the solvent system used to elute the
NDBA contained in the lipids were both varied, but there was
still too much lipid material in the extract for quantitation to be
practical. Therefore, this approach was abandoned. The use of
an SPE column containing the meat sample, anhydrous sodium
sulfate, and Celite with direct DCM extraction followed by a
separate silica gel column was found to give the best results.

A ruggedness test of the SPE procedure was performed on
ham containing naturally incurred 15.6 ppb NDBA Deviations
in the normal grinding, packing, and solvent elution steps in the
first column and packing and elution steps in the second col-
umn indicated that the results were not significantly different
except for the effect of room temperature. When the room tem-
perature exceeded 24°C, the use of the pentane-containing sol-
vent system with the silica gel column caused separating and
channeling. This resulted in lower recoveries of both NDBA
and the internal standard, NDPA In addition, during the devel-
opment of this method, 50 ppm morpholine, a rapidly
nitrosated amine, was added to the sample before analysis to
assess artifact formation; no NMOR was detected.

The recoveries of 10 volatile A-nitrosamines added to nitro-
samine-free ham at the 10 ppb level are shown in Table 1. Re-
covery of NDBA, the nitrosamine commonly found in netted
hams, was 88%. The mean recovery of all other nitrosamines
was >78%. Statistical analysis of the data by Student’s paired
i-test showed no significant difference in recovery between
NDPA and NDBA (P <0.05, n = 12). For this reason, and be-
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Table 2. Determination of W-nltrosodibutylamine in netted ham by 3 methods
SPEa LTVDa MOD*

Sample NaNO02, ppm NDPA, % NDBA, ppb6 NDPA, % NDBA, ppb6 NDPA, % NDBA, ppb6
A NDe 83.7 15.8 87.8 19.6 106.0 18.7
B 1.0 87.9 222 89.8 28.8 101.3 33.0
C 15 104.6 41.8 84.6 53.6 83.1 55.3
D 16 86.3 14.4 95.1 26.6 112.9 245
E 1.9 95.9 19.9 88.5 23.6 83.4 23.4
F 2.1 80.5 49.9 97.5 50.9 97.3 37.3
G 25 85.3 26.3 85.6 30.2 95.6 32.1
H 35 945 17.8 88.1 15.8 97.2 17.9
1 51 90.0 10.8 81.4 10.7 98.8 10.6
J 7.6 93.9 225 87,5 22.9 102.6 26.0
K 10.1 84.3 50.1 83.4 435 98.7 54.6
L 12.1 95.7 224 85.0 28.6 89.0 30.7
M 12.7 83.1 18.2 92.0 15.3 104.6 18.2
N 13.4 89.6 111 91.7 9.8 97.4 10.4
o 16.0 83.9 14.0 101.3 16.6 92,5 15.0

a Results are averages of duplicate determinations.
6 Data corrected for recovery of the NDPA Internal standard.
0 ND, none detected, <1 ppm.

cause NDPA has not been reported in any food or rubber prod-
ucts and is used as the internal standard in theMOD andLTVD
methods, it was chosen as the internal standard for our
SPE procedure.

After the reliability of the SPE procedure was determined,
NDBA was determined in commercial ham samples in dupli-
cate by each of 3 methods: SPE, MOD, and LTVD. Results,
averaged over 2 determinations, are shown in Table 2. Residual
sodium nitrite was also determined in all 15 hams. No statisti-
cal correlation (P < 0.05) was found between residual nitrite
and NDBA values in any of the methods. Individual NDBA
values ranged from 10.3 to 51.2 ppb for SPE, 9.6 to 54.8 ppb
for LTVD, and 10.3 to 58.3 ppb for MOD. Mean recoveries for
the internal standard were 89.3, 89.3, and 97.3% for the SPE,
LTVD, and MOD methods, respectively. Data were analyzed
by ANO VA, and the means of the methods were further exam-
ined by Duncan’s multiple range test at the P < 0.05 level. The
repeatibilities were as follows: 1.3 ppb, CV 6.2% (0.7 ppb, CV
2.8%, corr.) for the SPE procedure; 2.65 ppb, CV 11.2%
(1.5 ppb, CV 5.8%, corr.) for the LTVD procedure; and 1.6 ppb,
CV 6.0% (2.26 ppb, CV 8.3%, corr.) for the MOD procedure.

As shown in Table 3, with the uncorrected data, the methods
were significantly different from each other. With the data cor-
rected for the recovery of the internal standard, no significant
difference between the MOD and LTVD was detected; how-
ever, the SPE differed significantly from both. The MOD and
LTVD values in both the uncorrected and corrected data were
higher than the SPE data. This suggests artifactual formation of
NDBA duringthe MOD and LTVD sample analysis. The pro-
cedures currently being used by FSIS to determine NDBA in
ham samples (MOD and LTVD) do not use any nitrosation in-
hibitors during analysis. The SPE procedure uses propyl gallate
to inhibit artifact formation. The MOD and LTVD methods

rely on alkalinization to prevent artifact formation during dis-
tillation, but Challis and Kyrtopoulos have shown that nitrosa-
tion can occur even under alkaline conditions (29).

To determine whether nitrosamines could form artifactually
in any of these procedures, 50 ppm 2,6-dimethylmorpholine, a
rapidly nitrosated secondary amine, was added to several ham
samples before analysis. ArNitroso-2,6-dimethylmorpholine
was detected in 11 of 11 samples analyzed by the MO D method
(7.0-492.0 ppb, mean, 73.1 ppb) and in 4 of 6 samples ana-
lyzed by the LTVD method (8.5-36.8 ppb; mean, 23.8 ppb).
None was detected in 10 of 10 samples analyzed by the SPE
procedure. Artifactual nitrosamine formation during MOD
analysis was previously demonstrated when additional nitrite
or amine was added to the cured meat samples before analysis
(20, 24, 30). There is an indication that nitrosating species can
be generated in cured meat products even if the measured re-
sidual nitrite is low or not detected. For example, Hotchkiss et
al. (31) demonstrated that lipid-nitrite reaction products have
nitrosative ability, and others have successfully formed nitro-
samines by transnitrosation of nitrosothiols (29, 32). There-
fore, artifact formation during MOD and LTVD was not

completely unexpected.

Table 3.  Comparison of the 3 methods for analysis of
NDBA In hams

n SPE LTVD MOD
Mean 30 21,23a 23.546 26.12
Mean (Corr) 30 23.80s 26.436 27.196

a Not significanty different (P< 0.05) from each other.
6 Not significantly different (P < 0.05) from each other.
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In conclusion, the newly developed SPE procedure is distil-
lation-free, offers an opportunity to perform more analyses
than the current methods, and gives good recoveries for awide
variety of volatile nitrosamines. It is not susceptible to artifac-
tual nitrosamine formation, as might occur when the sample
contains either high levels of residual nitrite or a nitrosamine
precursor. Therefore, we propose that this SPE procedure rep-
resents a reliable altermative to the MOD and LTVD methods
for determining nitrosamines in cured meat products processed
in elastic rubber nettings.
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In 1988, a group of French food manufacturers de-
cided to validate the methods used to determine
mono- and disaccharides in foods (fructose, glu-
cose, sucrose, maltose, and lactose) based on lig-
uid chromatography with refractive index
detection. Twenty laboratories analyzed 12 prod-
ucts. The reproducibilities obtained exceeded
Horwitz’s criteria but were still acceptable because
laboratories used different equipment and the sam-
ple matrixes were complex. Six different sources of
variation were characterized because of a more
complex experimental design. The method for cal-
culating concentration, In particular, had consider-
able impact on the final precision; the choice
between peak area and peak height must be
strictly considered.

M ore than 10 official methods are available for the
analysis of mono- and disaccharides in foods (1).
However, these methods, listed in Table 1, do not

give very consistent nutrient data and make it difficult to eval-

uate food contents precisely. A recent publication on food nu-
trition labeling discussed the precision of analytical methods
used to determine the major nutrients. The present procedures
for the analysis of mono- and disaccharides in foods were
shown to be not really adapted for this determination (2). For
example, the precision of liquid chromatographic (LC) deter-
mination of sugars in cereal products for concentrations below

30 g/100 g was unacceptable. It was suggested that the hetero-

geneity of solid test samples induced an important variability.

In 1988, a group of French food manufacturers decided to
evaluate the present carbohydrate consumption of French con-
sumers. As apreliminary step, it appeared necessary to validate
the methods used to determine mono- and disaccharides in
foods. The next step consisted of collecting composition data
on various foods and performing a consumption survey. Thus,

5 sugarswere selected (fructose, glucose, sucrose, maltose, and

lactose) according to their industrial and nutritional import-

Received July 1,1991. Accepted November 8,1991.

ance, and several interlaboratory studieswere organized. Itwas
decided to use an analytical method based on LC with refrac-
tive index detection; the equipment is accessible and already
used by most laboratories, and the detection limit is well-
adapted to the expected concentration levels.

Four food groups have been studied, representing more than
60% of the total sugar production used by the food industry in
France: fresh dairy products; cereal products; soft drinks; and
confectionery and chocolate products. Because the results ob-
tained for fresh dairy products have already been published
elsewhere (3), this paper will present only the results for the 3
other food groups.

Experimental

The principles of the method itself are very similar to those
of the AOAC method (4), especially for chocolate products.
The main differences concern sample preparation; modifica-
tions were introduced to shorten this time-consuming step.
Sample preparation was standardized because we assumed that
this step represents the major source of variation.

Apparatus

For the stationary phase, amino-bonded silica gel was gen-
erally preferred to cation exchange resin. Amino-bonded silica
gel columns give an optimal separation of disaccharides (su-
crose, maltose, and lactose) and allow the use of Carrez reagent
for defatting; this method is simpler than centrifugation and
decantation and has been adopted by the International Office
of Cocoa, Chocolate, Confectionery as an official method (5).
However, separation efficiency is highly variable from one col-
umn to another, and column lifetime is shortened by the devel-
opment of Shiff bases through the interactions of the sugars and
the stationary phase. Thus, the column separation performance
might be regularly controlled by using the AOAC resolution
factor between fructose and glucose peaks.

Reagents

The eluant composition was adjusted according to the col-
umn age and/or brand; the acetonitrile-water ratio varied from
65 + 35 (v/v) for anew column to 85 + 15 for an old one. The
value of 75 + 25 was recommended, but each participant made
his or her own adjustment.
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Table 1. Principle references of AOAC sugar methods of analysis, 15th edition, 1990

Sugar

Sucrose

Reducing sugars
Reducing sugars
Sucrose

Commercial glucose
Glucose and fructose
Sucrose

Reducing sugars

Fructose, a p glucose, sorbitol, sucrose

Sucrose

Sugars
Lactose

Fructose, glucose, maltose, sucrose, lactose

Sucrose
Glucose

Sugars
Glucose, fructose

Sucrose and maltose reducing sugars

Food

Cordials, liqueurs
Beer

Wine

Wine

Wine

Wine

Nonalcoholic beverage
Nonalcoholic beverage
Fruits, juice

Fruits

Roasted coffee
Milk chocolate
Milk chocolate
Cacao products
Cacao products

Flour
Presweetened cereals
Bread

Lactose Bread
Lactose Milk
Lactose Meat
Reducing sugars Honey

Fructose, glucose, sucrose
Fructose, glucose, sucrose

Carrez Solutions | and |1 were used for sample preparation.
Solution | consisted of a saturated solution of potassium hexa-
cyanoferrate (1) in distilled water; Solution Il was prepared
from a saturated solution of zinc acetate in distilled water.

Sample Preparation

(a) softdrinks — For ready-to-drink beverages, pulpy sam-
ples were homogenized and fizzy samples degassed 20 min/L
in an ultrasonic bath. About 10 g was accurately weighed in a
100 mL flask. Pulpy samples were filtered on rapid paper and
through a 0.47 pm membrane.

For syrups or concentrated drinks, uronic compounds, such
as pectins and gums, were removed by alcoholic extraction;
ca 10 g was accurately weighed in a 100 mL flask, diluted to
100 mL with ethanol, mixed thoroughly, and cooled 5 min to
5°C. The solution was filtered on rapid paper, diluted with dis-
tilled water to a controlled dilution ratio to obtain a concentra-
tion within the range for standard solutions, and finally filtered
through a 0.47 pm membrane.

(b) cerealsand chocolate and confectionery — The whole
sample was homogenized (size ranged from 100g for candy to

Method Reference
Polarization, reduction 940.11
Layne-Eynon, Munson-Walker 920.51
Munson-Walker 920.64
Polarization, reduction 920.65
Polarization 920.66
Enzymatic 985.09
Polarization, reduction 950.29
Reduction 950.30
Gas chromatography 971.18
Polarization, reduction 925.35
Reduction, titration 925.15
Titration 933.04
Liquid chromatography 980.13
Polarization 920.82
Zerban-Sattler 938.18
Slchert-Bleyer 936.06
Titration 939.03
Liquid chromatography 982.14
Munson-Walker 975.14
Titration 952.05
Polarization 896.01
Gravimetry 930.28
Near infrared 972.16
Enzymatic 984.15
Benedict solution 927.07
Layne-Eynon, Munson-Walker 920.183
Charcoal column chromatography 954.11
Liquid chromatography 977.20

1 kg for heterogeneous cake). Sticky samples, such as jam or
caramel, had to be frozen before grinding. Samples ranging
from 5 g for abiscuit to 2 g for confectionery were accurately
weighed in a 50 mL flask. About 30 mL hot water (ca 40°C)
was added, and the solution was heated 15 min in awater bath
at 60°C. The flask was continuously swirled while adding 2 mL
of each Carrez solution. The solution was then cooled to room
temperature, diluted to volume with water, and filtered through
a0.47 pm membrane.

Chromatographic Conditions

Flow rate and column length depended on the apparatus
model. For a porosity of 5 pm and a flow rate of 1 mL/min,
separation time was ca 25 min. Participants were requested to
calculate concentrations by using both peak area and peak
height. Laboratories could use an internal standard and com-
pute their results from either an internal or external standard.

Design of Interlaboratory Studies

Four interlaboratory studies were organized from 1988 to
1990, in which 20 laboratories participated. Results of the first



Table 2.
1 Soft drinks

D1: Lemon soft drink

D2: Cola drink

D3: Orange juice, 20%
D4: Pure orange juice
D5: Orange syrup

fr: Fructose
ma: Maltose

Table 3. Apparatus of participating laboratories

Laboratory

© oo W

12
14

o o w
BRBHRRCO

19
20

Pump

Varian 5000
Gilson 302
Bischoff 2220
Waters 510
Varian 2010
Varian 2010
SP 8800
Waters 510
Waters 510
SP

Waters 501

Bischoff 2220
SP 8810
Waters 501
Waters M-600
SP 8800
Waters M 510
Shimadzu LC6A

Bischoff 2220
Waters 510
SP 8800
Waters 6000A
SP 8800
Waters M 510
Varian 2510
SP 8700

Perk Elmer S2
SP 8770
Waters 510
Waters 510
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Products and sugars analyzed

2. Cereal products

Cl: Crispbread
C2: Sweet biscuit

C3: Chocolate biscuit

d: Glucose
la: Lactose

Automatic sampler
Study No. 1.  Soft drinks

none
none

none
Waters WIPS
Varian 8085
Varian 8085
yes

SP 8875
SP 8875
SEDERE
none

none
none
none
none
SP 8775
none
none

Sugars

Detector

Varian RI-3
Varian RI-4
Bischoff RI 8100
Waters 410
Varian RI-3
Varian RI-3
Knauer RI
Waters R 401
Waters R 401
SP

SOPARES 7510

Study No. 2. Cereal products

Bischoff Rl 8100
Knauer RI
SOPARES 7510
Shimadzu RID-6A
SP 8490

Waters Rl 410
Shimadzu RID-6A

3. Chocolate, confectionery

S1: Nougat-filled chocolate

S2: Sweet

S3: Rocher cream
$4: Chocolate bars

su: Sucrose

Integrator

Varfan Vista 402
SP 4290
Shimadzu CR3A
Waters 740
Varian Vista 402
Varian Vista 402
SP 4290

Merck D 2000
Merck D 2000
Shimadzu CR3A
Shimadzu CR3A

Shimadzu CR3A
SP 4290
Shimadzu CR3A

SEFRAM Servotrace

SP 4290
SP 4290
Shimadzu CR3A

Study No. 3.  Chocolate-confectionery products

none
WIPS
Gilson 231
none

SP 8775
none
none
none
none
none
none
none

Bischoff RI 8100
Waters RI 410
Knauer RI
SOPARES 7510
SP 8490
Waters RI 410
Waters Rl 401
Spectra 6040 XR
Rl ERC 7512
Shodex Rl SE61
Waters Rl
Waters Rl 410

Shimadzu CR3A
Data Module 740
SP 4290
Shimadzu CR3A
SP 4290

SP 4290

Varian 4290
Spectra 4270

HP 3390 A

SP 4290

Waters 410
Waters 740

none
none
yes

none
none
none
yes

none

none
none

STACQ
WINNER
none
none
WINNER
LNT
none

STACQ
none
WINNER
none
WINNER
LABNET
none
WINNER
none
none
none
none

445

Acquisition program
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Table 4. Chromatographic conditions
Laboratory Colurmn Loop, pL CH3CN-H20 How, mL/min  Length, m Internal standard
Study No. 1. Soft drinks
1 Beckman NH25 um 10 75+25 1 13 none
2 NH2 8 um 20 70 +30 15 10 rhamnose
3 Bioblock NH2 5 um 20 75 +25 1 25 xylose
4 Interchim L7 NH2-25 F 20 75+25 15 12 none
5a CHO 620 10 0+100 03 30 mannitol
5b NH2 10 um 10 75 +25 13 15 rhamnose
6 Lichrasorb NH25 un 10 80 +20 1 16 none
Ta Sugar Pak | 10 0+100 +Ce 0.5 16 none
7b Merck D 2000 SFCC NH25 um 10 75+25 1 20 none
8 Chrompack NH2 10 pm 10 75 +25 1 27 none
9 Lichrosorb NH25 pm 10 75 +25 1 16 none
Study No. 2. Cereal products
3 Bloblock NH25 pm 20 75 +25 1 25 none
6 Lichrasorb NH25 pm 10 75+25 1 20 none
9 Lichrasorb NH25 pm 20 70 + 30 1 14 none
10 Touzart Matignon NH25 pm 20 75 +25 12 25 none
n Nucleosil SFCC NH25 pm 20 75+25 1 20 none
12 Lichrosorb Merck NH25 pm 10 75 +25 15 10 xylose, 2 g/lL
14 Lichrosorb NH25 pm 20 75 +25 1 17 none
Study No. 3.  Chocolate-confectionery products
3 Interchim NH27 pm 20 85+ 15 1 30 xylose, 2 g/L
4 Interchim NH27 pm — 85+ 15 15 25 none
6 Lichrosorb Merck NH25 pm 20 75 +25 0.9 30 xylose
9 Merck NH25 pm 5 70 +30 0.7 13 none
n Nucleosil SFCC NH25 pm 20 75+25 1 16 none
12 Lichrosorb Merck NH27 pm 20 78 +22 15 13 xylose, 2 g/L
15 Spherisorb NH25 pm 10 75 +25 15 15 xylose, 1g/L
16 Spherisorb NH25 pm 10 70 +30 1 30 none
17 Spherisorb NH25 pm 20 82.5+ 175 15 20 none
18 Lichrosorb Merck NH25 pm 10 75 +25 1 15 xylose, 1g/L
19 Lichrasorb Merck NH25 pm 20 75+ 25 1 15 none
20 YCN NH2 20 75 +25 20 15 none

study for fresh dairy products have already been published (3).
The 12 food products analyzed in the 3 studies are listed in
Table 2. Food and analyte codes used for other figures and ta-
bles are also given in Table 2. Apparatus and operating condi-
tions for each participant are reported in Tables 3 and 4, where
laboratories are indicated by number. Because Laboratories 5
and 7 performed analyses twice, with a cation exchange col-
umn (codes 5a and 7a) and a silica-bonded column (codes 5b
and 7b), they are considered as 4 participants. All other analy-
ses were performed with an amino-bonded column.

For difficult sample preparation, such as cereal and choco-
late and confectionery products, 2 replicate preparations
(called extractions) were requested. Each extraction was then
separately injected twice. For soft drinks, a single extraction

was performed but injected 3 times. Thus, the number of repli-
cates was 3 or 4.

Statistical Treatment of Outliers

Precision criteria to validate a method of analysis were com-
puted according to the statistical treatment recommended by
international guidelines (6, 7). Within that context, outliers
were identified by either the Cochran test or the Grubbs test.

However, the experimental design of the study gave 3 or 4
replicates for each cell; thus, it was necessary to add a prelim-
inary step for the rejection of outlying replicates. The Dixon
test was preferred because it is generally considered more pow-
erful with a small number of degrees of freedom. However, it
has 2 important drawbacks that may lead to the detection of
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Table5. Raw data (g/IOOg) for lemon soft drink (D1) Table 6. Raw data (g/100 g) for cola drink (D2)
Laboratory Area Height Laboratory Area Height
Fructose Fructose
1 090 092 0.86 089 092 0.89 1 068 072 0.82 071 071 0.75
2 106 118 — 131 142 — 2 105 105 — 135s 145 —
3 099 106 0.86 101 109 096 3 076 079 0.72 082 078 0.79
4 104 107 — 116 117 — 4 082 074 — 090 0.86 —
5a 080 083 091 — — — 5a 084 088 0.82 — — —
5b 0.66 068 0.68 073 070 0.72 5b 064 070 0.65 066 073 0.66
6 071 065 0.65 075 071 072 6 045 059 057 054 063 0.62
7a 096 095 0.9 096 097 0.9 7a 077 078 076 079 080 0.76
(o] 087 116 0.89 094 101 092 7b 075 077 0.74 074 073 0.78
8 082 080 082 079 079 0.80 8 074 069 067 0.68 067 0.66
9 093 104 111 097 100 100 9 064 075 082 075 079 077
Glucose Glucose
1 186 214 188 201 213 205 1* 175 195 226 198 210 223
2 18 2.00 — 199 215 — 2 18 194 — 210 217 -
3 224 208 245 219 203 234 3 258 273 254 229 235 243
4 222 235 — 248 252 — 4 222 213 — 243 243 —
5a 198 206 229 — — — 5a 224 238 216 — — —
5b 180 187 186 194 19 193 5b 202 207 20 209 215 211
6 192 198 201 191 192 196 6 193 209 206 197 207 201
7a 209 210 206 209 209 208 7a 215 216 213 216 217 204
b 202 220 185 207 207 198 b 201 199 204 200 208 204
8 194 19% 198 200 200 202 8 215 209 206 210 210 209
9 245 236 275 238 233 234 9 212 241 225 221 239 222
Sucrose Sucrose
1 439 419 410 390 393 388 1 566 580 562 521 528 523
2 432 430 — 445 475 — 2 6.08 585 — 6.23 597 -
3 490 487 463 521 506 503 3 621 634 5% 6.37 640 659
4 400 4.09 — 476  4.80 — 4 554 556 — 6.38 6.43 —
5a 578 577 585 — — — 5a 704 674 6.80 — — —
5b 568 535 575 546 639 5.60 5b 6.82 654 6.77 6.64 654 667
6 473 457 463 481 478 478 6 6.04 6.02 596 611 613 6.08
7a 510 513 510 493 493 428 7a 6.67 6.67 6.58 6.44 644 634
(e 456 473 431 457 457 448 (e 584 641 573 584 600 585
8 490 502 494 494 491 494 8 622 629 621 625 621 6.20
9 487 475 444 467 478 454 9 6.60 6.25 598 6.00 635 6.03
Maltose Maltose
1 050 026 033 051 030 035 1 063 067 048 060 063 0.56
3* 072 055 145 052 050 1.196 3 054 0.86 — 0.72 0.56 —
4 0.58 0.62 — 064 064 — 4 071 0.68 — 0.77 0.76 —
5a 5a
5b 037 059 042 046 037 050 5b 043 067 047 049 061 050
6 6
7a 7a
(o) 052 055 046 053 063 064 b 071 066 0.33 068 072 049
8 038 057 046 050 046 048 8 069 066 061 059 059 057
9 029 056 040 034 048 038 9 057 059 047 057 057 052
* Qutlying variance (Cochran test). s Qutlying mean (Grubbs test).

b Qutlier flagged for a replicate. 6 Qutlying variance (Cochran test).
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“false” outliers: (i) A replicate can be an outlier for a single
cell, although it is obviously within the range of all other cells;
(2) data rounding may bias the computation of the ratio.

Thus, 2 complementary conditions were required before a
replicate was rejected as an outlier: (i) it was significantly out-
lying at a 5% risk level; (ii) the laboratory variance was also
detected as an outlier (Cochran test).

This preliminary procedure presents the advantage of
discarding an isolated outlier quickly. Thus, a laboratory that
would normally have been considered as an outlier for its large
variance may be kept after a second test, as the variance com-
puted with the remaining data is acceptable.

Results and Discussion

Results ofthe Interlaboratory Studies

For each food product, raw data are presented in Tables 5-
16. Except for Study 2 on cereal products (maltose in product
C1), no more than 2 of the 9 laboratories were dropped.

For each analyte, precision values, presented in Tables 17-
21,were computed from either raw data or corrected data, after
outlier rejection. The following parameters are given: M, refer-
ence value (global mean of all the laboratories); s,, repeatability
standard deviation (intralaboratory variance); r, repeatability at
the 95% confidence level (2.83 s,); RSDr, repeatability relative
standard deviation (100 Sp/M); sR reproducibility standard
deviation (total variance); R, reproducibility at the 95% confi-
dence level (2.83 sr); and RSDr, reproducibility relative stan-
dard deviation (100 sRM).

As expected, highest R values are observed for highest con-
centrations. The fitting of a linear regression model was not
significant enough to assess any relationship between precision
and concentration. Very different reproducibility values may be
observable for close concentrations; for instance, for fructose
and glucose, a concentration variation of 1 g/100 g may cause
an 8-fold variation in reproducibility.

A linear relationship between R and M should mean that
RSDr is constant over the observed concentration range.
Horwitz demonstrated that over a large concentration range,
RSDr is generally exponentially related to M, and proposed an
empirical model for predicting this relationship (8). Figure 1
represents the 80 observed values of RSDr as a function of the
decimal logarithm of the concentration expressed in g/g
(-log(M)). Two empirical Horwitz models were plotted from
the following equations:

Lower curve: 2/ “°5,°5(M)
Upper curve: 2°2~°-5los(M)

RSDr values close to the lower curve indicate acceptable
precision; values above the upper curve indicate questionable
precision.

Most of the results shown in Figure 1 are considerably
above Horwitz’s curves. However, precision is acceptable for
the majority of the results because the wide range of equipment
and conditions used is very far from the standard reproducibil-
ity conditions. Another group of about 20 results (i.e., 25% of

data) have an unacceptable precision; for some of them, the
corresponding concentration levels are close to the detection
limit, although this is not a complete explanation. Therefore, it
was decided to determine which source of variation in the analyt-
ical procedure explains most of the variability and what role is
played by the sugar or food product type in this variability.

Role of the Calculation Method

For Studies 1 and 3, soft drinks and confectionery, respec-
tively, it was possible to compare performances obtained when
the peak area or peak height was used to calculate the concen-

Table 7. Raw data (g/100 g) for orange juice 20% (D3)
Laboratory Area Height
Fructose
1 276 260 280 241 240 246
2* 262 213 — 242 239 —
3 271 267 282 272 268 277
4 303 290 — 330 324 —
5a 291 291 2.82 — — —
5b 286 272 284 293 292 288
6 281 275 266 273 272 271
Ta 262 257 265 242 263 268
b 253 243 264 264 261 2.67
8 288 287 290 285 285 286
9 309 329 29 314 330 3.05
Glucose
1 323 275 322 269 260 270
2 252 270 — 246 250 —
3 272 291 2.89 277 285 288
4 336 3.10 — 349 339 —
5a 277 293 281 — — —
5b 278 273 277 288 289 288
6 276 266 262 289 285 280
7a 251 249 256 221 250 254
b 254 238s 254 255 243 257
8 284 284 285 28 28 291
9 3.08 3.40s 3.09 3.07 337 3.08
Sucrose
1 327 341 3.06 296 3.03 289
2C 810 7.60 — 6.32c 6.02 —
3 329 348 366 348 349 367
4 326 319 — 365 362 -
5a 380 400 385 — — -
5b 419 403 412 417 418 417
6 373 365 375 375 370 373
7a 406 4.07 4.09 405 412 414
7ba 462 379 412 417 397 4.05
8 360 362 371 365 368 364
9 361 369 337 350 367 343

a Qutlying variance (Cochran test).
b Qutlier flagged for a replicate.
¢ Qutlying mean (Grubbs test).
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Table 8. Raw data (g/100 g) for pure orange juice (D4) Table 9. Raw data (g/100 g) for orange syrup (D5)
Laboratory Area Height Laboratory Area Height
Fructose Fructose
1 269 257 281 234 231 244 1 21.07 2124 21.24 1860 1885 19.19
2 281 278 — 262 267 — 2 1730 1660 — 1915 1805 —
3 287 28 292 287 286 290 3 1876 1795 18.06 1859 18.06 17.75
4 290 290 — 352 351 — 4 2257 2209 — 2548 2611 —
5a 290 317 307 — — — 5a 19.77 2058 20.46 — — —
5b 289 277 273 292 288 285 5b 2256 2238 24.14 1980 19.85 20.08
6s 443 426 4.39 443 426 439 6 28.64 2950 29.30 33.17* 33.66 33.30
7a 3.05 302 302 288 288 288 7a 1985 2050 20.14 20.28 20.59 20.45
b 251 255 257 274 278 274 7b 2126 2214 19.23 21.18 21.66 20.84
8 281 278 282 274 276 274 8 21.03 2090 20.75 21.79 2164 2175
96 777 969 310 4426 524 353 9 1998 20.88 20.50 2110 2179 2071
Glucose Glucose
1 304 281 326 265 250 268 1 2516 27.72 29.17 2457 2576 26.53
2 249 258 — 257 264 — 2 2550 2557 — 2195 2380 —
3 303 31 317 311 322 32 3 2389 2381 26.93 21.94 2339 2246
4 287 283 — 361 363 — 4 30.95 2845 — 3422 3329 —
5a 271 279 3.05 — — — 5a 2412 2536 25.39 — — —
5b 295 282 252 274 282 273 5b 2801 2825 30.68 2360 2362 2411
6 341 329 327 329 327 341 6 28.06 2854 28.46 36.09 36.52 36.26
Ta 274 274 279 267 266 268 7a 2483 