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In Europe, In the

shadow of the Alps,
scientists are using

electrochemical analy-

zers to determine levels
of Pb, Cr, Cd, Hg ions,
and a host of organic pol-
lutants In drinking water—

In concentrations less than 1 ppb

and to distinguish differing valence

states (e.g. trivalent vs. hexavalent chro-
mium). More and more, chemists of all kinds, in
all countries are rediscovering the singular innovations
of BAS for electrochemical analyzers. So should you.

BAS. Around the ivorld, around the lab.

Bioanalytical
Systems, Inc

2701 Kent Avenue
West Lafayette, IN 47906
PH (317) 463-4527
FAX (317) 497-1102

0000

BAS Japan ¢ 36-4,1-Chome ¢ Oshiage, Sumida-Ku * Tokyo 131, Japan ¢ PH (81) 3 3624 0367 « FAX (81) 3 3624 0940
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FDA
Bacteriological

Analytical

Manual

(BAM), 7th Edition

Methods currently in
use in US. Food and
Drug Administration
Laboratories

«

A0*J,

NEWEDITION!

This manual contains analytical methods to detect
microorganisms and certain of their metabolic
products. Although the methods are primarily

for foods, the manual also contains methods for
analysis of beverages and cosmetics. For use in
regulatory and industry laboratories. Most
chapters have been revised, expanded and
updated.

Not all procedures in this manual have achieved
official AOAC status through collaborative testing;
but all represent the methodology currently in
use in FDA laboratories.

CONTENTS

Food Sampling and Preparation of Sample
Homogenate. Microscopic Examination of Foods.
Aerobic Plate Count. Escherichia coli and the
Cofiform Bacteria. salmonella. Shigella. Campylo-
bacter. Yersinia enterocolitica and Yersinia
pseudotuberculosis. V. cholerae, V.parahaemo-
lyticus, V. vulnificus and Other vibrio Spp.
Lysteria monocytogenes. Serodiagnosis of Listeria
monocytogenes. Staphylococcus aureus.
Staphylococcal Enterotoxins. Bacillus cereus.
Diarrheagenic Enterotoxin. Clostridium perfrin-
gens. Clostridium botulinum. Yeasts, Molds and
Mycotoxins. Parasitic Animals in Foods. Inhibitory
Substances in Milk. Rapid HPLC Determination of
Sulfamethazine in Milk. Examination of Canned
Foods. Modification of Headspace Gas Analysis
Methodology, using the SP4270 Integrator.
Examination of Containers for Integrity. Micro-
biological Methods for Cosmetics. Identification
of Foodborne Bacterial Pathogens by Gene Probes.
Investigation of Food Implicated in Iliness.
Appendixes: Rapid Methods for Detecting
Foodborne Pathogens. Most Probable Number
Determination. Media and Reagents.

529 pages. Seventh Edition. 1992 publication.

Ulus. Appendixes. 3 hole drill with binder.

$99.00 in Continental North America

$122.00 outside Continental North America

Members: subtract 10% discount and include member number.

TO ORDER: send your name and address and payment. AOAC

International accepts checks (US funds on US banks only, please) and
credit cards: VISA. MasterCard or Diners. When paying by credit card
please include: type of credit card, card number, expiration date and ~

your signature.

SEND TO: AOAC International -J, 1970 Chain Bridge Road, Dept. 0742, A O A C

Credit card orders may also be placed by phone: +1 (703) 522-3032, INTERNATIONAL

McLean, VA 22109 0742.

or FAX +1 (703) 522-5468.
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For Your Information

Meetings

March 23-25, 1993: AOAC Board of
Directors Meeting, AOAC, Arlington,
VA. Contact: Nora Petty, AOAC, 2200
W ilson Blvd, Suite 400, Arlington, VA
22201-3301, telephone 703/522-3032.

March 24,1993: AOACM idAtlantic
USA Section Meeting. Contact: David
B. MacLean, 6422 Alloway Ct, Spring-
field, VA 22152, telephone 703/451-
1578.

March 29-30, 1993: AOAC Europe
Section Meeting, Barcelona, Spain.
Contact: Juan Sabater, Laboratorio Dr.
J. Sabater Tobella, Calle de Londres 6,
08029 Barcelona, Spain, telephone 343-

322 88 06.

May 10-12, 1993: AOAC Northeast
Section Meeting, Guelph, Ontario, Can-
ada. Contact: Cathy Burchat, Ontario
Ministry of Agriculture and Foods, Bldg
No. 43, McGilvray St, University of
Guelph, Guelph, ON. NIG 2W1, Can-
ada. telephone 519/823-8800.

May 21-22, 1993: AOAC Official
Methods Board Meeting, AOAC. Ar-
lington, VA. Contact: Nancy Palmer,
AOAC, 2200 Wilson Blvd. Suite 400.
Arlington, VA 22201-3301. telephone
703/522-3032.

June 7-9, 1993: AOAC Midwest
Section Meeting, West Des Moines, IA.
Contact: P. Frank Ross, USDA National
Veterinary Services Laboratories, Toxi-
cology Laboratory, PO Box 844, 1800

Simply the best
replacement for

Kjeldahl.

The NA 2000 provides a safe
replacement for your Nitrogen/Protein
analysis by eliminating the need for acids
and toxic chemicals. The simplicity of the

design, complete
automation and
reliability makes
the NA 2000 the
best Nitrogen/ |
Protein analyzer. !

_ f3$

Dayton Rd, Ames, IA 50010, telephone
515/239-8542.

June 23-25, 1993: AOAC Pacific
Northwest Section Meeting, Evergreen
State College, Olympia, WA. Contact:
Andrew Held, MEI Charlton, Inc.. 2233
SW Canyon Rd. Portland. OR 97301,
telephone 503/228-9663.

July 22-23, 1993: Fifth International
Symposium on the Harmonization of In-
ternal Quality Assurance Schemes forAn-
altyical Laboratories, Washington, DC.
Contact: George Heavner, AOAC. 2200
Wilson Blvd, Suite 400, Arlington, VA
22201-3301. telephone 703/522-3032.

July 25-29, 1993: 107th AOAC In-
ternational Annual Meeting and Exposi-
tion, Washington, DC. Contact: Marga-

ARL
KEVEX
VG INSTRUMENTS

¢ AOAC approved and

recommended
125 position autosampler

Results in < 3 minutes

FISONS

Instruments

Fisons Instruments Inc.
32 Commerce Center
Cherry Hitt Drive
Danvers, MA 01923 USA
Tel: 508 524-1000
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ret Ridgell. AOAC, 2200 Wilson Blvd.
Suite 400. Arlington, VA 22201-3301,
telephone 703/522-3032.
September26-October 1, 1993:15th
International Nutrition Conference, Ad-
elaide, Australia. Contact: Congress
Secretariat, CSIRO Division of Human
Nutrition. PO Box 10041. Gouger St,
Adelaide 5000, South Australia, Aus-
tralia, telephone 61 8 224 1800.
November3-5,1993: AOAC Central
Section Meeting, West Lafayette, IN.
Contact:

Hussein S. Ragheb, Purdue

University, Dept of Biochemistry, West

Lafayette, IN 47904, telephone
317/494-4331.
April 17-21, 1994: Sixth Interna-

tional Symposium on Biological and

Reference Materials

1993

Short Course
Program

DESIGNED FOR THE
ANALYTICAL SCIENCE
PROFESSIONAL

Environmental

SATISFACTION
GUARANTEED

AOAC

INTERNATIONAL

REGISTER NOW!
CALL: Carol Rouse

+ 1-703-522-3032

(BERM-6), Kona, HI. Contact: Wayne
R. Wolf, U.S. Department of Agricul-
ture, Nutrient Composition Laboratory,
Beltsville, ™MD 20705.
301/504-8927.

telephone

AOAC and A2LA Form
Partnership for Expanded
Scientific Education Program

AOAC International and the American
Association for Laboratory Accredita-
tion (A2LA) have joined forces to pro-
vide members and constituents of both
organizations with an expanded pro-
gram of quality education for the scien-
tific professional. Both associations are
leaders in developing quality training
for the analytical scientist and the ana-

lytical science laboratory. Together they
will offer a variety of courses designed
to meet the needs ofa wide range of sci-
entists in government, industry, and aca-
demia.

A2LA isanonprofit, nongovernmen-
tal, public sendee, membership society
dedicated to the formal recognition of
competent laboratories and related ac-
tivities. Accreditation is available to any
type of laboratory, be it private or gov-
ernment. Accreditation is based on inter-
nationally accepted criteria for compe-
tence for laboratories, specifically
ISO/IEC Guide 25-1990. A2LA has
also established a program for quality
system registration, based on 1SO 9000
series or ANSI/ASQC Q90 series stan-
dards, of reference material suppliers

PRESENTED BY
AOAC International & American Association
for Laboratory Accreditation (A2LA)

AOAC Short Courses Offered

¢ QA for Analytical Laboratories—
UPDATED for '93

¢+ QA for Microbiological Laboratories

+ Statistics for Methodology —
REVISEDfor '3

¢ Laboratory Waste Disposal, Environ-
mental Compliance and Safety

¢ How to Testify as an Effective Witness

¢ Improving Your Technical Writing Skills

+ Complying with the Nutrition Labeling
and Education Act

A2LA Courses Offered

¢ Laboratory Accreditation vs. Registration

¢ Environmental Laboratory Quality
Assurance and Assessment

¢ Environmental Lead Laboratory
Accreditation

¢ How to Design a Quality Manual

¢ Achieving Accreditation for Your
Laboratory

¢ Laboratory Equipment Calibration
Practices

28A Journal Of AOAC International Vol. 76, No. 2,1993

+National Association for Testing
Authorities (NATA) Lead Assessor
Quality Training

+ Statistical Measurement Control

¢ Laboratory Information Management
Systems

¢ Laboratory Occupational Safety &.
Health Standards

Member rates are available to all
members of either AOAC or A2LA.

Discounts are available if you register for more
than one course or more than one person from
the same organization.

Locations for AOAC and A2LA 1993
Short Courses™
Jacksonville, FL —May 24-29

Washington, D.C. —July 24-30
11n conjunction with the 107th AOAC

International Meeting & Exposition/
Manhattan Beach, CA —October 4-9
+ Not all courses are offered at all locations.
Call to request a 1993 Short Course Catalog
for a complete listing of other short courses
available from AOACand A2LA
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and certification of specific lotsofregis-
tered supplier material. A2LA’s 281
members represent individuals, institu-
tions, and corporations interested in the
recognition of competent testing services.
Thegoalsof A2LAare to: (7) provide
acomprehensive national laboratory ac-
creditation system thatestablishes wide-
spread recognition ofthe competence of
accredited laboratories; (2) provide pub-
licity for accredited laboratories and a
service to their users by publishing an
annual directory of accredited labora-
tories, newsletters, press releases, arti-
cles, and other related documents; (5)
improve testing within the United States
and, thereby, enhance the quality and
reputation of U.S. goods in markets at
home and overseas; (4) negotiate agree-
ments on mutual recognition with other
laboratory accreditation systems and,
thereby, strive for national and interna-
tional acceptance of the competence of
accredited laboratories; and (5) elimi-
nate unnecessary multiple assessment
of laboratories.
A2LA’s
courses are being phased into the AOAC

Currently, current short
shortcourse schedule. By October 1993,
AOAC will be managing all A2LA
short courses.

Members of both AOAC and A2LA
will receive the memberdiscount for all
courses of both organizations. The two
associations will market their short
courses jointly, except for specialized
courses with a very narrow application,
which require a more targeted approach.
In addition, market research and needs
assessment costs will be shared by both
associations to reduce the cost of devel-
opment. New educational programs of
both associations will be designed to be

complementary and avoid duplication.

Courses will be offered in:

m Jacksonville, FL: May 24—28

m Washington, DC: July 24-30

m Manhattan Beach, CA: October4-9

AOAC Courses:

m Quality Assurance for Analytical
Laboratories

m Quality Assurance for Microbiologi-
cal Laboratories

m Statistics for Methodology

m Laboratory Waste Disposal, Environ-
mental Compliance and Safety

m How to Testify as an Effective Wit-
ness

m Improving Your Technical Writing
Skills

A2LA Courses:
m Laboratory Accreditation vs Registra-
tion
m Environmental Laboratory Quality
Assurance and Assessment
m Environmental Lead Laboratory Ac-
creditation
m How to Design a Quality Manual
m Achieving Accreditation for Your
Laboratory
m Laboratory Equipment Calibration
Practices
m National Association of Testing Au-
thorities Lead AssessorQuality Training
m Statistical Measurement Control
m Laboratory Information Management
Systems
m Laboratory Occupational Safety and
Health Standards

Allcourseswillnotbhe offered ateach
location. Foracourse catalog containing
additional information on course sched-
uling, duration, price, and availability,
contact the Meetings and Education De-
partment, AOAC, 2200 Wilson Blvd,
Suite 400, Arlington, VA, telephone +1
(703) 522-3032, fax +1 (703) 522-5468.

Reference Materials Group
Organizes to Form Technical
Division

A number of scientists met at AOAC
headquarters on December 8, 1992, to
organize a technical division within
AOAC focused on reference materials.
The group voted to petition the AOAC

e =

DJI

robotk)coupe

New Batch
Processing
Equipment

Ideal for R&D,
QC, scientists,
engineers, sam-
ple preparation
for analysis
and pilot plant
production,
these batch
processors are

used for mixing light to
heavy viscosity matter,
powders, liquids with solids
or powders. Rugged 1/2 to
15 HP motors provide mix-
ing, blending, homogenizing
and emulsification in a con-
trolled environment vessel.
Size reduction can be
achieved during the mixing
cycle. Mixing and size
reduction can be achieved
independently or simulta-
neously. Some benchtop
models can also be
converted to continuous
feed for size reduction.

For more information
call Product Mgmt. Dept.,
601-956-3216 or

FAX 601-956-5758.
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Board ofDirectors to form the Technical
Division on Reference Materials, with
the purpose to improve the quality ofan-
alytical measurements through the use
of reference materials in validation and
use of AOAC methods.

The following interim Executive
Committee was elected, to serve until
annual elections during the AOAC

International Annual
1993,
division status: Chairman: Wayne Wolf,
U.S. Dept
National Institutes for Science and Tech-
Vice
Tanner, U.S. Food and Drug Adminis-

Meeting in July
if the Board grants technical
of Agriculture and the

nology; Chairman: James T.
tration; Secretary: Jon DeVries, General
Mills; Treasurer: Sungsoo Lee, Kellogg
Co.;

Fraley,

Members-at-Large: Norman E.
Swift Eckrich,
Philip J. Oles, Lancaster Laboratories,

Armour Inc.;
Inc.; and Darryl M. Sullivan, Hazleton
Laboratories.

headed
by Vice Chairman James Tanner, will

A Nominating Committee,

begin work immediately to prepare a
slate of candidates for the July election.

The group agreed on asetofdraftby-
laws to present to the AOAC Board of
Directors, and identified initial activities
thatshould be pursued. Because the idea
for a technical division evolved from
work of a subcommittee on reference
materials of the AOAC Task Force on
Nutrient Labeling Analyses, the Division
plans to concentrate its activitiesin the nu-
trition area, defining appropriate food ma-
trixes, identifying suitable reference mate-
rials, and facilitating by various means the
developmentand characterization ofaddi-
tional reference materials needed forvalid
nutrition analyses.

The Division will expand to cover
reference materials needs in all areas of
AOAC methods development and vali-
dation. The Division will also be respon-
sible for organizing and conducting the
BERM (Biological and Environmental
Reference Materials) symposium series.
The BERM-5 symposium was held in

1992
meeting is scheduled for April 17-21,
1994, in Kona, Hawaii.

Ifyou are interested injoining and in-
fluencing the AOAC activitiesin the ref-
erence materials area, as carried out by
the Technical Division, AOAC will sup-
ply you with additional information and

in Aachen, Germany; the next

membership materials as they become

available. For specific information
about the Technical Division, contact
Wayne Wolf, U.S. Dept of Agriculture,
Nutrient Composition Laboratory,
10300 Baltimore Ave, Beltsville, MD
20705-2350, telephone +1 (301) 504-

8927, fax+1 (301)504-8314.

Quality Assurance Checklist for
Small Laboratories

The AOAC Laboratory Quality Assur-
ance Committee recently developed the
(QA)

checklist to serve as a guide to analysts

following quality assurance
in the laboratory, and to laboratory man-
agers for a quick review of the status of
quality assurance practices in their labo-
Also,

checklist for a preliminary evaluation of

ratories. auditors can use the
a laboratory to determine if enough of
the basic issues have been addressed for
a productive audit.

Further details in developing a qual-
ity assurance program can be obtained
from the AOAC publication Quality As-
surance Principlesfor Analytical Labo-

ratories.

Laboratory Quality Assurance
Checklist

I. Information on Standards
Source

Purity or activity
Preparation

Adequate labeling
Storage

Date received

Date prepared

IOenNmMmoow >

Lot number

Identity of preparer

30A Journal Of AOAC International Vol. 76, No. 2,1993

J.  Certification information

Il. Methods and Methods Validation
A. Source (AOAC, AWWA,
AOQOCS, etc.)
B. Standard operating procedures

\/

*/

1.

Calibration of equip-
mentand glassware
Preparation of reagents
and media
Identification of safety
procedures

Frequency of positive
and negative control
analyses
Documentation of sam-
ple receipt, tracking,
storage, and final dispo-
sition

Scheme for data and
document storage, ar-
chiving, and retrieval

C. Validation and Reporting of

Results
1.

%/

%!/

%/

2.

4.

5.

Scheme for analysis vali-
dation: mustbe prepared
priorto analyzing sam-
ples forreporting pur-
poses; should be in
laboratory notebook or
separate report.
Calculation checks:
mustinclude spike and
recovery and replicate
analysis scheme; must
be uniform for all sam-
ples of a given type

and method.

Systematic seriesofneg-
atives controls: blanks
must be specified as to
reagent blanks, method
blanks, etc.
Acceptance/rejection
criteria: musthbe de-
fined for recovery sam-
ples replicates and
blanks.

Managerial review and
approval of results.
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Manufacturers... Complement
ToKjeldahl
T e Testin 0

W hy certify test kits with the AOAC Research
Institute?
e« To provide test kit users with added
confidence in product performance claims.

e To be recognized as “Performance Tested”
by several U.S. government agencies.

e To be included on acompendium of all test Combustion Method. The

kits with current “Performance Tested 1 »SamSm PE 2410 Series |1 Nitrogen
status available to all test kit users.

e« To have free announcement of your
"Performance Tested” status in AOAC
International publications.

Analyzer does in minutes what Kjeldahl
testing does in hours.
This microprocessor-
controlled analyzer
isa greatcomplemen-
tary tool for measur-
ing nitrogen and/or
protein. Add the 60-
position Autosampler

W hat kinds of test kits can be certified?

Any commercially packaged system of an
analytical method used to determine the presence
of a specific analyte(s) in a given matrix(es)
can be certified. Test kits requiring supporting
supplies and equipment are included in the
program definition of test Kkits.

: The PE 2410 Series 1
The AOAC Research Institute "Performance meets AOAC requirements, ~ @Nd get results even

Tested” evaluation is applicable for test kits faster.

used in the analysis of substances affecting food,
agriculture, public health and safety, and the

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

environment.

Obtain your application package from the
Program Manager, AOAC Research Institute, efficiency.

2200 Wilson Boulevard, Suite 400, Arlington, For more information on the PE 2410
VA 22201-3301, telephone +1 (703) 522- Series Il Nitrogen Analyzer, contact your
2529, fax +1 (703) 522-5468. ) . .
local Perkin-Elmer office. For product liter-
ature in the U.S., call 1-800-762-4000.

FOR INFORMATION ONLY, CIRCLE 69 ON READER SERVICE CARD
PERFORMANCE TESTED

AOAC PERKIN ELMER

RESEARCH INSTITUTE

The Perkin-Elmer Corporation, Norwalk, CT 06859-0012 U.S.A.
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Be Sure Your Laboratory Uses the Best,
Most Current Analytical Methods Available...

Save Time and Money, Achieve More
Accurate Analysis, and Improve
Your Laboratory’s Reputation

The demonstrated reliability of AOAC
methods prompts their use whenever a
need for analysis arises in regulatory,
research, and quality control activities.
Chemists, microbiologists, and other
scientists depend upon Official Methods
of Analysis of the AOAC because they
know the reliability and reproducibility
of AOAC methods have been demon-
strated through thorough testing by
interlaboratory collaborative studies

in government, industry, and university
laboratories.

The authority of the methods is further
enhanced by AOAC collaboration with
other worldwide organizations.

Take Advantage of AOAC Methods
Availability and Ease-of-Use

Over 1,800 AOAC methods are ready for
your immediate use. The easy-to-follow,
step-by-step format specifies all reagents
and apparatus. And alternative methods
are often provided to accomodate a wide
range of laboratory capabilities.

Each method is referenced for back-
ground and development material, and
contains Chemical Abstracts Service
(CAS) numbers where applicable. Both
chemical and common names are
provided for all drugs and pesticides.

Comply More Easily with
Government Regulations!

Since their inception in 1884, AOAC
methods have been accorded preferred
status in the courts and are often
referred to in national, state, and
provincial regulations and governmental
and commercial specifications.

Be Confident You're Using the Best,
Most Current Methods Available

As analytical needs change and as
knowledge and techniques advance, new
and revised methods are continually
being validated by AOAC. Between

editions, these are published in annual
supplements which are sent, at no
additional cost to purchasers of the
most recent edition.

Thus, AOAC's OFFICIAL METHODS OF
ANALYSIS not only brings you up to
date, it keeps you there!

CONTENTS

Volume I—Agricultural Chemicals,

Contaminants, Drugs
Agricultural Liming Materials
Fertilizers
Plants
Feeds
Drugs in Feeds
Disinfectants
Pesticide Formulations
Hazardous Substances
Metals & Other Elements
Pesticide & Industrial Chemicals
Waters; Salt
Microchemical Methods
Radioactivity
Veterinary Analytical Toxicology
Cosmetics
Extraneous Materials
Microbiological Methods
Drugs
Drug & Feed Additives in Animal Tissues
Forensic Methods

Volume I1-Food Composition
Baking Chemicals
Distilled Liquors
Malt Beverages
Wines
Nonalcoholic Beverages
Coffee & Tea
Cacao Bean
Cereal Foods
Dairy Products
Eggs & Egg Products
Fish & Other Marine Products
Flavors
Fruits & Fruit Products
Gelatin, Dessert Preparations
Meat & Meat Products
Nuts & Nut Products
Oils & Fats
Vegetable Products
Spices & Other Condiments
Sugars & Sugar Products
Vitamins
Color Additives
Food Additives, Direct & Indirect
Natural Poisons

Official M ethods o fAnalysis

ofthe AOAC,
15th Edition

In Volumes | &II:

Appendixes: Standard Solutions and
Certified Reference Materials, Laboratory
Safety, Reference Tables. Subject and
Method Number Indexes.

AOAC-For over 100 years, the mission
of the Association of Official Analytical
Chemists has been to provide the ana-
Iytical science community with fully
validated standard methods for the
chemical and biological analysis of foods,
drugs, cosmetics, pesticides, fertilizers,
feeds, hazardous substances, air, water,
soil, and any other products and sub-
stances affecting the public health

and safety, the economic protection of
the consumer, or the quality of the
environment.

1200 Pages. 1990. 2 Volumes. Hard-
bound, 185 illus, ISBN 0-935584-42-0.
Binders for supplements are shipped

with the first supplement. $281.00 in con-
tinental North America (USA, Canada,
Mexico). $312.00 outside continental
North America. Members: subtract 10sc
discount. Includes 5 annual supplements
plus a looseleaf binder for their storage.

To obtain your copy of OFFICIAL METHODS
OF ANALYSIS, send your order with the
following: your name and address, a check
or Mastercard, VISA, or Diners credit card
information (name of card, card number, and
expiration date) and your signature to

AOAC

INTERNATIONAL

at AOAC-J, 1970 Chain Bridge Road,
Dept. 0742, McLean, VA 22109-0742
(703) 522-3032, FAX (703) 522-5468

All orders must be prepaid. Please make checks pay-
able to AOAC, US. funds on U.S. banks only. Credit
card orders may be placed by mail, telephone, or FAX



For Your Information

Ill. Data Quality Assurance

A. Check samples: Recom-
mended for method, matrix,
and analyte customarily per-
formed; these are not substi-
tutes for regular positive
controls but are used in addi-
tion to regular spikes and/or
reference materials.

B. Control charts and limits:
Should be established for the
analyte, matrix, and concentra-
tion of interest; Results should
be readily available.

C. Recordsofanalytical data: Must
be keptin a laboratory notebook
or other “hard copy” format.
Raw data and sample identifica-
tion should be readily available
forreconstruction o fanalysis.
Repetitive information for each
sample can be referenced in
each case to a laboratory quality
assurance notebook or earlier
laboratory notebook.

D. Reporting of results
I 1. Units mustbe specified
t/ 2. Records mustbe kept

for a specified time

3. Timeliness: Dates and
times of analysis must
be recorded and avail-
able

4. Significant figures
must be correct

\/ 5. Form for data reporting
must be uniform
/ 6. Report mustbe re-

viewed for correctness

IV. Personnel

A. Resumes ofanalytical person-
nel should be on record. These
should include educational and
professional experience that
bears on the training and com -
petence of the analyst.

B. On-the-job training should be
listed for each analyst.

V. Implementation of Quality
Assurance

A. Noundocumented standards
should be permitted for analy-
sis. Such standards indicate re-
analysis of samples.

B. Noundocumented methods are
permitted for reporting pur-
poses.

C. When control limits are ex-
ceeded, a record must be made
of the corrective measures
taken, such as re-analysis, re-
calculation, or other means of
bringing the analysis under
control.

D. Laboratory environment (con-
trol of contamination): Blanks
must be “blank” for the param-
eter of interest.

AOAC International Official
Methods Board News

Methods Adopted FirstAction

As directed by the Board of Direc-
tors, the Official Methods Board is re-
sponsible for consideration of methods
for first action approval. The following
methods were adopted first action at the
Official Methods Board meeting Janu-
ary 28-30,1993, in Orlando, FL, and be-
came official at that time. These meth-
ods will be published in the fifth
supplement (1994) to the 15th edition
(1990) of Official Methods o fAnalysis.

Pesticide Formulations and
Disinfectants

Phosphamidon in Technical and For-
mulated Products, Liquid Chromato-
graphic Method

Bentazon in Pesticide Formulations,
Liquid Chromatographic Method

Additives, Beverages, and Food Pro-
cess Related Analytes

Nitrate in Baby Food, Spectrophoto-
metric Method

Ethyl Carbamate (Urethane) in Distilled
Spirits, Gas Chromatographic/ Thermal
Energy Analyzer Method

Commodity Foods and Products
L-Malic/Total Malic Acid Ratio in
Apple Juice, Liquid Chromatographic,
Enzymatic Methods

Microbiology and Extraneous Materials

Staphylococcal Enterotoxins in Foods,
Polyvalent Enzyme Immunoassay
Method (TECRA SET)

Salmonella from Cocoa and Chocolate,
Motility Enrichment on Modified Semi-
Solid Rappaport-Vassiliadis Medium

Salmonella in Foods, Colorimetric
Monoclonal Enzyme Immunoassay
Method (Salmonella-Tek)

Listeria in Dairy Products, Seafood,
and Meats, DNA Hybridization
Method (GENE-TRAK Listeria)

Clostridium perfringens from Seafood,
Iron Milk Method

Bacteria Counts in Raw and Pasteur-
ized Milk, Reflectance Colorimetric
Method (Omnispec)

Listeria monocytogenes in Milk and
Dairy Products, Selective Enrichment
and Isolation Method (IDF-AOAC
Method)

Somatic Cells in Milk, Optical So-
matic Cell Counting Method
(Fossomatic) (Modification 0f978.26)

Feeds, Fertilizers, and Related Topics
Nitrogen (Total) in Fertilizers, Com-
bustion Method

Environmental Quality
1,2-Dibromoethane (EDB) and 1-2-
Dibromo-3-Chloropropane (DBCP) in
W ater, Microextraction-Gas Chromato-
graphic Method

Trace Elements in Waters and
W astewaters, Inductively Coupled
Plasma-Mass Spectrometric Method
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New Products

OHS Announces Electronic
Adaptation to ANSI Z400.1
MSDS Format

Occupational Health Services, Inc., an-
nounces the completion of converting
95,000 hazardous substances to the new
ANSI Z400.1 format for its OHM
MSDS database. ANSI Z400.1 allows
expansion ofthe regulatory and environ-
mental fields, delivering a powerful tool
to industrial hygienists, environmental-
ists, and DOT professionals, working in
both the public and private sectors. This
format, in addition to providing com-
plete occupational hazards information,
includes comprehensive environmental
data, expanded SARA hazard category
ratings and List-of-Lists. Occupational
Health Services, Inc.

Circle No. 320 on reader service card.

Ohmicron Introduces
Chlorothalonil Assay

Food samples containing chlorothalonil,
a Group B2carcinogen, can now be de-
tected quickly, accurately, and cost-ef-
a RaPID Assay Kkit.
Chlorothalonil contamination is also a

fectively with

concern because itis highly toxic to fish.
Itisused asa fungicide on awide variety
of commodities such as tomatoes, cel-
ery, and soybeans. Residues form
chlorothalonil may be detected in foods,
wells, and streams due to runoff, spills,
ornormal use. Ohmicron Corp.

Circle No. 321 on reader service card.

Confined Space Entry Monitor
Detects Ammonia

The Triple Plus is a portable, multi-gas
monitor that can simultaneously moni-
tor up to 4 different gases, including am-
monia. The unit can be fitted with any
combination of oxygen, combustible
gas, and toxic gas sensors for H2S, CO,
Cl2, S02, NOz, NO, H2, HC1, HCN,
HC3, and others. The digital display pro-

vides readings both instantaneously and
as time weighted averages. CEA Instru-
ments, Inc.

Circle No. 322 on reader service card.

Fully Automated System
Replaces Large Soxhlet Arrays

The automated SEX 3560 supercritical
fluid extractor performs unattended, se-
quential extraction and collection of up
to 24
food/flavor, pharmaceutical, and poly-

samples for environmental,
mer analyses. Using safe and inexpen-
sive C 02, the system provides typical
extraction cycles of 15 to 30 min and
throughput equivalent to dozens of
Soxhletextractors. Samplesup to 10 mL
are extracted in exclusive finger-tight
cartridges. Static and dynamic extrac-
tion steps atup to 10,000 psi and 200°C,
fractional collection of extracts, on-line
modifier addition, and other parameters
are programmable for individual sam-
ples or groups. Extracts are collected by
bubbling into pre-cooled solvent to as-
sure efficienttrapping of analytes. Addi-
tional capabilities include bar-code
scanning of sample cartridges and col-
lection vials, and printed reports docu-
menting actual extraction conditions for
each sample. Isco, Inc.

Circle No. 323 on reader service card.

L&R Ultrasonics Revolutionizes
Laboratory/Scientific Industries

Ultrasonics is generally known for its
critical cleaning ability of awide variety
of items. In laboratories, ultrasonics is
being hailed for its ability to clean frag-
ile objects such as Buchner funnels.
Safety committees at top pharmaceuti-
cal companies are recommending L&R
ultrasonic machines and its full line of
solutions because they eliminate the
health hazards associated with cleaning
with caustic chemicals and acids. In ad-
dition to health risks, use of caustic
chemicals means expensive and time-
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consuming disposal methods. L&R
Manufacturing Co.

Circle No. 324 on reader service card.

Modified Pyroprobe Interfaces to
Gas Chromatograph for High
Temperature Desorption without
Pretrapping

The HTD 2000 has been modified for
use as a mini thermal desorber for sam-
ples in the 100 mg range, the size com-
monly used for soil desportion work
such as EPA Methods 8245, Thermal
Chromatography/M ass Spectroscopy
for Screening Semi-Volatile Organic
Chemicals, and 8440, Total Extractable
Petroleum Hydrocarbons (TPH) by IR.
The HTD 2000 may be connected to the
injection port of the gas chromatograph
using a Vz in. interface, which has its
own heaterto 325°C, and samples can be
rapidly desorbed onto the GC column
without pretrapping. Suitable for use
with soils and other environmental ma-
terials, polymers, pharmaceutical, mini
air monitoring tubes, and foods, the
modified HTD 2000 may be used for
both thermal desportion and pyrolysis.
CDS Analytical, Inc.

Circle No. 325 on reader service card.

Micro-Punch Designed for
Microsampling Materials Resting
on Surface or Thin Substrate

The Micro-Punch is

microsampling forensic size samples of

designed for

inks, toner, correction fluid, adhesive,
body fluids, or any other media resting
on a thin substrate. The uniform dimen-
sion and sharp cutting edge of the tip al-
lows forquick, repetitive sampling with-
out risk of damage to the substrate,
producing samples of uniform size for
quantitative studies. Approximately the
size of a fountain pen, the Micro-Punch
can be carried in abreastpocketforsam-
ple collecting at crime scenes or from
specific evidence sites. The forensic size



New Products

samples produced with the Micro-
Punch are suitable forplacementin PGC
sample holders, mounting on SEM
stages, sandwiching between diamonds
on anvil cells or other FTIR micro-
sampling devices. Premier Scientific.

Circle No. 326 on reader service card.

Recycling Preparative HPLC
System

The Model LC-908 represents the state
of the art in preparative HPLC systems.
It features aunique sample recycling ca-
pability that enables the chemist to
achieve optimum separation with high
sample loading. After passing through
the column and the detector, the partially
separated components are returned to
the top of the column and recycled until
adequate separation is attained. In addi-
tion, the mobile phase isrecycled result-
ing in a tremendous decrease in solvent
consumption. The system is compatible
with all types of column packing, silica
based or polymerbased, and can be used
with reversed-phase, normal phase, or
SEC columns. DyChrom.

Circle No. 327 on reader service card.

New Analytical Laboratory
Training Plan Offered
Savant Audiovisuals, Inc. has an-
nounced a frequent viewers club for
analytical laboratory training. This plan
offers an opportunity to view an unlim-
ited number of professional analytical
training programs for a one-time fixed
fee. Viewers can borrow as many pro-
grams as desired, one at a time, during
the year-long membership period. No
additional payments arerequired. Programs
come in a wide range of analytical tech-
niques, including AA, ICP, GC,HPLC, IR,
NMR, MS, UV-VIS, RIA, ELA, and lab-
oratory safety. Mostare available in either
slide/tape or video format and run 20 to
45 min. Savant Audiovisuals, Inc.

Circle No. 328 on reader service card.

CEM Zero/Dilution Air for Use
with Continuous Emissions
Monitoring Systems

CEM Zero/Dilution Air for use with di-
lution extractive and standard extractive
continuous emissions monitoring sys-
tems limits the concentrations of sulfur
dioxides, oxides of nitrogen, carbon di-
oxide, carbon monoxide, water, and
total hydrocarbons to very low levels for
use by CEM end users. Oxides of nitro-
gen and sulfur dioxide are each limited
to 0.1 ppm, and carbon monoxide is lim -
ited to 0.5 ppm. Carbon dioxide is below
1 ppm. This new product is useful as a
source of Zero Air, free of critical im-
purities; a means of checking the quality
of house air used in the probes of dilu-
tion extractive CEMS; and as a backup
source of air, free of critical impurities
for dilution of air samples at the CEMS
probe. Scott Specialty Gases.

Circle No. 329 on reader service card.

Helium Purifier Improves GC
Results

The Model 75-800 helium purifieris de-
signed to be installed in the carrier gas
line between the GC supply cylinder and
the instrument. By trapping gas stream
impurities into heated purifying pellets,
the unit purifies 99.999% helium to the
99.99999% level required by many of
today’s GC applications. Under normal
GC operating conditions, the unit will
prove over 2 vyears of purification.
GOW-MAC Instrument Co.

Circle No. 330 on reader service card.

Chromex Introduces New 250PS
Parallel Spectrometer

Designed to speed and simplify data col-
lection, the Model 250PS parallel spec-
trometer features multiple optical fiber
inputs for characterizing emissions from
diffuse or heterogeneous light sources,
including plasmas, flames, for flows. A

CCD video camera provides imaging
and wavelength-resolved detection from
the UV to NIR. Chromex, Inc.

Circle No. 331 on reader service card.

Nitrogen and Sulfur Results in
Seconds

A new version ofthe 7000 Nitrogen/Sul-
fur Analyzer features on-board printer,
autosampler control (liquid and solid),
increased methods storage, front panel
control of thermoelectric coolers, elec-
tronic pressure sensor, and a blank cor-
rection feature. Using separate detectors
for nitrogen and sulfur, the 7000 can be
configured for nitrogen only, sulfuronly,
or simultaneous nitrogen and sulfur
analyses. Antek Instruments; Inc.

Circle No. 332 on reader service card.

IHS Regulatory Products Now
Offering State Regulations to
Environmental/Safety Library
Customers

IHS Regulatory Products, a division of
Information Handling Services, is now
offering state environmental and safety
related state regulations to customers
using the Environmental/Safety Library
on CD-ROM. Regulations from over 30
states will be made available to custom-
ers in phases during 1993; regulations
for California and Florida are now ready
forshipment. The Environmental/Safety
Library on CD-ROM contains federal
laws, regulations, and compliance infor-
mation issued by EPA, OSHA, and the
DepartmentofTransportation, aswell as
related industry standards. Information
within this database is automatically up-
dated every 60 days and an "Environ-
mental/Safety Alert" newsletter contain-
ing abstracts from the Federal Register
and state publications is issued weekly
to provide access to timely information
between updates. Information Handling
Services.

Circle No. 333 on reader service card.
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PA Manual

of Chemical Methods
for Pesticides and Devices,
Second Edition

Charles). Stafford, Everett S. Greer, Adrian W. Burns, Dean F. Hill, Editors

The US EPA
Manual of
Chemical
Methodsfor
Pesticides and
Devices is a
compendium
of chemical
methods for
the analysis of pesticides in tech-
nical materials, commercial pesti-
cide 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
either EPA or state laboratories.
These procedures are believed

to be the most suitable and, in
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 in Official Methods
of Analysis of the AOAC. The
result is a concise, up-to-date
manual designed to serve all
analytical scientists involved in

pesticides and devices.

Second edition. Approximately 790 pages. 1992.
3-hole drill with binder. ISBN 0-935584-47-1.
$138.00 in North America (USA, Canada, Mexico),
$162.00 outside North America. Members subtract
10% discount.

To order: Send your name and address and payment. AOAC International accepts checks (US
funds on US banks only, please) and VISA, MasterCard or Diners credit cards. When paying by
credit card, please include: type of card, card number, expiration date and your signature.

Send to: AOAC International -J, 1970 Chain Bridge Road, Dept. 0742, McLean, VA 22109-0742.

Creditcard orders may also be placed by phone +1 (703) 522-3032, or FAX +1 (703) 522-5468.



Books in Brief

Japanese/English  English/Japanese
Glossary of Science and Technology:
Glossary of Scientific and Technical
Tenrs. By Louise W atanabe Tung. Pub-
lished by John Wiley & Sons, Inc.,
1 Wiley Dr, Somerset, NJ 08875-1272,
1993. Price: $79.95. ISBN 0471-57463-5.

Today, fluency in the current interna-
tional language oftechnology meansnot
only having a rudimentary technical vo-
cabulary butalso acommand of the for-
eign equivalent of everyday technical
jargon. Areas such as electronics, bio-
technology, polymer science, optics, ce-
ramics, and textiles have assumed a dis-
tinctly bilingual tone. Alloverthe world,
technical specialists in fields of interpre-
tation, science, engineering, and lan-
guage education found thatthe available
language reference guides were either
out-of-date or did not include scientific
terms — until now. The Japanese/En-
glish English/Japanese Glossary of Sci-
entific and Technical Terms written by
Louise Watanabe Tung, a leading trans-
lator specializing in patents and techni-
cal papers, is the most comprehensive
bilingual reference designed specific-
ally for the technical specialist and re-
searcher. The compendium covers 120
different subject ares, from computer
and logic terms to the latestin chemistry
and engineering.

Determination of Vitamin E: Tocoph-
erols and Tocotrienals. By c. Bour-

COMING IN THE NEXT ISSUE

SPECIAL REPORTS

geois. Published by Elsevier Science
Publishers, PO Box 211, 1000 AE Am-
sterdam, The Netherlands, 1992.162 pp.
Price: $150.00. ISBN 1-85166-754-7.

Thisbook isthe only volume completely
dedicated to the determination of vita-
min E. Itcovers the determination of the
8 natural homologs ofvitamin E in phar-
maceutical, biological tissues, oils and
fats, and feed and foodstuffs. Vitamin E
is a biological antioxidant of paramount
importance; it breaks the antioxidant
chain by scavenging free radicals before
they can damage the cell membranes.
However, its determination poses many
problems. First, there are 8 natural ho-
mologs, and, then, there is the broad
range of samplesinwhich itmustbe de-
termined, sometimes at very low levels.
After a shortintroductory chapteron the
structures and properties of tocopherols
and tocotrienols, there follows a chapter
on the very important sample extraction
stage. Chapter 3 is an extensive biblio-
graphic containing approxi-
mately 500 references, which discusses
most of the published methods for the
determination of vitamin E homologs.

chapter,

The methods covered are spectropho-
tometry, electro-
chemistry, the various chromatography
methods: TLC, GC, and HPLC. The lat-

est and most modem methods are dis-

spectrofluorometry,

cussed more comprehensively. For ex-
ample, inthe case of HPLC, methods are

grouped by fields of application: phar-
macy, blood and biological tissues, oils
and fats, cosmetics, and feed and food-
stuffs. The last chapter presents auto-
mated methods used for biological tis-
sues, food and feed samples.

Emerging Strategies for Pesticide
Analysis. edited by Thomas Cairns and
Joseph Sherma. Published by CRC
Press, Inc., 2000 Corporate Blvd, NW,
Boca Raton, FL 33431, 1992. 352 pp.
Price: U.S.: $74.95, Outside U.S.:
$90.00. ISBN 0-8493-799-1.

In this firstvolume ofa new series, chap-
ters have been collected together on
state-of-the-art analytical technologies
in the field of pesticide residue analysis
written by international experts in their
respective areas. In no other field has
such intense scrutiny been focused on
the development of analyses to protect
the public health and the ecosystem. In
several importantrespects, this book isa
major milestone in an effort to come to
grips with what is at once an exquisitely
intriguing scientific challenge and a
public policy issue of profound import-
ance. No one knows how many miles lie
ahead of us in either the scientific or the
socio-political aspect of pesticide resi-
due analysis, butthis much is certain: the
work described in this book represents a
quantum leap forward from where the
field stood just a few years ago.

m Reliability of Mycotoxin Assays — An Update— W. Horwitz, R. Albert, and S. Nesheim
m The Fractional Factorial Design Approach for Optimizing Analytical Methods— P.J. Oles

CHEMICAL CONTAMINANTS MONITORING
m Food and Drug Administration Monitoring of Pesticide Residues in Infant Foods and Adult Foods Eaten by Infants/Children-—

N. Yess, E.L. Gunderson, and R.R. Roy

STATISTICAL ANALYSIS

m Reporting Ongoing Results of Interlaboratory Comparison Programs (ILCPs)— E.A. Viggers, J. Atkinson, S. Purcell
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SPECIAL REPORTS

Methods of Analysis for Toxic Elements in Foods. Part IV.
General Method of Ashing for the Determination of Toxic

Elements

Igor M. Skurkhin

The Institute of Nutrition, Russian Academy of Medical Sciences, Ustinsky proesd 2/14, 109 240 Moscow, Russia

As a result of the request of the Codex Alimen-
tarius Committee on Methods of Analysis and Sam-
pling, a general method for ashing of foods for the
determination of toxic elements was assembled.
This method consolidates the results of more than
a decade of interlaboratory work of numerous
USSR food laboratories and specifies the details of
wet and dry ashing procedures.

n important component of determining the safety of

food is the toxic elementcontent. A numberofmethods

of analysis are available for this purpose, such as
atomic absorption spectrometry (AAS), polarography, and col-
orimetry. All ofthese instrumental measurementtechniques re-
quire a preliminary treatment of the test sample by ashing to
destroy interfering organic combinations and to bring the inor-
ganic elements into a soluble state.

Many variants of “dry” and “wet” mineralization exist; they
differin temperature, volume, nature ofreagents, and the quan-
tities of test portion used. The equipment conditions used may
vary from open to closed beakers and from high pressure ves-
sels heated directly or heated by microwaves. Although the
magnitude of the test portion is important for mineralization,
vague recommendations are given in the majority ofcases. For
example, the method for the determination of copper in food
products (1) gives the general recommendation 0f5-100 g test
portion. The method promulgated by the Nordic Com mittee on
Food Analysis forthe determination of metals in foods by AAS

(2) gives the general recommendation of 10-20 g test portion.

The International Organization for Standardization standard
for the dry ashing method of fruits and vegetables and their
products requires a test portion of 5-20 g (3); for the wet de-
composition method, the test portion required is 5-10 g (4).
The Council for Mutual Economic Assistance (CMEA) stan-
dard recommends a test portion of 5-20 g for dry ashing and
5-100 g for wet decomposition, irrespective of the type of
product (5). Until recently, few official recommendations for
the quantity of mineralization test portions fordifferentproduct
types were made by international organizations, except for the

Received September 23, 1992. Accepted November 19, 1992.

AOAC
methods.

International commodity-oriented mineralization

In this discussion, the elements As, Cd, Hg, and Pb are con-
sidered as toxic elements; Cu, Fe, and Zn are essential at low
concentrations buttoxic athigh concentrations. Maximum lim -
its (MLs) are prescribed for all 7 elements and for Sn in many
national and Codex standards, together with official methods
of measurement, usually by AAS, polarography, or colorime-
try. The problem ofdissolution ofthe testportions by mineral-
ization is more complicated.

The wide variety of food products such as meat, milk, bev-
erages, liver, grain, and fats, requires anumber of different test
portions and a variety of mineralization procedures. The min-
eralization process for high-fat products differs from that for
high-sugar products, and the requirements for liquids are dif-
ferent than those for solids. Details also depend on the type of
toxicant; the determination of arsenic requires a slightly differ-
ent mineralization procedure than that for lead or tin. Unfortu-
nately, no official, detailed recommendations for mineraliza-
tion were validated by interlaboratory experiments. Therefore,
individual researchers work out their own recommendations
for their particular food. In many cases, the application of dif-
ferentmethods of mineralization results in poorinterlaboratory
reproducibility. The necessity for the standardization of the
mineralization process has become evident, but such standard-
ization must consider the peculiarities of food composition and
the chemical form of the element in the food before and after
mineralization. Because the form of the toxic element present
after mineralization is not usually known, the method of addi-
tions, commonly used to measure trace quantities, is often in-
applicable for the determination oftoxic elements.

The standardization work with respect to specificity of the
product and the nature of the toxic element was undertaken in
the USSR during 1981-1985. The state standard (6) was devel-
oped by interlaboratory research conducted by 22 laboratories.
The main ideas of this standard were presented in a slightly
different form in a previous paper (7). This description was
recommended at the 17th Session (1991) of the Codex Al-
imentarius Committee on Methods of Analysis and Sampling
as the basis for the creation ofa general Codex Method. Com-
ments on the method were received from the International
Dairy Federation, the Nordic Committee on Food Analysis,
and from the governments of Canada, Cuba, Czechoslovakia,
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Denmark, Finland, Sweden, Switzerland, and the United
States. All of the comments were of a positive nature and sug-
gested certain modifications in the application of AAS. The
attached mineralization procedure takes these comments
into account.

Some additional comments concerned the following: In the
description ofthe method, only the simplestequipmentismen-
tioned. The modem techniquesusing high pressure, ultrasound,
microwaves, etc., are omitted to permituse ofthe method in all
of the laboratories of the world that recognize the Codex Al-
imentarius. For routine work within a country, the modem
methods of mineralization may be used. But in a case of inter-
laboratory discrepancy, it is necessary to use the Codex ap-
proved harmonized method of mineralization.

Nitric acid is recommended for use at the final stage of dry
ashing. This additive not only accelerates ashing, but in many
cases (especially in the presence of chlorides) it prevents the
loss of some elements by volatilization. For the same purpose,
the addition of magnesium oxide and magnesium nitrate is rec-
ommended for the determination ofarsenic by dry ashing.

A slightly diluted (57%) perchloric acid solution is recom-
mended for wet ashing. Although this acid is considered safer
than the concentrated form, hydrogen peroxide may be substituted.

The method ofacid extraction isrecommended for fats, oils,
and similarproducts. As compared to other methods ofdry and
wet mineralization, acid extraction results in a smaller loss, not
exceeding about 5%, which is permissible for the purposes of
food safety.

The test portions required for AAS are considerably less
than those required for polarography and spectrophotometry.
In the majority of cases, test portions are close to those recom-
mended by the Nordic Committee on Food Analysis (2), but
they are given in more detail with respect to food type.

General Method of Ashing for the Determination
of Toxic Elements

This method is for the determination of As, Cd, Cu, Fe, Pb,
Sn, and Zn in foods by wet and dry mineralization and by
acid extraction.

Dry Mineralization

Principle

This method involves complete decomposition of organic
substances by oxidation ofthe organic matterin an electric fur-
nace ata controlled temperature. It is applicable to all raw ma-
terials and to foods containing <60% fat.

Apparatus

(a) Balance.— Capacity, 200 g.

(b) Drying oven.— Capable of maintaining a specific tem-
perature within the operating range of40-150° + 5°C.

(c) Electric oven.— Or programmable or muffle furnace
capable of maintaining a specific temperature within 150-500°
+25°C.

(d) Infrared lamp.—250-500 W.

(e) Shaker.

(f) Crucibles.—Quartz, platinum, or porcelain.

(g) Electric hotplate.

&‘)D Water bath.

(i) Flask with bulbs.—To remove C02 under vacuum in
Dry Mineralization, Preparationfor Mineralization.

(j) Pipets.

(k) Cylinders.

(I) Ashlessfilters.

Reagents

All reagents must be at least analytical grade for trace ele-
ment analyses.

(a) Water—Double distilled or deionized. Use throughout,
except where tap water is specified.

(b) Nitricacid (1 + 1) and (1 +9).

(c) Sulfuric acid (1 +9).

(d) Hydrochloricacid (I +1).

(e) Magnesium oxide.

(f) Magnesium nitrate.—Ethanolic solution 50 g/L.

(9) Sodium hydroxide.

(h) Ethanol.—Not denatured.

(i) Sodium hydroxide.—Ethanolic solution, for cleaning:
130 g NaOH + 130 mL water + 880 mL ethanol.

Preparation for Mineralization

Wash crucibles with water and detergent, and rinse with tap
water. Wash with NaOH ethanolic solution, and rinse with re-
agent water, HNO3 (1+9), and then 4-5 times with re-
agent water.

Remove C02from beer, mineral water, soft drinks, and car-
bonated and sparkling wines by pouring 250-300 mL beer or
aqueous products into a 1L Erlenmeyer flask, warm to room
temperature, close flask with 1-hole rubber stopper with glass
tube inserted, and shake flask in automatic shaker 20-30 min.
Remove C02from wine by bubbling air through the test sam-
ple for 3-5 min or by evacuating 1-2 min in flask with bulbs
until foaming ceases and large bubbles form on the surface.

Weigh, to nearest 0.01 g, the test portion specified in Table 1
into a crucible or dish. Use pipet for liquids.

Mineralization for Determination of Cd, Cu, Pb, Zn,
and Fe—AAS Method

With foods containing <20% moisture, add 40 mL ethanol
to test portion, mix, close with glass stopper, and leave over-
night at room temperature. Place container with test portion on
electric hot plate, and cautiously char until smoking stops. To
hasten charring, infrared lamp may also be used. Place con-
tainer with charred residue in electric furnace at ca 250°C.

With foods containing 20-80% moisture, place container
with test portion in air or vacuum oven at 105°C, or any other
device that will dehydrate the food, and hold about 3 h. Trans-
fer to an electric hot plate, and char until smoking stops. To
hasten charring, infrared lamp may also be used. Place con-
tainer with charred residue in electric furnace at ca 250°C.
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Table 1. Recommended test portion size (g or mL) to be used for mineralization of food for determination

of trace elements

Polarographya Colorimetry8
AAS for Cd, Cu, Fe,
Food Pb, and Zn Pb Cd zn Cu Cu Sn Fe As
Fruit, vegetables 10-20 25 25 10-25 10-25 10-25 — 5-10 30
Processed fruit and 10-20 25 25 10-25 10-25 10-25 2-5 5-10 30
vegetable products
Red and poultry meat 10-20 25 25 5-10 5-10 5-25 — 5-25 30
Liver, kidney, and other 10 15 15 5 5 5-10 2 1-5 25
organs
Canned meat and 10-20 25 25 5-10 5-10 5-25 2-5 5-25 30
meat-vegetables
Gelatin 15 10 10 10 10 — 3
Frozen whole eggs 15 25 50 5 10 25 — 10 30
Egg powder 5 10 10 2 5 10 — 3 10
Qils, fats, and their 20 35 35 35 40 40 — 35 40
products
Fish, seafood, algae, and 10-20 25 25 10 10-25 10-25 1-2 5-10 30
their products
Grain and grain products 5 10-25 10-25 2-10 2-10 5-10 — 10-20 30
Bread and bakery 10 10-25 10-25 5-10 5-10 5-10 - 10-20 30
products
Confectionery products 10 10-25 25 1-10 1-10 5-40 — 1-10 30
Milk and milk products
Liquid 50 50-100 100 25 10-50 50 — 50 100
Dry 5-10 10 10 5 1-10 1-10 — 5 25
Curds 10-20 25 25 5-10 5-10 10-20 — 10-20 50
Canned 20-40 25-50 50 10-15 5-10 10-20 1-2 5-10 50
Butter 10-20 50 50 25 25 50 — 20-30 50
Beverages
Wine and wine 20 25 25 10 10 20 — 2-20 50
products
Cognac 20 25 25 10 10 20 — 50 50
Beer 50 50 50 50 50 50 2 20 50
Mineral water 50 100 100 100 100 100 — 100 50
Soft drinks 50 50 50 50 50 50 - 50 50

8 Test portion stated is for the determination of a single element. For simultaneous analysis of all elements, use maximum value mentioned in

the table.

W ith
as follows:

liquid foods containing >80% moisture, proceed

(a) Wine products.— Evaporate in water bath to dryness
and place in cold electric furnace.

(b) Beer, cannedfruit, and vegetables.— Evaporate to dry-
ness on hotplate, charuntil smoking stops, and place in electric
furnace atca 150°C.

(c) Milk,fermented dairy products, and canned milkprod-
ucts.— Add HNO3 (1 + 1), 1 mL/50 g test portion, mix, place
on hot plate, and char until smoking stops. To hasten charring,
infrared lamp may also be used. Place container with charred
residue in electric furnace at ca 250°C.

(d) Products containing >20% sugar.— Stewed fruit and
jam: Add 5mLH2504 (1 + 9)/1 g dry substance, mix, let stand

48 h, evaporate on electric hot plate to dryness, and char and
ash as in (c).

(e) Fatty foods containing 20-60% fat— Such as cheese

and oil seeds and their products: Add HNO3 (1 + 1), 1.0-
1.5 mL/10 g test portion, mix, place on electric hot plate, and
char and ash as in (c).

Heat residue gradually, increasing temperature 50°C at
30 min intervals to 450°C, until ash is grey. Remove container
from furnace, cool to room temperature, and moisten with 0.5-
1.0 mLHNO3(1 + 1).

Slowly evaporate acid to dryness on electric hot plate; place
containerin an electric furnace at ca 250°C, increase tempera-
ture gradually to 450°C, and hold 1 h. Mineralization is consid-

ered complete when ash is white or slightly colored, with no
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charred particles. If carbon is present, repeat treatment with
HNO3(1 + 1) or water.

Mineralization for Colorimetric Determination of Fe

Mineralize food other than cheese, raw fruit, vegetables,
and their products as in Dry Mineralization, Preparation for
Mineralization.

Dehydrate test portions of cheese and fruit and vegetable
products to dryness in an airor vacuum oven atca 105°C. Wet
entire residue with 1-2 mL HNO03 (1 + 1), and heatin a water
bath until vapors cease. Repeat acid treatment twice. Char res-
idue on a hot plate. To hasten charring, infrared lamp may also
be used. Place container in an electric furnace at ca 250°C. In-
crease temperature by 50°C at 30 min intervals to 450°C until
ash is grey.

Mineralization for Determination ofAs

To container with test portion of product containing <80%
moisture, add 10% by weightofdry substance MgO (1 + 1sus-
pension) and the same amount (calculated as the dry salt) of
M g (N 03)2ethanolic solution, followed by some water to form
a slurry, and let stand overnight. With products containing
>80% moisture, use 5% instead of 10% MgO.

Evaporate slurry to dryness on water bath or in air or vac-
uum oven at 80-100°C. Transfer to hot plate, and char gently
until smoking stops. To hasten charring, an infrared lamp may
also be used. Place container in an electric furnace at ca 250°C,
and gradually increase temperature 50°C/h to 450°C until ash
is grey.

Remove container from furnace, cool to room temperature,
and moisten with 0.5-1.0 mL water. Slowly evaporate to dry-
ness on hot plate and replace in furnace at ca 250°C. Gradually
increase temperature to 450°C, and hold 1h. Mineralization is
considered complete when ash iswhite or slightly colored, with
no charred particles. If carbon is present, repeat treatment
with water.

Wet Mineralization

This method involves complete destruction of organic sub-
stances by heating with concentrated H2S04, HN 03, and 57%
HCIO4 or 30% H202, or by heating in the presence of H20 2
only. The method is applicable to all raw materials and foods
other than butter and animal fats.

Apparatus

(a) Balance.— Capacity, 200 g.

(b) Electric hotplate or gas burner.
(c) Kjeldahlorflat-bottom flask.

(d) Glass cylinders.

(e) Funnel.

(f) Pipets.

(g) Glass beads.— To facilitate boiling.
(h) Ashlessfilters.

Reagents

All reagents must be at least analytical grade for trace ele-
ment analyses.

(a) water— Double distilled or deionized. Use throughout,
except where tap water is specified.

(b) Nitric acid, concentrated and (1 +5).

(c) Sulfuric acid, concentrated.

(d) Hydrochloric acid, concentrated and (1 + 36).

(e) Perchloric acid, 57% solution.

(f) Hydrogen peroxide, 30% solution.

(g) Hydrazine sulfate.

Preparation for Mineralization

W ash glassware and rinse with HN 03(1+5), tap water, and
reagent water.

W eigh test portion of liquid or puree-type product (Table 1)
into beaker, and transfer to Kjeldahl or flat-bottom flask with-
outdepositing product on walls of flasks.

W eigh test portion of solid or paste-like product (Table 1)
onto ashless filter paper, wrap product, and with aid of a glass
rod, place it into digestion flask.

Prepare beer, mineral water, or softdrinks asinDry Miner-
alization, Preparationfor Mineralization. Measure quantity in-
dicated in Table 1 with pipet, transfer to Kjeldahl flask, and
evaporate on hot plate to 10-15 mL.

Filterwine-making products, and pipetquantity indicated in
Table 1into 50 mL Kjeldahl flask.

Place test portion of solids, including gelatin and egg prod-
ucts indicated in Table 1, into Kjeldahl flask, add 15 mL water,
and mix. Allow gelatin to swell 1h.

Acid Mineralization for the Determination of Cu, Fe,
and Sn

Forraw materials and food products other than wine-mak-
ing products, vegetable oils, margarine, and edible fats proceed
as follows: To flask containing test portion, add HNO3
(10 mL/5 g product or 20 mL beer, mineral water, or soft
drinks), and let stand at least 15 min. Add 2-3 glass beads,
close loosely with pear-shaped glass stopper, and heat gently
on hot plate. Increase heating rate, and heat until liquid is re-
duced to 3-5 mL. Cool flask.

Add 10mL HNO3,5mL H2504,and4 mL HC1040r4 mL
H20 2/5 g test portion of food products or 20 mL beer, mineral
water, or softdrinks. When analyzing dairy products for Cu and
Fe, omit H2S04. Do not change sequence of adding acids;
HC104 is always added last. Evaporate contents to ca 5 mL
while avoiding browning of liquid. If solution darkens, stop
heating, cool flask to room temperature, add 5 mL HN 03, and
2mLHC1040r2mL H20 2,and heat until white vapors appear.
If solution is colored, repeat procedure. Mineralization is con-
sidered complete if the cooled solution remains colorless.

To eliminate residual acid, add 10 mL water to cooled flask,
boil 10 min while white vapors are being released, cool, add
10 mL water, and repeat twice. If precipitate forms, add 20 mL
water, 2 mL H2S04, and 5 mL HC1, and boil until precipitate
dissolves, replenishing water occasionally. Cool, and eitheruse
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digestdirectly or transfer it quantitatively to avolumetric flask,
dilute to mark with water, and mix.

Acid Mineralization for the Determination of Cu and
Fe in Fats and Qils

Forvegetable oils, margarine, and edible fats, use following
procedure: Place test portion in 100 mL Kjeldahl flask, and
heat 7-8 h until viscous mass is formed. Cool, carefully add
25 mLHNO3and 12mL HC104, and heatuntil a colorless lig-
uid is obtained. If liquid darkens during digestion, add 5 mL
portions H N 03as necessary, and continue heating until miner-
alization is complete, as indicated by cooled solution remain-
ing colorless. Continue with removal of acids as in Acid Min-

eralizationfor the Determination ofCu, Fe, and Sn.
Acid Mineralization for Determination ofAs

For raw materials and food products other than wine-mak-
ing products, beer, vegetable oils, margarine, and cheese, use
following procedure: To Kjeldahl flask containing test portion
(Table 1), add 2-3 mL HNO”g dry solids (acid should cover
product completely), and let stand at least 12 h. Add 2-3 glass
beads, and heat gently on hot plate 1.5-2.0 h, avoiding violent
reaction. Cool, carefully add mixture of H2S04and HN 03 (1 + 1),
and heat 1.5-2.0 h. Stop heating when white fumes are evolved.

Ifsolution in flask does notbecome discolored, cooland add
quantity of HN O3 or mixture of HNO3and H20 2(2+ 1) equal
to initial quantity. Boil 1.5-2.0 h longer, until liquid is discol-
ored. If it is not discolored, add HN 03 again, and boil until
release of brown vapors of nitric oxides ceases, maintaining at
least5 mL liquid in the flask.

To eliminate residual acid, add twice as much water as ini-
tial quantity of HN 03 to cooled flask, and boil until white va-
pors start to be released. Cool, add 20 mL waterand 0.1-0.2 g
hydrazine sulfate, and boil 1.5-2.0 h. Final solution should be
colorless or straw yellow.

Acid Mineralization for the Determination of Cu in Wine

Forwine and wine-making products, use the following pro-
cedure: To the Kjeldahl flask containing the test portion
(Table 1), add 5 mL H20 2 for products containing <10 g
sugar/L and cognacs or 10 mL H20 2 for products containing
>10 g sugar/L. Heat to boiling. For products containing up to
100 g sugar/L, boil to 5-6 mL, place flask in a boiling water
bath, and evaporate contents to 2-3 mL. For wines containing
>100 g sugar/L, boil to 7-10 mL, cool, add additional 5 mL
H20 2, boilto 7-10 mL, cool, add additional 5 mL H20 2, boil to
5-6 mL, and evaporate in the water bath to 2-3 mL.

If liquid darkens during evaporation in water bath, cool, add
additional 5 mL H20 2, boil to 5-6 mL, and evaporate again to
2-3 mL. After mineralization, add 1 mL HC1 (1 + 36), and
evaporate in water bath to 2-3 mL. Use entire solution without
dilution for measurement.

Acid Extraction (incomplete Mineralization)

Toxic elements are extracted from vegetable oils, butter,
margarine, edible fats, and cheese by boiling with dilute HC1
orHNO03.

Apparatus and Reagents

In addition to the following apparatus, see Apparatus and
Reagents for Dry Mineralization and Wet M ineralization.
(a) Flask with reflux condenser.

(b) Separatingfunnel.
Preparation for Mineralization

W ash glassware, and rinse with HN 03 (1 + 99), tap water,
and reagent water.

Extraction

Add4OmLHCI(I + I)orHNO03(l + 2)to flask containing
test portion (Table 1). Add several glass beads, insert reflux
condenser, place on hotplate covered with a mat, and boil 1.5 h
from beginning ofboiling. Slowly cool contents of flask (extrac-
tion mixture) to room temperature withoutremoving condenser.

W ith solid animal fats, place flask with extraction mixture
in cold water bath to harden fat. Pierce layer with glass rod, and
filter aqueous layer through filter wetted with the acid used for
the extraction into a reaction flask, Kjeldahl flask, or quartz or
porcelain dish, depending on the element to be determined.
Meltfatremaining in flask in water bath, add 10 mL acid solu-
tion, shake, cool, pierce cold fat, and transfer wash liquid to
same container through the same filter. Wash filter with 5-
7 mL water.

W ith vegetable oils, transfer extraction mixture to separat-
ing funnel. Rinse flask with 10 mL acid solution, and transfer
rinse into the same funnel. Shake, let separate, and transfer the
lower aqueous layer through a filter wetted with the same acid
solution used for the extraction into areceiving flask or dish, as
for fats. Rinse flask with 10 mL acid solution, filter through
same filter, and wash filter with 5-7 mL water.

Preparation of Test Solution forAs

If HC1 was used for extraction, filter extraction mixture di-
rectly into distillation flask.

IfHNO3was used for the extraction, filter extraction mix-
ture into conical flask, add 0.2 g hydrazine sulfate, and boil
1.5-2 h. Transfer solution quantitatively with water to the dis-
tillation flask.

Preparation of Test Solution for Colorimetric
Determination of Cu and Fe

For colorimetric measurement, use following procedure:
Filter extraction mixture into Kjeldahl flask. IfH N 03was used
for the extraction, evaporate contents of flask to 5-7 mLon the
hotplate, cool, and add 1mL HC104.Boil to colorless or faintly
colored solution. If HC1 was used for the extraction, add 5 mL
HN 03, evaporate to 5-7 mL on hot plate, cool, and add 4 mL
HNO3and 1mLHC104.Boil to colorless or faintly colored so-
lution.

To remove acid residues, add 10 mL water to cooled flask,
boil 10 min, and cool. Repeatthe addition of water and heating
procedure twice. Transfer solution quantitatively to volumetric
flask, dilute to the mark with water, and mix.
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MQS and MQSmare new metrological characteris-
tics of the limit of determination of methods used
for safety control of foods and environmental ob-
jects. MQS is the minimum quantity of an analyte
that can be determined by any applicable method
in an analytical sample. MQSmis the minimum
quantity of analyte that can be measured in the test
solution in an interlaboratory, method-performance
study of a specific method, under the condition
that MQSm < MQS. Examples are given of their cal-
culation and use.

nalytical control of contaminants in food and the envi-

ronmentis a significant problem. New devices, meth-

ods, and methodology appear that enable us to mea-
sure many contaminants at extremely low concentrations. In
addition to the generally accepted metrological characteristics
of methods that include intralaboratory repeatability (sr) and
interlaboratory reproducibility (sR), the problem ofthe limitof
analytical determination (LAD) of methods exists. We will dis-
cuss the complexity of the problem with examples from meth-
ods used for the control of food safety.
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For methods characterizing nutritional value, the LAD in
most cases is not needed, as long as the true concentrations are
above LAD. The maximum quantity of contaminants in foods
is characterized by an officially established, maximum permit-
ted concentration (ML). For safety control of foods, we should
use only those methods that enable us to reliably determine
analytes whose concentrations are equal to or less than ML
under practical working conditions. This is the primary condi-
tion for the acceptability of methods considered in one labora-
tory or in disputed cases in several laboratories; the standards
of the International Organization for Standardization (1SO) (1)
are used in interlaboratory studies. When comparing methods,
with all other characteristics being equal, preference should be
given to such methods thatenable the reliable determination of
the analyte at the ML level. This characteristic can only be es-
tablished under interlaboratory conditions.

Of all analytical chemistry problems, the one connected
with LAD is the most complicated and intricate. Numerous
suggestions have been made by individuals and international
organizations concerning terminology and definitions. As
mentioned by Currie (2), many researchers use the same terms
for differentconcepts and differentterms for the same concept.
Unfortunately, the majority of published proposals on the prob-
lem of LAD concern only the single laboratory aspect of the
problem. For safety control, metrological characteristics re-
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quire the broader, interlaboratory concept. This aspectof LAD
is mentioned by Currie (3), who observed that the systematic
uncertainty of individual laboratories are transformed into a
random uncertainty in the interlaboratory environment.

From ourexperience inthe developmentofthe USSR setof
standards for methods for the determination of toxic elements,
we proposed the introduction of 2 new metrological character-
istics: (7) M QS.— A metrological characteristic used only for
safety control defined as the minimum absolute quantity ofan-
alyte that can be determined by any applicable method in an
analytical sample; it must be below the ML level. MQS will
have a single meaning for the safety control of homogeneous
materials such as air, water, and soil that have the same ML
level. As differentfood products have different ML values, in-
dividual MQSs may be calculated for specific foods. In this
case, acommon MQS applicable to all types of food is calcu-
lated as the lowest individual MQS of the element. (2)
MQsm— A metrological characteristic used only for safety
control defined as the absolute minimum quantity ofan analyte
in the analytical sample that can be reliably measured with a
stated degree of confidence by a specific method of analysis.
The measurementis made in a certain quantity of the testsolu-
tion required by the instrument, as determined in an interlabo-
ratory study. The study is conducted under the condition that
MQSm<MQS, and RSDr does not exceed the maximum per-
mitted values that depend on analyte concentration.

These characteristics take into account the peculiarities of
safety control, which require a reliable determination of the
analyte atthe ML level underinterlaboratory conditions. These
proposals were previously published (4).

Of the numerous classifications concerning LAD, we be-
lieve that the proposal of Currie (2) is the most appropriate.
Currie suggests the establishmentofthe limitofdetection (LD),
limitofidentification (Lj), and limitofquantitative determina-
tion (Lg). Although mostauthors discuss general analytical sit-
uations, many discussions of limits of measurements imply or
use results obtained with pure solutions within one laboratory.
But as was correctly mentioned by Horwitz in his comments
on the International Union of Pure and Applied Chemistry
(IUPAC) proposals for the “limitof determination” (5), differ-
ent researchers, even if they apply the same method, obtain
quite different results for the values of LD, LI; and Lq. This
variability is explained by a number of reasons, such as skill-
fulness ofthe researcher, purity ofthe reagents, and idiosyncra-
cies of the equipment.

W ith regard to the LAD problem, one of the main idiosyn-
cracies of a method is the practically determined, fixed work-
ing volume, Vop, of the prepared analyte solution, which is
used completely or partially for the quantitative measurement.
The majority of methods used for the control of food contami-
nants deal only with the final stage of the studied food solution
and the accompanying reference solutions. The term “working
volume” applied to the analysis of trace elements in food anal-
ysis means the fixed volume into which the mineralized test
portion offood is converted for use in the analytical measuring
instrument. ‘Test portion” is used as defined by 1SO and
IUPAC asthe measured quantity offood taken for the analysis.

Working Volume Concept

The equipment that is used in some polarographic and col-
orimetric methodsrequires aminimum volume. In the polarog-
raphy modifications developed in USSR, the working volume
depends on the volume ofthe polarographic cell and is usually
about5-10 mL. In most spectrophotometers and photometers,
the working volume varies from 1to 25 mL according to the
cuvet design. The problem is more complicated when dealing
with atomic absorption spectrophotometers that do not have
cells with a fixed volume. Nevertheless, a test portion of food
after mineralization is transformed to a solution with a fixed
volume, which is usually within the 5-20 mL range. However,
because sensitivities of atomic absorption spectrophotometers
vary greatly, a wide range of working volumes can be used,
although the practical lower limit is about 1 mL. In special
cases, a volume of 0.1 mL can be attained by complex forma-
tion, extraction ofthe mineralized solution with an organic sol-
vent, and concentration of the solventto a small volume. Even
ifan insignificantly small aliquot ofthe test solution isrequired
for the analysis, the test solution must be converted before the
measurement to some fixed volume that is convenient for the
work, which is called the “working volume.”

W hen analyzing foods for trace elements with low MLs
such as cadmium and mercury, the limiting factor often is the
quantity of test portion that can be practically handled. When
using the recommended test portions (6), the entire working
volume must be used for the measurementto obtain a concen-
tration sufficient for reliable final results.

Some laboratories, depending on experience, purity of re-
agents, and instrumentdifferences, are able to obtain values for
the LAD that greatly differ from those obtained by other labo-
ratories. Very low values are obtained when working with pure
(model) solutions. Such limits may be called, in Currie’s clas-
sification, the “ideal intralaboratory limitof quantitative deter-
mination,” LnQ. In the practical analysis of foods, the test por-
tion undergoes a number of chemical operations, including
mineralization, thatrequire addition ofreagents to test, control,
and blank materials. As a result, the LAD values increase no-
ticeably. These values of the LAD may be called the “real in-
tralaboratory limit of quantitative determination,” L"q, where
LVLV

Even following the ISO instructions for interlaboratory
studies (1), some laboratories with reduced sensitivity are not
able to achieve the LAD ofother laboratories. In such cases, a
series of interlaboratory studies should be organized, with an-
alyte concentrations equal to or greater than L"q, to find a con-
centration at which the maximum RSDr values do not exceed
those recommended by IUPAC (11). This concentration is des-
ignated as LgR, which is greater than or equal to Lq. In the
final interlaboratory study, LgR should correspond to the an-
alyte concentration in the test solution prepared for the analy-
sis. For some modem sensitive methods of analysis such as
flameless atomic absorption spectrophotometry and liquid
chromatography, higher concentrations of the analyte can be
several times more than LgR. This concentration is marked
LgRR; with LgRR > LgR. Actually, LgR in pure analytical
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chemistry and for safety control should be understood as “the
limit of quantitative interlaboratory determination of meth-
ods.” LgRR is used practically for the determination of the an-
alyte in safety control. The interlaboratory determination of
LgR and LgRR is important for determining the reliability of
the results. For determining reliability, we may use the so-
called “Horwitz curve,” which relates the relative standard de-
viation, RSDr, to the analyte concentration. As a result of the
generalization of a large amount of experimental material,
Horwitz showed that RSD ris largely dependenton the concen-
tration, C, rather than on the nature of the analyte or on the
method ofanalysis. This dependence islogarithmic and may be
expressed by the formula, Typical RSDr (%) = 2 C~0'1505%
where C is expressed as a decimal fraction. This equation ap-
plies to the ideal case. The maximum permitted values for an
acceptable method correspond to the equation, Maximum
RSDr (%) = 4 (A-0>505) j]le propOsals made by Horwitz are
published by IUPAC (11) forthe evaluation of method reliabil-
ity. We also consider these recommendations to be sufficient for
the evaluation of the parameters LgR. If the results at the tested
concentrations, LqR, are above the values indicated by the
“Horwitz curve,” then a new interlaboratory study should be or-
ganized with higher concentrations of the analyte that provide ac-
ceptable parameters, or the method must be “improved.”

For reliable analyses, the test solution introduced into the
measuring instrument must have a definite concentration (LRy)
of the analyte in a definite volume (Vopt). Thus, in the final
analysis itis not the relative quantity of the analyte (concentra-
tion) in the measured solution that isimportantbut the absolute
quantity prepared for the analysis and presented to the instru-
ment. This quantity, MQSm, may be calculated according to the
following equation:

MQSm= LRq X Vop, (1)

Particular attention mustbe paid to compatibility ofunits; if
Lrqg is expressed in |ig/mL (mg/L), then Vopt must also be in
mL and MQSmmust be in pg.

M any scientists express the value of the limitofdetermina-
tion not for analytical concentrations used for the introduction
of the working solution into the instrument (i.e., LFh), but for
the analyte concentrations that are directly in the tested product,
such as mg/kg or pg/mL product. This concentration may be
designated as Lri®. Toget to the recommended concentration
of the analyte, LRy, itis necessary to make additional recalcu-
lations from the recommended testportions and V optto the con-
centration level of the working solution, LRy. For example, if
the optimal value of the test portion, Mopt, is 25 g, the limit of
determination of the studied analyte in a specific productin the
interlaboratory study, LRRy, is 0.001 mg/kg, and Voptis 1 mL,
then Lrg=0.025 (kg) x 0.001 (mg/kg)/0.001 (L) =0.025 mg/L
or pg/mL. This is the value to be used in Equation 1. The re-
verse calculation is also possible; when we know LR:],we can
calculate LRRy. Note that although LRg should be expressed
as pg/mL, ML may be expressed aspg/mL forliquids and pg/g
for solid products.

In this connection, we should point out that Currie intro-
duces, together with the related concepts LD, Lj, and Lq, anew

value, Lr, the “regulatory limit,” which is equivalent to our
ML. We do notconsider these identical terms, because ML re-
fers to products (matrixes) and LRy, Ld, LI; and Lq refer to
analyte concentration in the solution to be measured. If LRre-
fers to the analyte concentration, then to compare them the ad-
ditional calculations mentioned above must be made.

Use of MQS

The determination of M QS is stillnota sufficientevaluation
of the method for the purpose of safety control of food. It must
be compared with the quantity of the contaminantactually con-
tained in the examined product (test sample) to ensure that the
analyte concentration is atthe ML level. For practical reasons
such as time required for mineralization and losses incurred in
mineralization, optimum quantities of test portions of exam-
ined food products, Mopt, were defined in a previous paper (6).
Considering the limitations imposed by Moptand ML, the min-
imum absolute quantity of the analyte, MQS, is calculated
as follows:

MQS =ML x Mopl (2)

Again, compatibility of units must be achieved. If from tox-
icological considerations we know the absolute quantity of a
toxic analyte that mustbe determined in a test portion of food,
then methods mustbe used thatwill permitus to reliably deter-
mine this quantity MQSm, where:

MQSm< MQS (3)

This formula reiterates that acceptable methods must reli-
ably measure absolute quantities that are limited by the quan-
tity required by the legal limitin one testsample ofthe product.
Because MQSmwill differ from method to method, the values
obtained will suggest which method, if any, should be chosen
for safety control of the food.

Examples of MQSmand MQS Calculation and Use

The initial calculations of MQSm were obtained from the
interlaboratory study that developed the methods for the toxic
elements As, Cd, Cu, Fe, Hg, Pb, Sn, and Zn forincorporation
into the state standard. A total 0f22 USSR independentlabora-
tories participated in the work from 1981 to 1985. Ten labora-
tories participated in the elaboration of each method, and one
served as a coordinator. This laboratory prepared the exact de-
scription (protocol) of the methods and conducted the prelimi-
nary intralaboratory research on model solutions. This research
was done to determine the real intralaboratory limit of quanti-
tative determination, L"q, and the parameters ofthe calibration
curve from 5 points or more. By definition, the first (lowest)
point of the curve corresponds to L"q. Homogeneous food
products with the specific trace element added at levels 0f 0.5,
1.0, and 1.5 x the ML were examined by all members of the
group. Results were statistically analyzed in conformity with
the ISO standard (1) and were discussed at meetings of the
experts representing all participating laboratories. Reasons for
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Table 1. Common MQS (pg) for any food (Table 2) and MQSm(limit of determination of a specific method) of various
methods for determination of toxicologically significant elements

Element Common MQS (less than) Polarographys
Pb 4 06
cd 0.5 02
Zn 100 2
Cu 2 —
Electrolyte D 1
A 2
B 20
C 20
Sn 200 —
Fe 50 —
As 3 —
Hgd 02 —

a According to USSR standards (Part 2) [7].

b According to our data.

¢ Official Methods of Analysis (1980) 13th Ed., AOAC, Arlington, VA.
d By AAS method, MQSm= 0.01a.

the occurrence of outliers were explored, and the protocol was
revised, if necessary, to avoid their reoccurrence. If L*q turned
outto be too low, i.e, some of the laboratories did not find the
element at this concentration, additional research was con-
ducted with other concentrations of L'rlq. Finally, as a result of
the interlaboratory research, LR:] was determined, and MQSm
was calculated (Table 1) for every method studied (8). All
RSDr values atthe ML concentration should be no larger than
the maximum RSDr values.

As atypical example, consider the calculation of M Q Smfor
the determination of copper in foods by the sodium diethyldi-
thiocarbamate colorimetric method using aphotoelectrocolori-
meter with a working volume, Vopt, of 25 mL. As a result of
intralaboratory research, the coordinating laboratory recom-
mended the interlaboratory value of LRyand an intralaboratory
value for LmQ, the first point of the calibration curve, of
0.2 mg/L (0.2 pg/mL). Interlaboratory research showed that
the relative intralaboratory repeatability, RSDr, calculated by
1ISO 5725 (1) was 15%, and the interlaboratory reproducibility,
RSDr, was 30% at a Cu concentration of 0.2 mg/L. At the
meeting ofexperts, this value was considered to be satisfactory.
Because RSDr is less than the maximum permissible recom-
mendations of IUPAC (11), maximum RSDr of 40% at
0.2 mg/L (or0.2 pg/mL), no additional research was required.
In this particular case, LRy = L'tg. For the majority of food
products with high ML for copper, it was more convenient to
work with higher L ~ g values (0.4—1.0 mg/L), which came
from the average values of 7% for RSDrand 14% for RSDr in
the interlaboratory studies. However, to calculate MQS, we
should take minimum values of LRyaccording to Equation 1:

MQSm= 0.2 x 25 = 5 pg

MQSM
Colorimetry Method

8b Dithizone, 25.095¢c

5b Dithizone, 25.021c

10 Dithizone, 25.143c

5a Zinc dibenzyldithiocarbamate
5a Sodium diethyldithiocarbamate
10a Quercetin
10a o-Phenanthroline

Ag diethyldithio-carbamate with:

2.5a ethanolamine

ba methenamine

0.15a Tetraiodomercurate

5b Dithizone, 25.117¢c

Similarly, using the recommended protocols, specified in-
struments, and preset working volumes, MQSm values were
calculated for all the studied methods and are presented in
Table 1. Forthe Asand Hg colorimetric methods atthe concen-
trations corresponding to LRy, the RSD rswere about40%. The
RSDr could notbe improved (lowered) by increasing the size
of the test portion to increase the concentration corresponding
to LRywithout changing the methods.

In the USSR, all foods were divided into 20 groups accord-
ing to ML values (10). Optimum values for the analytical test
portions, M opt, were defined forthese groups. Because different
groups of products have different ML and Moptvalues, they will
have theirown M QS values according to calculations by Equa-
tion 1. We named these values “individual M QS” to differenti-
ate them from “common MQS,” which is the same for any
product analyzed according to the given method. For the anal-
ysis of water, air, and soil that have a homogeneous composi-
tion and single ML values, an individual MQS is not always
needed. The results of the calculation of common and individ-
ual MQS values according to Equation 2 are given in Table 2.
The numerical value of the common MQS was determined by
the lowest value of individual MQS values. For example, the
common MQS for Pb was determined by the individual MQS
for oil (4 pg).

To determine the acceptability of the investigated methods
for food safety control, the MQSmofeach method is compared
with the common and individual values for MQS given in
Table 1.

The MQS values may also be used to characterize anumber
ofcurrently recommended methods for safety control of food.
Table 1compares MQSmvalues for official dithizone methods
for the determination of certain trace elements from O fficial
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Table 2. Minimum gquantity (pg) of analyte that can be determined in test portions of different products for

toxicologically important elements (MQS-values)

Product Pb Cd
Fruit, vegetables 12 0.9
Fruit and vegetable products, processed 12 0.9
Red and poultry meat 12.5 1.25
Liver, kidney, and other internal organs 15 2.5
Meats and meat and vegetables, canned 12.5 1.25
Gelatin 20 0.6
Eggs, whole frozen 75 0.5
Egg, powdered 30 1
Vegetable oils and their products, animal fats 4 1.2
Fish, sea mammals and invertebrates, algae, 30 6
and their products
Grain and grain products 7.5 0.75
Bread and bakery products 7.5 1.25
Flour and confectionery products 4.5 0.75
Milk and dairy products—liquid, 5 2
dry (reconstituted)

Milk curds 15 10
Dairy products, canned 15 5
Butter 5 15
Cheese 7.5 5
Wine and cognac 7.5 0.75
Beer 15 15

Methods Analysis (9) and polarographic methods in the USSR
state standard (7). The dithizone methods for Cd, Hg, and Pb
cannot be used for the safety control of food at the currently
existing USSR ML levels (10) because MQSm> M QS forall 3
elements. However, the colorimetric methods for the determi-
nation of Cu, Fe, and Sn, the atomic absorption methods
for the determination of Hg, and the polarographic methods
for the determination of Cd, Pb, and Zn given in the USSR
state standards may be used.

In the case of the polarographic method forCu (Table 1), the
M QSmvalues are 20 jig, with electrolytes B and C at the limit
ofthecommonMQS. The corresponding standard (7) indicates
that these electrolytes can be used only to analyze grain, bread,
bakery and confectionery products, and beverages, for which
individual MQS values are 100, 500, 400, and 50 jig, respec-
tively (Table 2). These MQS values are considerably higher
than the M QSmvalues for the polarographic methods. For the
Cu determination in vegetable oils and milk, which have low
individual M QS values, the colorimetric method with an
MQSmof5jigisrecommended.

In the case of As determination in most foods, the
monoethanolamine method is recommended (Table 1). The
methenamine method is useful only with foods of high MQS
(fish, beverages, and internal organs of animals).

Therefore, Table 1lis useful forcomparing the MQSmofthe
different methods and evaluating their applicability to the con-
trol of toxic elements in specific foods. The MQSmvalues may
also be used for the opposite task of determining the minimum

Element
Zn Cu Sn Fe As Hg
250 125 — 50 6 0.8
250 125 1000 50 6 0.8
700 125 — — 3 1.2
350 50 200 — 25 4
700 125 500 — 3 1.2
1000 150 — — 10 2
250 75 — — 3 0.8
200 150 — — 5 1
200 20 — 200 4 1.2
400 250 200 — 25 0.9
500 100 — — 6 0.6
250 50 — — 3 0.4
500 400 — — 6 0.4
500 100 — — 5 0.2
500 80 — — 10 0.8
150 30 200 — 7.5 0.3
125 22.5 — 150 4.5 1.2
250 48 — — 8 0.8
100 50 — 300 10 0.25
500 250 — 300 10 0.25

value of the test portion of a test sample (food), M~,,, through
the equation M min= MQSn/ML, where all the values are ex-
pressed in compatible units: Mnlinin g, MQSmin jig, and ML
inlig/g (ormL).

In many cases, such calculations enable us to reduce the
quantity of test portion, without reducing the accuracy of the
method, and to hasten the analysis. Forexample, in the analysis
of lead in canned meat by the polarographic method (M QSm=
0.6 jig) at ML = 1 mg/kg - 1jig/g, we obtain: Mmin= 0.6/1 =
0.6 g « 1g. Forthe determination of lead only in canned meat
atthe M L level, the quantity oftestportion should be about 1g.

The same principles can be used for the evaluation of meth-
ods for environmental safety control in air, water, soil, or any
matrix where an ML has been established and the size of the
test portion must be limited for practical reasons.

We tried to show that contrary to pure chemistry, where the
characterization of the limit of determination of a method usu-
ally uses the results of intralaboratory research (LnQand L"q)
for safety control purposes compared with ML, the limitofde-
termination must be established through interlaboratory re-
search (LRy). However, forthe objective comparison of differ-
ent control methods, it became necessary to establish 2
additional metrological characteristics, MQS and M QSm, be-
cause they address factors thatare notsignificantin pure chem-
istry: the need forthe ML determination and the importance of
using an optimum test portion. Therefore, we suggested (4) in
the requirements for Codex Methods that the term “limit of
determination for the method responsible for safety” be used,
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orin short, the “limitof determination in place of Codex Meth-
ods” for the classical term “limits of determination.” The spe-
cial functions of the Codex methods require the complex cri-
teria involving MQS and MQSm; for pure chemistry, the old
criteria are sufficient.

Relationship to Accuracy

The concept of “accuracy” is one of the most important
characteristics of analytical chemistry. It refers to the relation-
ship ofthe results ofanalysis to the true composition of the test
sample. As a rule, accuracy is not essential for safety control
for several reasons: Only a limited number of officially sanc-
tioned methods are used for the safety control of food. These
methods were accepted as alternatives on the basis of their
comparability. If bias exists, it will influence the results from
all the participating laboratories equally. Furthermore, M L val-
ues were set on the basis of toxicological work with animals.
Such limits necessarily have a large uncertainty thatis consid-
erably greater than the acceptable bias ofthe chemical methods
for toxic elements, which usually are less than 10%.

Discussion and Recommendations

The majority ofauthors who discussed the problem of LAD
and LQ focussed primarily on the aspects of terminology and
concepts at the intralaboratory level. The practical limitations
of analytical chemistry necessitated the developmentofa new
sphere of analytical metrology, the LAD from interlaboratory
studies, which we have attempted to handle through the intro-
duction of the new metrological characteristics of MQS and
M QSm.Butseveral problems still remain. The nomenclature of
terms and concepts used in interlaboratory studies need to be
harmonized. This task is underway in IUPAC by Cunie (2) and
Horwitz (5). Indixes similar to the “ideal intralaboratory limit
of quantitative determination” of Currie are needed for “real”
food products studied in individual laboratories and for the in-
terlaboratory environment.

Stated criteria for the calculation of these indixes and for
critical values of RSD would also be appropriate. Currie men-
tions an RSD value for intralaboratory studies of 10% (2).
However, Horwitz commented (5) that one value cannot be
universal, because RSD is a function of concentration. Before
final proposals appear, critical RSD r values derived from max-
imum values ofthe “Horwitz curve” should probably be estab-
lished, depending on the concentration at the ML level: only

RSDr values thatare below the maximum RSD r values should
be considered admissible.

The practical values of RSDr in the determination of L"q
and L"q cannot exceed 50%, or the analysis is not consid-
ered quantitative.

In addition, the harmonized protocols developed by IUPAC
(11) should be expanded to include the peculiarities required
fordetermining LAD and possibly even including the prelimi-
nary determination of Lng, L"q, LRg, and L " q, as well as cri-
teria for the calculation of their reliability and the determina-
tion of the maximum values of RSDrand RSDr.We plan on
stating our proposals on these two items in our next paper.
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ARTIFICIAL SWEETENERS

Determination of Acesulfam-K in Foods

Jacques Prodolliet and Milene Bruelhart

Nestec Ltd, Nestlé Research Centre, Vers-chez-les-Blanc, CH-1000 Lausanne 26, Switzerland

A liquid chromatographic method was evaluated
for the determination of the intense sweetener
acesulfam-K in tabletop sweetener, candy, soft
drink, fruit juice, fruit nectar, yogurt, cream, cus-
tard, chocolate, and biscuit commercial prepara-
tions. Samples are extracted or simply diluted with
water and filtered. Complex matrixes need a clarifi-
cation step with Carrez solutions. An aliquot of the
extract is analyzed on a reversed-phase
pBondapak Cia column using 0.0125M KH2PO4 (pH
3.5)-acetonitrile (90 + 10) as mobile phase. Detec-
tion is performed by UV absorbance at 220 nm. Re-
coveries ranged from 95.2 to 106.8%. With one ex-
ception, all analyzed values were within +15% of
the declared levels. The repeatabilities and the re-
peatability coefficients of variation were, respec-
tively, 0.37 mg/100 g and 0.98% for products con-
taining less than 40 mg/100 g acesulfam-K and
2.43 mg/100 g and 1.29% for other products. The
same procedure also allowed detection of many
food additives or natural constituents, such as
other intense sweeteners, organic acids, and alka-
loids, in a single run without interfering with
acesulfam-K. The method is simple, rapid, precise,
and sensitive; therefore, it is suitable for rou-

tine analyses.

cesulfam-K is the potassium salt of 6-methyl-1,2,3-

oxathiazine-4(3//)-one-2,2-dioxide. This intense sweet-

ener was first prepared by Clauss and Jensen in 1967
and commercialized by Hoechst Ltd under the brand
name Sunett™ .

Acesulfam-K is about 200 times sweeter than a 3% sucrose
solution. It is used in a wide range of products, either by itself
or in conjunction with other sweeteners. Under normal food
processing and storage conditions, acesulfam-K is extremely
stable.

The human body rapidly absorbs acesulfam-K butexcretes
it completely unmetabolized (1). Furthermore, it is not fer-
mented by oral bacteria (2). Therefore, acesulfam-K is a non-

nutritive and noncariogenic sweetening agent.

Received February 26, 1992. Accepted June 4, 1992.
Presented at the 105th AOAC International Annual Meeting, August
12-15,1991, at Phoenix, AZ.

Toxicological studies showed that acesulfam-K did not ex-
hibit any mutagenicity or carcinogenicity (1). For that reason,
the joint Food and Agriculture Organization/World Health Or-
ganization Expert Committee on Food Additives approved the
use of acesulfam-K, to which an acceptable daily intake of O -
15 mg/kg body weight was allocated (3).

Acesulfam-K is authorized in about30 countries and should
be declared on the label. Recently, the European Community
issued aproposal foraDirective (4) in which precise maximum
permitted levels are given for acesulfam-K in many different
foods. Rapid and robust analytical methods are needed to
check food labeling or to monitor the quality of finished prod-
ucts.

Although thin-layer chromatographic (5,6), photometric
(7), or isotachophoretic (8, 9) methods were developed, liquid
chromatography (LC) is the most frequently applied technique
for the determination of acesulfam-K. LC procedures using
amino (10), ion-exchange (11), or reversed-phase columns (9,
12-19) were reported. Among the reversed-phase procedures,
elution with a mobile phase consisting ofa mixture of KH2P 04
and acetonitrile is the most powerful system. Under these con-
ditions, acesulfam-K separates well from aspartame, saccharin,
and other food additives (18, 19). Interestingly, the same tech-
nique can be applied forthe determination of aspartame and its
breakdown products (20). Although several recovery experi-
ments were performed, analyses of food samples and compar-
ison of the results with the acesulfam-K contents declared on
the label has never been published.

In this study, we performed a thorough evaluation of the
above LC technique for the separation of acesulfam-K from
other sweeteners, food additives, and natural constituents (or-
ganic acids, alkaloids) thatmay interfere. A wide range ofcom-
mercial products were analyzed, and the figures were com-
pared with the acesulfam-K levels declared on the label.

Experimental

M aterials

The 20 samples analyzed in this study were all commercial
products purchased in Switzerland and England.

Reagents

@ Solvents and chemicals— All chemicals were of ana-

lytical reagent grade. LC quality acetonitrile was purchased
from Machler. Demineralized water was obtained from a Milli-
Q system (Millipore).
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Influence of the amount of acetonitrile in the mobile phase on capacity factor (k')a

0.0125M KH2P 04 (pH 3.5)-acetonitrile

Table 1.

Standard (98 +2) (95 +5)
Phenylalanine 3.14 1.68
Acesulfam-K 2.49 1.63
Theobromine 13.7 4.57
Hydroxymethylfurfural 5.01 2.64
Saccharin 6.72 3.50
Aspartylphenylalanine 8.08 4.12
Theophylline >17.5 7.94
DKP >17.5 11.0
Caffeine >17.5 >17.5
Aspartame >17.5 >17.5
Vanillin >17.5 >17.5
Dulcin >17.5 >17.5
Alitame >17.5 >17.5
Benzoic acid >17.5 >17.5
Sorbic acid >17.5 >17.5

3 k' = (tR- t0/t0; tOvalues: 3.29 min (98 + 2), 3.26 min (95 + 5), 3.23 min (90 + 10), 3.13 min (85 + 15), and 3.21 min (80 + 20).

(b) carrez | solution.—3.6 g potassium hexacyanoferrate
(1) trihydrate (Ka[Fe(CN)s]-3H2) was dissolved in water and
diluted to 100 mL.

(c) carrez 11 solution.—7.2 g zinc sulfate heptahydrate
(ZnS04-7H2) was dissolved in water and diluted to 100 mL.

Mobile phase.—0.0125M KH2P 04 buffer (pH 3.50)-
acetonitrile (90 +10). The phosphate buffer was made up of
0.17% KHZP 04solution precisely adjusted to pH 3.50 with 5%
phosphoric acid. The buffer and acetonitrile were separately
filtered through 0.45 pm filter (Millipore), precisely mixed in
the desired proportions (with pipets), and degassed 5 minin an
ultrasonic bath. The mobile phase was maintained under a
slight overpressure of helium (avoid bubbling) during the anal-
yses and was prepared daily.

(e) standard solutions.— 1 mg/mL aqueous stock solutions
were made up for acesulfam-K (Hoechst); diketopiperazine
(Bachem Feinchemikalien); aspartame, saccharin, sodium cy-
clamate, phenylalanine, theobromine, and theophylline
(Fluka); alitame (Pfizer); dulcin (ICN Pharmaceuticals);
sucralose and thaumatin (Tate & Lyle); neohesperidin
dihydrochalcone (Jafora); stevioside (Sato Stevia); aspartyl-
phenylalanine (Sigma); vanillin (Givaudan); and caffeine, cit-
ric acid, benzoic acid, sorbic acid, lactic acid, L-malic acid, and
hydroxymethylfurfural (Merck). Stock solutions were further
diluted as required for LC analysis.

Apparatus

(@) Liquid chromatograph.—Model 420 pump (Kontron),
manual injector (Rheodyne) fitted with a 10 pL loop, Model
480 column oven and Model 480 oven controller (Kontron),
Model ERC-7215 absorbance detector (Erma) set at 220 nm,
and Model 450 computing integrator (Kontron).

(b) Lc column.—pBondapak-C18(10 pm, 300 x 3.9 mm)
reversed-phase analytical column (Waters); Guard-Pak
pBondapak-C18(10 pm) precolumn (Waters).

(90 + 10) (85 + 15) (80 + 20)
0.79 0.47 0.37
0.94 0.61 0.45
1.32 0.63 0.45
137 0.84 0.69
154 0.91 0.52
1.76 0.85 0.50
2.22 0.96 0.56
3.85 174 0.91
4.72 1.89 1.01
8.72 3.69 1.65

10.2 5.42 3.25
138 6.88 3.78
151 6.09 2.68
15.2 8.79 5.25
15.6 9.05 5.33
(C) Chromatographic conditions.— Column temperature,

25°C; flow rate, 0.8 mL/min; detector attenuation, 0.2 AUFS.
Sample Preparation

(@) Tabletop sweeteners and candies.— Samples were dis-
solved in water to yield an acesulfam-K concentration of 10-
30 pg/mL. All solutions were filtered through 0.2 pm filters
(Sartorius) before 10 pL injection into the chromatograph.

(b) Liquidbeverages.— Softdrinks were first degassed. An
aliguotofthe sample was diluted to yield an acesulfam-K con-
centration of 10-30 pg/mL. Undissolved matter, if any, was
filtered through folded filter paper (Schleicher & Schuell 597
1/2). Highly colored solutions were decolorized by passing
through a C]8 disposable cartridge (Supelclean LC-18,
Supelco). All diluted solutions were filtered through 0.2 pm
filters before injection.

(C) other products.— A quantity of homogenized sample
was accurately weighed into a 100 mL volumetric flask to yield
an acesulfam-K concentration of 10-30 pg/mL. About70 mL
water was added, and the sweetener was extracted at 60°C for
15 min. The solution was cooled to room temperature, and
5 mL Carrez | solution and 5 mL Carrez 13 solution were suc-
cessively added. The flask was shaken vigorously and diluted
to 100 mL with water. The solution was filtered through folded
filter paper. The filtrate was passed through 0.2 pm filter be-
fore injection.

Procedure

Two 10 pL volumes of standard and sample solutions were
injected. Results were calculated according to the follow-
ing formula:

100 x (ColCs) X (As/Ao)

where Co = concentration ofacesulfam-K in standard solution
(mg/100mL), Cs=concentration ofproductin sample solution



270 Prodolliet & Bruelhart:Journal Of AOAC International Vol. 76, No. 2,1993

Table 2. Influence of phosphate buffer pH on capacity
factor (k')a
pHo

Standard 3.0 35 4.0 4.5
Phenylalanine 0.89 0.79 0.74 0.86
Acesulfam-K 1.01 0.94 0.97 1.07
Theobromine 1.36 1.32 1.37 1.69
Hydroxymethylfurfural 1.37 1.37 1.34 1.55
Saccharin 1.69 1.54 1.44 1.75
Aspartylphenylalanine 2.61 1.76 111 0.96
Theophylline 2.25 2.22 2.30 2.86
DKP 4.47 3.85 2.92 2.62
Caffeine 4.76 4.72 4.80 6.13
Aspartame 9.40 8.72 8.65 10.3
Vanillin 10.2 10.2 10.1 12.1
Dulcin 13.8 13.8 13.8 16.7
Alitame 155 151 >17.6 >16.8
Benzoic acid 16.9 15.2 11.6 9.21
Sorbic acid 16.2 15.6 14.2 12.8

a t, values: 3.22 min (pH 3.0 + 4.0), 3.23 min (pH 3.5), and 3.27 min
(pH 4.5).
b Mobile phase: 0.0125M KH2P 04acetonitrile (90 + 10).

(mL or g/100 mL), As = peak area of product in sample solu-
tion, and Ao - peak area of acesulfam-K in standard solution.

Results and Discussion

M ethod Evaluation

The basic conditions for the evaluation of the LC method
were those described by Tsang et al. (20) for the determination

Table 3. Influence of the detection wavelength on
sensitivity3

Sensitivity, mV/mine
Standard 205 nm 214 nm 220 nm 230 nm 240 nm
Phenylalanine 27.6 20.1 12.9 0.89 0.11
Acesulfam-K 6.11 12.8 17.7 24.4 21.2
Theobromine 33.4 29.7 20.4 9.08 5.66
Hydroxymethylfurfural 14.2 5.95 5.59 8.71 7.90
Saccharin 56.5 44.4 35.5 23.2 10.8
Aspartylphenylalanine  30.9 17.1 11.8 2.40 0.31
Theophylline 55.2 45.9 29.9 12.9 8.36
DKP 33.9 19.1 124 231 0.26
Caffeine 46.3 50.0 35.1 14.7 9.59
Aspartame 24.9 14.3 9.49 1.60 0.22
Vanillin 35.9 32.3 24.6 34.3 31.2
Dulcin 67.1 24.0 14.7 22.1 30.9
Alitame 18.0 12.9 7.80 1.69 0.26
Benzoic acid 12.5 55.7 43.3 39.9 32.9
Sorbic acid 10.2 8.86 847 126 25.8

a Mobile phase: 0.0125M KH2P 04 (pH 3.5)-acetonitrile (90 + 10).
b Peak area corresponding to 1 pg of standard on the column
(10 pL injection of a 100 pg/mL solution).

of aspartame and its major breakdown products: as-
partylphenylalanine, diketopiperazine (DKP), and phenylala-
nine. We tested the influence of the amount of acetonitrile in
the mobile phase and the pH ofthe phosphate buffer to find the
best conditions for the separation of acesulfam-K from differ-
entfood additives and natural constituents. We also determined
the detection wavelength for optimum sensitivity.

Mobile phase.— The amount of acetonitrile in the mobile
phase was varied (Table 1). As the proportion of acetonitrile
increased, capacity factors and retention times of all standards
decreased rapidly. The effect was much less pronounced for
acesulfam-K. The sweetener was well-separated from most of
the tested food additives and possible interfering products for
all mobile phases studied.

However, acesulfam-K was poorly separated from phenyl-
alanine when using 0.0125M KH2PO4 (pH 3.5)-acetonitrile
([95 + 5] and [80 + 20]), and acesulfam-K coeluted with theo-
bromine, a natural cocoa alkaloid, in the (85 + 15) and (80 +
20) media. The 2 compounds would obviously interfere in the
determination of acesulfam-K in aspartame-containing or
chocolate-containing foods under these conditions. Further-
more, retention times of most standards were too long
(>60 min) with the (98 + 2) and (95 + 5) mixtures, whereas
theirresolution was insufficientwith the (80 + 20) proportions.
Finally, amobile phase consisting 0f90% phosphate buffer and
10% acetonitrile was selected. In addition to a rapid determi-
nation of acesulfam-K, it allows the separation of all standards
in less than 60 min.

pH — Using the phosphate buffer-acetonitrile ratio chosen
above, the pH ofthe phosphate buffer was varied (Table 2). The
resolution of acesulfam-K from phenylalanine and theobro-
mine at pH 3.0 was not as good as that found at different pHs.
Furthermore, the use of mobile phases in the pH range of 3.5-
6.5 isrecommended by the manufacturer formaximum column
life. For most standards, capacity factors and retention times at
pH 4.5 differed greatly from those measured at other pHs.
Under these conditions, distortions in the DKP and benzoic
acid peaks were observed. More importantly, the separation of
acesulfam-K from aspartylphenylalanine was poor. This sepa-
ration was also poor atpH 4.0.

These results would have precluded a precise determination
of the sweetener in aspartame-containing foods at these pHs.
Consequently, the pH of the phosphate buffer in the mobile
phase was set at 3.5.

Because the capacity factors ofall standards are sensitive to
the composition and pH of the mobile phase, great care and
precision are required in mobile phase preparation. Following
these recommendations, reproducible retention times were ob-
tained.

W avelength— Table 3 shows the influence of the detection
wavelength on sensitivity. Optimum sensitivity of acesulfam-
K was obtained at 230 nm.

In conclusion, a mobile phase consisting of 0.0125M
KH2P 04buffer (pH 3.5)-acetonitrile (90 + 10) and a detection
wavelength 0 f230 nm are the optimized chromatographic con-
ditions for the determination of acesulfam-K. However, 220
nm was also selected in this study to detect the other compo-
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Figure 1. Chromatogram of mixed standard solution.

nents that are, for the most part, much more sensitive at this
wavelength than at 230 nm. The proposed chromatographic
conditions differ slightly from those applied by Hagenauer-
Hener et al. (19), who used a more concentrated phosphate
buffer (0.02M) ata higherpH (4.2-4.4). Figure 1 shows a typ-
ical chromatogram of a mixed standard solution containing
acesulfam-K and other food additives or natural constituents.
Underthese conditions, retention times ofcitric, malic, and lac-
tic acids were very close to U, whereas the intense sweeteners
cyclamate, sucralose, neohesperidin dihydrochalcone, stevios-
ide, and thaumatin were not detected.

Linearityand Detection Limit

Under the above-mentioned conditions, a linear detector re-
sponse (correlation coefficient, r = 0.9996) was obtained over
acesulfam-K concentrations ranging from 0.5 to 300 pg/mL.
The detection limit, measured on a standard solution and defined
arbitrarily as the amount of product on the column that pro-
duces a signal-to-noise ratio of 5, was about 100 pg sweetener.

Recovery Experiments

Table 4 presents recoveries of various amounts of
acesulfam-K added to isotonic drink, black currantjuice drink,
apricot yogurt, caramel cream, pralined chocolate biscuit, and
rice pudding samples. Percent recoveries ranged from 95.2 to
106.8% and were not influenced by the food matrix or the

added level of sweetener. Recoveries determined in the highly

colored black currant juice drink indicated that no loss of
acesulfam-K was induced by the decolorizing step (C)8 car-
tridge). Results obtained for complex foods also showed that
acesulfam-K is completely recovered after clarification with
Carrez solutions.

Analysis of Foods

Table 5 shows results obtained for the analysis of 20 differ-
ent commercial diet foods with the proposed method. Except
for the biscuits, all results were within £15% of the declared
levels, when available. This tends to show that the addition of
acesulfam-K to the productis under control and confirms the
stability of the sweetener during manufacturing and storage
offood products. The repeatabilities and the repeatability co-
efficients of variation of the measurements, calculated from
the differences between the duplicates, were, respectively,
0.37 mg/100 g and 0.98% for products containing less than
40 mg/100 g acesulfam-K and 2.43 mg/100 g and 1.29% for
other products.

No particularproblems in sample preparation orin LC sep-
aration were encountered. Tabletop sweeteners and candies
were simply dissolved in water and injected into the chromato-
graph. Figure 2 shows achromatogram ofa fruitcandy sample
containing aspartame along with acesulfam-K. Both sweeten-
ers were easily detected. Furthermore, the presence of DKP
and phenylalanine indicated some degree of aspartame decom-
position.
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Table 4.
products

Product

Isotonic drink

Black currant juice drink

Apricot yogurt

Caramel cream

Pralined chocolate biscuits

Rice pudding
w
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Figure 2.

Added level, mg/100 g
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10
15
20

10
15
20

10
15
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15
20

-
o

Chromatogram of fruit candy.

ACESULFAM-K
_i
— DKP

Recovery of acesulfam-K added to various

Rec., %

98.2
100.7
99.5
96.4

102.0
102.6
104.9

99.8
104.5
99.9
100.8

95.2
96.3

98.7
99.0
104.0
98.8

106.8
104.3
105.4
104.1

Table 5.
products9

Product

Tabletop sweetener
Spiced candy
Cooked sugar

Fruit candy
Marzipan

Cola soft drink

Soft drink

Isotonic drink

Black currant juice drink
Orange juice
Lemon juice
Pineapple nectar
Orange nectar
Apricot yogurt
Caramel cream
Custard

Bitter chocolate

Pralined chocolate biscuits

Rice pudding
Creamed pudding

1

Declared

10 mg/tablet
50 mg/100 g
46 mg/100 g
20 mg/100 g
30 mg/100 g

13 mg/100 mL

5.0 mg/100 mL
5.5 mg/100 mL
40 mg/180 g
15 mg/100 g
68 MQ/100 g
20 mg/100 g

Analysis of acesulfam-K in commercial

Found

10.6 mg/tablet
43.8 mg/100 g
43.0 mg/100 g
16.8 mg/100 g

127.0 mg/100 g

11.6 mg/100 mL
3.1 mg/100 mL
12.8 mg/100 mL
18.4 mg/100 mL
78.4 mg/100 mL
75.1 mg/100 mL
5.0 mg/100 mL
5.3 mg/100 mL
45.5 mg/180 g
13.2 mg/100 g
12.8 mg/100 g
64.8 mg/100 g
25.3 mg/100 g
8.9 mg/100 g
13.8 mg/100 g

All results are average of duplicate determinations.

20

MINUTES

ASPARTAME

|

30

40
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Figure 3. Chromatogram of diet cola.

Clear liquid beverages such as soft drinks were degassed rated from hydroxymethylfurfural, caffeine, and benzoic acid,
and diluted before analysis. Cloudy products were first filtered as well as from the 3 major aspartame breakdown products.
to eliminate insoluble matter. An LC separation of a diet cola More complex foods needed a clarification step with Carrez
sample containing acesulfam-K, aspartame, and saccharin is solutions before injection. Figure 4 shows a chromatogram of
shown in Figure 3. The 3 artificial sweeteners were well-sepa- pralined chocolate biscuits containing vanillin. Good resolu-
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Figure 4. Chromatogram of pralined chocolate biscuit.
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tion of acesulfam-K from natural cocoa alkaloids (theobromine,
theophylline, and caffeine) and added vanillin was obtained.

Conclusions

The optimized LC method described in this work is appli-
cable to the determination of acesulfam-K in all types of foods.
The technique uses simple, aqueous extraction of the sweetener
and isocratic elution on a reversed-phase column. Good recov-
eries were obtained. The acesulfam-K levels found in commer-
cial products were close to the declared values. The proposed
method is rapid, precise, and sensitive. Consequently, it is a
very powerful tool for routine analyses.

The same technique also allows the detection of many other
food additives or natural constituents in a single ran, without
interfering with acesulfam-K. The applicability of the method
to the determination of aspartame and its major decomposition
products (21) and saccharin in commercial foods will also
be studied.
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ARTIFICIAL SWEETENERS

Determination of Aspartame and Its Major Decomposition

Products in Foods

Jacques Prodolljetand Milene Bruelhart

Nestec Ltd, Nestlé Research Centre, Vers-chez-les-Blanc, CH-1000 Lausanne 26, Switzerland

A liquid chromatographic procedure already evalu-
ated in a preceding study for the analysis of
acesulfam-K is also suitable for the determination
of the intense sweetener aspartame in tabletop
sweetener, candy, fruit beverage, fruit pulp, soft
drink, yogurt, cream, cheese, and chocolate prepa-
rations. The method also allows the determination
of aspartame’s major decomposition products:
diketopiperazine, aspartylphenylalanine, and phe-
nylalanine. Samples are extracted or diluted with
water and filtered. Complex matrixes are centri-
fuged or clarified with Carrez solutions. An aliquot
of the extract is analyzed on a reversed-phase
pBondapak Cia column using 0.0125M KH2PO4 (pH
3.5)-acetonitrile ([85 + 15] or [98 + 2]) as mobile
phase. Detection is performed by UV absorbance
at 214 nm. Recoveries ranged from 96.1 to 105.0%.
Decomposition of the sweetener was observed in
most food samples. However, the total aspartame
values (measured aspartame + breakdown prod-
ucts) were within -10% and +5% of the declared lev-
els. The repeatabilities and the repeatability coeffi-
cients of variation were, respectively, 1.00 mg/100 g
and 1.34% for products containing less than

45 mg/100 g aspartame and 4.11 mg/100 g and
0.91% for other products. The technique is precise
and sensitive. It enables the detection of many
food additives or natural constituents, such as
other intense sweeteners, organic acids, and alka-
loids, in the same run without interfering with as-
partame or its decomposition products. The
method is consequently suitable for quality control
or monitoring.

spartame, AJ-L-a-aspartyl-L-phenylalanine-1-methyl
ester, is an intense sweetener first discovered in 1965
by J. Schlatter and commercialized by Searle & Co.

under the brand name Nutrasweet™ .
Aspartame has about 200 times the sweetness of sucrose

and exhibits a sugarlike taste without bitter or metallic after-
Received February 26,1992. Accepted June 4, 1992.

Presented at the 105th AOAC International Annual Meeting, August
12-15, 1991, in Phoenix, AZ.

taste. It extends and intensifies flavors, particularly fruit flav-
ors. Itis used in a variety of foods, sometimes in combination
with other sweeteners.

The stability of aspartame in dry-productapplications is rel-
atively good However, decomposition occurs in liquid prod-
ucts undercertain conditionsoftemperature and pH (Figure 1).
The decomposition products have no sweet taste or aftertaste.

Metabolic studies showed thataspartame is rapidly digested
and metabolized as the corresponding dipeptide (1-5). Conse-
quently, it has the same caloric value as proteins (17 kJ/g).
However, because of its intense sweetness, the amounts of as-
partame used in foods are small enough for the sweetenerto be
considered virtually nonnutritive and noncariogenic (6).

Numerous studies showed that aspartame was nontoxic and
safe for the general population (1). Therefore, the joint Food
and Agriculture Organization/World Health Organization Ex-
pert Committee on Food Additives approved the use of as-
partame, to which an acceptable daily intake of 0-40 mg/kg
body weight was allocated (7).

Aspartame received regulatory clearance in more than 60
countries and should be labeled properly. The European Com-
munity recently published a proposal fora Directive (8) that set
the maximum permitted level of aspartame in various foods.

Many analytical procedures were proposed to check food
labeling or to measure the degree of aspartame decomposition
during manufacturing and storage of food products. Spectro-
photometric (9,10), enzymatic (11,12), titrimetric (9), capil-
lary isotachophoretic (13,14), thin-layer chromatographic
(15), and gas chromatographic (16) methods were described,
but liquid chromatography (LC) is by far the most frequently
used technique. Elution is usually performed on a reversed-
phase column with a mobile phase of phosphate buffer-aceto-
nitrile at low pH (17-31). Variations in the pH and/or the ace-
tonitrile content of the mobile phase greatly influence the
retention times of aspartame and its decomposition products
(19, 20). In the preceding study to this article, we confirmed
these observations and found that similar LC conditions could
be used forthe determination ofthe sweetener acesulfam-K (31).

Most reported studies were limited to beverages (3, 20,22,
25,27, 32) and yogurts (21,23, 30). Surprisingly, comparison
of the results with the aspartame content declared on the label
has rarely been published. In the present work, we determined
aspartame and its major decomposition products in a large va-
riety of commercial products. Whenever possible, the figures
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Figure 1. Decomposition products of aspartame (1-5).

were compared with the declared values. The applied LC con-
ditions were derived from those previously established (31) for
the separation of acesulfam-K from other sweeteners (includ-
ing aspartame), food additives, and natural constituents (or-
ganic acids and alkaloids).

Experimental
M aterials

The 24 samples analyzed in this study were all commercial
products purchased in Switzerland and France.

1
ch2 NHo CH2

0 6

B-Aspartylphenylalanine (3-AP)

Reagents

(a) Solvents and chemicals— All chemicals were of ana-
lytical reagent grade. LC quality acetonitrile was purchased
from Machler. Demineralized water was obtained from a Milli-
Q system (Milhpore).

(b) carrez I solution.— 3.6 g potassium hexacyanoferrate
(1) trihydrate (KafFe(CN)6]-3H 20 ) was dissolved in water and
diluted to 100 mL.

(c) Carrez Il solution.— 7.2 g zinc sulfate heptahydrate
(ZnS04-7H20) was dissolved in water and diluted to 100 mL.

Influence of acetonitrile concentration in the mobile phase on the capacity factors (W)a

0.0125M KH2P 04 (pH 3.5)-acetonitrile

Table 1.

Standard (98 +2) (95 +5)
Methanol NDb ND
Aspartic acid 0 0
Phenylalanine 3.14 1.68
Phenylalanine aspartic acid 3.62 1.74
a-Aspartylphenylalanine 8.08 4.12
3-Aspartylphenylalanine 8.12 4.09
DKP >17.5 11.0
Phenylalanine methyl ester >17.5 10.1
3-Aspartame >17.5 >17.5
a-Aspartame >17.5 >17.5

(90+10) (85 + 15) (80 + 20)
ND ND ND
0 0 0
0.79 0.47 0.37
0.72 0.44 0.36
1.76 0.85 0.50
1.80 0.90 0.53
3.85 1.74 0.91
3.85 1.83 1.04
8.62 3.67 1.64
8.72 3.69 1.65

k'=(L-toR: t,values: 3.29 min (98+2), 3.26 min (95 + 5), 3.23 min (90 + 10), 3.13 min (85 + 15), and 3.21 min (80 + 20).

ND, not detected at 214 nm.
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@M obile phase.— 0.0125M KH2P 04 buffer (pH 3.50)-
acetonitrile. Phosphate buffer was made up 0f0.17% KH2P 04
solution precisely adjusted to pH 3.50 with 5% phosphoric
acid. The buffer and acetonitrile were filtered separately
through 0.45 pm filter (Millipore), precisely mixed in the de-
sired proportions (with pipets), and degassed 5 min in an ultra-
sonic bath. The mobile phase was maintained under a slight
overpressure of helium (avoid bubbling) during analyses and
was prepared daily.

(e) standardsolutions.— 1mg/mL aqueous stock solutions
were made up for V-L-a-aspartyl-L-phenylalanine-1-methyl
ester, L-phenylalanine, L-phenylalanine-1-methyl ester hydro-
chloride (Fluka); 3,6-dioxo-5-(phenylmethyl)-2-piperazine-
acetic acid (diketopiperazine, DKP), A-L-Paspartyl-L-phenyl-
alanine-1-methyl ester, V-i.-phenylalanine-L-aspartic acid
(Bachem Feinchemikalien); V-L-a-aspartyl-L-phenylalanine
(Sigma); L-aspartic acid (Serva); and methanol (Merck). Stock
solutions were further diluted as required for LC analysis.

(f) $-Aspartylphenylalanine (3-as-
partame was hydrolyzed in 100 mL 0.1N hydrochloric acid at
80°C for2.5 h. Complete hydrolysis was notrequired, because

solution.— 100 mg

the solution was only used to determine the capacity factor and
the retention time of P-aspartylphenylalanine.

Apparatus

(@) Liquid chromatograph.— Model 420 pump (Kontron);
manual injector (Rheodyne) fitted with a 10 pL loop; Model
480 columnoven (Kontron); Model 480 oven controller (Kont-
ron); Model ERC-7215 absorbance detector (Erma) set at
214 nm; Model 450 computing integrator (Kontron).

(b) LC column.—pBondapak-Clg (10 pm, 300 x 3.9 mm)
reversed-phase column (Waters); Guard-Pak pBondapak-Clg
(10 pm) precolumn (W aters).

(c) Chromatographic conditions.— Column temperature,
25°C; flow rate, 0.8 mL/min; and detector attenuation,
0.2AUFS.

Sample Preparation

(@) Tabletop
water to yield an aspartame concentration of 20-100 pg/mL.

sweeteners.— Samples were dissolved in

All solutions were filtered through 0.2 pm filters (Sartorius)
before 10 pL injection into the chromatograph.

(b) Liquidbeverages.— Softdrinks were firstdegassed. An
aliguotofthe sample was diluted to yield an aspartame concen-
tration 0f20-100 pg/mL. Undissolved matter, ifany, waselim-
inated by filtration through folded filter paper (Schleicher &
Schuell 597 1/2). Highly colored solutions were decolorized by
passing through a C 18 disposable cartridge (Supelclean LC-18,
Supelco). All diluted solutions were filtered through 0.2 pm
filters before injection.

(c) creams, yogurts, and fruit pulps.— A quantity of ho-
mogenized sample was accurately weighed into a 100 mL vol-
umetric flask to yield an aspartame concentration of 20-
100 pg/mL. About 60 mL water was added. The flask was
shaken vigorously and placed in an ultrasonic bath for 10 min.
After dilution to 100 mL with water, the solution was centri-

fuged 5 min at 1600 g. The supernatant was filtered through
0.2 pm filter before injection.

(d) candies andpowdered beverages.— A quantity of ho-
mogenized sample was accurately weighed into a 100 mL vol-
umetric flask to yield an aspartame concentration of 20-
100 pg/mL. About70 mL water was added, and the sweetener
was extracted 30 min at40°C. The solution was cooled to room
temperature, diluted to 100 mL with water, and filtered through
folded filter paper. The filtrate was passed through 0.2 pm filter
before injection.

(e) Other products— A quantity of homogenized sample
was accurately weighed into a 100 mL volumetric flask to yield
an aspartame concentration of 20-100 pg/mL. About 70 mL
water was added, and the sweetener was extracted 30 min at
40°C. The flask was then placed in an ultrasonic bath for
10 min. The solution was cooled to room temperature, and
5 mL Carrez | solution and 5 mL Carrez Il solution were suc-
cessively added. The flask was shaken vigorously and diluted
to 100 mL with water. The solution was filtered through folded
filter paper. The filtrate was passed through 0.2 pm filter be-
fore injection.

Procedure

Two 10 pL volumes of standard and sample solutions were
injected. Results were calculated according to the follow-
ing formula:

100 x (Co/Cs) x (As/Ao)

where Co = concentration of aspartame or decomposition
product in standard solution (mg/100 mL); Cs = concentration

Table 2. Recovery of aspartame added to various
products9

Product Added level, mg/100 g Ree., %
Fruit candy 10 99.9
20 102.0
40 105.0
Diet cola 10 104.0
15 100.4
20 104.2
Vanilla cream powder 100 97.6
200 98.3
400 96.1
600 98.0
Strawberry yogurt 10 96.3
20 100.2
30 99.5
40 96.5
Milk chocolate 20 101.4
30 101.6
40 102.1
50 103.2

a Mobile phase: 0.0125M KH2P 04 (pH 3.50)-acetonitrile (85 + 15).
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Table 3. Analysis of aspartame and its major decomposition products in commercial foods3

Aspartame

Food Declared Found Total Found
Tabletop sweetener 18 mg/tablet 18.1 18.2 0.1
Peppermint 30.2 mg/100 g 28.0 280 —
Fruit candy 45.3 mg/100 g 426 426 —
Spiced candy 3.6 mg/candy 3.8 3.8 —
Diet cola No. 1 29.7 mg/100 mL  28.6  28.9 0.3
Diet cola No. 2 NDfc 153 23.6 4.4
Diet tonic NDb 14.1 16.6 0.6
Ice tea 27 mg/100 mL 244 244 —
Ice coffee 20 mg/100 mL 19.4 194 —
Orange juice NDs6 18.3 18.9 0.2
Fruit beverage 24 mg/100 mL 236 240 0.2
Chocolate beverage 140 mg/100 g 1225 127.7 0.3
Malted beverage 150 mg/100 g 117.0 151.6 5.0
Strawberry pulp 290 mg/100 g 269.6 284.6 6.1
Exotic fruit pulp 260 mg/100 g 241.6 253.3 4.8
Prune pulp 290 mg/100 g 259.8 273.3 6.9
Strawberry yogurt 39 mg/100 g 314 3538 11
Exotic fruit yogurt 35 mg/100 g 315 357 0.6
Prune yogurt 35 mg/100 g 29.6 346 1.0
Vanilla cream 300 mg/23 g 2742 296.1 195
Fruit cream 90 mg/100 g 53.7 8438 9.7
Fresh cheese 50 mg/100 g 488 51.2 2.1
Muesli 38 mg/100 g 38.1 38.1 —
Milk chocolate 45 mg/100 g 335 421 2.8

DKP Aspartylphenylalanine Phenylalanine
a-APM equiv. Found a-APM equiv. Found a-APM equiv.
0.1 — - - -
0.3 — — — —
4.9 2.6 2.7 0.4 0.7
0.7 17 1.8 — —
0.2 — — 0.2 0.4
0.2 — — 0.1 0.2
0.3 3.6 3.8 0.6 11
5.6 — — 16.3 29.0
6.8 6.5 6.8 0.8 1.4
54 4.0 4.2 1.2 2.1
7.7 4.0 4.2 0.9 1.6
1.2 0.5 0.5 15 2.7
0.7 0.8 0.8 15 2.7
1.1 11 1.2 15 2.7
21.9 — — — —
10.9 18.1 19.0 0.7 1.2
24 — — — —
31 2.2 2.3 1.8 3.2

8 All results are average of duplicate determinations and are expressed in the same units as the declared values.

b ND, not declared; units are mg/100 mL.

of productin sample solution (mLorg/100 mL),As- peak area
of productin sample solution, and Ao = peak area ofaspartame
or decomposition product in standard solution.

Results and Discussion

Choice of Mobile Phase

Previously, we evaluated an LC procedure for the determi-
nation of acesulfam-K in foods (31). Chromatographic condi-
tions were found for the optimum separation of the sweetener
from different food additives and natural constituents. Under
these conditions, aspartame and its major decomposition prod-
ucts were also well-resolved from each other and from the
compounds considered in the study. We have extended the
evaluation of the method to all aspartame breakdown products
so faridentified (Figure 1). The pH ofthe phosphate buffer was
kept at 3.5, and the detection wavelength was changed to
214 nm for better sensitivity (see Table 3, ref. 31). However,
the proportion of acetonitrile in the mobile phase was varied to
find the optimum separation conditions. Results are shown in
Table 1.

Except aspartic acid (notretained by the column) and meth-
anol (notdetected at214 nm), the capacity factors and retention
times of all standards decreased rapidly as the amount of ace-

tonitrile increased. Four different pairs of products could be
distinguished that separated very well from each other, regard-
less of mobile phase composition. However, separation within
the pairs phenylalanine (PHE)/phenylalanine aspartic acid, a-
aspartylphenylalanine (a-AP)/p-aspartylphenylalanine, di-
ketopiperazine (DKP)/phenylalanine methyl ester, and a-as-
partame (a-APM)/p-aspartame was never achieved. This
means thataspartame and its 3 detectable majordecomposition
products (a-AP, DKP, and PHE) are each coeluting with a
minor decomposition product. In this study, the corresponding
peaks in the chromatogram were attributed to the formercom-
pounds only.

To selectthe properworking conditions, the capacity factors
in Table 1 were also compared with those given for other food
additives and constituents (see Table 1, ref. 31).

In all cases, aspartame was well-separated from the possible
interfering substances studied. A mobile phase consisting of
0.0125M KH2P 04 (pH 3.5)-acetonitrile (80 + 20) was suitable
foravery rapid analysis of the sweeteneralone butwould have
precluded the determination of its decomposition products in
acesulfam-K-, saccharin-, caffeine-, or cocoa-containing
foods. Quantitation of both a-APM and DKP could be
achieved in reasonable time using the (85 + 15) and (90 +10)
media. Nevertheless, several compounds still interfered with

a-aspartylphenylalanine and phenylalanine, particularly in
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Figure 2. Chromatogram of a powdered chocolate beverage with mobile phase (A) 0.0125M KH2PO4
(pH 3.5)-acetonitrile (85 + 15) and (B) 0.0125M KH2PO4 (pH 3.5)-acetonitrile (98 + 2).

complex foods. These 2 products were, however, very well-re-
solved from all standards with the (98 + 2) mixture.

Therefore, the proper mobile phase depends mainly on the
analytesand on the complexity ofthe food matrix. In this study,
we choose the medium (85 + 15) as the starting chromato-
graphic conditions for the analysis of aspartame and DKP and
the medium (98 + 2) for the determination of a-AP and PHE.
Because the capacity factors of all analytes are sensitive to the
composition of the mobile phase, great care and precision are
required in its preparation. Following these recommendations,
reproducible retention times were obtained.

Linearityand Detection Limit

The linearity and the detection limit were assessed for as-
partame only. With a mobile phase consisting of 0.0125M
KH2PO4 (pH 3.5)-acetonitrile (85 + 15), a linear detector re-
sponse (correlation coefficient, r = 0.9999) was obtained over
aspartame concentrations ranging from 0.5 to 500 pg/mL. The
detection limit, measured on a standard solution and defined
arbitrarily as the amount of product on the column that pro-
duces a signal-to-noise ratio of 5, was about 1 ng sweetener.

Recovery Experiments

Table 2 presents recoveries of various amounts of as-
partame added to fruit candy, diet cola, vanilla cream powder,
strawberry yogurt, and milk chocolate samples. Percentrecov-
eries ranged from 96.1 to 105.0% and were not influenced by
the food matrix or the amountof sweetener added. Results ob-

tained forcomplex foods showed thatno loss ofaspartame was
induced by the extraction and the clarification steps.

Analysis of Foods

Table 3 showsresults obtained for the analysis ofaspartame
in 24 differentcommercial diet foods. In 66.7% ofthe samples,
the level of sweetener found accounted for more than 90% of
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Figure 3. Chromatogram of a diet tonic.
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the claimed value. However, DKP, aspartylphenylalanine, and
phenylalanine were observed in most foods. The formation of
these compounds was attributed to aspartame degradation only,
assuming that their natural content in food was negligible.
W hen the measured amounts of a-APM and decomposition
products, expressed on a molar basis in aspartame (a-APM)
equivalents, were summed up, the resulting total aspartame values
were within-10% and +5% ofthose declared on the labels.

a-APM decomposition was particularly high for fruit cream
(40%), milk chocolate (26%), malted beverage (22%), and fmit
yogurt (15%). Fmityogurt samples were prepared by the addi-
tion of 13% aspartame-containing fruit pulp after fermentation
of milk. Interestingly, the amounts of DKP and a-AP found in
the yogurts approximately correspond to those expected from
the presence of 13% of the corresponding fruit preparations.
This suggests that no further thermal or chemical decomposi-
tion of aspartame occurred in the finished product. However,
levels of phenylalanine measured in yogurts were much higher
than expected if they originated only from the fruit prepara-
tions. This could be explained by a postfermentation, biologi-
cal degradation of aspartame by the yogurt cultures that had not
reached a stationary phase (21).

The repeatabilities (r) and the repeatability coefficients of
variation (CVr) for the determination of aspartame, calculated
from the differences between the duplicates, were, respec-
tively, 1.00 mg/100 g and 1.34% for products containing less
than 45 mg/100 g sweetener and 4.11 mg/100 g and 0.91% for
the other products.

Different sample preparations were applied, depending on
the complexity of the food matrix. Tabletop sweeteners were
simply dissolved in water and injected into the chromatograph.
An extraction step was included for the analysis ofcandies and
powdered beverages. Figure 2 shows chromatograms of a
powdered chocolate beverage containing vanillin. With 15%
acetonitrile in the mobile phase, aspartame separated from nat-
ural cocoa alkaloids (theobromine and caffeine) and added va-
nillin (Figure 2A). The presence of DKP and aspartylphenyl-
alanine indicated some degree of aspartame decomposition. A
precise quantitation of a-AP and phenylalanine was possible
only by reducing the amount of acetonitrile to 2% (Figure 2B).

W hen needed, liquid beverages were degassed, filtered, and
diluted before analysis. A chromatogram of a diet tonic con-
taining acesulfam-K and aspartame is given in Figure 3. The 2
artificial sweeteners were well-resolved from DKP and as-
partylphenylalanine.

Creams, yogurts, and fruit pulps required an extraction step
and a separation of the extract from the solid matter by centrif-
ugation. Figures 4 and 5 show chromatograms of a strawberry
pulp sample and a prune yogurt, respectively. In each case, sor-
bic acid, which was added as a preservative, and the 3 major
aspartame breakdown products could be detected in the same
ran. As above, quantitation of a-AP and PHE had to be per-
formed with a mobile phase containing only 2% acetonitrile
(Figure 5B).

Finally, the other products needed a clarification step with
Carrez solutions. We found that unknown compounds eluted
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Figure 5. Chromatogram of a prune yogurt with mobile phase (A) 0.0125M KH2PO4 (pH 3.5)-acetonitrile (85 + 15) and

(B) 0.0125M KH2PO4 (pH 3.5)-acetonitrile (98 + 2).

very close to aspartame and DKP in some chocolate samples
when phosphate buffer-acetonitrile (85 + 15) was used. These
peaks were separated when reducing the proportion ofacetoni-
trile to 10%.

Conclusions

The LC procedure evaluated in a preceding study for the
determination ofacesulfam-K is also applicable to the analysis
of aspartame and its major decomposition products in all types
of foods. Sample preparation is straightforward, and elution is
performed isocratically on a reversed-phase column. The
choice of the amount of acetonitrile in the mobile phase de-
pends on the analytes and on the complexity ofthe food matrix.
Good recoveries of aspartame were obtained, and this result
indicated no loss of the sweetener during sample preparation.
Various degrees of aspartame decomposition were found in
most of the commercial food samples analyzed in this study.
However, the total aspartame values (measured aspartame +
breakdown products) were close to the declared levels.

The technique also allows the detection of other food addi-
tives or natural constituents in the same ran without interfering
with aspartame or its decomposition products. Furthermore,
the method is precise and sensitive. It is well-adapted for qual-
ity control or monitoring.
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CHEMICAL CONTAMINANTS MONITORING

Organochlorine Pesticide Residues in Dairy Milk

in and around Delhi

I rani M ukherjee and M adhuban Gopal

Indian Agricultural Research Institute, Division of Agricultural Chemicals, New Delhi-110012, India

A survey of dairy milk and milk products in and
around Delhi, India, was undertaken to monitor the
levels of DDT and HCH. The survey revealed that
pesticide residue levels in milk often exceeded the
limits recommended by the Food and Agriculture
Organization/World Health Organization Expert
Committee. Maximum residue levels of total HCH in
milk (fat/whole milk basis) has not yet been pre-
scribed. The 15 samples of dairy milk and 4 sam-
ples of milk products analyzed had residue levels
ranging from 0.022 to 0.166 pg/g for HCH and from
0.042 to 0.382 pg/g for DDT.

e problem of environmental contamination by persis-
tent chlorinated hydrocarbons evokes major concern
due to the presence oftheirresidues in the environment

and human tissues. Pesticide residues in food and animal feed
are of interest because pesticides enter the human system
through direct consumption of contaminated food or through
milk, meat, and other products obtained from animals that feed
on contaminated feed and fodder.

In developing countries, organochlorines such as DDT
(I,I,1-trichloro-2, 2-bis-(4-chlorophenyl)ethane) are exten-
sively used in malaria control programs. DD T was first intro-
duced in India in 1948, and the current production is 8000
tons/year. It is manufactured solely by Hindustan Insecticides
Ltd (HIL) (1). Reports (2, 3) indicate the buildup of DD T resi-
duesinsoiland inearthworms in the vicinity ofthe HIL factory,
which is located in a metropolitan area. This buildup is attrib-
uted to volatilization and consequent dispersal of DDT. How -
ever, DDT residues decreased with increasing distances from
the factory (2).

Another organochlorine, HCH (1,2,3,4,5,6-hexachloro-
cyclohexane), was firstintroduced in India in 1949 for the con-
trol of agricultural pests. The present production is 36 000
tons/year (4). About 30 000 tons of HCH is used in agriculture
alone each year; the remaining 6000 tons is used in public
health programs. Commercial HCH contains only 13% lin-
dane, the active ingredient (HCH gamma isomer).

Prolonged and uncontrolled use oforganochlorines coupled
with poor enforcement of related regulations have contributed

Received January 6,1992. Accepted August 20, 1992.
Contribution No. 488 from the Division of Agricultural Chemicals.

to the widespread presence of pesticide residues in food com-
modities.

Typical contaminants of milk are persistent fat soluble or-
ganochlorine pesticides such as DDT, hexachlorobenzene
(HCB), HCH isomers, and, to a lesser extent, the cyclodi-
ene compounds.

Attempts have been made to ensure that the residues are
keptata minimal level so thatthe health risk due to theiringes-
tion is minimized, if not eliminated. This requires permissible
levels in food. Also, food mustbe monitored to ensure that the
legal limits prescribed for the pesticide on different commodi-
ties are notexceeded. A survey ofdairy milk and milk products
was undertaken to monitor the levels of DDT and HCH.

Experimental

Apparatus

(a) Gaschromatographs.— (1) Varian 3400 equipped with
63N i electron capture detector. Operating conditions: column
temperature, programmed from 175° to 220°C at 5°C/min; in-
jector port, 220°C; detector, 250°C; column was held atinitial
temperature (175°C) for 8 min and then at 220°C for 10 min;
nitrogen flow rate, 30 mL/min. (2) Hewlett Packard 5890 Se-
ries Il with electron capture detector. Operating conditions: col-
umn temperature, programmed from 155°C, held atthis tempera-
ture for 5 min and then raised to 210°C at 10°C/min; injector
port, 250°C; detector, 300°C; nitrogen flow rate, 20 mL/min.

(b) Chromatographic columns.— (7) Glass, 2 mx2 mm id,
packed with 1.5% OV-17 and 1.95% OV-2100n 80-100 mesh
Chromosorb W. (2) HP1 (U.S. patent No. 4,293415, methyl
silicone guir.) megabore column, 10 m x 0.53 mm id and 2.65
pm film thickness.

(c) Centrifuge.— ModelR 8 C,with 15 mL centrifuge tube
(Remi Laboratory).

(d) separatoryfunnel.— Pear-shaped, BOROSIL, 250 mL.

Reagents

(a) Solvents.— Hexane (Qualigens) and acetone (Merck).
Distilled before use.

(b) Sulfuric acid.— Density 1.835 g/mL at 20°C (BDH
India).

(c) water.— Distilled-in-glass.

(d) Anhydrous sodium sulfate.— BDH India.

(e) Groundnutoil.— Commercial sample (Postman).
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Table 1. HCH and DDT residues in whole milk samples from different sources in Delhi

No. Sample source

1. Dairy milk
(Zone 1)

2. Dairy milk
(Zone 2)

3. Dairy milk
(Zone 3)

4. Dairy milk
(Zone 4)

5. Buffalo milk

6. Condensed milk

7. Cheese

8. Cream

9. Curd

1. Dairy milk
(Zone 1)

2. Dairy milk
(Zone 2)

3. Dairy milk
(Zone 3)

4. Dairy milk
(Zone 4)

5. Buffalo milk

6. Condensed milk

7. Cheese

8. Cream

9. Curd

a tr = <0.001, ND = nondetectable.

Frequency

alpha

0.032
(0.009-0.084)

0.069
(0.002-0.104)

0.042
(0.034-0.051)

0.069
(0.003-0.128)

0.112
(0.022-0.202)

0.045
(0.030-0.075)

0.065
(0.061-0.070)

0.017
(0.017-0.016)

0.018
(0.017-0.018)

p,pf-\DDE

0.018
(0.008-0.036)

0.007
(r-0.013)

0.042
(0.038-0.046)

0.023
(tr-0.044)

0.050
(0.027-0.073)

0.052
(0.041-0.065)

0.040
(0.036-0,043)

tr

tr

HCH residues, pg/g

beta gamma

0.021 0.003
(0.008-0.040)  (0.002-0.005)

0.007 0.003
(tr-0.012) (tr-0.005)
0.016 0.011

(tr—0.024) (0.003-0.026)
0.012 0.002
(0.001-0.024) (tr-0.003)
0.024 0.018
(0.013-0.034) (tr-0.036)
0.031 0.004

(0.016-0.056)  (0.003-0.005)

0.011 0.013
(0.008-0.017) (0.009-0.019)

ND 0.038
(0.036-0.040)

ND 0.004
(tr-0,007)
DDT residues, pg/g

p.p'-DDD p,ffA\DDT

0.045 0.134
(0.019-0.089)  (0.075-0.231)

0.044 0.053
(0.025-0.056)  (0.031-0.070)

0.054 0.097
(0.032-0.075)  (0.032-0.139)

0.027 0.058
(0.006-0.058)  (0.016-0.098)

0.037 0.133
(0.034-0.039)  (0.113-0.153)

0.009 0.127
(0.007-0.011) (0.120-0.147)

0.072 0.233
(0.067-0.077)  (0.231-0.237)

0.149 0.233
(0.149-0.151) (0.229-0.239)

0.010 0.032
(0.007-0.015) (0.032-0.033)

delta

0.002
(0.001-0.003)

0.001
(tr-0.002)

r3

0.003
(tr-0.009)

0.012
(tr-0.023)

0.004
(0.001-0.009)

0.021
(0.019-0.023)

0.077
(0.071-0.083)

tr

Total residues

0.058

0.080

0.069

0.086

0.166

0.084

0.110

0.132

0.022

0.197

0.104

0.193

0.108

0.220

0.188

0.345

0.382

0.042
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Sample Collection

Dairy milk was collected from different sources in and
around Delhi, and samples were classified on the basis of 4
different zones from where they were obtained. Four samples
were collected from Zone 1,3 samples from Zone 2,3 samples
from Zone 3,and 3 samplesfrom Zone 4 as indicated under the
frequency columnofTable 1. Buffalo milk samples from 2 dif-
ferent zones were also analyzed.

Milk products (cheese, cream, and curd) were prepared
from a dairy milk sample. Condensed milk was obtained from
the market.

Extraction and Cleanup

Each experimentwas performed in triplicate. The density of
each milk sample was found by weighing an aliquot ofthe lig-
uid. Milk (20 mL) was transferred to a clean glass-stoppered
cylinder, 80 mL hexane-acetone (1 + 1, v/v) was added, and
the mixture was shaken vigorously. A colloidal mass separated
out. The supernatant organic solvent was decanted off and
stored. The colloidal mass was shaken thoroughly 3 times with
30 mL hexane, and the solventdecanted offand combined. The
precipitate was centrifuged 2 min at 2000 rpm, and the remain-
ing solvent was also combined. The total hexane extract was
transferred to a separatory funnel, and the solution was cleaned
up by the dropwise addition of 35 mL concentrated sulfuric
acid. The hexane layer was washed 3 times with 50 mL dis-
tilled water, dried over anhydrous sodium sulfate, concentrated
to 10 mL, and analyzed. Milk products were weighed and pro-
cessed similarly (as given above) for analysis.

Analysis of Organochlorine Pesticides

Determination of HCH and DDT residues was carried out by
gas chromatography on the Varian 3400. The retention times for
p,p'-DDE,DDT,and DDD were 14.28,16.55, and 16.60 min, re-
spectively. The alpha, gamma, beta, and delta isomers of HCH
eluted at4.68,5.99,7.32, and 8.15 min, respectively.

The average recovery of the procedure conducted by over-
spiking non-blank milk samples was 80% forp,p' isomers of
DDT,DDE, and DDD at0.5 pg/g fortification level. The aver-
age recovery of the alpha, beta, gamma, and delta isomers of
HCH from spiked samplesofmilk at 0.5 pg/g levels was 90%.
In the absence of a control sample of milk without HCH or
DDT residues, groundnut oil was spiked at 0.1 and 0.5 pg/g
levels withp,p'-DDT and then extracted and cleaned up to find
the efficiency of the procedure. The average recovery of the
method was 83.6 + 0.08%. In short, recoveries were more than
80% forDDT and its metabolites from milk and groundnut oil
and more than 89% for HCH and its stereoisomers from milk.

The limitof detection was 0.005 pg/g forp,p'-DDT, DDE,
and DDD and 0.002 pg/g for alpha HCH, 0.004 pg/g for beta
HCH, 0.0008 pg/g for gamma HCH, and 0.0008 pg/g for
delta HCH.

The identity ofthe pesticides was confirmed by carrying out
the analysis on the Hewlett Packard 5890 Series Il using elec-
tron capture detector and alternate column packing. The retention
time of the alpha, beta, gamma, and delta isomers of HCH were

2.87, 3.08, 3.43, and 3.65 min, respectively. The p,//[-DDE,
/xp'-DDD, and p.p'-DDT eluted at 10.54, 12.09, and 15.20 min,
respectively, under the above temperature conditions.

Results and Discussion

All samples of dairy milk analyzed contained HCH and
DDT. Total HCH ranged from 0.058 to 0.166 pg/g, and DDT
residues ranged from 0.104 to 0.220 pg/g. Average, minimum,
and maximum values of different isomers recorded from each
zone are given in Table 1. A dairy milk was processed, and
cheese, cream, and curd were also estimated forHCH and DDT
content. Curd contained only 0.042 pg/g of total DDT com-
pared to cheese and cream, which recorded a total 0f0.345 and
0.382 pg/g of DDT, respectively. Total HCH was significantly
higher in processed milk, cream and cheese, than in original
recorded the highest HCH
0.132 pg/g. DDT residues exceeded the extraneous residue limit

dairy milk. Cream levels of
0f0.05 pg/g (whole milk basis) in all the dairy milk samples.

M ost dairy milk samples contained HCH residues (alpha,
beta, gamma, and delta). Ofall HCH isomers, the residue limit
was established only for lindane, which is 0.004 pg/g (whole
milk basis). Among the dairy milks, only 4 samples contained
gamma HCH above this limit. Alpha HCH was found to be
invariably higherthan gammaHCH, which is found in the orig-
inal HCH formulation used commercially in India. Total HCH
residues were found to be highestin buffalo milk (0.166 pg/g).
Gamma HCH content was highest in cream (0.038 pg/g) in
contrast to cheese (0.013 pg/g) and curd (0.004 pg/g). The
maximum residue level of total HCH in milk (whole milk/fat
basis) is not yet established.

Total HCH and DDT residues had coefficients of variation
0f28.4 and 28.9%, respectively, in 5 types of milk samples and
41.8 and 45.3%), respectively, in all 19 samples. The respective
values for Zones 1, 2, 3, and 4 were 55.8, 84.5, 14.1, and 87.0
for HCH and 45.6,25.5,41.2, and 71.1 forDDT

DDT, HCH, and their
biomagnification in the upper trophic zone in food (5). There

metabolites show consistent
arereportsofDDT and its metabolites in human blood samples
(6,7). Because milk is one of the major routes through which
DDT and HCH enterthe human system, itis essential to monitor

the presence ofthese insecticides in milk atregular intervals.
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COLOR ADDITIVES

Liquid Chromatographic Determination
of 2-Chloro-4-nitroaniline, 2-Naphthol, and 2,4-Dinitroaniline

in D&C Red No. 36

Alan L. Scher aNd Nicholas C. Adamo

U.S. Food and Drug Administration, Office of Cosmetics and Colors, Washington, DC 20204

A method is described for the determination of the
intermediates and a related impurity in D&C Red
No. 36 by reversed-phase liquid chromatography.
This method may be used to ensure that limits set
forth inthe cCode of Federal Regulations on the
amounts of these 3 impurities in the color are not
exceeded. The pigment is dissolved in boiling diox-
ane and then precipitated. The filtrate is chromato-
graphed by isocratic elution, and then the column
is washed and reequilibrated. Impurities were iden-
tified as 2-chloro-4-nitroaniline (2-Cl-4-NA), 2-naph-
thol, and 2,4-dinitroaniline (2,4-DNA) by compari-
son of their retention times and spectra with those
of standards. Peak area calibrations were linear to
at least 0.375% 2-Cl-4-NA, 1.25% 2-naphthol, and
0.025% 2,4-DNA, all with zero intercepts. At the
specification levels, 99% confidence limits were
0.30 + 0.006% for 2-Cl-4-NA, 1.0 £ 0.03% for 2-naph-
thol, and 0.020 + 0.0004% for 2,4-DNA. The limits of
determination calculated from calibration data were
0.019% for 2-Cl-4-NA, 0.10% for 2-naphthol, and
0.0014% for 2,4-DNA at the 99% confidence level.
Recoveries were 100-104% for 2-Cl-4-NA added to
purified D&C Red No. 36,100% for 2-naphthol, and
100-110% for 2,4-DNA; relative standard deviations
were 0.8-3.4%. A survey of certified D&C Red

No. 36 samples showed that the batches contained
higher levels of intermediates than were deter-
mined previously by a cellulose column method in
which the pigment was not dissolved.

&C Red No. 36 (Figure 1, Colour Index No. 12085,
CAS No. 2814-77-9, I-[(2-chloro-4-nitrophenyl)azo]-
2-naphthalenol), is an azo pigment that is manufac-
tured by diazotization of 2-chloro-4-nitroaniline (2-chloro-4-
nitrobenzenamine, 2-C1-4-NA) and coupling with 2-naphthol
(2-naphthalenol) (1). The color may be used in the United

Received February 21, 1992. Accepted August 18, 1992.

1 A copy of the modified method can be obtained from the U.S. Food
and Drug Administration, Office of Cosmetics and Colors, HFS-126,
Washington, DC 20204.

States in drugs and cosmetics (except forthose used in the area
ofthe eye) afterthe U.S. Food and Drug Administration (FDA)
certifies that each batch of the color additive meets specifica-
tions published in the Code of Federal Regulations, including
limits of 0.30% for 2-C1-4-NA, 1.0% for 2-naphthol, and
0.020% for 2,4-dinitroaniline (2,4-dinitrobenzenamine; 2,4-
DNA) (2).

The intermediates, 2-C1-4-NA and 2-naphthol, were pre-
viously quantitated in D& C Red No. 36 by FD A with amethod
that is a modificationtof a general procedure (3) for the deter-
mination of intermediates in FD&C colors. The pigment is
mixed with 95% ethanol, water, and cellulose, and the mixture
is transferred to a cellulose column. The intermediates are
eluted from the column with ammonium sulfate in aqueous
ethanol and quantitated from the absorption spectra of fractions
of the eluate. The cellulose column method was also used for
determination ofintermediatesin arelated pigment, the former
D&C Orange No. 17; however, reversed-phase liquid chroma-
tographic (LC) analysis of the color showed that extraction of
the intermediates from the color in the cellulose column
method was incomplete (4).

Consequently, an LC method for the determination of the
intermediatesin D&C Red No. 36 was investigated. In addition
to the 2 intermediates, 2,4-DNA was identified as an impurity
in certain batches of the color by comparison of the retention
times and spectraofthe impurities with those of standards. The
2.4- DNA may be an impurity in 2-C1-4-NA, or it may be pro-
duced by substitution of the chlorine in 2-C1-4-NA with nitrite
during diazotization, or both. These identifications were con-
firmed by gas chromatographic/mass spectrometric analysis of
a 95% ethanol extract of certified D&C Red No. 36. The LC
method that was previously used to determine 2-naphthol and
2.4- DNAin D&C Orange No. 17 (4) could notbe used to ana-
lyze D&C Red No. 36, because the chromatographic peaks for
2-C1-4-NA and 2-naphthol overlapped. Therefore, a modifica-
tion of this LC method was developed and is reported here.

The test extract is prepared by boiling a mixture of 50 mg
color (or laked color containing 50 mg pigment) and 8 mL di-
oxane in a 15 mL beaker to dissolve the color. The solution is
cooled inice, and the resulting mixture iswarmed toroom tem-
perature. This procedure dissolves the impurities and removes
most of the color. The mixture is transferred to a 10 mL volu-
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Figure 1. D&C Red No. 36.

metric flask and diluted to volume with dioxane. The mixture
is filtered through a membrane filter. The filtrates of the color,
dioxane blanks, and standard dioxane solutions ofthe interme-
diates and 2,4-DNA are chromatographed with detection at
254 nm for 2-naphthol and 2-C1-4-NA and at 340 nm for 2,4-
DNA (near its Atllax, 344 nm). Detection at 340 nm for 2-C1-4-
N Aiis also feasible. Calibration lines (area = slope x equivalent
% analyte) are calculated by least squares linear regression
from the peak areas in chromatograms of the blank and stan-
dard solutions. The concentrations of the intermediates and
2,4-DNA in the color are calculated from the calibration lines
and the peak areas in chromatograms of the filtrates of D&C
Red No. 36.

Experimental

Apparatus

(a) syringe— 10 mL poly(ethylene) and polypropylene);
Aldrich “all-poly” (Aldrich Chemical Co., Inc., Milwaukee,
W 153233).

(b) syringe filter unit— 25 mm diameter, 0.5 pm pore,
poly(tetrafluoroethylene) membrane filter with poly(ethylene)
housing; Millipore Millex-SR (Millipore Corp., Bedford,
MA 01730).

(c) Liquid chromatograph.— W ith continuous gradientca-
pability. A system that can switch between 2 eluants may be
used, but making minor changes in eluant strength will be dif-
ficult. (7) Pump and autoinjector controller, and data collec-
tor and analyzer.— Waters Model 860 with LAC/E interface

Table 1. Preparation of working solutions for LC
determination of intermediates and 2,4-DNA in D&C Red
No. 36

Volume of standard solution, mL

Stock solution of
Flask 2-Cl-4-NA

Intermediate
solution of 2,4-DNA

Stock solution of
2-naphthol

g » W N e
N Wb e
w = b N
W Ul =N

and VAX 3300 computer equipped with version 2.2 software.
(2) Pump.—Waters 600E at2 mL/min. (3) Injector.— W aters
Model 712 W ISP autoinjector set at 25 pL. (4) Detector.—
W aters Model 490E UV-vis detector setat254 and 340 nm and
1 AU/V (Waters Chromatography Division, Millipore Corp.,
Milford, MA 01757).

(d) LC column.— Waters RCM-C18, 10 pm particle size,
100 x 8 mm id, in radial compression unit; used at ambi-
ent temperature.

(e) Guard column.— Waters 2.4 x 25 mm guard cartridge
containing Waters Bondapak C18 Corasil, 37-50 pm particle
size packing.

Reagents

(a) waterfor LC eluants.— LC grade (Burdick & Jackson
Laboratories Inc. [B&J], Muskegon, M1 49442).

(b) Methanol.— LC grade (B&J or J.T. Baker Chemical
Co., Phillipsburg, NJ 08865).

(c) Ammonium acetate.— LC grade (Fisher Scientific Co.,
Pittsburgh, PA 15219).

(d) 2-c1-4-NA.— Recrystallized from aqueous alcohol,
(79 g in 1800 mL ca 95% ethanol-water [1 + 2.5]). Analyti-
cally pure (£0.4% for C, H, and N).

(e) 2-Naphthol.— Fisher certified recrystallized reagent or
Fluka puriss (Fluka Chemical Corp., Ronkonkoma, NY
11779-7238).

(f) 2,4-DNA.— Recrystallized from aqueous alcohol (5).
Analytically pure (+0.4% for C, H, and N).

(g) 1,4-Dioxane.— Distilled-in-glass (B&J). Use only in
hood; this compound is a suspected carcinogen. Test for perox-
ides with peroxide test strips (Cat. No. 10011-1, EM Science,
Gibbstown, NJ 08027).

Solutions

(a) LC eluants.— (7) EluantA.— Aqueous 0.2M ammo-
nium acetate. Dissolve 15.417 g ammonium acetate in water
and diluteto 1L. (2) Eluant B.— Methanol.

(b) Stock and intermediate standard solutions.— (7) 2-Cl-
4-NA stock solution.— Accurately weigh ca 4.688 mg 2-0-4-
NA, and transfer to 50 mL volumetric flask. (2) 2-Naphthol
stock solution.— Accurately weigh ca 15.625 mg 2-naphthol
and transfer to 50 mL volumetric flask. (3) 2,4-DNA stock so-
lution.— Accurately weigh ca 15.625 mg 2,4-DNA, and trans-
ferto 50 mL volumetric flask. Dissolve each compound in di-
oxane, and dilute each solution to 50 mL. (4) 2,4-DNA
intermediate solution.— Transfer 1 mL 2,4-DNA stock solu-
tion, (3), to 50 mL volumetric flask, and dilute to 50 mL
with dioxane.

(c) Working solutions.— Transfer random combinations of
1, 2,3,4,0or5 mL aliquots of the 2-C1-4-NA and 2-naphthol
stock solutions and the 2,4-DNA intermediate solution, (b)(7),
(b)(2), and (b)(4), to five 25 mL volumetric flasks. Dilute to
25 mL with dioxane. All 5 volumes of each analyte solution
mustbe used (e.g., see Table 1). The working solutions contain
the equivalent of 0.075-0.375% 2-C1-4-NA, 0.25-1.25% 2-
naphthol, and 0.005-0.025% 2,4-DNA in D&C Red No. 36
(referred to as “equivalent % analyte”).
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Table 2. Conditions for LC determination
of intermediates and 2,4-DNA in D&C Red No. 36a

Time, min Eluant A, % Eluant B, % Action
0 50 50 Inject, inhibit integration
2.9 — — Begin integration

10.8 50 50 Begin wash

10.9 0 100 —

11.8 — — End integration

13.0 0 100 End wash

131 50 50 Initial conditions

18.0 50 50 End run

a Flow rale, 2 mL/min.

Preparation of Sample Extracts

Accurately weigh ca 50 mg color or laked color containing
ca50mg pigmentinto 15 mL beaker. Add small Teflon-coated
stirring magnet (0.5 x 5/16 in.) and 8 mL dioxane, and cover
beaker with watch glass. Boil gently with stirring for 5-7 min
on preadjusted stirrer-hot plate. Cool 5-10 min in ice water
with stirring as color and dioxane precipitate. Stir for 5 min in
room-temperature bath; transfer mixture, by using Pasteur
pipet, into 10 mL volumetric flask. Wash watch glass, magnet,
beaker, and pipetwith four 0.5 mL portions of dioxane. Trans-
fer washings to volumetric flask, and dilute to volume with
dioxane. Attach barrel of syringe to filter unit, and place outlet
in autosampler vial. Pour mixture from volumetric flask into
filter unit, insertplunger, and apply moderate pressure to filter.

Liquid Chromatography

Sparge eluants with helium, and set detector to 254 and
340 nm with LC conditions, as shown in Table 2. The effective
analysis time is 19.2 min, because automatic injection takes
1.2 min. Prime and purge pumps and injection system. Wash
column at 2 mL/min with 100% eluantB for 15 min and then

with 50% eluant B for 6 min. Chromatograph 2 preliminary
dioxane blanks.

For calibration, chromatograph the 5 working solutions and
a dioxane blank. Plot peak area vs equivalent percentage for
each analyte from chromatograms of standards and blank, and
calculate slopes and intercepts ofcalibration lines (area = slope
X equiv. % analyte + intercept) by least-squares linear regres-
sion. The intercepts should be indistinguishable from zero. Cal-
culate the slopes of new calibration lines that are forced
through the origin (area = slope x equiv. % analyte).

For analysis, chromatograph color filtrate (as shown in Fig-
ure 2) and dioxane blank. Ifanalysisis notconcurrent with cal-
ibration, prepare and chromatograph a working standard solu-
tion containing the 3 analytes atthe specification levels or other
level(s) of interest. The data from the chromatography of the
confirmatory standard solution should be within the confi-
dence limits of the calibration lines for an individual value.
From the slopes of calibration lines forced through the origin
and the peak areas of color filtrate, calculate the percentofeach
intermediate in the sample.

If this method was not used previously, prepare a test mix-
ture containing 1 mL each of the 2-C1-4-NA and 2-naphthol
stock solutions and 2,4-DNA intermediate solution, (b)(7),
(b)(2), and (b)(4), diluted to 50 mL with dioxane. Prepare 3
solutions containing individual analytes by separately diluting
1 mL each of the 2-C1-4-NA and 2-naphthol stock solutions
and 2,4-DNA intermediate solution, (b)(7), (b)(2), and (b)(4),
to 10 mL with dioxane. Chromatograph the 4 test solutions fol-
lowed by a dioxane blank. Identify the peaks, and confirm that
they are well-separated and that 2-naphthol elutes before
10 min. Confirm that carryover is negligible and that the tran-
sient gradient induced by dioxane does not interfere with the
peaks. Ifnecessary, increase ordecrease % eluant B to decrease
or increase retention times of intermediates. (An increase of
2% eluant B decreased the retention time of 2-naphthol by
1.2 min.) Adjust detector attenuation for proper display at the
level of interest, and adjust integration parameters for proper
quantitation at the lowest level.

3
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Figure 2. Chromatograms of filtrate of D&C Red No. 36 (sample 18, Table 4): A =254 nm, B=340 nm; 1 =2,4-DNA, 2 =

2-Cl-4-NA, 3 = 2-naphthol.
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Table 3. Recovery data for LC determination
of intermediates in D&C Red No. 36a

2-Cl-4-NA
Added, % Found + SD, % Ree., %b RSD, %
0 0.0020 +0.0019 _ _
0.0377 0.0415 +0.0016 104 3.8
0.1509 0.1552 +0.0020 102 1.3
0.3019 0.3019 + 0.0038 100 12
2-Naphthol
0 00 _ _
0.1310 0.1307 +0.0012 100 0.9
0.5240 0.5230 + 0.0045 100 08
1.048 1.050 +0.014 100 1.3
2,4-DNA
0 0.00016 +0.00022 _ _
0.00248 0.00288 +0.00010 110 3.4
0.00994 0.01049 +0.00036 104 3.4
0.01988 0.02007 + 0.00029 100 1.4

3 Quintuplicate analyses.
b Corrected for blank.

Recovery Studies

D&C Red No. 36 that contained 0.23% 2-C1-4-NA, 0.68%
2-naphthol, and 0.12% 2,4-DNA was recrystallized once from
dioxane (12.5 g/1600 mL). Five unfortified and 15 fortified re-
covery mixtures were prepared by adding 2-C1-4-NA, 2-naph-
thol, and 2,4-DNA to recrystallized D&C Red No. 36. These
20 mixtures were extracted and filtered by following the pro-
cedure for the samples, and the filtrates were chromatographed
in random order.

Spiking solutions.— The stock solutions of 2-C1-4-NA and
2-naphthol and the intermediate solution of 2,4-DNA, (b)(7),
(b)(2), and (b)(4), were used.

Recovery mixtures— For each of 20 recovery mixtures, ca
50 mg recrystallized D&C Red No. 36 was accurately weighed
into a 15 mL beaker, and a stirring magnet was added. Aliquots
0f 0.2, 0.8, 0or 1.6 mL of all 3 spiking solution were added by
using adjustable pipettors and reversed-mode pipetting (over-
fill pipettip and then expel set volume of liquid [to first stop])
to 15 of the beakers in random combination. Fortification lev-
els are shown in Table 3. Volumes were adjusted to 8 mL
with dioxane.

Results and Discussion

Calibration

The calibration solutions and blanks were chromatographed
inrandom order. The peak areas were plotted vs the equivalent
percentages of analytes, and the data were analyzed by least-
squares linear regression (area = slope X equiv. % analyte +
intercept). Plots of the data were linear with all correlation co-

efficients (R) > 0.9995, and the intercepts were indistinguish-
able from zero atthe 99% confidence level. Therefore, the data
were reanalyzed by using least-squares linear regression with
a zero intercept (area = slope x equiv. % analyte), and values
of R > 0.9997 were calculated. Limits of determination were
0.019% for2-C1-4-NA,0.10% for 2-naphthol,and 0.0014% for
2,4-DNA at the 99% confidence level (6). At the specification
levels, 99% confidence limits were 0.30 = 0.006% for 2-C1-4-
NA, 1.0+ 0.03% for 2-naphthol, and 0.020 + 0.0004% for 2,4-
DNA.

Recovery Studies

Recoveries (Table 3) from the analyses of solutions fortified
at the specification levels were 100% each for 2-C1-4-NA
added at the 0.30% level, 2-naphthol added at the 1.0% level,
and 2,4-DNA added at the 0.020% level. Recoveries at lower
levels were 100-110%. If the amounts of 2-C1-4-NA and 2,4-
DNA in the unfortified color had been 0.0040 and 0.00042%
instead 0f0.0020 + 0.0019% and 0.00016 + 0.00022%, respec-
tively, then all recoveries would have been 100%.

From the standard deviations (SDs) of the quintuplicate de-
terminations atthe lowest fortification levels shown in Table 3,
the limits of determination were 0.0060% for 2-C1-4-NA,
0.0046% for 2-naphthol, and 0.00037% for 2,4-DNA. These
limits were calculated from the following equation:

ct - 3-75 x SD blank

in which a 99% one-sided t-value was used instead ofk - 3 (7).
These limits are lower than the corresponding limits of deter-
mination of 0.019, 0.10, and 0.0014% that were calculated
from calibration data. In other calibration experimentsinwhich
more data points were used, the limit of determination was
0.02% for 2-naphthol.

Survey

Thirty-two samples of certified D&C Red No. 36, consist-
ing ofcolors and laked colors thatincluded 3 samples from lots
used for pharmacological testing, were analyzed by the LC
method. Results of these analyses and those obtained during
certification analysis by the cellulose column method are sum-
marized in Table 4. All lotsofD&C Red No. 36 were found to
contain higher levels of intermediates by the LC method than
by the cellulose column method. Because analyses of D&C
Red No. 36 fortified with solutions of intermediates demon-
strated satisfactory recoveries by the cellulose column method,
the lower survey results for the cellulose column method are
attributed to incomplete extraction of the intermediates from
the solid color.

Conclusions

This LC method for the determination of intermediates and
a related impurity in D&C Red No. 36 may be used to certify
that the color additive meets published specifications for these
analytes. Dissolution of the color additive in dioxane and anal-
ysis by reversed-phase LC is a significant improvement over
the previously used cellulose column method in which the
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Table 4. Survey of certified D&C Red No. 36 for intermediates and 2,4-DNA

2-Naphthol, %a

Sample Color, % 2-Cl-4-NA, %ab LC Cellulose column 2,4-DNA, %a'c
1 19d 0.03 0.06 0.03 0.000
2 22d 0.03 0.10 0.02 0.000
3® 97 0.04 0.21 0.18 0.000
4 99 0.13 0.25 0.11 0.000
5 97 0.09 0.26 0.14 0.000
6 97 0.13 0.28 0.19 0.002
7 99 0.03 0.29 0.08 0.000
8 97 0.01 0.29 0.04 0.001
9e 98 0.15 0.29 0.20 0.000

10 98 0.04 0.35 0.10 0.000

n 98 0.10 0.35 0.17 0.000

12e 97 0.20 0.39 0.15 0.000

13 97 0.04* 0.39 0.10 0.001

14 97 0.02 0.40 0.06 0.002

15 93d 0.06 0.41 0.10 0.000

16 100 0.03 0.42 0.15 0.000

17 97 0.13 0.42 0.12 0.001

18 97 0.14 0.42 0.10 0.011

19 98 0.13 0.44 0.14 0.000

20 96 0.07 0.44 0.18 0.000

21 97 0.02 0.46 0.12 0.000

22 98 0.15 0.48 0.14 0.000

23 98 0.05 0.48 0.12 0.000

24 98 0.08 0.52 0.16 0.000

25 97 0.19 0.66 0.20 0.016

26 97 0.16 0.68 0.20 ©og3

27 98 0.23 0.68 0.11 0.122f

28 96 0.07 0.69 0.20 0.000

29 97 0.21 0.72 0.16 2un

30 98 0.19 0.73 0.14 0.046f

31 99 0.07 0.75 0.20 0.000

32 97 0.03 0.82 0.15 0.000

a As % of sample.

b Results shown are for LC method; results for cellulose column method were 0%, except for sample 13 for which trace 2-CI-4-NA was
reported.

C Results shown are for LC method; 2,4-DNA was not determined by the cellulose column method.

d BaS04lake.

e Pharmacology sample.

1 Certified before the specification of 0.020% for 2,4-DNA was established.

color additive is not dissolved. The discrepancy between the (2) Code Fed. Régulat. (1992) Title 21, secs 74.1336,74.2336,
flawed cellulose column method and this LC method illustrates and 82.1336, U.S. Government Printing Office, Washington,
that recovery studies may not be valid if the fortified samples bC

are heterogeneous. To ensure validity, proof is needed that no (3) Link, W.B. (1961) J. Assoc. Off. Agric. Chem. 44, 43-53
analyte remains in the undissolved portion. The validity of (4) Scher, A.L. (1985) J. Assoc. Off. Anal. Chem. 68, 474-477
analysis of D&C Red No. 36 lakes by this LC method needs to (5) Wells, F.B., & Allen, C.F.H. (1943) in Organic Syntheses,
be confirmed; proofis needed that the laked analytes are quan- A.H. Blatt (Ed.), Coll. Vol. 2, John Wiley & Sons, Inc., New

titatively extracted from the laked color and substratum with York, NY, pp. 221-222
- . (6) Bailey, C.J., Cox, E.A., & Springer, J.A. (1978) J. Assoc. Off.
boiling dioxane.

Anal. Chem. 61, 1404—1414
(7) Winefordner, J.D., & Long, G.L. (1983) Anal. Chem. 55,
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COSMETICS

Specific Determination of Ethylene Oxide and Ethylene
Chlorohydrin in Cosmetics and Polyoxyethylated Surfactants
by Gas Chromatography with Electron Capture Detection

Kumiko Sasaki, Keui Kijima, Mitsuharu Takeda, and Shigeo Kojima
National Institute of Hygienic Sciences, 18-1, Kamiyoga 1-chome, Setagaya-ku, Tokyo 158, Japan

A simple specific determination method was devel-
oped for ethylene oxide (EO) and ethylene chloro-
hydrin (ECH) in cosmetics and surfactants. EO is
desorbed from samples by using a nitrogen stream
and absorbed into acidic potassium iodide solu-
tion, where it is converted to ethylene iodohydrin
(EIH). Any remaining ECH in the samples is con-
verted to EO by the addition of sodium hydroxide,
and the desorption procedure is repeated with a
fresh acidic potassium iodide absorbing solution.
EIH is extracted with benzene and determined by
gas chromatography with electron capture detec-
tion. EO and ECH contents in the samples are cal-
culated from EIH results. Recoveries from water
and shampoo samples were 70.3 + 5.4 and 58.9 +
1.2%, respectively, for EO and 66.3 + 4.0 and 64.5 £
4.6%, respectively, for ECH. Detection limits in 0.2-
2.0 g samples were in the 0.005-0.03 }ig/g range for
EO and 0.01-0.07 pg/g for ECH. High levels of EO
(30-394 pg/g as ECH) were found in 5 of 18 poly-
oxyethylated surfactant samples, but only small
amounts (0.07-4.0 pg/g) of ECH were detected in
the samples. EO was not detected in cosmetic sam-
ples tested, but ECH was present in small quanti-
ties (<1.11 pg/g).

medical devices, foods, and powdered ingredients of

cosmetics. Whenever the aeration procedure fails to re-
move EO from sterilized products, significant amounts of EO
may remain in the products. EO is also used to prepare a num-
ber of chemical products. Many nonionic surfactants used in
cosmetics contain a polyoxyethylene chain that is formed by
the polymerization of EO, and EO starting material can be re-
tained in these surfactants. Ethylene chlorohydrin (ECH) is
formed by the reaction of EO with chloride ion in foodstuffs
and medical devices (1, 2). EO was shown to be toxic, muta-

Ethylene oxide (EO) has been used for the sterilization of

Received November 29, 1991, Accepted June 21, 1992,

genic, and carcinogenic in test animals (3), and ECH was
shown to be toxic and mutagenic (4,5).

EO or ECH or both were determined by gas chromatogra-
phy (GC) in rubber catheters (2); intraocular lenses (6); honey,
beeswax, and pollen (7); cocoa and chocolate (8); food prod-
ucts (9); and surfactants (10). The determination of EO in cos-
metics by GC/flame ionization detection was reported by
Helms (11). The method of Jensen (9), based on the conversion
of EO and ECH to ethylene iodohydrin (EIH) followed by GC
determination of EIH, is simple and sensitive for determining
total amounts of EO and ECH. However, individual concentra-
tions of EO and ECH cannotbe obtained by the method.

This report describes a method for specific determination of
EO and ECH in cosmetics and surfactants by GC with electron
capture detection (ECD).

METHOD

Reagents and Apparatus

All chemicals and organic solvents were analytical reagent
grade. Distilled water was used throughout.

(a) Standards.— 10 pg/mL EO in acetone (Kanto Chemi-
cal Co., Inc., Japan), EIH (Tokyo Chemical Industry Co., Ltd,
Japan), and >99.0% pure ECH (Wako Pure Chemical Indus-
tries, Ltd, Japan). ECH was found to contain 0.2% EIH by
GC/ECD. A series of standard solutions of EIH and ECH in
hexane were prepared for GC/ECD analysis. Aqueous solu-
tions of EO and ECH were used for the recovery tests. (Cau-
tion:EO isvolatile and a potential mutagen and carcinogen. EO
solution should be prepared in well-ventilated hood.)

(b) Desorption apparatus for EO.—See Figure 1. All-
glass, connected tightly with clamps. N2is fed to sample con-
tainer (A) through 4 mm id inlet tube placed 1.5 cm above sur-
face of sample solution; 4 mm id inlet tube in absorbing tube
(C) is placed 0.5 cm above bottom.

(c) Gas chromatograph.—Model GC-9AM (Shimadzu
Co., Japan) equipped with electron capture detector and glass
column, 1.5 m x 3 mm id glass column, packed with 5% PEG-
20M on Uniport HP (60-80 mesh). Operating conditions: in-
jection port, 250°C; column oven, 120°C; detector, 300°C; car-
rier gas, nitrogen; flow rate, 50 mL/min; sample injection
volume, 2-3 pL.
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Figure 1. Apparatus for EO desorption: A, 100 mL

round-bottom flask; B, magnetic stirrer; and C, 50 mL
absorbing tube (17 X 2.2 cm id).

Samples

Cosmetics were purchased from a market in Tokyo during
1990 and 1991. Surfactants were chemical reagents purchased
from Wako and Tokyo Chemical Industry Co.

Determination

(a) Method 1 (determination of total EO and ECH).—
Weigh 0.2-2 g sample into 100 mL round-bottom flask, and
add Teflon-coated stir bar 3 cm long. Weigh 5.2 g potassium
iodide into 50 mL absorbing tube, and dissolve it with 10 mL
0.02N H2504. Add 30 g glass beads (2 mm id) to absorbing
tube. Set up apparatus as shown in Figure 1. Add 10 mL 2N
NaOH to sample through gas inlet. Introduce nitrogen stream
(300 mL/min) into apparatus. Take care that no droplets splash
on sides of flask. Start magnetic stirrer. Allow nitrogen stream
to sweep sample surface for 30 min at room temperature.

Transfer absorbing solution to 100 mL separatory funnel,
wash tube and glass beads with 15 mL water, and add washing
to funnel. Add 0.1 g anhydrous Na2S 03, and shake funnel until
solution is decolored. Add 6 g anhydrous Na2S 04, and extract

3 times with 10, 5, and 5 mL benzene (Caution: benzene is a
known carcinogen). Dry extract over anhydrous Na2S04,
transfer to 25 mL volumetric flask, and adjust volume to mark
with benzene; use as test solution for GC/ECD analysis. Obtain
EIH concentration in test solution from calibration curve based
on peak height method.

(b) Method 2 (specific determination ofEO and ECH).—
Set up apparatus as for Method 1. Add 5 mL dimethyl sulfox-
ide (DMSO) or water to sample, and allow nitrogen stream to
sweep sample surface at 300 mL/min for 30 min. Replace ab-
sorbing solution with fresh solution. Add 10 mL 2N NaOH to
sample through gas inlet, and allow nitrogen to flow again for
30 min. Treat absorbing solutions as in Method 1. Use first ab-
sorbing solution for EO determination and second for ECH de-
termination.

Calculations

Calculate EO and ECH contents by using the following
equations.

EO (nglg) = Cx 25.0x44.1
9’g ffx 172.0

Cx 25.0x 80.5
ECH 19) =
(po/o) W x 172.0

where C = EIH concentration in test solution (pg/mL), W =
weight of sample (0.2-2 g), 25.0 = mL test solution, 44.1 =
molecular weight of EO, 80.5 = molecular weight of ECH, and
172.0 = molecular weightofEIH.

Results and Discussion

The desorption procedure for EO is similar to a method de-
scribed by Jensen (9). However, Jensen used sodium iodide to
convert EO to EIH and ethyl acetate to extract EIH. Conse-
quently, significant amounts of sodium iodide are used, and
iodine can be formed during the desorption procedure and sub-
sequently extracted with ethyl acetate together with EIH. Elec-

Table 1. Recoveries of EO and ECH from water and shampoo and EIH from absorbing solution

Treatment Sample Chemicals spiked3 NaOHfc Ree., %°
Method 1 Water ECH + 64.1 +2.3

Method 2 Water ECH 0
+ 66.3+ 4.0
EO 70.3+54

+ 0

Shampoo ECH - 0
+ 64.5+ 4.6
EO - 58.9 +1.2

+ 0
Extraction Absorbing solution EIH 65.1 + 0.6

a Water was fortified with ECH (1.26 pig) or EO (0.4 pig), and shampoo (No. 2 in Table 3) was fortified with ECH (10 pig) or EO (5 pig).

Absorbing solution was fortified with 0.55 pig EIH.

b (+) and (-) means the desorption with and without NaOH, respectively.

C Values are mean = SD of 3-5 determinations.
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Table 2. EO and ECH in polyoxyethylated surfactants and polyethylene glycols9

EO and ECH, pg/gb

Method 2C

Chemicals Method 1,EO +ECH EO - NaOH ECH + NaOH ECH, pg/g9
POE (10) mono-p-nonylphenyl ether® 62 66 0.07 <10
POE (15) mono-p-nonylphenyl ether 373 394 0.16 <10
POE (18) mono-p-nonylphenyl ether 15 1.4 0.61 —f
POE (20) mono-p-nonylphenyl ether 285 339 — <10
POE (10) monooleyl ether ND9 — - —
POE (20) monooleyl ether 40 30 4.0 —
POE (50) monooleyl ether 3.3 — — —
POE (10) mono-p-octylphenyl ether 1.3 1.4 — —
POE monocetyl ether 244 216 1.6 —h
POE (10) monostearate 4.1 — — _
POE (45) monostearate 7.2 — — —
POE (20) sorbitan monooleate (Tween 80) 1 ND — — —
POE (20) sorbitan monooleate (Tween 80) 2 ND — — —
POE (20) sorbitan monolaurate (Tween 20) 1 ND — — —
POE (20) sorbitan monolaurate (Tween 20) 2 ND — — —
POE (20) sorbitan trioleate (Tween 85) 0.07 — — —
POE (23) lauryl ether (Brij 35) 0.09 — — —
POE (10) oleyl ether (Brij 96) ND — — —
Polyethylene glycol) 600 4.0 — — —
Polyethylene glycol) 1000 0.27 — — —
Poly(ethylene glycol) 4000 0.23 — — -
Poly(ethylene glycol) 20000 ND — — —

a Surfactants and polyethylene glycols tested were chemical reagents. Each value is the result of single determination.

6 EO was calculated as ECH, ug/g.

¢ After EO was distilled without NaOH for EO determination, NaOH was added to the sample to convert ECH to EO, which was then distilled

again for ECH determination.

d ECH was determined by direct injection of sample solution to gas chromatograph.

e POE, polyoxyethylene.
' —, not determined.
9 ND, not detected.

h A peak appeared near the retention time of the ECH peak, but its shape was different from that expected for ECH.

tron capture detectors can be damaged by the presence of high
concentrations of iodine if the extract is injected, into the gas
chromatograph without removing the iodine. Although iodine
can be reduced to iodide by Na2S20 3treatment (9), air oxida-
tion can cause iodide to gradually reoxidize in the test solution
during storage. Therefore, we sought alternatives to sodium io-
dide and ethyl acetate. Potassium iodide reacts with EO as eas-
ily as sodium iodide and is less susceptible to air oxidation than
sodium iodide. Hexane does not extract EIH from aqueous
solutions. Although benzene extracts EIH with only a 65.1%
recovery from absorbing solution (Table 1), it has the advan-
tage of not extracting any sodium iodide or potassium iodide.
From these results, we decided to use potassium iodide instead
of sodium iodide and benzene instead of ethyl acetate. A small
amountofiodine is still formed in the absorbing solution in the
modified method, but it is easily reduced by the addition of
Na2S 03 before benzene extraction. We used Na2S03 for the
reduction of iodine. These modifications result in a lower re-
covery than Jensen (9) experienced; however, damage of the
electron capture detectors by iodine is avoided.

In the analyses of surfactant and shampoo samples, the
addition of antifoam was not effective in preventing foaming
during desorption. Therefore, we introduced the nitrogen
stream to the apparatus by merely blowing on the surface (Fig-
ure 1) rather than bubbling in the sample solution. This
modification did not affect the recovery.

In Method 1 (for the determination of total EO and ECH),
varying the time of desorption between 20 and 60 min resulted
in only small differences in the recoveries of EO and ECH from
waterand shampoo. The recovery of ECH at 30 min desorption
from water samples fortified with ECH was 64.1 £ 2.3% (n =
3, Table 1). Reproducibility of the analysis was satisfactory if
the sample was thoroughly dissolved in NaOH solution. How-
ever, if the sample would not readily dissolve in the NaOH
solution, it had to be dissolved in a small amount of acetone,
and then the NaOH solution could be added.

In Method 2 (for the specific determination of EO and
ECH), EO could be recovered by the desorption without
NaOH, whereas ECH could not. Recoveries of EO from water
and shampoo samples were 70.3+5.4% (n- 5)and58.9+1.2%
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Figure 2. Gas chromatograms of EIH standard solution
(a), sample solution from shampoo desorbed without
NaOH (b), and with NaOH (c).

(n = 3), respectively (Table 1). ECH could be quantitatively
converted to EO by the reaction with NaOH. Therefore, ECH
could be recovered by desorption after the addition of NaOH.
Recoveries of ECH from water and shampoo samples were
66.3 * 4.0% and 64.5 + 4.6%, respectively. The standard
deviations of the recoveries of spiked EO and ECH were
between 1.2 and 5.4%. The precision of the method was satis-
factory. When DM SO was used to dissolve water-insoluble
samples, a small amount of DM SO was sometimes volatilized
into absorbing solution. Although DM SO gave a broad peak
on the GC chromatogram, it did not interfere with the EIH
determination.

The gas chromatograms of EIH standard solution and sam-
ple solution prepared from shampoo (No. 2 in Table 2) by
Method 2 are shown in Figure 2. The detection limits using
0.2-2.0 g samples were in the 0.005-0.03 pg/g range for EO
and 0.01-0.07 pg/g for ECH (signal-to-noise ratio = 3).

Table 2 shows the results of EO and ECH in surfactants.
Five of 18 surfactants were found to contain considerable
amounts of EO (30-394 pg/g as ECH), but only small amounts
of ECH (0.07-4.0 pg/g) were detected in surfactant samples.
Results obtained by the 2 methods exhibited reasonable agree-

Table 3. EO and ECH in cosmetics

EO and ECH, pg/g?

Method 2b
Method 1,
Sample No. EO + ECH EO-NaOH ECH + NaOH
Baby powder 1 0.08 NDC 0.08
2 0.05 0.002 0.01
3 ND -d -
Shampoo 1 1.32 ND 111
2 0.51 ND 0.46
3 0.44 ND 0.55
4 111 ND 1.09
5 0.36 — —
6 0.12 — —
7 0.11 — —
8 0.04 — —
9 ND — —
Hair cream 1 ND — —
Hair lotion 1 0.11 — —
2 0.09 ND 0.10
3 —£ - -
Milky lotion 1 ND — —
Face pack 1 0.04 ND 0.07
Skin lotion 1-6 ND — —

3 EO was calculated as ECH, pg/g. Each value is the result of single
determination.

b After EO was distilled without NaOH for EO determination, NaOH
was added to the sample to convert ECH to EO, which was then
distilled again for ECH determination.

Cc ND, not detected.

d —, not determined.

3 EIH content could not be determined, because an interfering peak
overlapped over the EIH peak.

ment with each other. ECH was also determined by direct in-
jection of sample solution in benzene to GC/ECD under the
same GC conditions used for EIH (detection limit, 10 pg/g in
the sample). ECH was not detected in the surfactants that con-
tained high levels of EO.

Table 3 shows the results of EO and ECH in cosmetics. EO
was not found in commercially available cosmetics, but small
amounts of ECH were detected (<1.11 pg/g) in these samples.
An interfering peak for the determination of EIH was observed
in a hair lotion. Results shown in Table 3 indicate that sham-
poos consisting mainly of polyoxyethylated surfactants con-
tained more ECH than other cosmetics and suggest that the
ECH found in cosmetics might be derived from EO in the sur-
factants.

To answer the question of what happened to the EO in sur-
factants, milky lotions were prepared by the reversed emulsifi-
cation method at 75°C on a laboratory scale from poly-
oxyethylene mono-p-nonylphenyl ethers containing 66 and
394 pg/g EO (as ECH), sorbitan monostearate, cetyl alcohol,
liquid paraffin, and water. Only <4% of initial EO contents re-
mained in the products. Most of the EO seems to be lost by
evaporation during the emulsification process. In addition, EO
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Figure 3. Decrease of EO in surfactants during
storage: 2% polyoxyethylene(15) mono-p-nonylphenyl
ether (a) and polyoxyethylene monocetyl ether (b) were
dissolved in water and stored in the dark at room
temperature.

in the surfactants dissolved in distilled water gradually de-
creased during storage at room temperature in the dark

(Figure 3). These results confirmed the observations that sur-
factants contained EO but cosmetics did not.

The proposed method is useful for the rapid specific deter-
mination of EO and ECH in cosmetics and surfactants.
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DAIRY PRODUCTS

Automated Technique for Sampling Milk
from Farm Bulk Tanks: Collaborative Study
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Arlington, TX; G.T. Robinson, Federal Milk Market Administration, Carrollton, TX

An automated, in-line, mechanical technique for
sampling milk from farm bulk tanks was evaluated
in a collaborative study. The automated sampling
device, which is mounted on the milk intake line,
contains an electronically controlled peristaltic
pump. The device takes a representative sample of
the entire volume pumped through the system.
Samples taken can be analyzed for both composi-
tion and microbiological quality. The study was per-
formed in 3 phases. In the first 2 phases, samples
taken by manual and automated methods were
compared in analyses for somatic cell count, antibi-
otics, fat, protein, lactose, and solids-not-fat. The
third phase, using a modified procedure, was de-
signed to compare sampling methods in analyses
for total bacteria count (standard plate count), psy-
chrotrophic bacteria count, and coliform count.
Evaluation of the data by a nested ANOVA indi-
cated no difference between results for samples
taken by the automated and manual methods (P =
0.05) in Phases 1 and 2, irrespective of whether the
bulk milk was agitated before sampling. By intro-
ducing a sanitizing step between farms in Phase 3,
the automated method also provided samples com-
parable with those taken manually for micro-

bial analyses. The automated method has been
adopted first action by AOAC International.

Submitted for publication November 18, 1991.

The recommendation was approved by the General Referee and the
Committee on Foods | and was adopted by the Official Methods Board of
AOAC. See “Changes in Official Methods of Analysis” (1993) J. AOAC
Int. 76, 251-255.

ilk in bulk tanks is usually sampled manually by the
M milk hauler after agitation ofthe milk foraprescribed

length of time. The time required to blend the milk
before sampling varies by size of bulk tank and/or manu-
facturer’s recommendations, usually ranging between 5 and
10 min (1). Even at the longer interval, some questions exist as
to whether milk supplies in some bulk tanks, particularly those
of very large capacity, are indeed properly blended for sam-
pling purposes (2, 3). Certainly, sufficient basis exists for
exploring mechanical methods of sampling milk from a bulk
tank.

Preliminary studies (2, 3) indicated the potential viability of
an automated milk-sampling device. The present collaborative
study was done (7) to evaluate the automated sampling method
under relatively diverse weather and operating conditions and
under recommended bulk milk-blending procedures (agitation
times) and (2) to evaluate automated sampling without prior
blending ofthe milk supply. The latter study was undertaken to
determine if satisfactory samples could be obtained without
prior agitation, thus providing for more efficientpickup of milk
at the dairy farm.

The automated method was presumed to be capable of sam-
pling milk for both composition/chemical and microbiological
analyses. However, the study demonstrated the necessity of a
between-farm sanitizing step when the automated device is
used to sample milk for microbial analyses.

Collaborative Study

Three bulk milk pickup bucks were fitted with Foss type
20500 Autosampler (AS) devices (A/S Foss Electric, Hillerod,
Denmark, manufacturer; Foss Food Technology Corp., Eden
Prairie, MN 55344, U.S. agent). The unit is a proportionate
sampling device that composites small aliquots of all milk
withdrawn from the tank by taking and adding aliquots
throughout the time milk is being pumped from the bulk tank
to the tank truck. Two trucks were provided with one AS unit
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each; the third truck was fitted with 2 AS units, to enable a
direct comparison of 2 different samplers taking samples from
the same bulk milk supplies.

One tank truck operated out ofa Land O’Lakes, Inc., dairy
plant in Browerville, MN; the second out of a Land O ’Lakes,
Inc., dairy plantin VVolga, SD; and the third from the Associated
Milk Producers, Inc., dairy plantin Arlington, TX. The differ-
ent locations were purposely selected to provide a reasonably
wide range of ambient temperatures and other operating con-
ditions. In particular, we thoughtit desirable to evaluate the AS
unit in situations where milk supplies were large and, hence,
long sampling times were required.

Milk haulers were given an opportunity to become familiar
with operation of the unit before the study started. All milk
haulers were licensed by their respective states for bulk milk
sampling and pickup. However, to standardize pickup proce-
dures, all haulers were required to follow manual sampling re-
quirements prescribed by Wisconsin Administrative Code, AG
107.03 (4). This code requires that bulk milk be agitated for at
least 5 min before taking a sample from tanks of 1500 gal. ca-
pacity or less. Milk in tanks of over 1500 gal. capacity must be
agitated for at least 10 min before sampling. Other agitation
times must be adhered to as prescribed by 3-A Standards (1).

In this study, no bulk tanks under 500 gal. capacity were
sampled. The minimum sample volume was 70 mL. All sam-
ples were taken in rigid plastic vials with hinged, over-the-lip
closures. All samples were maintained at 0-4.4°C, transported
to certified laboratories within 30 h from time of collection,
and handled, in general, as prescribed by Wisconsin Adminis-
trative Code, AG 107.03, Subsection (3)(ref. 4).

For Phases 1 and 2 of the study, each milk hauler sampled
milk from bulk tanks of 4 different producers on 3 separate
days. Three samples were taken manually from each tank, one
directly below the port in the location officially approved for this
purpose, the second to the left ofthe port and deeper than the first
sample, and the third to the right of the port and deeper than the
second sample. A fourth sample was then obtained using the au-
tomated sampler. On the track fitted with 2 AS units, 2 samples
were taken simultaneously, one from each AS unit.

In Phase 1, all AS samples were taken following the re-
quired agitation time, i.e,, as normally prescribed for sampling
milk from a bulk tank. In Phase 2, field representatives (li-
censed milk samplers) were asked to precede the tank truck to
the dairy farm and to take a manual sample from each bulk tank
after proper (prescribed) agitation of the milk. Not less than
90 min later, an AS sample was taken, this one by the hauler, but
without prior agitation of the milk. Two AS samples were again
obtained from the track on which 2 AS units were installed.

Initially, the AS samples were taken without any between-
farm sanitization of the device. This procedure ultimately
proved unsuccessful for samples subjected to standard plate
count (SPC), psychrotrophic bacteria count (PBC), and coli-
form count (CC) enumeration. In particular, contamination of
AS samples occurred fairly frequently and somewhat more ex-
tensively on milk picked up atthe first stop ofthe day. Contam-
ination of the unit was considered to be the cause, with multi-
plication of bacteria resulting in greater contamination of loads

the longer the interval between use. Further evaluation sug-
gested that the unit was simply not being cleaned and sanitized
properly. For this reason, a second trial was implemented and
became Phase 3 of the study. In this trial, procedures were var-
ied on alternate pickups. On 2 consecutive days of the week,
the unit was used without sanitization between farm pickups of
milk. At the next 2 pickup days of the same week, the entrance
port to the unit was sanitized using a pipe cleaner dipped in
chlorine sanitizer (200-300 ppm hypochlorite). For this pur-
pose, we used a hypochlorite solution and not a sanitizers with
the potential to maintain microbial killing power in the pres-
ence of organic solids. In this manner, the device was sanitized
before each pickup (between each farm). We thought that this
approach would both test the capability ofthe unit for sampling
milk for microbial analyses and, if successful, also pinpointthe
specific source(s) of contamination that had been encountered
in earlier work.

Because Phase 3was undertaken later in the fall, it was done
only in Texas, where it was still reasonably warm. However, to
provide and maintain additional and consistent heat during
overnight storage of the unit, an electric light bulb was placed
inside the cabinet of the tank track where the unit was housed.

In Phases 1and 2, all samples were picked up on a Monday
and Wednesday or Tuesday and Thursday of each week over 3
weeks during July and August 1990. Phase 3 was undertaken in
late October, early November 1990 and involved 2 samplings of
each farm milk supply each week over a 4-week period.

In Phase 1, a total of 156 milk samples was obtained: 3 milk
haulers x 4 farms x 4 samples/farm x 3 sampling days = 144 +
12 additional AS samples from the track carrying 2 AS units =
156. In Phase 2, a total of 84 samples was obtained: 3 milk
haulers x 4 farms x 2 samples/farm x 3 sampling days =12 +
12 additional AS samples from the track carrying 2 AS units =
84. In Phase 3, a total of 96 samples was obtained: 1 milk
hauler x 3 farms x 2 samples/farm x 4 sampling days/ week x
4 weeks -96.

Each milk hauler was provided with a master reporting
form. On this form, randomized sample-identification numbers
were recorded along with farm identification, bulk milk tem-
perature, ambient temperature, length of agitation of the bulk
milk before sampling, temperature in the rear cabinet of the
track at the location where the AS sample was being taken,
distance to the farm from the dairy plant or from the previous
farm, and time required to reach the farm from either the dairy
plant or the previous pickup.

To evaluate as critically as possible any possible carryover
effect of one sample to the next, we tried to select dairy farms
with milk supplies that ranged widely in composition and mi-
crobiological quality. The pickup routes were then planned
such that supplies of widely varying composition and/or qual-
ity were picked up consecutively.

Operation of Automated Sampler

The automated milk sampler is mounted on intake fines of
tank tracks, preferably on the suction side of the milk pump. It
operates on either 12 or 24 V DC supply. The sampler contains
an electronically controlled peristaltic pump. By presetting the
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desired sample volume, volume of liquid (set at individual
farms), and pump speed, the sampler operates throughout the
pumping cycle, giving a representative sample of the entire
volume being pumped through the system.

During operation ofthe sampler, milk passes through a short
length of silicon tubing. This tubing can be used for 1 day of
milk pickup (i.e., several consecutive bulk tank samplings) or
can be replaced at each farm before sampling. Initially, how-
ever, the silicon tubes are sterile. They are in fact available in
quantity in sterile condition in aseptically packaged containers
so that it is possible to replace the “used” tube with a fresh,
sterile tube after each pickup. In our study, the AS sampling
was done in this manner. In addition, just before sampling,a 2 s
delay was invoked during which a small amount of milk passed
through the AS unit without being collected. The unit was also
preset to perform a 5 s air purge at the completion of the sam-
pling cycle to clear remaining milk from the unit.

In Phases 1and 2, milk samples were analyzed in duplicate
for milk fat, protein, lactose, and solids-not-fat (SNF) by the
infrared spectroscopic method, 972.16 (5). Somatic cell counts
were determined by the automated fluorescent dye procedure
described in Standard Methodsfor the Examination of Dairy
Products (6). Analyses for beta-lactam residues were con-
ducted by the Bacillus stearothermophilus qualitative disk
method H, 982.17, and freezing point of milk, as a measure of
water adulteration, was determined by the thermistor
cryoscope method, 961.07.

As mentioned, data from Phases 1and 2 indicated unsatis-
factory results for total aerobic bacteria count, psychrotrophic
bacteria count, and coliform bacteria count. Therefore, results
are not reported. However, a separate study was implemented
as Phase 3, in which manually taken samples and AS samples
were analyzed singly, and for total aerobic bacteria, psy-
chrotrophic bacteria, and coliform bacteria counts only. Total
aerobic bacteria count was determined by the standard plate
count described in Standard Methodsfor the Examination of
Dairy Products (6). Methods from the same reference (6) were
used to determine the 10-day psychrotrophic bacteria count
and the violet red bile presumptive test for coliforms.

All analyses were performed by certified laboratories. Sam-
ples from the Upper Midwest were analyzed by Dairy Quality
Control Institute, Inc., St. Paul, MN, and those from Texas were
analyzed by Associated Milk Producers, Inc., Arlington, TX.

After analysis of samples, all data were sent directly to the
Associate Referee. Randomized sample numbers were de-
coded, and data were evaluated statistically.

970.26 Sampling of Milk from Bulk Tanks and Other
Storage Equipment— Alternative ll-Automated
Method

First Action 1992

(Applicable to automated sampling of milk from bulk stor-
age tanks)

Method performance:

A nested ANOVA indicated no difference (at P = 0.05) be-
tween milk samples obtained by automated device and man-
ually collected when analyzed for composition (fat, protein,

lactose, SNF, and total solids), for microbiological quality
(total aerobic count, psychrotrophic count, and coliform
count), and for somatic cell count, drug residues, and
added water.

A. Principle

Automated sampling device, mounted on milk intake line
and containing electronically controlled peristaltic pump, takes
representative sample of entire volume pumped through sys-
tem.

B. Apparatus and Reagent

(a) Automated sampling device.—Consists of electroni-
cally controlled peristaltic pump, roller wheel, inlet orifice,
sample-container holder, sterile silicon tubes, and tool for in-
stalling tubes (Foss 20500 AutoSampler, Foss Electric, or
equivalent). Install on milk intake line of milk track or other
tank, preferably on suction side of pump.

(b) Hypochlorite solution.—200-300 ppm hypochlorite in
H20.

(c) Sample container.—Aseptic plastic vial with snap-on
cap, 50-100 mL; or whirl-pak plastic sample bag; or other
aseptic sample container that sample-container holder will ad-
just to fit.

C. Sampling Procedure

(a) Installation or replacement of sterile silicon tube.—
Open upper cover of device. Sanitize installation tool with
200-300 ppm hypochlorite solution by immersion for >15 s.
Using sanitized tool, remove new tube from sterile packaging.
Place tube on sample intake port of device and press in place.
Still using sanitized tool, pull tube down over roller wheel and
force outlet end into clip holder.

(b) Operation of sampling device.—Insert sample con-
tainer into holder and slide holder upward to lock in place. Set
device scale to estimated volume of milk to be pumped. Turn
on device and then turn on pump. When pumping is finished,
turn off device, remove sample container, and properly store
for analysis. (Note: Just prior to taking samples for microbio-
logical analysis, sanitize inletorifice of device by working pipe
cleaner dipped in hypochlorite solution back and forth several
times within inlet orifice. Change to fresh tube between pro-
ducers.)

Ref.: JAOAC 76, March/April issue (1993)

Results and Discussion

The raw data for Phases 1, 2, and 3 are on file at AOAC
Technical Services as Appendices A, B, and C, respectively.
Aside from the general agreement between results for AS and
manually taken samples, which may be observed without ben-
efit of statistical analysis, it should be noted that the milk sup-
ply from farm 292 sampled on July 30 was found positive for
beta-lactam residues. All samples were found positive irrespec-
tive of sampling method; however, no sample was found posi-
tive in the milk supply sampled at the very next farm (No. 266).
This fact is mentioned solely to suggest that no carryover oc-
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Table 1. Summary of averages and ranges of raw data for Phases 1,2, and 3
Phase 1

Condition/factor Range Av.
Temp, of milk in bulk tank, 'C 2.0-6.7 4.0
Ambienttemp., ‘Ca 14.4-33.3 22.6
Temp, inside truck cabinet

where unit was housed, 'C 14.4-27.2 20.4
Overnight temp, in cabinet

where unit was housed, "C NDb ND
Distance between farms, km 1.6-103 23.5
Travel time between farms, min 3-180 36.6
Somatic cell count/mL, (x 1000) 65-1100
Cryoscope reading, ‘C -0.537 to -0.497
Fat, % w/w 3.04-4.35
Protein, % w/w 2.86-3.49
Lactose, % w/w 4.36-5.01
Solids-not-fat, % w/w 8.02-9.00

Standard plate count, cfu/mLc
Coliform count, cfu/mL

Psychrotrophic bacteria
count, cfu/mL

a Atemperature reading was taken at each farm at time of milk pickup.
6 ND, Not determined.

¢ cfu, colony-forming units.

curred between the 2 milk supplies, at least within the limits of
detectability of the test for beta-lactam residues.

Raw data from Phase 3 show general agreement between
sampling methods in analyses for total aerobic bacteria, psy-
chrotrophic bacteria, and coliform bacteria counts.

Table 1summarizes the weather, other operational consid-
erations, and the ranges in test values for the analytical mea-
surements undertaken in this study. Ambient temperature
ranged from 2 to 36°C (36 to 97°F). Temperature inside the
cabinet where the AS unit was housed varied from 4 to
28.3°C (39 to 83°F). The distance between farms (milk pick-
ups) ranged from 1.6 to 103 km; travel between farms re-
quired from 3 to 190 min. In addition, the Appendixes show
that some milk supplies were agitated for as long as 15 min
before manual samples were taken. Hence, the conditions
under which milk sampling and pickup were made var-
ied considerably.

Similarly, analytical data (Table 1) show wide variations.
Somatic cell counts ranged from 60 000 to 1 100 000/mL;
ciyoscope readings from -0.497 t0-0.539°C; and bacteria, co-
liform and psychrotrophic counts to as high as 250 000,1500,
and 11 000/mL, respectively. Percent fat ranged from 3.04 to
4.40, with equivalent variations in protein, lactose, and SNF.
Again, such values reflect significant farm-to-farm variations
with attendant demands on representative sampling of milk in
bulk tanks.

Statistical analysis of data from the 3 phases of this study
focused on 2 areas: (7) estimating components of variation and
(2) testing for differences between results from the AS and
manual (standard) methods.

The results reported in Phases 1 and 2 for determinations of
somatic cells; antibiotics; freezing point; and percentages of fat,

Phase 2 Phase 3
Range Av. Range Av.
1.7-9.0 4.0 1.0-4.0 3.7
14.4-36.1 23.3 2.2-24.4 12.9
12.2-28.3 32.2 4.0-23.9 13.7
ND ND 17.8-35.5 31.3
1.6-72.4 18.4 1.6-75.6 34.9
5-180 40.3 10-190 71.2
60-910
-0.539 t0-0.504
3.14-4.40
2.88-3.43
4.56-4.96
8.00-8.91
400-250000
0-1500
<10-11000

protein, lactose, and SNF were obtained by analyzing each of
2 aliquots taken from each of the coded samples. The statistical
analysis encompassed these data, except for the presence of
antibiotics (beta-lactam residues), which is obvious (either de-
tected or not detected) and, therefore, not an appropriate vari-
able for the analysis of variance used in this evaluation.

Estimation of Components of Variation

In Phases 1and 2, one tank track was equipped with dual
AS units able to withdraw independent samples from the same
bulk milk supply. This experimental format was designed to
allow estimation of the pure AS sampling error encountered
when sampling milk from a single farm supply. In this analysis,
there were 2 (phases) X 3 (days) X 4 farm pickups/day = 24 in-
dividual bulk tank unloadings with 2 (AS duplicates) X 2 (lab-
oratory duplicates) = 4 determinations/bulk tank milk supply.
The components of variance for differences among bulk tanks
(of), differences among AS samples from the same bulk tank
(of), and differences among laboratory determinations on the
same sample vial of milk (of) were estimated using the nested
analysis of variance in Table 2.

It should be noted that the laboratory “duplicates” are not
blind in the sense needed to test laboratory reliability, because
aliquots were taken from a single vial and then ran side by side.
Hence, the laboratory component of variance in this analysis
may be regarded as being conservatively small to very small.
By performing appropriate algebra on the mean squares in the
ANOVA table, estimates ofof, and of can be isolated. The
square roots of these estimated variances are shown in Table 3
as standard deviations of the sampling error distributions. The
AS standard deviation should be compared with the laboratory
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Table 2.

Source of variation Degrees of freedom

Tank pickups 23
AS samples on same tank pickup 24
Lab. detns on same sample 48

standard deviation and the tank standard deviation. One would
expect the standard deviation ofthe tank distribution to be very
much larger, and this is indeed the case for the response vari-
ables shown.

No data are given for SNF specifically. Because protein and
lactose are the major components of SNF and because both of
these components show standard deviations considerably
lower than the tank values, it is assumed that AS samples are
equally valid for SNF analysis.

Datain Table 3 provide preliminary indications thatthe AS unit
can sample with minimal variance for the components indicated.
However, the main intent of this study was to compare results
obtained by automated and traditional (manual) methods.

Statistical Tests for Differences between Sampling
Methods

Phases 1and 2.— The statistical approach used in this study
was a “repeated measure” (or split plot) design, with experi-
mental units (whole plots) being bulk tanks arranged in 9
blocks of size 4 tanks each. On each of 3 days, each of 3 milk
haulers picked up milk from 4 bulk tanks. The whole plot treat-
ment factor was the order of sequence of picking up milk from
the first to the fourth farm during any 1day. We were interested
in testing for a “sequence” effect, and the appropriate error term
in mean square values shown in Table 4 is “tank variation.”

The repeated measures (sample location) on each tank were
the primary issue in this study, which was designed to have a
great deal of power to detect small differences. The main effect
for sample location contains the comparison of the AS sample
with the 3 in-the-tank samples. In Table 4, the correct mean
square for testing for sample location differences is labeled
“sampling error.” The laboratory error term is included to com-
plete the data in the table but was not used to test any effects.
The laboratory error term shows the mean square for split de-
terminations from the same vial of milk and, as mentioned
above, is likely as small as it possibly could be and may in fact
overstate laboratory reliability.

From data in Table 4, the only effect showing any signifi-
cance is for electronic somatic cell counting, with an interac-
tion of pickups by sample location at the 5% level of confi-

Table 3.
for Phases 1 and 2

Source of variation Cryoscope ESCCa
Tanks, 0] 0.123 212
AS samples from same tank, oF 0.001 19
Lab. analyses on same vial, aL 0.002 18

Electronic somatic cell count.

Analysis of variance for duplicate sample of one truck

Mean squares Expectation of the mean squares

MS (T) al2+ 2aFz+ 44t2
MS (F) al2+2aR2
MS (L) °12

dence. The AS sample results are very much in line with those
for the tank samples, and this “significant” F-ratio could easily
be an artifact of calculating many F-ratios. Over all other pa-
rameters, the automated method showed no differences from
the traditional (manual) method.

Table 5 shows the mean squares obtained on analyses of
samples from Phase 2. In this phase, the question is whether the
AS unitcan take representative samples from a bulk tank with-
out prior agitation ofthe milk. The data indicate no differences
from those obtained manually after normal agitation proce-
dures (P < 0.01). The AS samples in this case were taken not
less than 90 min after the manually obtained samples and, as
indicated, without prior agitation.

Phase 3—1In Phase 3, only SPC, PBC and CC assays were
performed. Data consider the differences in results of these
tests on samples taken manually compared with results for
those taken by the automated method. On some days, the inlet
orifice to the AS unit was sanitized between farm pickups; on
other days, no sanitizing step was used.

Scatter plots showing the relationship between the data
pairs for AS and manual samples are shown in Figure 1. Sepa-
rate plots are shown for samples taken from the AS unit when
it was sanitized and when it was not sanitized between farm
milk pickups. In all 3 plots of data from the nonsanitized AS
sampling, evidence of contamination may be seen. It is note-
worthy that contamination was not limited to the first pickup of
the day, i.e., after overnight storage of the sampling device
when the ambient temperature was high. These latter events
may be seen as data points far to the lower right ofthe plots of
23 pairings. (A laboratory accident eliminated one AS/tank
pair; hence, there are only 23 data points.)

The 3 plots of data from tank samples compared with those
for AS sampling when the entrance port to the AS unit was
sanitized between farms exhibit excellent agreement for SPC,
PBC, and CC. In Figure IF, the one point isolated in the lower
right was the result of a procedural error, which is de-
scribed below.

The raw data generated by this study were transformed as
follows to normalize the error distributions associated with
sampling and laboratory variation:

Standard deviations of sampling error distributions among bulk tanks, AS samples, and laboratory analyses

Protein Fat Lactose
0.150 0.361 0.101
0.004 0.033 0.011
0.010 0.014 0.005
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Table 4. Mean squares obtained on data from Phase 1
Mean square

Source of variation dfa Cryoscope (x 106) ESCCb(x 104) Fat (x 104) Protein (x 104)  Lactose (x 105)
Days of pickup 8 75.0 1134.0 8019.0 1544.0 11330.0
Daily sequence of pickups 3 1420.0 2645.0 6769.0 1858.0 13370.0
Tank variation 24 560.0 3198.0 3399.0 1424.0 10720.0
Sample location 3 7.0 3.7 4.4 0.04 16.7
Pickups x location 9 5.4 16.1° 3.9 21 23.4
Sampling error 96 4.2 7.1 4.9 2.3 30.2
Lab. error 141 1.8 6.1 18 0.7 8.2

a Degrees of freedom.
b Electronic somatic cell count.
¢ Statistically significant at 5% level.

SPC transformed to log (SPC + 1000) = Is

PBC transformed to log (PBC + 100) = Ip

CC transformed to log (CC + 10) = Ic

Tests for statistical significance of differences between re-
sults for samples from the sanitized AS unit and those taken
manually were undertaken. In this analysis, dtis defined as the
paired difference between the transformed AS unit (IAS) and the
transformed manual tank sample results (1ank)m

d,= (Jas ~ “tank)i

where i indexes the pickups. These data are shown in Table 6.

In a statistical sense, data in Table 6 indicate that samples
taken by the AS unit yield slightly higher PBC counts. This
difference does not appear to be of biological significance.
Moreover, this finding is only possible if laboratory results are
very precise, which they appear to be.

Use ofdata from the first and second pickups of the day make
possible, at least, an evaluation of the question of carryover
effect, i.e., the transfer of microbial contaminants from one
sample to the next via contamination of the AS unit. Only data
obtained when the unit was sanitized are useful in this regard.

In addition, only data from 7, not 8, days can serve this eval-
uation because of obvious contamination of the AS sample on
one day of pickup (Table 6). Although instructed to sanitize the
entrance port to the unit before each pickup on days when the
sanitization treatment was rendered, the milk hauler, at the first
stop on October 31, had no chlorine sanitizer. The unit was

simply rinsed with water before the milk sample was taken. As
aresult, microbial contamination occurred. By the second stop
of the day, sanitizer was available, and the unit was appropri-
ately sanitized throughout this and remaining pickups.

Data in Table 7 provide the basis for establishing a model
for testing the carryover effect (shown in Table 8). In this
model, IM, IA2, ITI, and In represent the transformed data for
the AS and manually obtained samples of the first and second
pickups of a day on which the entrance port to the unit was
sanitized between farm pickups. Then, the best estimate of the
first pickup value would be (IM + /n)/2 = Ixthe average of the
first pickup samples. If a carryover effect occurred, then one
would expect IA2to be contaminated by a contribution from/,.
This consideration can be modeled as a proportion, k,o fThe
difference between the second farm AS sample and the second
farm “manual” tank sample will be inflated by kixif carryover
is occurring. By defining Diff2 = 1A2 - In , the following statis-
tical effects are expected:

expected value of (IM + b\yz - h
expected value of (IA2- In)/2 = klx

A plotof Diff2 vs | should show an increasing relation with
slope k. For a carryover effect to make sense, the estimated
slope in the regression of the observed differences vs the ob-
served first stop readings should be positive. These data are
shown in Table 8. The rank correlation and estimated k, respec-
tively, were -0.35 and -0.05 for SPC, -0.78 and -0.15 for
PBC, and -0.17 and -0.02 for CC.

Table 5. Mean squares obtained on data from Phase 2
Mean square

Source of variation dfa Cryoscope (x 106) ESCC6(x 104) Fat (x 104) Protein (x 104)  Lactose (x 105)
Days of pickup 8 65.0 2158.0 1651.0 98C.0 4242.0
Daily sequence of pickups 3 314.0 2082.0 2581.0 1205.0 3194.0
Tank variation 24 283.0 1067.0 1359.0 503.0 4056.0
Sample location 1 0.4 1.4 107.0 92.0 1604.0
Pickups x location 3 81 7.0 38.0 136.0 440.0
Sampling error 32 7.6 7.3 60.0 174.0 569.0
Lab. error 72 4.8 2.3 1.4 152.0 7.7

a Degrees of freedom.
b Electronic somatic cell count.
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The negative sign on the k estimates is not consistent with a
carryover effect. The data show no indication of carryover of
microbial contaminants from one AS sample to the next.

Again, it is noteworthy to mention that the sampling condi-
tions were conducive to microbial growth if contamination oc-
curred. Results of microbial analyses made on AS samples col-
lected during Phases 1and 2 indicated that contamination was
generally more frequent and more extensive at the first pickup
of the day. To evaluate this specific concern, the temperature
inside the truck cabinet that housed the AS unit was kept very
high throughout the night (Table 1). Atmospheric temperatures
during this phase of the study were not high but were certainly
in a range in which bacterial contaminants would readily grow
and multiply. Finally, distances and times between pickups
were, in some instances, very long, with ample time for growth
of contaminating organisms. Hence, the AS unit appears to
have served the sampling purpose for both chemical and com-
ponent analyses as well as microbial analyses.

Recommendation

We recommend that use of an automated device for sam-
pling milk from bulk storage tanks for microbial, chemical,
and/or component analyses be adopted first action.
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DRUGS

Analysis of Testosterone Esters by Tandem Mass Spectrometry
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The electron ionization (El) and chemical ionization
(Ci) mass spectra of 12 representative testosterone
esters were examined to explore the various analyt-
ical options available for identification and confir-
mation of the esters. Using El, a number of frag-
ment ions indicated the identification of the
testosterone moiety, but structural confirmation of
the individual esters often required the observance
of the molecular ion at very low relative abundance
ratios. The acceptable analytical method involved
Cl/tandem mass spectrometry based on the pro-
duction of the 2 generic product ions derived from
the protonated molecule ion.

nabolic steroids are defined as synthetic derivatives of
A the male hormone, testosterone, which are used clini-
cally to promote growth and to repair body tissue dam-
aged by senility, debilitating illness, or convalescence.
Unfortunately, anabolic steroids are abused for nonthera-
peutic purposes. The primary source of the anabolic steroids
abused by body-builders and others seeking muscle bulk, such
as football players, is the black market. The demand by athletes
foranabolic steroids has created a lucrative marketplace, which
has resulted in a large number of preparations that are offered
for illegal distribution and sale.

Q)
HO

m/z 97 m/z 109
+ oQi
m/z 124 :cm

m'z 147

lon structures.
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With this dramatic increase of counterfeit preparations of
domestic and imported anabolic steroids, the need to devise a
concerted analytical protocol involving structural identifica-
tion and confirmation has become a high regulatory priority.
The constituents of these preparations vary from complex mix-
tures of various testosterone esters to vegetable oils (i.e. place-
bos). In the majority of cases, the declared contents on the
counterfeit label have no bearing on the actual chemical con-
tents manufactured under clandestine conditions. To bring
legal action against such preparations, the exact contents must
be identified before regulatory action can be initiated.

The lack of analytical standards for many of the unusual
testosterone esters used in these counterfeit preparations pre-
cluded the use of gas chromatography (GC) or liquid chroma-
tography (1, 2) as a primary method of analysis. Reliance on
GC/mass spectrometry (MS) became the method of choice (3,
4). Previously, analysis of ail-injectable preparations and tab-
lets (5) uses MS/MS as a confirmatory technique to provide the
required number of structurally related ions for confirma-
tion (6).

OH OH
CH;

OCOR

Structures. |Ill, R + CH3; IV, R = CH2CH3;V, R =
CH(CH3)2; VI, R = CH2(CH2)2CH3; VII, R = CH2(CH2)3CH3;
VIl, R = CH2(CH2)ACH3; IX, R = Ph; X, R = CH2CH2(CH2)5;
Xl, R = CH2(CH2)tCH3; XII, R = CH2CH2Ph.
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The presence of ions at [M + 29]+and [M + 41]+ in the
methane chemical ionization (CI) spectrum of a testosterone
ester (5) cannot be considered sufficient for confirmatory pur-
poses. Those adduct ions can only support the designation of
the molecular weight of the compound under investigation and
do not address structural confirmation. In the examination of
counterfeit preparations of various testosterone esters, an ana-
lytical approach was required to screen for all possible com-
pounds and, concurrently, to provide the necessary structure
confirmation for legal action.

This paper reports the application of GC/MS/MS in the de-
velopment of a rapid analytical protocol. Reaction monitoring
is used for 2 generic product ions. The ions can be used to
screen for testosterone (1), methyl testosterone (11), and various
testosterone esters (IH-XI11) in all forms of counterfeit prepa-
rations (tablets, injectables, etc.) as well as bona-fide domestic
preparations of anabolic steroids.

Experimental

Reference standards of the various steroids were obtained
from Research Plus, Bayonne, N.J. (I, I11-V I, 1 X, X, and XIII)
and K & K Laboratories, Plainview, NY (I1). Testosterone cap-
roate (VIII), testosterone decanoate (XI), and testosterone
phenylpropionate (XII) were synthesized by modifications of
the procedure originally developed by Junkmann et al. (7)

Testosterone (500 mg) was dissolved in a minimum amount
of methylene chloride (ca 0.5 mL). The esterifying agent was
then added (caproic anhydride [0.5 mL], decanoyl chloride
[430 pL], or phenylpropionyl chloride [310 pL]). The solution
was allowed to stand 30 min (for the acid chloride) or heated
on a steam bath 2 h (for anhydride addition).

The solution was diluted with 5 mL water to stop the ester-
ification process, and 50 mL 5% NaOH was added. A reaction
mixture (50 mL) was then extracted with 100 mL hexane, and
the oiganic layer was washed 5 times with 25 mL 5% NaOH,
then five times with 25 mL 5% H2S04, and finally 5 times with
25 mL water. The extract was then taken to near-dryness.

The extract was cleaned up on an acetonitrile-celite column
(10 g Celite 545 with 10 mL acetonitrile). The column was ini-
tially washed with hexane (50 mL) before the transfer of the
reaction extract dissolved in 10 mL hexane. The column was
then washed with six 5 mL portions of hexane.

Each eluate was examined by GC for the presence and pu-
rity of the appropriate testosterone ester. Testosterone is re-
tained on the column. Eluates were combined to provide a pure
reference standard that was taken to dryness.

Mass spectra were recorded on a Finnigan Model 45A triple
stage quadrupole mass spectrometer equipped with an Incos
data system.

Operating conditions for the various steroids were as fol-
lows: 10 m DB-5 megabore column programmed from 250 to
290°C at 15°C/min with a flow rate of 4 mL/min He; electron
energies, 70 eV (electron ionization [EI]) and 100 eV (Cl);
quadrupole entrance, -5 V; collision energy, -10 V (CAD);
source pressure for methane Cl, 400 mT; electron multiplier,
1100 V (El) and 1500 V (CI/CAD); source, 170°C; injection
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Figure 1. Reference standard mixture of testosterone

esters under capillary GC/MSJ/EI: 1, testosterone (l);

2, methyl testosterone (ll); 3, testosterone acetate (lll);
4, testosterone propionate (IV); 5, testosterone
isobutyrate (V); 6, testosterone valerate (VI);

7, testosterone caproate (Vll); 8, testosterone enanthate
(VI); 9, testosterone benzoate (1X); 10, testosterone
cypionate (X); 11, testosterone decanoate (XlI);

12, testosterone phenylpropionate (XIl); and

13, testosterone undecanoate.

port, 260°C; separator oven, 260°C; MS scan rates, 45-500 dal-
tonsin 2s.

Results and Discussion

Gas Chromatography

Separation of the various esters of testosterone was accom-
plished by using a 10 m DB-5 capillary column operated under
a temperature program (Figure 1). These recording conditions
were chosen to optimize the separation of a homologous series
of testostercne esters that increased in molecular weight by
14 amu. Such an approach would then allow examination of
various anabolic steroid products to give an indication of the
potential molecular weight composition via retention time.
Under the conditions selected, no thermal degradation of these
steroids was noticed. Previously, LC was assumed to be the
only analysis suitable for such steroids, because they suffered
from thermal instability and were sufficiently polar to render
GC difficult. From the present work, such conclusions appear
to be conservative.

If thermal lability were operative, a concentration depen-
dence of representative spectra throughout the elution profile
would have been observed similar to that previously detected
with dexamethazone (8). No such variance of the protonated
molecule ion in the spectra taken throughout the elution profile
was detected. This preliminary screening protocol permitted a
survey of the various constituents of the counterfeit products
before MS confirmation.
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Figure 2.
D, testosterone propionate (IV).
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(VI); and D, testosterone enanthate (VIII).

El mass spectra: A, testosterone isobutyrate (V); B, testosterone valerate (VI); C, testosterone caproate
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(XI); and D, testosterone phenylpropionate (XII).

n-+

OCOR
-42
—_—
o]
M +

-43

4

[M - 85]

Scheme 1.

-HOCOR

T o4

o

M - 42]
j{-HOCOR
=

m/z 228

1-43

X

m/z 185

for generic fragmentions detected in testosterone

esters under El.

Fragmentation pathway and ion structures

El mass spectra: A, testosterone benzoate (I1X); B, testosterone cyplonate (X); C, testosterone decanoate

Electron lonization

The EI spectra of testosterone (1), methyl testosterone (l1),
and the various testosterone esters (I11-X11) are shown in Fig-
ures 2-4. A number of general observations can be made. The
relative abundance of the molecular ion progressively de-
creases as the molecular weight of the steroid increases. The
overall fragmentation pattern for all compounds examined ex-
hibited a high degree of similarity below m/z 245. Two promi-
nent fragment ions seemed to be generic to all the compounds
examined, namely m/z 124 and 147. From the original study of
androst-4-en-3-ones by Shapiro and Djerassi (9), the base peak
in the EI spectra at m/z 124 was confirmed to result from the
fission ofthe 6-7 and 9-10 allylic bonds with double hydrogen
transfer to the charged fragment ion. The appearance, however,
of a second prominent fragment ion at m/z 147 was not ob-
served in this previous study of various androstenones, perhaps
because of different source conditions. However, in the original
reporton the El spectrum of testosterone by Spitelleretal. (10),
the structure of the ion at m/z 147 was thought to be a loss of
water from a ring C/D moiety with a ring D exocyclic double
bond, i.e., the ion at m/z 165.

In this present extended study oftestosterone esters, product
ion chemistry studies determined the precursor ion of the ions
at m/z 124 and 147 to be the ion at m/z 272, i.e., the ion repre-
senting the complete loss of the C-17 substituent ester group-
ing. Therefore, the fission ofthe 6-7 and 9-10 bonds can result
in the production of 2 prominent fragment ions, m/z 124 and
147, depending on the site for charge transfer. Previous conclu-
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D, testosterone propionate (IV).

Ci mass spectra: A, testosterone (l); B, methyl testosterone (ll); C, testosterone acetate (lll); and
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(VII); and D, testosterone enanthate (VIII).

Cl mass spectra: A, testosterone isobutyrate (V); B, testosterone valerate (VI); C, testosterone caproate
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Figure 7.
(XI); and D, testosterone phenylpropionate (XIlI).

sions (10) about the origin of these 2 fragment ions have been
modified to reflect the true parentage as the dehydrated testos-
terone moiety itself, regardless ofthe substituentgroup atC-17.
The presence of these 2 generic fragment ions can be used to
predict confidently the presence of a testosterone ester.

The origin of 2 less abundant generic fragmentions, m/z 228
and 185, in the EIl spectra of these testosterone esters were in-
vestigated. From collision studies, we concluded that m/z 185
could be derived via 2 competing pathways. The first route of
fragmentation was via ketene loss from ring A, followed by a
loss of 43 amu to give an ion corresponding to [M - 85]
(Scheme 1), where the ester grouping at C-17 remained intact.
This loss of 85 amu was observed in all esters examined. Fi-
nally, loss of the ester side chain gave the ion at m/z 185. The
alternate route to the ion at m/z 185 was experimentally estab-
lished via MS/MS as occurring via a primary ketene loss from
ring A, followed by loss of the C-17 ester side chain and frag-
mentation ofring A-B.

Chemical lonization Mass Spectrometry

Under methane CI conditions, the various testosterone es-
ters displayed the base peak as the protonated molecule ion
together with adduct ions at [M + 29]+ and [M + 41]+ (Fig-
ures 5-7). The only fragment ion of sufficient relative abun-
dance forcomment was at m/z 271, and this ion represented the
complete loss of the C-17 ester side chain. Therefore, the Cl
spectra were relatively featureless for further structural diagno-
sis. A preliminary study on the production spectraofanumber

J

Cl mass spectra: A, testosterone benzoate (IX); B, testosterone cypionate (X); C, testosterone decanoate

of steroids containing the 4-en-3-one system in ring A, together
with an angular methyl group at C-10, namely testosterone,
testosterone propionate, progesterone, and methyl testosterone,
was already reported (11). In that report, 2 principal product
ions, m/z 97 and 109, were declared to be of important diagnos-
tic value in detecting the presence of such structural systems.
We concluded that the structure ofboth these productions were
derived from ring A via fission ofthe 6-7 and 9-10 bonds with
concomitant transfer of 2 hydrogen atoms originally bound to
C-8 and C-11, followed by loss of methyl groups. These pre-
liminary findings suggested that observation ofthese 2 product
ions, m/z 109 and 97, could be regarded as highly characteristic
for the stereochemistry ofring A.

The present study extended that finding to the 13 testoster-
one esters under investigation (I-XU3) and verified that such
product ions were highly characteristic of the testosterone moi-
ety whatever the substituent side chain at C-17.

Reaction Monitoring Protocol

To make use of these generic product ions observed for all
testosterone esters, a reaction monitoring protocol was devel-
oped to screen samples for the presence of anabolic steroids
while effectively ignoring all other constituents. This experi-
mental approach adopted the logic that, in a triple quadmpole
instrument, the collision experiment should be able to pinpoint
anabolic steroid components in a complex mixture by permit-
ting only the detection of the responsible precursor ions of the
2 selected generic products ions, m/z 109 and 97. Results for
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Figure 8. Reaction monitoring profiles under MS/MS:

A, precursor ions detected as parents of product ion at
m/z 109; B, precursor ions detected as parents of
product ion at m/z 97; and C, reconstructed ion
chromatogram.

such an experiment performed on the reference mixture (Fig-
ure 1) are illustrated in Figure 8. Clearly, the precursor ions re-
sponsible forproduction of the productions m/z 109 and 97 are
the protonated molecule ions representing the various testoster-
one esters. A minor contributing precursor ion to these product
ions was at m/z 271, representing the steroid structure after the
loss of the C-17 side chain. The lower detection limit estab-
lished for this method of monitoring for anabolic steroids was
experimentally established at 1 ng injected on-column (signal-
to-noise ratio, 10:1; with RSD = 5%).

Conclusion

These studies provided a number of optional approaches to
the detection and confirmation of anabolic steroids in pharma-

ceutical preparations derived from both bonafide and clandes-
tine sources. Under El conditions, full mass spectral scans can
easily indicate the presence of atestosterone ester by observing
2 principal generic fragment ions at m/z 124 and 147, as well
as a number of lesser abundant fragment ions at m/z 185, 228,
and 288. As the molecular weight of the steroid increases, the
relative abundance of the molecular ion decreases; also, its
presence in the spectrum may be difficult to verify when the
ester side chain contains more than 4 carbons. Because these
fragmentions are common to all testosterone esters studied, the
presence of the molecular ion and the appropriate retention
time are necessary before a confirmation could be considered
acceptable for legal purposes. Under CI conditions, the pres-
ence of the protonated molecule ion is the dominating feature.
An increased presence of the ion atm/z 271 represents the tes-
tosterone structure after loss of the ester side chain.

Clearly, such structural evidence derived from 2 ions, to-
gether with the appropriate retention time, could be considered
strong evidence for proof of presence. Therefore, 2 generic
productions {m/z97 and 109) derived from the protonated mol-
ecule ion are necessary for confirmation of presence. The use
of this combination of protonated molecule ion and product
ions can be streamlined into a reaction monitoring protocol
whereby counterfeit preparations of testosterone esters can be
screened for anabolic steroids while providing all the necessary
data for confirmation.

This approach may provide a potential experimental approach
for biomedical matrixes such as blood and urine where sample
cleanup can be minimized or even ignored before analysis.
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DRUGS

Determination of Residual Ethylene Oxide in Spectinomycin
Hydrochloride Bulk Drug by Dynamic Headspace Gas

Chromatography

Tore Ramstad, Lisa S. Mil ler, andVirginia N. Thomas

The Upjohn Company, 7000 Portage Rd, Kalamazoo, M1 49001

A dynamic headspace gas chromatographic
method was developed for the determination of re-
sidual ethylene oxide (EtO) in a pharmaceutical
bulk drug, spectinomycin hydrochloride. The rec-
ommended column is PoraPLOT Q; PoraPLOT U
was demonstrated to be equivalent. A detection
limit of 2 ppb was achieved, and linearity was es-
tablished to the highest value tested (5 ppm). The
detection limit was 2-3 orders of magnitude lower
than that achieved in previously published meth-
ods for EtO in pharmaceutical bulk drugs. Preci-
sion studies yielded relative standard deviations
ranging from 2 to 10% over the 10-575 ppb concen-
tration range. The method was applied to support
EtO sterilization studies conducted at The Upjohn
Company and was implemented for routine use.
The sterilization studies demonstrated that residual
levels of EtO <10 ppb are achievable.

sterilization of pharmaceutical bulk drugs. Because of
concerns over the toxicity and potential carcinogenic-
ity of EtO, however, its use as a sterilizing agent is being
viewed with increasing disfavor by European regulatory agen-
cies. Several countries stipulated maximum allowable residual
levels for EtO in bulk drugs. These concerns have culminated
in regulatory actions by the Federal Health Office in Germany
banning the use of EtO for the sterilization of pharmaceutical
starting materials. Further, work is also underway on a Euro-
pean Economic Community Regulatory Guideline that would
implement similar regulations throughout the European Com-
munity. As a result of this heightened regulatory climate, phar-
maceutical companies are exploring alternative sterilization
measures for bulk drugs. Foremost among these are the appli-
cation of terminal heat, gamma irradiation, and aseptic pro-
cessing.
Because of the time required to develop and validate alter-
native sterilization procedures, a rapid switchover for drags
that are unstable to heat or radiation is unrealistic. Neverthe-

I I istorically, ethylene oxide (EtO) was widely used in the

Received July 29, 1991. Accepted June 13, 1992.

less, for EtO to gain continued acceptance until alternative ster-
ilization procedures can be implemented, it is imperative that
residual EtO be reduced to the lowest practical levels. Accord-
ingly, The Upjohn Company embarked on studies to minimize
residual EtO levels in all products for which alternative steril-
ization procedures are not currently available.

For these efforts to succeed, suitable analytical methodol-
ogy must be available for measuring low concentrations of
EtO. Atpresent, suitable analytical methodology does not exist
for measuring EtO in bulk drag at concentrations below about
1 ppm. In this report, we describe a method for trace determi-
nation of residual EtO in the antibiotic spectinomycin hydro-
chloride (Sp-2HC1). Because of improved sterilization technol-
ogy for this drag achieved at Upjohn, a procedure capable of
detecting EtO to the low parts per billion (ppb) level was
needed.

The structure of Sp-2HC1 is shown in structure 1. Sp-2HC1
is produced by fermentation by the soil microorganism Strep-
tomyces spectabilis and is the active ingredient in the Upjohn
product Trobicin®. The primary indication for Trobicin is gon-
orrhea.

CHy OH
EN o CH,
HO OH 1]
NHCHs o

Structure 1.

Most modem methods for the determination of EtO are
based on gas chromatography (GC), usually combined with
solvent extraction, headspace sampling, vacuum extraction
and distillation, steam distillation, or chemical derivatization.
Various procedures were developed for determining EtO
jointly with its 2 reaction products, ethylene chlorohydrin and
ethylene glycol (1-4). Mostofthese procedures rely on extrac-
tion followed by direct injection. Derivatization permits indi-
rect, sensitive detection of EtO by electron capture GC, as was
demonstrated for intraocular lenses (5), foods (6), and air (7).
Packed-column GC procedures were developed by Hartman
and Bowman (8) for the determination of EtO in both water-
soluble and insoluble pharmaceutical bulk drags.
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Mostnewer methods for EtO use headspace sampling. Kaye
and Nevell (9) presented 2 methods based on static headspace
GC for the determination of EtO in surgical materials. Marge-
son et al. (10) devised a procedure in which Carbopack B is
used to quantitate EtO in emissions from commercial sterilizers
(10). A definitive method for the determination of monomeric
EtO in pharmaceutical raw materials produced totally or partly
from EtO was developed by the TEGEW A Association in Ger-
many (11). This method, using capillary GC, is applicable over
the 0.5-2.5 pg/g concentration range. To our knowledge, no
methods have been published for the determination of EtO at
low ppb levels in pharmaceutical bulk drugs. We describe such
a method in this paper.

Experimental

Dynamic headspace GC (or purge/trap GC) was used in this
work. The GC was an HP 5890A with flame ionization detec-
tion. A Tekmar LSC 2000/2016 (fully automated) with 16 ves-
sel capability served as the purge/trap instrument. A companion
capillary cryofocusing unit was used to focus thermally de-
sorbed volatiles onto the GC column. A block diagram of the
experimental arrangement used is shown in Figure 1. The de-
veloped method specifies either of 2 porous layer open tubular
(PLOT) columns, 27.5m x 0.32 mm id, each with an appended
2.5 mparticle trap. Initial developmentwork was conducted on
an Rtx - 5 column (Restek, Bellefonte, PA), 30 m x 0.32 mm,
with df = 3.0 pm. Later work was conducted on a PLOT col-
umn, PoraPLOT Q (Chrompack, Raritan, NJ), containing a
10 pm thick coating of particles. Equivalent performance was
demonstrated on a PoraPLOT U column (Chrompack).

Chemicals

Lecture bottles each equipped with a control valve and con-
taining 0.5 Ib (0.227 kg) of 99.7% pure liquid EtO were pur-
chased from either Matheson Gas Products or AGA Specialty
Gas. Bottles were stored in a freezer to inhibit polymerization.
All water was high-purity (Milli-Q or NANOpure), addition-
ally boiled to remove a potential interférant for EtO.

Standards Preparation

Standard stock solutions were prepared either by (7) bub-
bling EtO at a moderate rate for 2-3 min into a chilled, tared
25 mL volumetric flask containing ca 20 mL water, then bub-
bling in 0.25-0.5 g gas, or (2) transferring liquid EtO into a vial
with a Teflon-lined septum cap and then removing 0.25-0.5 g
liquid EtO with a gas-sampling syringe and transferring it to a
25 mL volumetric flask as in (7). The concentration of EtO in
the stock solution was calculated by weightdifference. Succes-
sive serial dilutions were made with high-purity water. Con-
centrations of the diluted standards ranged from ca 0.1 to
1000 ng/pL. These operations were performed as carefully and
rapidly as possible because ofthe toxicity and volatility of EtO.
The resulting standard solutions were transferred to 1 dram
vials containing Teflon-lined septum caps. Vials were filled to
overflowing to avoid headspace and stored in a refrigerator. To

He
Purge Gas
(He) |
Tekmar Liq
2000
N,
)L 1‘ Cryo Unit
Tekmar Recorder
2816 HP 583BA
Purge
Vessel to VAX
Figure 1. Block diagram of the experimental

arrangement.

maintain 90% potency of these preparations, new standards
were prepared every 3 weeks. The accuracy and reproducibility
of the standards preparation are attested to by the equivalent
results obtained in an interlaboratory comparison in which
standards were prepared independently (vide infra).

METHOD

Blank

Because this method is designed to detect EtO at the
low ppb level, a clean blank must be obtained. Further, blanks
should be interspersed with samples and standards to ensure the
integrity of the chromatography. As noted above, purified
water was additionally boiled to eliminate a potential unidenti-
fied interferant for EtO. This boiled water served as the blank.

Sample Preparation

Bulk drug samples were delivered to the laboratory in bags
(usually) orjars as quickly as was feasible to avoid loss of EtO.
If samples cannot be analyzed upon delivery, they should be
stored in a freezer. Sample preparation consists of dissolving
Sp-2HC1 bulk drag in boiled water in a volumetric flask at a
concentration of 0.1 g/5 mL. Jars or bags containing bulk drug
were agitated, and the powder was then weighed to the nearest
0.1 mg; these operations should be performed as quickly as
possible. Solutions of bulk drug do not lose measurable EtO,
either through volatilization or reaction, within 24 h (not tested
for alonger time).

Samples were introduced into the purge vessel via a 3-port
valve using a 5 mL hypodermic syringe (preferably gas-tight).
The volumetric flask was first inverted to recapture any EtO
that had partitioned into the neck of the flask. The solution was
poured into the syringe to overflowing, the plunger was in-
serted, and excess solution was expelled until 5 mL remained.
For standards, the same procedure was followed using water in
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Figure 2. Relative recovery vs purge time for EtO on
Tenax/charcoal.

lieu ofthe sample, and 1-10 (iLofan appropriate standard was
added from a 10 pL syringe through the Luer tip of the 5 mL
syringe. Conventional, nonfritted, 5 mL purge vessels (“needle
spaigers,” Tekmar) were used throughout.

All concentrations stated in this report are referenced to the
bulk drug; this also applies to standards mn without bulk drag.
The procedure given above specifies that 100 mg bulk drug be
dissolved in 5 mL water, then purged. Hence, the weight/vol-
ume (w/v) concentration of EtO in solution is 1/50 of the w/w
concentration calculated relative to bulk drug.

Purge/Trap and GC Conditions

A series of optimization studies was conducted to determine
the purge/trap conditions. The sample was stripped by using
high-purity (99.999%) helium gas that had been further puri-
fied by passage through copper coils immersed in liquid nitro-
gen. Purges were conducted at room temperature for 12 min at
a flow rate of 40 cm3min. The stripped compounds were
trapped on Tenax/charcoal (Tekmar trap No. 4). Thermal
desorption was conducted at 190°C for 3.5 min onto
PoraPLOT Q (or U) cooled to -75°C. The cryofocused vola-
tiles were subsequently injected (flash-heated) into the GC at
200°C (duration, 1 min). A trap bake at 225°C for 15 min was
also included in each cycle to maintain a clean trap. Valve,
transfer fine, and capillary union temperatures were maintained
at 130, 130, and 110°C, respectively. The PoraPLOT columns,
27.5 m x 0.32 mm, with a2 m particle trap appended, were op-
erated at a flow rate of 1.9 cm3min. A typical GC temperature
cycle (for PoraPLOT Q) consisted of an initial 6 min isother-
mal period at 100°C, followed by a rapid ramp (10°C/min) to
180°C, and a subsequenthold to remove other volatiles before
the next mn. A betaversionofDry Lab GC, a GC optimization
program developed by LC Resources (Lafayette, CA), was
found to be helpful in arriving at GC conditions.

Results and Discussion

A trap containing an admixture of Tenax and charcoal (trap
No. 4 supplied by Tekmar) proved effective in trapping EtO.

Tenax GC, commonly used in purge/trap analysis, is unsuited
for EtO because of premature breakthrough. A recovery-time
curve for EtO on Tenax/charcoal is shown in Figure 2. There is
some scatter to the data starting at 16 min, where breakthrough
is first noted. The scatter is a consequence of a broad break-
through profile that is not precisely repeatable. Although abso-
lute recovery was not determined (by comparison with direct
injection), the plateau region of the curve in Figure 2 is taken
to signify complete recovery. Supporting evidence for this in-
terpretation is provided by the observation that recovery was
enhanced 30% by a 4 min purge conducted at 50°C compared
to ambient temperature, whereas a 12 min purge at 50°C gave
no enhancement. In practice, recovery is of little consequence;
repeatability, regardless of absolute recovery, is the critical fig-
ure of merit. On the basis of the curve of Figure 2, a 12 min
purge time was selected.

The sample was purged at room temperature. We noted in
our studies that the purgeability of EtO from water (no bulk
drug present) is only slightly enhanced by temperature. This is
consistent with the modestenhancements reported by Ramstad
and Nestrick (12) for other water-soluble compounds. In the
present work, however, far greater apparent enhancements
were observed for EtO by purging at elevated temperature
(55°C) from solution containing bulk drug. Further investiga-
tion led to the conclusion that EtO was formed in situ at the
higher temperature from the dehydrochlorination of ethylene
chlorohydrin (ECH, 2-chloroethanol); ECH itself formed from
the reaction of EtO with inorganic chloride (HC1 in this case).
Although the dehydrochlorination of ECH in alkaline media is
well known (13), our observation indicates that this reaction
also proceeds to a slight extent at lower pH (pH 5) at elevated
temperature, although not at ambient temperature. These ex-
perimental results suggest that in situ generation of EtO from
ECH followed by puige/trap analysis could provide an indirect
means of determining ECH at low levels.

Method Evaluation

Linearity

The method is linear from the limit of detection (2 ppb) to
>5 ppm, which is the highest concentration tested (r =
0.99995). The high sensitivity afforded by the puige/trap tech-
nique is not required at concentrations above about 1ppm. The
slope of the response-concentration curve was the same for
EtO purged from water or from an aqueous solution of bulk
drug, demonstrating that purgeability is neither attenuated nor
enhanced by bulk drug. Percentrecovery forbulk drug fortified
with EtO over the 2-1150 ppb concentration range is given in
Table 1. Recoveries were determined relative to a 23 ppb stan-
dard, which is the concentration of standard adopted for this
assay. A calibration curve for these data over the most relevant
concentration range, 2-115 ppb, is shown in Figure 3. A corre-
lation coefficient 0 f0.999 was obtained for this plot. The slight
positive intercept stems from a significant positive bias at
2.3 ppb and a smaller positive deviation at 11.5 ppb. The inter-
cept does not differ statistically from zero at the 95% confi-
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Table 1. Recovery of EtO added to bulk drug
EtO added, ppb EtO ree., ppb Ree., %
2.30 3.27 142
5.75 5.94 103
115 12.9 112
23.0 23.0a 100a
57.5 59.7 104
115 116 101
230 230 100
575 588 102
1150 1200 104

a Recoveries measured relative to 23.0 ppb.

dence interval. Similarly, the slope is not significantly different
from 1.

Precision

Precision studies were conducted both with and without the
benefit of the ALS 2016 autosampler. In manually conducted
experiments, relative standard deviations (RSDs) of 9.0 and
4.0% were obtained by area for bulk drug containing 30 and
360 ppb EtO, respectively. Eight replicate runs were made at
the lower concentration and 10 at the higher. Corresponding
values obtained by using fully automated equipment (ALS
2016) are given in Table 2. Either peak height or peak area may
be used for quantitation, although area gave slightly better pre-
cision. The precision is comparable at the 2 higher concentra-
tions (115 and 575 ppb). Although for this brief study the pre-
cision was best at the lowest concentration (2.5% at 12 ppb),
we do not claim enhanced precision at the lowest levels.

125

100 |
3
[
§ 75 |
[ 4
e
w50}
o
a
a

25

0 1 1 1 1
0 25 50 75 100 125
ppb EtO Added
Figure 3. Calibration/recovery curve for EtO from

fortified bulk drug solution.

Table 2. Precision of EtO assay

EtO concn, ppb Area Ht No. runs RSD, %
12 X 6 25
12 X 6 2.5

115 X 6 4.2

115 X 6 6.6

575 X 7 3.7

575 X 7 4.0

In a separate, automated, 2-day precision study, EtO-ffee
bulk drug was fortified with 23 and 115 ppb EtO and each was
run 6 times on each day. An RSD of 4.9% was obtained at
23 ppb on day 1and 3.7% on day 2. The 2-day interday preci-
sion was 4.4% (interday RSD defined according to reference
14). At 115 ppb the RSD was 2.0% on day 1and 2.3% on day
2, for a 2-day precision of 2.1%. At concentrations of 10 ppb
and below, the RSD may approach 10% (no data shown).
Hence, over the entire applicable range, precision is 10% or
better; above approximately 10 ppb, a precision of5% or better
may be expected. In an interlaboratory comparison, application
of F- and Student’s i-tests revealed no statistical difference be-
tween results (95% confidence interval) at residual EtO con-
centrations of 10 and 98 ppb.

A brief intertrap precision study was conducted as part of
method ruggedness testing. Six traps were evaluated, 1on each
of 6 consecutive days. Four of the traps had not been used pre-
viously. Six analyses were conducted for each trap for bulk
drug containing 40 ppb EtO. RSDs0f5.4,1.7,4.8,3.6,8.0, and
7.8% were obtained for an intertrap RSD of 5.7%. Whether the
last 2 traps would have yielded better precision after a “settling
in” time is unknown.

Chromatography

Illustrative chromatograms on PoraPLOT Q are shown in
Figures 4-6. A blank, with the position of EtO marked, is seen
in Figure 4a. The blank was high-purity water that was addi-
tionally boiled. The peak preceding EtO is due to acetaldehyde.
The source of acetaldehyde is believed to be 3A alcohol, which
is used as a rinse solventin the laboratory, and which contains
acetaldehyde as an impurity. A trace amount is presumed to
leak into the system during the purge step. Acetaldehyde serves
as a convenient marker for EtO and also was designed into a
system suitability test. The identity of other peaks is unknown.
In assaying for EtO in Sp-2HC1 bulk drug, an approximately
23 ppb standard is used (external standard procedure). A chro-
matogram of a standard is shown in Figure 4b. A sample of
spectinomycin sterilized with EtO by the “old process” is
shown in Figure 4c; the peak corresponds to 98 ppb residual
EtO. Figure 5 shows (a) a blank and (b) a sample sterilized by
the new process; in this case, the peak corresponds to 6 ppb
residual EtO. Detailed analysis revealed a routinely obtainable
detection limit of 2 ppb for this procedure; the detection limit
is defined as the total signal, St, minus the blank contribution,
Sh, equal to 3 times the standard deviation of the blank (15). A
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Figure 4. Chromatograms obtained on PoraPLOT Q for (a) blank, (b) 24 ppb standard, and (c) sample containing
98 ppb EtO. The position of EtO is marked by the arrow.
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Figure 5. Chromatograms obtained on PoraPLOT Q for (a) blank and (b) sample containing 6 ppb EtO that was
sterilized by the new process.
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Figure 6. Chromatograms obtained on PoraPLOT Q (a) for blank and (b) at the detection limit (2 ppoj.
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Figure 7. Chromatograms obtained on PoraPLOT U for (a) blank, (b) 24 ppb standard, and (c) sample containing
90 ppb EtO.
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Table 3. Residual EtO in EtO-sterilized spectinomycin
hydrochloride

Sample3 EtO concn, ppb
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(4]

4

a The letter designations refer to sampling sites within a sterilized
bag.

chromatogram at the detection limit, along with the corre-
sponding blank, is shown in Figure 6.

In the event that an interference could preclude low-level
quantitation of EtO on PoraPLOT Q, an alternative (contin-
gency) column was sought. Figure 7 shows (a) blank, (b) stan-
dard (24 ppb), and (c) sample (90 ppb) chromatograms for EtO
obtained on aPoraPLOT U column. The difference in selectiv-
ity compared to PoraPLOT Q (Figure 4) is apparent. In com-
parative testing, PoraPLOT U proved equivalentto PoraPLOT
Q for the assay of EtO. A third PLOT column manufactured by
Chrompack, PoraPLOT S, was also evaluated; its selectivity is
similar to that of PoraPLOT U. However, this column is not
currently available in @ 0.32 mm id format.

Quantitation of EtO in Bulk Drug

Table 3 gives results obtained for residual EtO in
spectinomycin bulk drug sterilized under various conditions in
a sterilization optimization study (new process optimization).

To our knowledge, no previously published method allows the
determination of EtO in a pharmaceutical bulk drug at the lev-
els shown in Table 3.

Conclusion

A dynamic headspace GC method was developed for the
determination ofresidual EtO in Sp-2HC1 bulk drug. Extensive
validation studies were conducted on Rtx - 5and PoraPLOT Q
columns, with the latter the recommended column. Assay
equivalence was further demonstrated for PoraPLOT Q and
PoraPLOT U. Relative precision ranged from about 2 to 10%
over the 10-575 ppb concentration range. Linearity was dem-
onstrated from the limit of detection (2 ppb) to the highest
value tested (>5 ppm). This new methodology provides a de-
tection limit for EtO that is 2-3 orders of magnitude lower than
that previously obtained for a water-soluble pharmaceutical
bulk drug.
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DRUGS IN FEEDS

Liquid Chromatographic Method for the Simultaneous Analysis
of Sulfadimethoxine and Ormetoprim in Animal Feeds

Paul D. Duke, George Weiss, and A 1exander MacD onald

Hoffmann-La Roche Inc., Animal Science Research, Nutley, NJ 07110

An analytical method was developed to simulta-
neously determine sulfadimethoxine (SDM) and or-
metoprim (OMP) in medicated animal feeds. SDM
and OMP are extracted from the feed into methy-
lene chloride at pH 10 following the addition of
tetrabutylammonium hydroxide to form an ion pair
with SDM. After the methylene chloride extract is
dried over sodium sulfate, an aliquot is purified by
solid-phase extraction using a PrepSep silica ex-
traction column. Both compounds are separated
by liquid chromatography on an Ultrasphere ion-
pair column at 30°C with UV detection at 275 nm.
The average recoveries for OMP and SDM in feeds
fortified between 0.01 and 0.5% total combined
drug ranged from 96.4 to 101.4%, respectively. Rep-
licate assays of typical feeds yielded coefficients of
variation of 1.7-3.1%.

e antimicrobial sulfadimethoxine (SDM) and the po-
tentiator ormetoprim (OMP) (Figure 1) are an approved
drug combination for use as an antibacterial and

coccidiostat in poultry (in a 5:3 ratio of SDM:OMP called
RofenaidR) and catfish, trout, and salmon (in a 5:1 ratio of
SDM:OMP called RometR.

The presently accepted methods for the determination of
SDM and OMP in animal feeds are based on colorimetric (1)
and spectrofluorometric (2) assays, respectively. These meth-
ods lack specificity, require each drug to be assayed individu-
ally, and include extensive cleanup and derivatization steps.

Our objective was to develop a more convenient means to
assay feed samples for SDM and OMP at use levels (0.01-
0.08% for Rofenaid and 0.25 to 0.5% for Romet). Previously,
we reported a liquid chromatographic (LC) method for the si-
multaneous determination of SDM and OMP in blood and tis-
sues of various species in which both compounds are simulta-
neously extracted with methylene chloride at pH 10 (3). OMP
is extracted because it is basic and is in the nonionized state at
pH 10. To extract SDM as well, which is amphoteric and is
ionized at pH 10, tetrabutylammonium hydroxide is added to
form an ion pair that preferentially partitions into the organic

Received February 27, 1992. Accepted August 13, 1992.

phase. Both compounds are then simultaneously quantitated by
normal-phase LC using a silica gel column and a mobile phase
consisting of chloroform-methanol-water-ammonium hy-
droxide in a 1000 + 28 + 2 + 0.6 ratio.

This method probably could have been adapted to the assay
of feeds; however, our aim was to use as tittle potentially haz-
ardous solvents as possible by eliminating the use of methylene
chloride in the extraction step and chloroform in the LC anal-
ysis (preferably by going to an aqueous, reversed-phase sys-
tem). We became aware of a recently published (4) method
describing the use of a Beckman Ultrasphere CIg-lon Pair col-
umn with a mobile phase consisting of acetonitrile-methanol-
0.1M phosphate buffer, pH 4.0, for the analysis of SDM and
OMP residues in salmon muscle tissue. We found that a modi-
fication of this mobile phase (the addition of the ion-pair re-
agent heptanesulfonic acid sodium salt and a different propor-
tion of organic solvents to buffer) gave good chromatography
of SDM and OMP. For the extraction step, we tried several
solvent systems (e.g., aqueous methanol, acetonitrile, acetoni-
trile-trichloroacetic acid), but none was satisfactory. Either the
extraction efficiencies were not adequate or the extract could
not be cleaned up adequately for LC. To obtain a satisfactory
assay for both compounds, we went back to the use of an ex-
traction procedure similar to the one we used previously for the
assay of SDM and OMP (3), and we added a solid-phase
cleanup step before LC analysis. A procedure for the simulta-
neous quantitation of SDM and OMP in feed medicated at use
levels is described.

METHOD

Apparatus

(a) Ligquid chromatograph.—Pump, Model 510 (Waters);
autosampler, WISP Model 712 (Waters); UV detector, Model
785A set at 275 nm (Applied Biosystems); chromatographic
data system, Maxima 820, version 3.3 (Dynamic Solutions,
Waters).

(b) LC column— Ultrasphere C18IP,5 pm, 15cm x 4.6 mm
(Beckman Instruments, Inc.) with LC precolumn filter, 2 pm
(No. 84560, Waters).

(c) Column heater—Temperature Control System, set at
30°C (Waters).

(d) Centrifuge tube— 100 mL, round-bottom, Pyrex (No.
8240, Coming).
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OCHs

ORMETOPRIM

Figure 1. Structures of sulfadimethoxine and

ormetoprim.

(e) Homogenizer.—Polytron Model PT10/35 with PTA
10S generator (10 nun diam., Brinkman Instruments, Inc.).

(f) Solid-phase
Mate-30 (Applied Separations, Inc.).

(9) solid-phase extraction column.—PrepSep Silica,
300 mg (Fisher Scientific).

(h) pH meter.— Accumet Model 610A with pH electrode
(Fisher Scientific).

extraction vacuum manifold.— Spe-ed

Reagents

Reagent grade chemicals are used throughout method, un-
less stated otherwise.

(a) Rofenaid-40(15% OMPand25% SDM) andRomet-30
(5% OMP and 25% SDM)premixes.— For sample fortification
(Hofftnann-La Roche, Nutley, NJ).

(b) Buffer solution, pH 10.0.—0.05M Potassium carbon-
ate-potassium borate-potassium hydroxide buffer (Fisher Sci-
entific).

(c) Tetrabutylammonium hydroxide (TBAH), 0.4M.—LC
grade (Eastman Kodak Co.).

Solvents.—LC grade methylene chloride, methanol,
and acetonitrile (Fisher Scientific).

(e) Water.— Distilled and deionized (Hydro-Service, Para-
mus, NJ).

(f) Phosphoric acid, 85%.—LC grade (Fisher Scientific)
with a specific gravity of 1.7.

(g) 1-Heptane sulfonic acid sodium salt.— Premixed, con-
centrate (20 mL), LC grade (Eastman Kodak).

0.1M Phosphate buffer, pH 4.0.—Combine 0.1M so-
dium phosphate dibasic heptahydrate with 0.1M phosphoric
acid (1:1), and adjust to pH 4.0, if necessary.

(i) Mobile phase.— (Acetonitrile-methanol [5 + 3])-0.1M
phosphate buffer, pH 4.0-1-heptanesulfonic acid sodium salt
concentrate (250 + 750 + 20). This produces a 5mM ion-pair
working solution.

Standard Solutions

All standard solutions are stable for up to 3 months when
refrigerated.

SDM
oMp
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Figure 2.
sample.

x 101 minutes

Typical chromatograms obtained for (A) control feed sample and (B) medicated Rofenaid (0.01 % drug) feed
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Table 1. Recovery of OMP and SDM from fortified animal feeds

Added, ppma Recovered, ppm Recovery, %b Ree. SD, % CcV, %

Drug level, % OMP SDM OMP SDM OMP SDM OMP SDM OMP SDM
Rofenaid

0.01 36.7 60.8 354 60.3 96.4 99.1 5.9 8.9 6.2 9.0

0.02 76.6 127.0 74.6 127.2 97.4 100.3 4.6 6.3 4.8 6.3

0.04 153.0 253.6 151.3 256.5 98.9 101.2 4.6 7.2 4.7 7.1

0.08 316.4 524.5 314.2 529.9 99.3 100.9 2.8 2.7 2.8 2.7

Mean 98.0 100.4 4.4 6.2 4.5 6.2
Romet

0.25 408.9 2095.3 403.0 2070.0 98.5 98.8 1.7 1.0 1.8 1.0

0.50 817.1 4186.3 827.6 4246.0 101.3 101.4 1.0 0.9 1.0 0.9

Mean 99.9 100.1 2.0 1.6 2.0 1.6

3 Premix added to control feed and assayed.
b All levels based on average of 5 replicates.

(a) Standard solutions for Rofenaid samples.— (1) Stock Solid-Phase Extraction
solution, 600 [ig/mL OMP + 1 mg/mL SDM.—Accurately
weigh 60 mg OMP and 100 mg SDM (reference standards,
Hoffmann-La Roche, Nutley, NJ) into a 100 mL volumetric
flask. Add methanol to dissolve, and dilute to volume with
methanol. (2) 60\ig/mL OMP + 100 \ig/mL SDM.—Dilute
10.0 mL stock solution (7) to 100 mL with methanol. (J) Solu-
tionsfor standard curve.—Prepare at least 3 appropriate con-
centrations from solutions (7) and (2) in methanol to bracket
the expected concentrations of the samples.

(b) Standard solutionsfor Romet samples.— (1) Stock so-
lution, 200 \ig/mL OMP + 1 mg/mL SDM.— Weigh accurately
20 mg OMP and 100 mg SDM (reference standards) into
a 100 mL volumetric flask. Add methanol to dissolve and
dilute to volume with methanol. (2) Solutions for standard
curve.— Prepare at least 3 subsequent dilutions of stock solu- LC Determination
tion (7) in methanol to bracket the expected concentrations of
the samples.

Transfer 3.0 mL filtered extract to a PrepSep silica extrac-
tion column fitted into vacuum manifold. Let sample flow
through column by gravity. If gravity percolation is slow
(>15 min), apply minimum vacuum (<5 in. Hg) to assist flow.
After last portion of solvent exits the PrepSep, thoroughly dry
column by applying maximum vacuum for atleast5 min. Elute
OMP and SDM from column with 5 mL methanol into a 10 mL
volumetric flask by using gravity flow. If elution takes longer
than 5 min, apply minimum vacuum (<5 in. Hg) to assist elu-
tion. Apply maximum vacuum for30-60 s to elute all the meth-
anol. Remove volumetric flask from the manifold, and dilute
to volume with methanol. Transfer an aliquot of the methanol
to an LC autosampler vial.

Setcolumn temperature at 30°C, flow rate at 2 mL/min, de-
tectorat 275 nm, and injector volume at IOpL. Equilibrate sys-
tem with mobile phase until retention times and peak areas are
reproducible. The retention times are ca 4.5 min for OMP and
Mix ground feed sample well, and weigh 5.0 g into a 6.7 min for SDM. First, inject set of standards (at least 3 con-

Extraction and Sample Preparation

100 mL centrifuge tube. For recovery studies, add an appropri- centrations), followed by samples, with an external standard
ate quantity of premix or OMP and SDM reference standards interspersed among the samples (caevery 10 samples) to check
to give 0.01, 0.02, 0.04, and 0.08% drug in unmedicated  chromatographic consistency. Using peak areas, set the data
Rofenaid feed (1.25, 2.5, 5.0, and 10.0 mg premix) and 0.25  system to calculate a weighted (1/c) linear-regression curve

and 0.50% drug in unmedicated Romet feed (41.25 and from the initial set of standards. From these standard curve pa-
82.5 mg premix). Add 2.75 mL pH 10 buffer solution, 1.0 mL  rameters, calculate the OMP and SDM colcentration in the
3N sodium hydroxide, 1.25 mL TBAH, and 50 mL methylene  samples (pg/mL) and the original quantity of each in the feed

chloride. Homogenize contents of centrifuge tube for 1 min (ppm; dilution factor, 33.333) by using the data system. At the
with a Polytron set at 4-4.5. Wipe generator thoroughly after end of each day, rinse the system with aminimum of 10 column
each sample. In addition, rinse generator with methylene chlor- volumes of methanol-water (1 + 1).

ide between samples containing different drug levels, and dis- If an equivalent data system is not available, use weighted
card rinse. Decant ca 10-20 mL extract through ca 10 g anhy- linear regression analysis to obtain the linear standard curves
drous sodium sulfate contained in a funnel plugged with cotton, for OMP and SDM, respectively, and calculate the concentra-

and collect filtrate in a glass vial. tion (pg/mL) of OMP and SDM in the injected samples. Cal-
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Table 2. Method reproducibility9

Rofenaid found, ppm Romet found, ppm
Replicate OMP SDM OMP SDM
1 41.812 64.216 853.396  4156.979
2 42.535 64.373 849.781 4136.715
3 42.154 64.064 831.993  4071.203
4 40.931 61.927 794.261 3939.025
5 41.026 62.198 807.555  4000.296
Mean 41.692 63.356 827.397  4060.844
SD 0.70 1.19 25.93 91.67
CV, % 1.68 1.88 3.13 2.26

Medicated feed sample; 5 replicate assays/sample.

culate the concentration (ppm) of each in the original feed
as follows:

ppm = Cx DF

where C = concentration (pg/mL) in the injected sample and
DF = volume (mL) of extraction solvent divided by volume
(mL) of feed extract placed on the PrepSep multiplied by the
final volume (mL) of feed extract after solid-phase extraction
column, all divided by weight (g) of feed taken for analysis. For
this method:

DF= [(50/3) x 10]/5 = 33.333

Results and Discussion

To determine system suitability, 5 replicate injections of a
standard solution were made. The coefficients of variation
(CVs) for OMP and SDM, respectively, were 0.51 and 0.36%

for the peak areas and 0.14 and 0.09% for the retention times.
A plot of response versus concentration for each compound
was linear (r2> 0.999) over the range of standards for Rofenaid
(OMP, 0.6-12 pg/mL; SDM, 1-20 pg/mL) and Romet (OMP,
8-40 pg/mL; SDM, 40-200 pg/mL). Representative chroma-
tograms of a control feed sample (A) and OMP and SDM in
medicated feed sample (B) are shown in Figure 2.

The accuracy of this method over the use levels for OMP
and SDM (50-fold total drug concentration range) in animal
feeds is shown in Table 1 For these analyses, a weighed quan-
tity of the appropriate premix was added to 5 replicate control
feed samples per level and analyzed by this method. The aver-
age recoveries for OMP and SDM at the use levels in Rofenaid
and Romet ranged from 96.4 to 101.4%.

To establish the reproducibility of the method, representa-
tive feed samples at a use-level for Rofenaid (0.01% drug) and
Romet (0.5% drag) were assayed. Five replicates of each sam-
ple were carried through the complete analytical procedure.
Results are shown in Table 2. Good reproducibility was ob-
tained, with average CVs for OMP and SDM of 1.7 and 1.9%,
respectively, in the Rofenaid sample and 3.1 and 2.3%, respec-
tively, in the Romet sample.

To compare the proposed LC method with the accepted
methods, 4 different levels of medicated Rofenaid and 2 levels
of medicated Romet feeds were assayed for OMP and SDM by
both methods. Results are shown in Table 3. Assays for OMP
averaged 102.7% of claim by the current methods and 102.6%
of claim by the LC method; for SDM, they averaged 105.6 and
98.3% of the claims, respectively. In addition, the average ra-
tios for OMP and SDM obtained using the 2 methods (LC/cur-
rent methods) were 1.00 and 0.93. These results indicate good
agreement between the 2 methods.

To test the method in the hands of a second analyst, 4 levels
of medicated Rofenaid feeds were assayed by 2 analysts on
separate days. The number of samples assayed per level is in-
dicated in Table 4. Data show good correlation between the

Table 3. Comparison of assay results for current and LC methods for OMP and SDM in medicated feeds
% of Claim
Claim, ppm Current methods3 LC assay6 Ratios

Feed type Drug level, % OMP SDM OMP SDM OMP SDM OMP SDM
Rofenaid 0.01 375 62.5 99.7 102.4 111.2 101.4 1.12 0.99
Rofenaid 0.02 75 125 104.7 106.8 94.3 88.2 0.90 0.83
Rofenaid 0.04 150 250 103.7 102.4 106.3 101.4 1.03 0.99
Rofenaid 0.08 300 500 93.7 96.4 101.8 101.4 1.09 1.05
Romet 0.25 412.5 2062.5 115.4 112.9 101.7 99.1 0.88 0.88
Romet 0.5 825 4125 98.9 112.9 100.3 98.4 1.01 0.87
Mean 102.7 105.6 102.6 98.3 1.00 0.93
SD 7.4 6.5 5.7 51 0.10 0.09
CV, % 7.2 6.2 5.6 5.2 9.5 9.4

3 Two replicates/level.
b Five replicates/level.
¢ Ratio of LC assay/current methods.
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Table 4. Results of interassay variation of method for OMP and SDM in feeds
% Label claim (mean)
0.01% 0.02% 0.04% 0.08%
Analyst No. samples/level OMP SDM OMP SDM OMP SDM OMP SDM
1 5 111.2 101.4 94.3 88.2 106.3 101.4 101.8 101.4
2 3a 101.2 89.3 101.3 88.3 97.0 92.3 97.4 96.4
Mean 106.2 95.4 97.8 88.3 101.7 96.9 99.6 98.9

Only 2 samples for the 0.04% level.

analysts. Therefore, the method can be reproduced and is
not analyst-dependent.

To test for possible interferences, 33 approved feed addi-
tives for use in poultry, cattle, and aquaculture were chromato-
graphed in the LC system. Only oxolinic acid eluted close to
either OMP or SDM, eluting just before SDM. Oxolinic acid
was added to feed at its use level (0.1%) with OMP and SDM
and processed through the SDM/OMP feed method. The oxoli-
nic acid did not interfere with the SDM analysis.

The LC method described here allows for the simultaneous
assay of OMP and SDM in animal feeds. It is more specific and
much faster than the currendy accepted methods. Good recoveries
and reproducibilities are obtained by this LC method for both
compounds from multiple matrixes (poultry and aquaculture
feeds). This method is presently being used on a routine basis, and
approximately 200 samples have been assayed.
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DRUG RESIDUES IN ANIMAL TISSUES

Assay of Oxytetracycline Residues in Salmon Muscle
by Liquid Chromatography with Ultraviolet Detection

Germain Carignan, Karen Carrier, and Stephen Sved

Health and Welfare Canada, Health Protection Branch, Bureau of Drug Research,

Tunney’s Pasture, Ottawa, ON, K1A 0L2, Canada

A novel method for the assay of Oxytetracycline
residues in salmon muscle is described. Tissue is
homogenized with 4 volumes of 1% metaphos-
phoric acid in the presence of a small amount of
dichloromethane (0.4 volume), shaken, and centri-
fuged. The residue is washed twice (4 and 2 vol-
umes, respectively) with 1% metaphosphoric acid,
and the combined aqueous supernatants are con-
centrated to about 2 ml. by flash evaporation and
then diluted to 5 mL. Filtered aliquots of the extract
are subjected to liquid chromatography using a Cis
column with a mobile phase of acetonitrile-tetrahy-
drofuran-0.025M aqueous oxalic acid (9 +1 + 30)
containing octanesulfonic acid at a final concentra-
tion of 10mM. Eluted peaks are monitored at

355 nm. Calibration and standard curves were lin-
ear from 0.01 to 0.5 pg on-column, with a limit of
quantitation better than 0.05 pg/g. Recoveries from
spiked blanks varied from 85.8 to 90.3% (relative
standard deviation, 13.1-2.4%) in the 0.05-1.00
pg/g concentration range and were 21.1% at

0.02 pg/g.

ica and especially in Canada. As in land farming, aqua

farming uses a wide variety of drugs for prevention
and treatment of disease in cultured fish. Among these drugs,
oxytetracycline (OTC) is commonly used to treat bacterial in-
fections such as vibriosis and furunculosis. A tolerance limit of
0.1 pg/g was established in the United States for uncooked ed-
ible tissues of salmonids, catfish, and lobsters (1). In most other
countries, a zero tolerance is implied, and exact withholding
periods were established.

In Canada, OTC is approved for use in aquaculture. In
salmon farming, withholding times of 40 days above 10°C and
80 days below 10°C are required before slaughter of the fish
destined for human consumption. Whether such long with-
holding periods are justified depends on the exact elimination

n quaculture is under rapid development in North Amer-

Received October 21, 1991. Accepted July 22,1992.

characteristics of the drug, but pharmacokinetic studies are
hampered by a lack of proper assay methods.

Traditionally, antibiotic residues were estimated by micro-
biological assays. Despite their high sensitivity, they lack the
specificity required for regulatory purposes. Recently, liquid
chromatographic (LC) methods were reported for the determi-
nation of OTC in animal tissues and fluids (2-8) and, more
specifically, in fish (9-11). The methods for fish use a solid-
phase extraction (SPE) technique to purify the extract before
the LC determination.

Recently, we found that recoveries of OTC varied drasti-
cally depending on the supplier ofthe solid-phase cartridge and
even from batch to batch from the same supplier. To alleviate
this problem, a new extraction that avoids SPE was developed
with an LC assay for the determination of OTC in salmon muscle.

Materials and Methods

Fish Samples

Wild fish, Pacific Pink Salmon, purchased at a local super-
market.

Reagents

Use analytical grade reagents and deionized water (Four
Bowl System, Millipore Corp., Bedford, MA 01730) unless
otherwise specified.

(@ Solvents.—Acetonitrile, methanol, and dichlorometh-
ane (LC grade, J.T. Baker Inc., Phillipsburg, NJ 08665);
tetrahydrofuran stabilized with 250 ppm butylated hydroxy-
toluene (Accusolv, Anachemia, Mississauga, ON, L5C 4A7,
Canada).

(b) Metaphosphoric acid—1% (w/v, extracting solution)
and 10% (wi/v), both in water.

(c) Oxalic acid.—0.025M in water.

(d) Mobile phase—Mix 750 mL 0.025M oxalic acid solu-
tion with 225 mL acetonitrile and 25 mL tetrahydrofuran. Add
2.17 g octanesulfonic acid sodium salt (Sigma Chemical Co.,
St. Louis, MO 63178), and mix until completely dissolved. Fil-
ter through 0.2 pm membrane (Ultipor NgsR, Pall Trinity
Micro Corp., Cortland, NY).

(6) OTC stock solution.— 1000 pg/mL. Accurately weigh
100 mg OTC hydrochloride (OTC free base: 895 pg/mg,
Sigma) and dissolve in 100 mL methanol. May be kept at-8°C
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Table 1. Recovery of OTC from spiked salmon muscle

Concn added, pg/ga N b Av. concn found, pg/g Rec., % RSDrc, % RSDRd, %
0 10 0.004e — — —
0.02 8 0.019 94.5 15.0 21.1
0.05 10 0.045 90.3 12.3 131
0.10 10 0.088 88.4 7.5 7.3
0.20 10 0.173 86.3 7.0 6.2
0.50 10 0.429 85.8 1.8 8.1
1.00 10 0.887 88.7 1.7 2.4
Average (0.05-1.0 pg/g) 87.9

RSD, % 21

3 Actual concentration, as the hydrochloride salt equivalent to 89.5% OTC, free base (label claimed).

6 No. of determinations.

¢ Within-day relative standard deviation, by analysis of variance (repeatability).

d Between-day relative standard deviation, by analysis of variance (reproducibility).

e Five out of the 10 control fish tissue extracts contained an interference with retention time similar to OTC (range of apparent concentration,
0.002-0.01 |xg/g). Recoveries were corrected for the corresponding blank value calculated as OTC.

for no more than 2weeks. (Note: All OTC concentrations refer
to the salt as supplied by Sigma.)

(f) Fortification solutions.—50 and 5 pg/mL. Before use,
dilute 5 mL stock solution to 100 mL with water (fortification).
Further dilute 10 mL fortification solution to 100 mL with
water (1/10 fortification).

(9) Solutions for standard curve.—Dilute fortification or
1/10 fortification solution to 0.01,0.02,0.05,0.1,0.2,0.5, and
1.0 jig/mL with 10% metaphosphoric acid.

Apparatus

(a) LC pump.—Spectroflow 400 (Kratos Analytical,
Ramsey, NJ 07446). Set flow rate at 1.0 mL/min.

(b) Autosampler.—Model SP8780XR (Spectra-Physics,
San Jose, CA 95134) equipped with 500 pL sample loop.

(c) Detector.—Variable UV detector (Spectroflow 783,
Kratos Analytical) set at 355 nm.

@ Chromatographic data system.—Model 727 (Axxiom
Chromatography Inc., Calabasas, CA 91302).

(6) Column.—Uiltrasphere ODS, 5 pm, 150x4.6 mm
(Beckman Instruments Inc., Berkeley, CA 94710).

(f) Guard column.—7 pm, 15x 3.2 mm (New Guard RP-
18, Brownlee Labs Inc., Santa Clara, CA 95050).

(9) Filter unit—Millex-GS, 0.22 pm pore size (Millipore).

(h) Homogenizer.—Polytron Model PT 10/35 with
11.0 diameter PT 10ST Probe (Brinkmann Instruments Divi-
sion, Rexdale, ON, M9W 4Y5, Canada).

(i) Centrifuge.—Centrifuge, Hermle Model Z320, with
No. 22072V01 rotor (Mandel Scientific Co. Ltd., Guelph, ON,
NIH 6J3, Canada), operated at 4100 rpm (2500 X g).

Sample Preparation

Transfer ca 5 + 0.1 g fish muscle, accurately weighed, to
50 mL screw-capped poly(propylene) centrifuge tube. For re-
covery studies, spike at this point with 20,50,100, or 200 pL
of the 1/10 fortification solution (0.02,0.05,0.1, or 0.2 pg/g),
or 50 or 100 pL of the fortification solution (0.5 or 1.0 pg/g).
Add 2 mL dichloromethane and 20 mL extracting solution.

Homogenize tube contents 45-60 s with Polytron at medium
speed. Rinse probe in second centrifuge tube containing 20 mL
extracting solution, and reserve rinsing for second extraction of
the sample. Rinse probe with distilled v/ater, discard water, and
wipe probe. Shake homogenized sample 10 min on horizontal
shaker. Centrifuge 10 min at 4100 rpm (2500 x g), and decant
clear supernatant into 250 mL round-bottom flask. Repeat ex-
traction twice, first with 20 mL rinse from probe, and then with
10 mL extracting solution. Combine all supernatants in round-
bottom flask, and discard final tissue sediment. Evaporate su-
pernatants to ca 2 mL on rotary evaporator at 35°C, and quan-
titatively transfer residue to 5 mL volumetric flask. Rinse
round-bottom flask with ca 2 mL water, making sure to dis-
solve all residue adhering to glass, and add rinsings to 5 mL
volumetric flask. Dilute to volume with water and mix. Filter
through filter unit, (g), attached to 10 mL syringe, collecting
filtrate in screw-capped glass tube. Transfer ca 15 mL to au-
tosampler vial.

Liquid Chromatography

Inject 500 pL aliquots onto chromatographic column. Chro-
matograph one set of standard solutions at beginning and one
at end of every sample set, and construct calibration curves,
using peak areas. Obtain parameters of linear regression (Y =
mX + b), using least-squares fit. Calculate concentration in
sample by using the following formula:

m

where Y = pabsorbance units/min, b = Y-intercept or constant,
m = slope or X-coefficient, and X is concentration in pg/g
equivalent.

Results and Discussion
We found that recoveries of the method of Oka et al. (6)

were variable, apparently because of a lack of SPE cartridge
consistency. To avoid this problem, we set out to develop an



Carignan Et Al.: Journal Of AOAC International Vol. 76, No. 2,1993 327

2
1.54
=
L
2
L
b=
F
8 0.5
a
(3}
o L] ) 1 ] 0
4 5 6 Yig 8 9 10
Alkylsulfonic acid sodium salt chain length
Figure 1. Effect of alkylsulfonic acid sodium salt alkyl

chain length on capacity factor (k) of OTC.

alternative sample preparation that would omit the use of SPE.
Tetracyclines are not easily extracted into organic solvents, but
they do pass easily into aqueous acidic solutions. However, the
large volumes required for deproteination of the tissue create a
need to reconcentrate the extract to make it suitable for LC.

Ueno et al. (9) explored 3 common protein-precipitating
agents for extracting OTC from rainbow trout muscle: perchlo-
ric, trichloroacetic, and metaphosphoric acids. The precipita-
tion step was followed by a complex extraction procedure in-
volving SPE. They reported a recovery of 64% with 0.5%
aqueous metaphosphoric acid. However, we found that the ex-
traction could be simplified and better recoveries could be ob-
tained by the addition of 2 mL dichloromethane, as recom-
mended by Mulders and Van de Lagemaat (8). The best
recoveries (85.8-94.5%) were obtained by using 3 extractions
with 1% metaphosphoric acid (20,20, and 10 mL) followed by
flash evaporation, redissolution, and filtration (Table 1). The
average recovery from the 0.05-1.00 pg/g concentration range
was 87.9 £ 2.1%.

The LC conditions of Oka et al. (6) needed to be modified,
because a small interfering peak eluted with a retention time
close to that of OTC. To obtain better separation between OTC
and the interference, the effect of ion-pairing reagents was
evaluated. Addition of quaternary alkyl ammonium salts, al-
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Figure 2. Effect of octanesulfonic acid sodium salt

concentration on k of OTC.
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Figure 3. Typical chromatograms of A, 0.1 pg/mL
standard solution; B, blank salmon muscle extract; and
C, extract of salmon muscle spiked with 0.1 pg/g OTC.
Retention time of OTC was 9.8 min (arrow).

though improving the chromatography of OTC, could not pro-
vide adequate separation. The addition of alkylsulfonic acid
sodium salts improved peak symmetry, increased the capacity
factor (K'), and separated the interfering peak. Figures 1and 2
show the effects of chain length and concentration, respec-
tively, on k' of OTC. The k' was directly proportional to chain
length and to the concentration of the alkylsulfonic acid so-
dium salts. When methanol was replaced with tetrahydrofuran,
polar materials from tissue extract eluted faster. These com-
bined effects of the alkylsulfonic acid chain length and concen-
tration, together with organic modifiers, allowed adjustment of
the retention time of OTC, which eluted in a window between
2 peaks (retention times, 8.7 and 11.4 min) endogenous to
salmon muscle (Figure 3). Athird peak (not identified yet) hav-
ing the same retention time as OTC was found in fish from
aquaculture but was absent from wild fish. Several attempts to
resolve it from OTC were unsuccessful. Although its concen-
tration did not exceed 0.01 pg/g when calculated as OTC, re-
coveries reported in Table 1 were corrected according to the
amount found in corresponding unspiked sample.

Although arelatively large volume (500 pL) of the concen-
trated extract was used, it was well tolerated by the LC column.
A small shiftin retention time was experienced from the begin-
ning to the end of each ran, and the peak symmetry and the
peak height were also affected. The column could be easily
regenerated by washing it weekly or after every 50 sample in-
jections by passing, in reverse flow, 75 mL of each of the fol-
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Table 2. Comparison of the slopes of the calibration
curves obtained by peak height and peak area
from standard solutions of OTCa

Slope by peak height Slope by peak area

Day Before After Before After
1 31740 35946 12247 12189
2 37127 35394 12384 12386
3 36140 33046 12170 12280
4 39812 35860 12107 12161
5 26805 26368 12316 12227
Within-day variation

RSDr, %b 6.35 0.42
Day-to-day variation

RSDr, %b 13.57 0.81

a Two calibration curves were done with each sample run, one
before and the second after. For each regression, N= 8. See
Table 1 for the concentrations used.

b RSD (relative standard deviation) obtained by analysis of variance.

lowing solvents: water, methanol, chloroform, tetrahydrofuran,
n-hexane, chloroform, methanol, water, and mobile phase. The
guard column was replaced as needed. This simple mainte-
nance procedure made it possible to use the same column
throughout this project (6 months; >1500 injections) without
any apparent deterioration.

All calibration curves were linear over the concentration
range studied (0.005-0.5 |ig on-column), had a Y-intercept not
significantly different from zero, and a correlation coefficient
(1) better than 0.999 (n = 10, over 5 days). When the slopes of
the calibration curves (before and after) from 5 analytical mns
were compared, peak height measurement had a within-day
variation of 6.35% and a day-to-day variation of 13.57%,
whereas peak area showed only 0.42 and 0.81 % for within-day
and day-to-day variations, respectively (Table 2). The great
variability in peak height resulted from changes in peak shape
that were probably caused by accumulation of impurities on the

column. This had little effecton the peak area, however. There-
fore, peak area was chosen for measuring the OTC concentra-
tion in spiked samples.

OTC could be detected at 0.5 ng on-column for standard
solution and at0.002 |ig/g for salmon extract; the limitofquan-
titation was found to be better than 0.05 (ig/g (see Table 1). At
this concentration, the day-to-day relative standard deviation
(RSD) was 13.1%, which was well below the 20% limit
recommended for residues at 0.1 |ig/g (12). At 0.02 |ig/g,
the RSD was 21.1%, which was just above the recom-
mended maximum.

The method described is fast, simple, and sensitive. It has a
limit of quantitation that is less thah halfofthe U.S. tolerance
for OTC in salmonid tissues, which would make the method
suitable for regulatory purposes.
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DRUG RESIDUES IN ANIMAL TISSUES

Simultaneous Determination of Multiple Tetracycline Residues
in Milk Using Metal Chelate Affinity Chromatography
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A method was developed for the determination of
7 tetracyclines in milk. Raw milk samples are
defatted, acidified, and centrifuged to remove pro-
teins, and the tetracyclines are specifically ab-
sorbed from the milk by chelation with metal ions
bound to small Chelating Sepharose Fast Flow col-
umns. The tetracyclines are removed from these
columns with EDTA-containing buffer, and the ex-
tracts are further cleaned up by centrifugal ultra-
filtration. Finally, the extracts are concentrated and
analyzed simultaneously by on-line concentration.
This method has limits of detection for individual
tetracyclines of <5 ng/mL and was validated with
fortified milk samples at 15, 30, and 60 ng/mL. Re-
coveries exceeded 60% for all tetracyclines at all
levels, with good precision. The method was also
tested on milk from cows dosed with each of the
tetracyclines. Advantages of this method over exist-
ing methods include its sensitivity, minimal use of
organic solvents, and speed; with an autosampler,
at least 14 samples can be processed and analyzed
in 1 day.

tracyclines are a class of antibiotics that chelate diva-

lent metal ions and have a fused, partially aromatic, 4-

ring structure. Veterinary uses in food-producing ani-
mals are approved for oxytetracycline (OTC), tetracycline
(TC), and chlortetracycline (CTC). The U.S. Food and Drug
Administration (FDA), Center for Veterinary Medicine (CVM)
set “safe levels” for residues in milk of 30, 80, and 30 ppb of
these drugs, respectively. In addition to these 3 major drugs,
doxycycline (doxy), minocycline (mino), demeclocycline
(DMCTC), and methacycline (metha) are human drugs that
may also be available for veterinary use. CVM needed to have
a multiresidue regulatory method available that would detect
the presence of these residues in milk.

Several liquid chromatographic (LC) methods were pub-
lished for the determination of TC residues (TCs) in tissues or
milk (1-9). Most of these methods did not have the desired
sensitivity. The sensitivities of the Thomas procedure (3) and

Received October 21,1991. Accepted June 17,1992.

the matrix solid-phase dispersion technique (8) were clearly
limited by the presence of endogenous milk peaks. The use of
metal chelate affinity chromatography (MCAC) as a class-spe-
cific extraction step sounded quite promising, although the pro-
cedure developed by Farrington’s group was somewhat cum-
bersome and time-consuming (1, 2).

This paper describes an LC method for determining 7 TCs
in milk using MCAC as a precolumn cleanup and concentra-
tion step (1,2), on-line sample concentration (3,4,10), and
UV detection. The sample is defatted, acidified, and centri-
fuged, and the clear supernatant solution is applied to a small
chelating agarose column that was previously charged with
copperions. This column is washed, and the TCs are specific-
ally eluted with EDTA-containing buffer. The eluate is ultra-
filtered to remove proteins and then injected on the LC. It is
further concentrated by using 100% aqueous mobile phase as
the starting condition. The TCs are adsorbed onto the column
and then eluted by changing mobile phase conditionsto include
22% acetonitrile and 8% methanol.

METHOD

Apparatus

(a) Liquid chromatograph.— Perkin-Elmer Series 4 pump,
LC-95 UV detector setat 355 nm, LC1-100 integrator, PE 7700
computer with Chromatographies 3 software, 1SS-100 auto-
sampler equipped with 2 mL loop, orequivalent LC system.

(b) LC column.— PLRP-S, 5 pm, 100 A, 150 x 4.6 mm
column, equipped with guard column containing same packing
material (No. 1111-3500, PolymerLabs, Amherst, MAO1002).

(c) Refrigerated centrifuge.— Sorvall RC 3, or equivalent,
with fixed-angle rotor holding 18 mm diametertubes and rotor
holding disposable 15 mL centrifuge tubes.

Minicolumns.— Bio-Rad disposable poly(propylene)
columns (No. 731-1550, Hercules, CA 94547), or equivalent.

(e) Rack to hold minicolumns.— Optional; can be rigged
from wire test tube racks, but rack manufactured expressly for
this purpose (Bio-Rad, No. 731-7005) simplifies procedure.

() centrifugal ultrafilters.— Amicon Centricon 30 (No.
4208 or 4209, Beverly, MA 01915).

(g) Filters.— LC solvent filtration apparatus with 0.2 pm
nylon filters to fit.

Volumetricflasks.— Class A, 1L, 100 and 5 mL.
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Reagents

(a) LC grade water.— Use wherever water is called for.
Distilled water is deionized then further treated with UV irra-
diation to remove trace organic impurities (Nanopure n/Or-
ganicpure system, Sybron Bamstead, Boston, M A 02132).

(b) Solvents.— LC grade methanol and acetonitrile.

(c) Tetracycline analytical standards.— OTC, and hydro-
chloride salts of TC, CTC, and metha (USP Reference Stan-
dards, U.S. Rockville, MD
20857). Hydrochloride salts of mino, DMCTC, and doxy
(Sigma Chemical Company, St. Louis, MO). AIl TCs used for
oral dosing ofcows were purchased from Sigma, except metha,

Pharmacopeial Convention,

which was a gift from Wallace Laboratories.

M etal chelate resin.— Chelating Sepharose Fast Flow
(No. 17-0575-01, Pharmacia, Piscataway, NJ 08854). Store re-
frigerated.

(e) Sodium succinate.—0.1M,pH 4.0. Dissolve 11.8 g suc-
cinic acid (Sigma reagent grade, or equivalent) in <1 L water.
Titrateto pH 4.0 with 10N NaOH, and diluteto 1L. Store under
refrigeration. Discard if any particulate matter appears.

() coppersulfate.— lIOmMM. Dissolve 0.5 g CuS04-5H20
(Sigma reagent grade, or equivalent) to 200 mL with water.
Store at room temperature.

(g) Ethanol.—20% (v/v).

(h) Mcllvaine-EDTA-NaCl buffer.—Prepare Mcllvaine
buffer by dissolving 12.9 g citric acid monohydrate (Sigma re-
agentgrade) and 10.9 g Na2H P04 (Fisherreagentgrade) in 1L
water. Store under refrigeration. Prepare Mcllvaine buffer
0.1M in EDTA and 0.5M in NaCl by adding 37.2 ¢
Na2EDTA-2H20 (Fisher reagent grade, or equivalent) and
29.2 gNaCl (Mallinkrodtreagentgrade, or equivalent) to flask
and diluting to 1 L with buffer. Filter through 0.2 |Lm nylon
filter. Store atroom temperature.

(i) LC mobilephase.— To 1L volumetric flask, add 0.90 g
oxalic acid (Aldrich Chemical Co., Milwaukee, W), dissolve,
and dilute to volume with LC grade water. Filter through
0.2 |ILmNylon 66 membrane, and place in one pump reservoir.
Separately fill remaining reservoirs with LC grade methanol,
acetonitrile, and water. Sparge with helium (3).

Standard Solutions

(a) Tetracycline stock solutions.— 100(ig/mL. Place
10mg (corrected forpotency) ofeach tetracycline in individual
amberor foil-wrapped 100 mL volumetric flask. Dilute to vol-
ume with methanol. Shake well to dissolve. Store at -10°C.
Stable for 2 months.

(b) Combined solution.—
1[ig/mL. Pipet 0.5 mL of each stock solution into 50 mL
amber or foil-wrapped flask. Dilute to volume with methanol.
Store at-10°C. Stable for 5 days.

(c) Chromatographic standards.— Dilute 0.750 mL work-
ing stock to 5.0 mL with Mcllvaine-EDTA-NaCI bufferin a
volumetric flask to make 150 ng/mL standard solution. Dilute
this solution 2 + 1 (4 mL 150 ng/mL standard + 2 mL buffer)
to make 100 ng/mL. Dilute 100 ng/mL standard 1+ 1(2mL +

2 mL buffer) to make 50 ng/mL, and 1+ 4 (1 mL diluted to

working tetracycline stock

5 mL with buffer in volumetric flask) to make 20 ng/mL. The
20, 50, 100, and 150 ng/mL chromatographic standards are

equivalentto milk concentrationsof 10,25,50, and 75 ng/mL.

Not stable; prepare daily.

Milk Fortification

Fortify milk to 15,30, and 60 ng/mL by adding 75,150, and
300 (iL TC working stock, respectively, to 5 mL whole raw
milk. Milk may have been stored frozen, but should show no
signs of souring or curdling.

Animal Treatment

Cows were given a single oral bolus containing either
5 mg/lb body weight (CTC, mino, DMCTC, or doxy) or
2.5 mg/lb body weight (OTC or TC). Milk was collected for
analysis twice daily postdosing. Samples were analyzed within
18 h while still fresh. Aliquots of each milking were also im-
mediately frozen and stored for future use. Frozen milk con-
taining residues at the levels of interest was then used in the
method validation studies. To produce milk containing more
than 1residue at the desired concentration, in some instances
2 milk samples containing individual incurred residues were
blended before analysis.

MCAC Column Preparation

Swirl Chelating Sepharose Fast How resin in its bottle to
obtain even suspension. Transfertwo 0.7 mL portions of sus-
pension to minicolumn, using P 1000 pipetman (or equivalent)
equipped with blue tip from which bottom 2-3 mm was re-
moved with sharp razor to create larger bore pipet tip.

Open bottom outlet of minicolumn, and allow shipping
buffer to drain out. Add or remove resin if necessary, so that
bed volume isbetween 1.0 and 1.2 mL. Wash resin with three
2 mL portions of water; then, “charge” with 2 mL IOmM
CuS04. Wash column with two 2 mL portions of water. It is
now ready for use.

All MCAC column operations are accomplished by using
gravity feed. Many columns can be prepared simultaneously.
Column appearance at this point should be bed volume be-
tween 1.0 and 1.2 mL, with approximately the top 0.7 mL blue
from Cu2+ adsorption. Bottom 1/3 of column should re-
main white.

Sample Preparation

Place 5.010.1 mL milk in 15 mL disposable centrifuge
tube, and centrifuge 15 min at 3000 rpm (1500 x g) and 10°C
to separate cream.

Remove lower “skim” layer, using 9 in. Pasteur pipet, and
transferto clean 15 mL centrifuge tube. Alternatively, puncture
solid fat layer with Pasteur pipet on opposite sides while still
cold, and decant skim milk through holes. Discard fat. Add
10 mL 0.1M sodium succinate (pH 4) buffer to milk, cap tube,
invert several times to mix, and centrifuge 30 min at 3000 rpm
to pellet resulting precipitate.

Apply clear supernatant solutions directly to MCAC col-
umns. (Ifusing Bio-Rad columns, apply in 2 batches, because
reservoir is not large enough to hold entire supemate.) Filter
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through by gravity. Avoid disturbing column bed excessively.
Proceed with subsequent step only after no liquid is visible
above resin. Do not let columns dry out.

W ash columns sequentially with 2 mL 0.1M sodium succi-
nate (pH 4), 2 mL water, 2 mL methanol, and then 2 mL water.

Nexttwo steps are criticalfor good recoveries.— (7) Care-
fully apply 0.70 £+ 0.05 mL McDvaine-EDTA-NaCl buffer to
columns. Drip buffer along sidesofcolumn so asnotto disturb
column bed. Discard clear flowthrough. Use gravity feed only
on this and next step. (2) Elute TCs from column with addi-
tional 2.5 £ 0.05 mL McDvaine-EDTA-NacCl buffer, coDect-
ing eluate. MCAC columns should appear white at this point;
eluted solution is blue.

Clean columns with additional 2-3 mL McDvaine-EDTA-
NaCl buffer, and wash with three 2 mL portions of water and
then 5-10 mL 20% ethanol in water. Cap columns with excess
of 20% ethanol and store in refrigerator. Before next use, use
vortex mixer or invert several times to resuspend resin thor-
oughly. Same column may be used at most 6 times. On subse-
quentuses, open topofcolumn and startat“Open bottom outlet
of...” in MCAC Column Preparation. Avoid reusing columns
that were exposed to sour milk or excessive amounts (>5 (ig)
of TCs. Columns are good for at least 2 months when stored

properly.

Ultrafiltration

Caution: Blue MCAC eluates are not stable. Eluates de-
velop precipitate that can clog and effectively destroy LC col-
umn. For this reason, | strongly recommend that samples be
deproteinized further before analysis. Ultrafiltration through
Centricon 30 effectively removes proteins of MW 30 000 dal-
tons and higher without significantly reducing TC concentration.

W ash filters before use by centrifuging (15 min at 1500 x g)
2 mL water through them. Shake both retentate and filtrate
chambers to remove aft water. Wash filters while MCAC col-
umns are being loaded and washed.

CollectMCAC eluatesdirectly inupper (retentate) chamber
of Centricon 30 centrifugal ultrafilters. Cap and invert several
times to ensure sample homogeneity. Centrifuge MCAC sam-
ples 30-90 min at 6500 rpm (5000 x g) in fixed-angle rotor.
Centrifugation may be stopped when there is >1 mL filtrate in
bottom chamber.

Liquid Chromatography

Mobile phase composition.— Use gradient reported by
Thomas (3). Briefly, inject sample with mobile phase at 100%
0.01M oxalic acid with 1 mIVmin flow rate. After 1 min, lin-
early change mobile phase over 5 min to 0.01M oxalic acid-
methanol-acetonitrile (70 + 8 + 22). M aintain thiscomposition
for 11 min at 1mL/min then return to initial conditions. Mon-
itor UV absorbance at 355 nm. (Substitution of polymeric re-
versed-phase column significantly improves resolution and
column longevity.) Store column in water-acetonitrile (50 +
50). Flush column and LC system with pure water before and
after storage to preventprecipitation ofoxalic acid by high con-
centrations of organic solvent.

Sample injection.— Use 2.0 mL sample loop. Sample injec-
tion size may vary; 600 |iL is convenient amount for PE ISS
100 autoinjector to handle. To quantitate accurately, inject
identical volumes each time. Use water as flushing solvent in
autosampler to prevent salt precipitation.

Peak identification.— TCs elute in foUowing order: mino,
OTC, TC,DMCTC, CTC, metha, and doxy. (Retention times
tend to shiftslightly both as column ages and asnumberofruns
inexperimentincreases. Itisnecessary todefine very tightwin-
dows for peak identification, because TCs cluster closely to-
gether. For this reason, a standard mustbe included every 5-10
injections. All putative residue peaks should have retention
times within 0.05 min of retention times observed in bracket-
ing standards.)

Extract stability.— TCs are not stable at room temperature
under acidic conditions (i.e., McDvaine-EDTA-NaCl| buffer).
TC and CTC, in particular, degrade significantly (>50%)
within 24 h. Degradation products tend to elute earlier than
parentcompound and usuaDy migrate with OTC. To avoid this
problem, all centrifugation steps should be performed at 10°C,
and sample extracts either should be refrigerated or should be
analyzed within 4 h of preparation. MCAC samples may be
stored refrigerated up to 2 days or frozen up to 1 week with
only slightchanges in concentration.

Calculations

Prepare standard curve for each of 7 TCs from standard
chromatograms. Injectequal volumes ofstandards and samples
on LC system. Determine sample concentrations by linear re-
gression, using formulay = mx + b, where x = peak area or
height (both were used successfuDy in this laboratory) andy =
concentration of extractinjected in ng/mL. Correlation coeffi-
cients foreach of TC standard curves are routinely >0.995. Be-
cause MCAC reduces sample volume from 5 mL to 2.5 mL,
determine TC concentration in original milk sample by divid-
ing concentration determined for injected sample by 2.

Care should be taken with integration. Baseline determined
by automated data systems should be individually inspected for
each chromatogram. See chromatogramsin Figure 1forappro-
priate baseline construction.

Results

Three separate experiments were conducted on different
days in which TCs were determined in duplicate samples of
control milk and control milk fortified with mino, OTC, TC,
DMCTC, CTC, metha, and doxy at 15,30, or 60 ng/mL each.
Figure 1 shows chromatograms of control milk and control
milk fortified at 30 ng/mL.

Noise levelsin the 6 control milk samples were determined
at the retention times foreach ofthe TCs and used to calculate
the limit of detection (LOD) and limit of quantitation (LOQ)
(11) for each residue fora 600 |iL sample injection (Table 1).
The LOD and LOQ determinations are consistent with ob-
served ability to detect and quantitate low levels of TCs in the
analysis of several-day postdose incurred milk samples.
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Figure 1.

Chromatograms of MCAC extracts: (A) control milk; (B) control milk fortified at 30 ng of each TC/mL,

(1) Minocycline, (2) Oxytetracycline, (3) tetracycline, (4) demeclocycline, (5) Chlortetracycline, (6) methacycline, and

(7) doxycycline.

Table 2 shows the recovery data for the fortified milk sam-
ples. Approximate retention times, average percentrecoveries,
and percent coefficients of variation are presented. Recoveries
varied from a low of 63% for mino to a high 0f91% for OTC;
they tended to be higher for the samples fortified at lower con-
centrations. The reasons for this are not clear; however, this
phenomenon was observed before in TC analysis (1,5). In this
method, the capacity ofthe MCAC columns may be a factor in
reduced recoveries at higher residue levels, although samples
containing >500 ng/mL were successfully analyzed.

Five replicates of milk containing incurred residues
were analyzed. The results, with coefficients of variation, are
reported in Table 3. In a separate set of exhaustive extraction
experiments, dosed milk samples containing relatively high
levels of TCs were analyzed. The discarded fat layers from
these samples were extracted with water, which was added to
the discarded pellets from the sodium succinate precipitate. An

additional 10 mL ofsodium succinate was added to these solu-
tions, followed by vortexing and centrifugation. The superna-
tant solutions were applied to separate MCAC columns, which
were then treated as described in the METHOD section.
Table 4 shows the levels determined in the primary extract or
method, the levels in the secondary extract, and the percentages
of the total extractin the primary and secondary extracts.

This method was developed by using milk from cows
housed at Division of Veterinary Medical Research (DVMR).
These cows had the advantage of having a known treatment
history. None ofthe control milk produced here contained any
background peaks that would interfere with the analysis. To
confirm that this method works with milk from other sources,
we acquired milk from cows or herds with known treatment
histories (typically from agricultural schools) from other re-
gions of the United States. Control milk from North Dakota
was found to contain an endogenous peak with aretention time

Table 1. Approximate retention time (RT), LOD, and LOQ of method for TCs residues in milk: Calculations assume a

600 pL injection volume

Parameter Mino oTC TC
Approx. RT, min 11.7 12.8 13.3
LOD, ng/mL 0.50 0.42 0.52
LOQ, ng/mL 1.03 0.83 1.01

DMCTC CTC Metha Doxy
14.2 15.3 16.1 16.6
1.02 1.27 0.93 1.15

2.18 2.35 1.90 2.22
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Table 2. Recovery and coefficient of variation (CV) of TCs from fortified milk samples
Rec., % (CV, %)

Fortified sample concn,

No. of samples Mino oTC TC DMCTC CTC Metha Doxy
15 ng/mL, n=5 66.6 (8.9) 91.0 (9.5) 79.4 (107) 810 (120) 803 (21.3) 746 (16.7) 79.3 (13.0)
30 ng/mL, n=6 65.1 (12.2) 85.6 (8.0) 73.6 (4.5 752 (2.8) 68.3 (9.5) 67.1 (6.7) 724 (6.0)
60 ng/mL, n=6 63.4 (135) 82.0 (10.1) 69.8 (5.5) 68.6 (4.7) 65.5 (6.5) 65.3 (6.1) 716 (6.4)
Table 3. Residue concentration (ng/mL) in milk from cows dosed with TCs
Parameter Mino oTC TC DMCTC CTC Metha Doxy
27.73 28.07 33.50 22.89 28.00 16.19 32.78
26.76 28.21 32.99 21.06 27.50 15.19 36.42
29.19 29.78 34.53 22.04 27.39 16.72 31.43
23.18 27.74 32.81 20.27 28.22 15.83 33.12
26.49 28.76 32.06 19.27 25.95 14.26 30.48
Av. concn 26.67 28.52 33.18 21.11 27.41 15.64 32.85
CV, % 8.32 2.80 2.76 6.75 3.24 6.07 6.89

similar but not identical to that of TC (Figure 2). Analysis of
the North Dakota milk using aminorvariation of the procedure
published by Thomas (3) revealed that the MCAC procedure
removes most (>90%) butnotall ofthis endogenous peak. The
MCAC procedure was modified to include more stringent
wash steps (approximately double the volume described),
which effectively removed the interfering peak. However, the
increased washes also reduced the recoveries of some of the
TCs, particularly mino; therefore, they were not incorporated
into the standard method. Recovery of TC itselfis only mildly
affected by the increased washes; if the identity of a peak is
uncertain, the milk sample could be re-analyzed and the more
stringent wash procedure used.

This method was tested for interferences resulting from
other veterinary drugs. Solutions containing approximately
1pg/mL ofthe following drugs were chromatographed by the
LC system described above: chloramphenicol, gentian violet,
ivermectin, spectinomycin, hygromycin B, and a mixture of 11
different sulfa drags. Of these, chloramphenicol, spectino-
mycin, hygromycin B, and the sulfa drags resulted in any peaks
detectable at 355 nm. (It was strongly suspected that the
spectinomycin/hygromycin B resulted from a contaminant in
the stock solution.) Milk samples were prepared containing

1pg/mL ofthe above drags. Samples were also prepared con-
taining 1 pg/mL of the above drags and 30 ng/mL of each of
the 7 TCs. These samples were extracted and analyzed by this
method. The first set of samples resulted in chromatograms in-
distinguishable from control milk chromatograms. Recoveries
of TCs in the second set of samples were similar to recoveries
from control milk fortified with TCs only. No detectable inter-
ference from these other drags was found with the TC analysis.

During its development, this method was evaluated forrag-
gedness according to Youden’s system (12). Except where in-
dicated, minor changes in volumes and buffer compositions in
the MCAC column preparation and extraction steps did not
significantly affect results. The performance of this method
was also tested by having a second analystin the laboratory use
the method to analyze fortified samples. Results were similar
to those reported here.

MCAC is a convenient, TC
method. Because milk samples prepared by this method are

class-specific extraction

free of chromatographic interferences, detection limits are low
and peaks are readily identified. This method has the additional
advantages that numerous samples may be processed at one
time, and almostno hazardous waste isgenerated by the extrac-
tion procedure.

Table 4. Exhaustive extraction of milk from cows dosed with OTC, TC, or CTC

Extraction Parameter OoTC TC CTC

First extraction Concn, ng/mL 51.21 70.94 52.70
CV%, n=3 1.66 3.94 11.39
% of total extracted 87.70 92.38 90.21

Second extraction Concn, ng/mL 7.18 5.85 5.72
CV%, n=3 9.18 4.42 36.75
% of total extracted 12.30 7.62 9.79
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Figure 2. Chromatograms of MCAC extracts of milk from North Dakota: (A) control milk and (B) ND control milk
fortified at 30 ng/mL with each TC. Peaks are labeled as in Figure 1. Arrow indicates endogenous milk peak.
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DRUG RESIDUES IN ANIMAL TISSUES

Quantitation of Sulfamethazine in Pork Tissue

by Thin-Layer Chromatography

Joseph Unruh, Daniel P. Schwartz, and Robert A. Harford

U.S. Department of Agriculture, Agricultural Research Services, Eastern Regional Research Center, Philadelphia, PA 19118

Our earlier method to detect and quantitate sulfa-
methazine (SMZ) in milk at the 10 ppb level was
modified to quantitate SMZ in pork tissue. Sul-
fabromomethazine (SBZ) is added to the tissue as
an internal standard. SMZ and SBZ are extracted
from the tissue into water as the supernatant of a
centrifuged, aqueous homogenate and are cleaned
up and concentrated by a series of solid-phase ex-
tractions. The sulfonamide-containing eluate is
then separated on a silica gel thin-layer chromato-
graphic plate. SBZ and SMZ are derivatized with
fluorescamine, and their fluorescence is quanti-
tated with a scanning densitometer. The limit of de-
tection was estimated at 0.25 ppb (signal-to-noise
ratio, 3:1). The average accuracy over the analysis
range (0.54-21.8 ppb [pg/kg]) was 95.6% (standard
deviation = 29.4%, n = 54).

ulfamethazine (SMZ) is a commonly used sulfonamide

thatis effective fortreating various bacterial infections in

food-producing animals. The United States has a current
tolerance of 0.1 ppm for SM Z residues in edible swine tissues
(21 CFR 556.670) (1), but recent reports from the National
Center for Toxicological Research on the possible carcinoge-
nicity ofSMZ (2, 3) prompted the U.S. Food and Drug Admin-
istration (FDA) to considerlowertolerance limits, possibly into
the low ppb levels (4,5).

Current AOAC official methods for quantitating SMZ in
swine tissue (982.40, 982.41, and 98231) (6) are applicable
only down to the 50 ppb level. Moreover, these methods are
time-consuming and produce an appreciable amount of waste
solvents. Goalsofnew methodology are to decrease the analy-
sis time and reduce the amount of solvents used.

Solid-phase extraction (SPE) isone way to reduce high sol-
ventconsumption. A recently reported multiresidue method for
sulfonamides in swine tissue uses a type of SPE (7) that re-
quires very small amounts of halogenated and nonhalogenated
solvents per sample (8 mL each) in the analyte isolation phase.
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Reference to a brand or firm name does not constitute endorsement by
the U.S. Department of Agriculture over others of a similar nature not
mentioned.

Presented at the 105th AO AC Annual International Meeting, August
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However, the method uses liquid chromatography (LC) for an-
alyte separations, which produces a substantial volume of
waste solvent; the method also uses a photodiode array detec-
tion system for quantitation, which results in a minimal detect-
able limitbetween 31 and 62 ppb (7).

Aertsetal.reported a sensitive multiresidue LC method (re-
ported limitofdetection, 5 ppb) for sulfonamidesin meattissue
(8, 9). A continuous flow system involving column switching
isused to isolate and concentrate the analytes from an aqueous
tissue extract before LC analysis. Postcolumn derivatization
with dimethylaminobenzaldehyde enhances both the sensitiv-
ity and selectivity ofthis method. The use ofaqueous saline to
quantitatively extract sulfonamides and chloramphenicol from
tissues is successful at trace levels (10).

We recently reported a very sensitive method (quantitative
range ofanalysis, 0.5-15 ppb) for detecting SM Z in milk (11).
The method uses a series of solid supports to extract, isolate,
and concentrate the analyte. After thin-layer chromatographic
(TLC) separation, the analyte is quantitated by fluorescence
densitometry. The method uses a total of about 20 mL non-
halogenated organic solvents per sample. Small modifications
to the method for SM Z in milk permitted the use of an aqueous
tissue extract (8-12) in conjunction with the series of solid sup-
ports. These modifications resulted in the method we now re-
port. Results obtained from assays of swine tissue fortified with
SMZ in the 0.5-20 ppb range are presented.

Experimental

Reagents

(a) solvents— LC grade.

(b) water— LC grade, from Modulab Polisher | system
(Continental W ater Systems, San Antonio, TX).

(c) Reagents— Baker analyzed (J.T. Baker, Phillipsburg,
NJ) except for fluorescamine, SMZ, A-acetylsulfanilyl chlor-
ide, and 2-amino-4,5-dimethylpyrimidine, which were ob-
tained from Sigma Chemical Co. (St. Louis, MO).

(d) solutions— Prepare stock solutions of SMZ (Sigma
Chemical Co., S-6256) and SBZ (11) at 1 mg/mL in acetone,
and store at -80°C. Prepare working solutions in water of 1.0
lig SBZ/mL and 2.0, 1.5,1.0,0.8,0.75, 0.50,0.40,0.25,0.20,
0.10,and 0.05 |ig SMZ/mLby diluting stock solutions. Prepare
fresh working solutions monthly, and store at 0-5 °C.
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Figure 1. Filtration and extraction column setup. The
Luer-Lok fits tightly into the 500 mg Cis SPE column
without the need for an adapter. The poly(propylene)
wool plug is loosely packed to fill the stem of the funnel
and is only intended to retain the fat that floats on the
supernatant.

(e) Acidic alumina.— Purchase as activated and use as re-
ceived, 95+%, -6 0 mesh (Alfa Products, Danvers, MA).

(f) Cation-exchange resin.— AG MP-1, 100-200 mesh,
chloride form (Bio-Rad Labs, Richmond, CA).

Apparatus

(@) Homogenizes— Polytron Model P T 10/35 (Brinkmann
Instruments, Inc., Westbury, NY) equipped with Model PTA-
20S generator, and operated at a setting ofca 4vz for 20 s.

(b) centrifuge.— Refrigerated centrifuge (EEC Centra-7R,
International Equipment Co., Needham Heights, MA) with 12
X 50 mL tube capacity rotor (Model 822A). Low-density
poly(ethylene) centrifuge tubes with closures (Nalge No.
3112-0050, Fisher Scientific, Pittsburgh, PA). Mark tubes at
25 mL level before analysis. Centrifuge samples 15 min at
15°C and 4800 rpm (ca 4000 x g).

(¢) SPE manifold.— Visiprep™, equipped with vacuum
gauge and optional Teflon solventguide needles (Supelco, Inc.,

Bellefonte, PA). Fit 1/4in. piece 0f3/8 in. rubbertubing around
sample control valves of manifold to increase fingertip control
of sample flow. Collect eluates in 10 x 75 mm disposable cul-
ture tubes (VWR, San Francisco, CA).

(d) SPE setup.— A reservoir, >50 mL, attached to extrac-
tion column (Bakerbond Clg, 3 mL, Baker) is required [we
used 60 mL Luer-Lok polypropylene) syringe barrel (Becton
Dickinson & Co., Rutherford, NJ) with end cut off at 60 mL
graduation mark; presence of Luer-Lok permits attachment
without need of connecting adaptor]. Place 55 mm disposable
polypropylene) funnel (Fisher Scientific) in top of reservoir.
Pack funnel stem loosely with ca 0.05 g teased polypropyl-
ene) wool (Aldrich Chemical Co., Inc., Milwaukee, W) to pre-
filter sample (see Figure 1). Attach C 18columns to the vacuum
manifold and wash with two 3 mL volumes each of methanol
then water; place an additional volume of 1.5 mL water above
the bed.

(e) Preparation ofanion-exchange resin.— Shake 10 g AG
MP-1 (ca 1 min) with 300 mL 10% acetic acid in acetone, let
settle 15 min, and decant. Shake resin with 300 mL water, let
settle 15 min, and decant. Shake resin with 300 mL 2M HC1,
letsettle 5 min, and decant. Afterrinsing with waterinacourse-
fritted funnel until water is neutral, shake resin 1 h, using a
mechanical shaker, with 300 mL 0.2M K2H PO 2buffer, pH 7.9.
Filter resin through a course-fritted funnel, wash with water
until water is neutral, and dry in the funnel (vacuum 5 min).
Store the 10 g of resin, refrigerated, in 200 mL ethanol-water
(1 + 1), and use 0.5 mL suspension for column B.

(f) Concentration column (column B).— Use theend ofa 1
m 1, disposable pipet tip with a 70 pm porous polypropylene)
disc (2.5 mm disc punched from 1.59 mm sheet 70 pm
Fritware® [BEL-ART, Pequannock, NJ]), and add 0.5 mL
anion-exchange resin suspension and let drain to waste.

(g) Clean-up column (column A).—Fill a Quik-Snap col-
umn (Isolab, Akron, OH) to the reservoir with methanol, and
slowly pour0.50 £ 0.02 g acidic alumina into the column. Place
a bed of course sand (ca 5 mm) on top of the alumina after it
has settled. Snap the bottom closure off, and place the column
above the concentration column (column B, Figure 2), letting
methanol drain through column B to waste.

(h) TLC development and application.— Use ascending
one-dimensional development in a twin trough chamber, 10 x
10 cm (Camag, Muttenz, Switzerland) with chamber saturation
for 10 min. TLC plates (10 x 10 cm) precoated with Silica Gel
60 were obtained from Merck (Darmstadt, Germany). Wash
plates by immersing in methanol 5 min and then dry at 80°C
for 30 min. Apply samples to TLC plate with Camag Linomat
TV (Camag, Wrightsville Beach, NC). Use N 2to spray samples
onto TLC plate 10 mm from bottom edge at rate of 6 s/pL.
Starting 10 mm from plate edge, apply samplesin 6 mm bands
separated by 4 mm. This arrangement permits 8 lanes per plate,
3 of which will always be standards.

(i) TLC detection and quantitation.— Use ethyl acetate-
toluene (1 + 1)as solvent; split 10 mLevenly between troughs.
Running time and distance are 11 min and 63.0 £+ 0.4 mm from
plate bottom, respectively. To allow detection, mechanically
dip the dried chromatogram (5 min under flow of nitrogen at
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Figure 2. Cleanup and isolation column setup.

room temperature) (Camag Immersion Device Il) at low speed
for 2 sin 100 mL fluorescamine solution (25 mg in 10 mL
acetone, to which 90 mL hexane isadded). Dry the dipped plate
5 min with nitrogen then spray with 0.2M H3B 03 (adjustpH to
8.0 with 1M NaOH). After spraying with borate buffer, im
mediately place plate in -20°C freezer for >5 min before den-
sitometry. Place positioning plate in -20°C freezer for >15 min
before scanning. Place TLC plate prepared for chilling on po-
sitioning plate and chill parts together. For densitometry, scan
lanes with a0.025 x 5 mm band at 0.5 mm/s in the fluorescence
mode using a Camag TLC Scanner Il. After placing position-
ing plate (with respective TLC plate) back in densitometer,
place similarly chilled Ace flexible cold compress (purchased
at local drug store) on positioning plate to help maintain low-
temperature environment during densitometry. Measure exci-
tation at 366 nm (Hg lamp), and measure emission after a 400
nm cut-off filter. Record the densitogram, and measure peak
heights on a Camag SP4290 integrator.

Sample Preparation

Intactpork loin roast purchased from local market was used
forall work reported here. Pork tissue was manually deboned,
and all grossly exposed connective tissue and fat were man-
ually removed. Muscle tissue was cut into ca 1 in. cubes and
ground twice through 2 mm hole plate (household model meat
grinder; Sears Roebuck & Co., Chicago, IL). Ground meatwas
divided into ca 140 g lots and stored at -80°C in W hirl-Pak
bags until analyzed.

Determination

Place frozen tissue (still in closed bag) under running cold
water until meat is thawed. Weigh 5.00 g samples into alumi-
num weighing dishes, and fortify each analytical sample with
50 pL SBZ internal standard working solution. Up to 12 sam-
ples can be analyzed concurrently on equipment described
(centrifuge and vacuum manifold). Designate 3 samples as cal-
ibration standards, and fortify 1each at0,7.5, and 15.0 ppb by
adding 50 (iL water or respective working solution (0.75 or
1.50 pg SMZ/mL). For recovery studies, fortify each of the
other 9 samples with 50 pL SM Z working solutions containing
2.0, 1.0,0.8,0.5,0.4,0.25,0.2,0.1, and 0.05 pg SMZ/mL. Let
tissue sample stand at room temperature for 15 min to allow
incorporation of drug into tissue. Transfer tissue sample into
50 mL centrifuge tube, dilute to mark (25 mL) with water (use
wash bottle), and then homogenize sample. Afterhomogeniza-
tion, carefully use water wash bottle to rinse generator probe
(directrinse into centrifuge tube). A total of40-45 mL homog-
enate should now be in centrifuge tube. After all samples are
homogenized, cap tubes, shake briefly (5 s), and centrifuge.
W hile samples are centrifuging, prepare C 18 SPE setup as de-
scribed in Apparatus, (d). After centrifuging, decant superna-
tants into their respective reservoirs through polypropylene)
wool plug in funnels. After all samples are filtered into their
reservoirs, open each sample valve on vacuum manifold one
full turn. Vacuum should be offatthispoint. Samples will begin
to flow slowly by gravity through columns. Carefully apply
vacuum to manifold until pressure is 20-30 kPa (ca 7 in. Hg).
This should result in flow of 6-8 mL sample solution/min
through column. Close sample valve ofeach tube when sample
solution level reaches top of C18 column bed. Wait until all
samples reach this point. Remove reservoirs, and wash all col-
umns with 3 mL water at full vacuum (ca 90 kPa, 27 in. Hg),
followed by 3 mL hexane (use wash bottles to apply wash
water and hexane, and fill column barrel to top). Air-dry col-
umns 10 min by applying full vacuum. W hile C 18columns are
drying, prepare cleanup and isolation setup (Figure 2) as de-
scribed in Appartus, (f) and (g). After columns are dry, attach
Teflon solvent guide needles inside manifold chamber and
setup to collect column eluants. Discard previous column elu-
ants from samples and washings to waste.

Elute C18 columns with three 1 mL portions of methanol
(use 1000 pL automatic pipet for this and subsequent solvent
applications). Apply vacuum at 20-30 kPa (ca 7 in. Hg) to as-
sist this elution only after first milliliter has completely wetted
column by gravity percolation. Remove culture tubes from
manifold, and pour eluates into Col. A of tandem setups (Fig-
ure 2). Row from this pointon in method is controlled by grav-
ity. Rinse culture tubes with two 1 mL portions of methanol, and
apply rinses to tandem setup only after previously applied metha-
nol has completely passed through both columns. Rinse walls of
Col. A with 1 mL methanol. After methanol has passed through,
discard Col. A. Rinse walls of Col. B with 1 mL methanol. Dis-
card methanol eluates from tandem column setups to waste.

Pass 250 pL acetone-acetic acid-methanol (94 + 5+ 1)
through Col. B, and collectin 5 cc Reacti-Vials (Pierce Chem-
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Table 1. Effect of scanner temperature9
Chilled

SMZ added, ng/g SMZ found, ng/g + SDb

Av. % accuracy‘1

0.51 1.12+1.2 218.21
1.02 267+ 15 260.88
511 458+ 0.9 89.49
7.67 7.35+1.4 95.80
10.22 9.21 £1.2 90.06
15.34 1499 +2.1 97.77

Unchilled

SMZ found, ng/g + SDé Av. % accuracy7

0.27+24 52.54
2.13+0.56 208.19
4.38+1.8 85.77
725+ 25 94.50
10.01 +2.4 97.97
16.59 + 0.8 108.15

a Results obtained during method development, not using the final procedure presented.

b n= 3; one analysis at each concentration on each of 3 days.

¢ Relative % accuracy based on SMZ found by using the internal standard calculation and the SMZ added.

ical Co., Rockford, EL), or similar conical vials. SMZ and SBZ
are contained in this eluant. Cap vials and mix by vortexing
10 s. Apply 50 pL sample to TLC plate as described in Appa-
ratus, (h). If 12 tissue samples (vacuum manifold and centri-
fuge capacity) are analyzed, 2 TLC plates are needed for anal-
ysis, and 3 calibration standards each must be appbed to both
plates. Calibration standards are routinely appbed to tracks 2,
4, and 6 to space standards over plate. When sample applica-
tion is completed, develop each plate for 11 min in toluene-
ethyl acetate (1 + 1). Dry plate 5 min with N2 before
fluorescamine dipping, and dry after dipping ca 2 min with N2
before spraying with borate buffer. Do notdry TLC plate after
spraying with buffer, but immediately place on positioning
plate of TLC scanner, already in -20°C freezer, for 5 min be-
fore scanning. Scan plate and record data as described above in
Apparatus and Reagents, (). Calculate linear cabbra-
tion equations as fobows for each plate from standards by
using least-squares fitoption in Cricket Graph software:

[ngSMZ/g =msB 7he ght+i] (1)

Calculate SM Z found foreach fortified sample by substitut-
ing observed SMZ/SBZ heightratios into calibration equation
(Eq. 1) obtained for plate on which sample was developed.

Results and Discussion

Three parameters of the milk method were changed to per-
mit tissue analysis: (1) the sample size was reduced to 5 g, (2)
the fluorescence densitogram was obtained at a reduced tem-
perature, and (3) the AG MP-1 resin elution volume was re-
duced to 250 pL.

The sample size was reduced, because we could notreliably
homogenize 10 g tissue with 15 mL water. Mixing 5 g tissue
with 20 mL water changed the hquid/sohd ratio enough to
allow complete and reliable homogenization and extraction,
and the homogenate volume was kept within the capacity ofa
50 mL centrifuge tube.

The internal temperature of the TLC scanner often reached
34°C after the Hg lamp was turned on and permitted to warm
up. Surface temperature measurements ofthe positioning plate
in the scanner yielded similar temperatures. Because fluores-

camine derivatives are not heat-stable, increased temperature
(>10°C above room temperature) probably is adversely influ-
encing the results. To assess this effect, 6 fortification levels
were evaluated each day for 3 days, with cooling and then with-
out cooling (Table 1). The standard error of the estimate was
calculated for each condition according to the following for-

mula:
Sxy=V X (X -T)2/(n-2) (2)
A
where Y is the amount of SMZ found and Y is the amount of
SMZ added. = 1.41 when the plate is scanned chilled, and

= 1.83 when the plate is scanned at the densitometer’s am-
bientoperating temperature (about 30-34°C). In addition to the
reduced standard error, an increase in the signal-to-noise ratio
was also observed when scanningwas done atthe reduced tem-
peratures. Therefore, with areduction in the Sly and an increase
in the signal-to-noise ratio, reduced temperature scanning was
incorporated into the method. The effect of reduced tempera-
ture scanning is being investigated further, and we devised an
alternative positioning plate thatconveniently maintains the re-
duced temperature forenoughtime (13) withoutthe need of the
Ace cold pack.

The precision and accuracy values obtained at the 0.5 and
1.0 ppb levels (Table 1) were notas good as those we obtained
with the method for SMZ in milk (11). We reduced the sample
size from 10 mL (about 10g) to 5 g tissue and appbed a 100 pL
sampleto the TLC plate to compensate forthis reduction. How -
ever, when 100 pL was appbed to the plate, the chromato-
graphed bands were not as narrow as when 50 pL was appbed.
We believe thatthisis because ofan excess ofacetic acid in the
sample band that interferes with the chromatography. To cor-
rect the problem, the elution volume of the AG MP-1 column
was reduced to 250 pL from 500 pL. Thischange permitted a
smaller volume (50 pL) to be appbed to the plate. The 50 pL
volume did notaffectthe chromatography, and the reduction to
250 pL did not affect the recoveries.

Once the described procedure was developed, SMZ was
successfully extracted with water and then cleaned up from
pork tissues fortified with SMZ at 1.1 and 2.2 ppb (Figure 3).
A good signal-to-noise ratio was obtained even at the 1.1 ppb
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Figure 3. Sample densitograms: Tissue samples fortified with 10 ppb SBZ and either 0,1.1, or 2.2 ppb SMZ are
illustrated. Origin is at 0 mm migration, and solvent front is at 53 mm migration.

level (about 10:1). All samples were fortified with 10 ppb SBZ.
The different response heights for the SBZ peak are evidence
ofthe variability ofthe absolute percentrecovery inthe method
and demonstrate the need for an internal standard correction.
Calibration lines were calculated from samples fortified at 0,
7.5, and 15 ppb SMZ (as described above), with SBZ as an
internal standard. The average squared correlation coefficient
for the calibration curves was 0.995 + 0.006 (r2+ SD, n - 12).
The high correlation for the curves over the 15 ppb range
illustrates the suitability of SBZ for use as an internal standard.
Table 2 shows the results obtained for pork tissue fortified at 9
levels and analyzed daily for 6 days. The average accuracy over
the analysis range of 0.5-21 ppb was 95.65% (SD = 29.45%,
n - 54).

Close examination of the control sample (Figure 3) reveals
a small interference at 16 mm migration distance (Rf= 0.30).
This coincides with the SM Z migration in the fortified samples.
The level was undetectable by the integrator and was not sub-
tracted from the results. Because pork used in these studies was
obtained from alocal meat market, samples may nothave been
completely sulfonamide-free. To determine whether the peak
might be SMZ, three 5 g samples of unfortified pork (neither
SMZ nor SBZ was added) were extracted. The methanol elu-
ates from the 3 C)8 SPE columns were combined and passed
through the same aluminum oxide and AG M P-1tandem setup;
then, 50 pL of the acidic acetone eluate of the AG MP-1 col-

umn was applied to a TLC plate and developed as described.
The baseline interference atthe 16 mm migration distance in-
creased in height approximately 3 times, and the rest of the
densitogram remained unchanged. This result indicates 2 con-
clusions. First, SBZ is a good choice as an internal standard,
because no evidence was found of interferences at SBZ’s mi-
gration distance of 31 mm (Rf- 0.58). Second, the pork tissue
used for this study may have been contaminated with an SMZ
residue of approximately 0.1 ppb. No attempt was made to
confirm the identity of the interference by other means. Other
sulfonamides could be the cause of the interference; sulfamer-
azine and sulfadiazine were both isolated by the method and
both migrate with SMZ in the TLC system presented. SMZ
could be confirmed by using a different TLC system (15) or
one of several TLC (16,17) or LC systems (8,11,18). Sul-
faethoxypyridazine and sulfadimethoxine are 2 other sulfon-
amides isolated by the method, but they are both resolved from
SMZ. The only other sulfonamide to which the method was
applied was sulfapyridine (SPD), which is not isolated. SPD’s
pKais 8.43 (19), and thus, itis notretained by the 779 AG-MP1
resin. Altering the pH of the AG-MP1 resin to 9 or above
should isolate SPD. SPD is chromatographically resolved from
SMZ, as are many other sulfonamides (15). The potential for a
multisulfonamide method is present buthas not been evaluated.
The identity of the interference, although important, does
notgreatly influence the determination of SM Z atthe 5-10 ppb
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Table 2. Accuracy results for sulfamethazine-fortified pork tissue

SMZ added, ng/g SMZ found, ng/g + SDa

0.54 0.56 + 0.39
1.09 1.16 +0.51
2.18 1.84 +0.42
2.73 231 £0.27
4.36 3.72+0.33
5.45 4.75+0.27
8.72 8.19 +0.29
10.91 11.06 £0.63
21.81 2493 £ 3.73

a n = 6;one analysis at each concentration on each of 6 days.

Av. % accuracyé CV, %
102.19 71.51
106.08 43.98

84.51 22.50
84.64 11.93
85.16 8.97
87.18 5.61
93.88 3.62
101.40 5.72
114.31 14.95

b Relative % accuracy, based on SMZ found using the internal standard calculation and the SMZ added.

range, butit should affectthe method’sdetection limit. Without
correcting for the interfering residue and using the signal-to-
noise ratio of 3:1, we estimate the method’s limit of detection
atapproximately 0.25 ppb; however, this noise level isnot suit-
able forregulatory purposes. The FDA’s general guidelines for
methodology for residue analyses below 100 ppb require the
background noise at the regulatory level to be less than 10% of
the residue’s signal and the coefficient of variation to be less
than 20% . According to these guidelines, the presented method
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Figure 4. Quality control plots: Values for the
difference between the SMZ found and SMZ added are
plotted for each fortification level. The average
difference, 99% upper control limit (UCL = +3SD) and
99% lower control limit (LCL =-3SD) were calculated
and are illustrated.

could be suitable for regulatory purposes at and above the
2 ppb level (see Table 2 and Figure 3).

The upperlimitofthe method mustalso be considered. Fig-
ure 4 shows 2 plots of the residuals (SM Z found - SM Z added)
for the values used in Table 2. The average residual and the
upperand lower control limits (+3SD and -3SD, respectively)
are indicated as lines across each plot. Plot A includes the val-
ues found forthe 21.81 ppb fortification; Plot B does not. There
is a larger control limit span in Plot A, and 2 values in the
21.81 ppb zone exceed the upper control limit. This indicates a
problem with the method at this level of analysis. The standard
error of analysis calculated as defined above (Eq. 2) with and
without the 21.81 ppb data yields values of 1.66 and 0.58, re-
spectively. An F-test on the variances indicates that the 2 sets
of data are not ofthe same group. A possible cause is the satu-
ration of the photomultiplier tube with the 21.8 ppb samples.
Therefore, we suggest setting the upper quantitative limitofthe
method to approximately 15 ppb, which, from our experience
with SMZ in milk (11), is within the linear range of the photo-
multiplier tube. If quantitation at a level higher than 15 ppb is
desired, we suggest decreasing the sample size, lowering the
sensitivity of the photomultipler, or fortifying with SBZ at the
target level desired and then either decreasing the volume ap-
plied to the TLC plate or increasing the elution volume of the
AG MP-1 column,.

Conclusions

The method is rapid (one analystcan manually complete 12
samples in 8 h), uses little solvent (about 20 mL solvent per
sample for sample preparation and chromatography), and is
sensitive (detection limitis approximately 0.25 ppb, with a lin-
ear range of quantitation of approximately 2-15 ppb).
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FOOD ADULTERATION

Liquid Chromatographic Detection of a VVariety of Inexpensive
Sweeteners Added to Pure Orange Juice
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Liquid chromatography with pulsed amperometric de-
tection was used to analyze pure orange juice adulter-
ated with a variety of inexpensive sweeteners. This
method can be used to detect low levels (5-10%) of
high fructose com syrup (42 and 55), cane sugar hy-
drolysates (50 and 80%), and beet sugar hydrolysates
(chemically or enzymatically prepared).

he adulteration of orange juice has progressed from

simple addition of water and sugar to the addition of

adulterants designed to mask detection by regulatory
agencies. The simplest form of adulteration is overdilution of
concentrate. This type of adulteration can be detected by deter-
mining the °Brix value of the orange juice (1). If this value is
lower than the minimum of 11.8 “Brix setby industry, the juice
has been diluted with water.

Other inexpensive fmitjuices have also been used to adul-
terate orange juice. Tillmans and Kiesgen (2) developed the
formol index, which quantitates free amino acids to detect this
type of adulteration. An excellent review on the expansion of
this method to the detection ofindividual amino acids was pub-
lished (3). Analysis of flavanone glycosides by liquid chroma-
tography (LC) was also successfully used (4) to detect the pres-
ence of grapefruitjuice in orange juice.

Another significant adulterant in the orange juice industry
is the addition of pulpwash. To detect this type of adulteration,
Petrus and Attaway (5) developed methodology based on the
difference in the visible and ultraviolet absorption and fluores-
cence excitation and emission characteristics of orange juice
and orange pulpwash.

Attempts were also made to establish orange juice adulter-
ation by determining trace components. These components in-
clude phenolics (6), chloramine-T (7), lipids (8), minerals (9),
organic acids (10), and vitamins, sugars, and nicotinic acid
(11). Vandercook etal. (12) introduced a microbiological assay
to determine the fmit content of orange juice products; how-
ever, this method achieved limited success in the detection of
adulterants in orange juice.

The major soluble solid present in orange juice is carbohy-
drate (13); therefore, sophisticated adulteration of orange juice

Received February 13, 1992. Accepted April 30,1992.
1 Address correspondence to this author.

requires addition of carbohydrate. Isotope ratio (13C/12C) was
used extensively for the detection of sugar cane and corn-de-
rived syrups in orange juice (14,15). However, low-level ad-
dition ofthese inexpensive sweeteners (<25%) to orange juice
can go undetected (13). Because of identical C 02 fixation
mechanisms, this isotope ratio measurementcannot be used to
detectbeetsugar/beetsugar hydrolysate. Progress was made in
determining 2H/1H and 180 /160 isotope ratios (16, 17) for beet
sugar addition to orange juice concentrate. However, climatic
variation in the 180 /160 ratio and difficulty in routinely deter-
mining the ~ /'H isotope ratio limitthe widespread use ofthese
methods. These isotope methods for beet sugar determination
cannotbe used with single strength orange juice because of the
addition of water.

Recently, our research group (18) developed a method to
detect the adulteration of orange juice with the beet sugar hy-
drolysate, beet medium invert sugar (BMIS). This material is
an ideal adulterant for orange juice, as it contains the same
major carbohydrate ratio as orange juice (1:1:2, glucose:ffuc-
tose:sucrose) and is inexpensive (<$0.30/lb). The addition of
this material to orangejuice can bereadily detected by LC anal-
ysis of “fingerprint” oligosaccharides. This method was widely
accepted by regulatory agencies and testing laboratories for the
routine analysis of orange juice suspected of being adulterated
with BMIS.

In this paper, we present an extension of this LC method to
the detection ofa variety of inexpensive sweeteners in a single
chromatographic ran. These sweeteners include high fructose
com syrup (HFCS 42 and 55), cane medium invert syrup
(CMI1S,50% hydrolyzed cane sucrose), cane invertsyrup (CIS,
79-80%
>90% hydrolyzed beet sucrose) prepared both chemically and

hydrolyzed cane sucrose), beet invert syrup (BIS,

enzymatically, and BMIS (50% hydrolyzed beet sucrose) pro-
duced chemically and enzymatically. We also introduce a much
simpler sample preparation scheme and a more rapid elution
program, which shortens the analysis time to 96 min.

Experimental
Samples

A reconstituted orange juice concentrate (Florida Depart-
ment of Citrus pilot plant) consisting of 11.71 °Brix and

0.78% acid was used in this study.



Wudrich Et Al.: Journal Of AOAC International Vol. 76, No. 2,1993 343

Commercial BMIS (Michigan Sugar Co., MI), HFCS (42
and 55; CASCO Inc.,, ON, Canada), and CIS (50%, 79-80%
Tate and Lyle, London, UK) were used as adulterants in
this study.

BIS and BHIS (chemically produced) were prepared from
90 g liquid beet sucrose (65.5 °Brix, Alberta Sugar Co.). To this
solution, 100 pL concentrated hydrochloric acid solution
(37%) was added. The solution was heated to 65°C, and ali-
quots were analyzed by LC until 96-98% of the sucrose was
hydrolyzed. The total reaction time was ca 90 min (60 min for
medium invert sugar). The solution was neutralized by the
dropwise addition of 25% sodium hydroxide solution.

BIS and BMIS (enzymatically produced) were prepared
from 205 g liquid beet sucrose (65.5 °Brix, Alberta Sugar Co.)
with 30.2 mg invertase (Sigma Chemical Co., 1-4504 Grade
VI, 852 units/mg). The enzyme was solubilized in water (min-
imum amount) before it was added. The reaction mixture was
heated at 55°C, and aliquots were analyzed until the desired
glucose:fructose:sucrose ratio was obtained (ca 40 min for
1:1:2; 80 min for glucose:fructose ratio of 1:1). The solution
was then heated for 5 min at 80°C to denature the enzyme, fil-
tered, and added to orange juice.

Analytical samples (additions based on sweetener solutions
of 11.0 °Brix) were as follows:

(@) Reconstituted orange juice concentrate.— sample A,
11.71 °Brix, 0.78% acid.

(b) Sample A (80%) + 10% HFCS 42 + 10% beet sucrose.

(c) Sample A (80%) + 10% BIS (chemically produced) +
10% beet sucrose.

@ Sample A (80%) + 10% BIS (enzymatically produced)
+ 10% beet sucrose.

(e) Sample A (80%) + 12% CIS + 8% beet sucrose.

(f) SampleA (80%) + 20% CMIS.

(g) Sample A (80%) + 20% BMIS (chemically produced).

(h) Sample A (80%) + 20% BMIS (enzymatically pro-
duced).

Sample Preparation

Sampleswere diluted with LC grade waterto 5.5 °Brix. The
resulting solution was centrifuged (Beckman Instruments Inc.)
15 min at4°C (2000 x g). The supernatant was passed through
5cm3100-200 mesh AG 50W-X8 cation exchange resin and
5cm3100-200 mesh AG1-X4 anion exchange resin (formate
form) (Bio-Rad Laboratories). Passage of the sample through
these resinsremoves proteins, amino acids, organic acids, most
cations, and most anions. The sample was then passed through
a C 18 Sep-Pak cartridge to remove flavanones and phenolics.
Finally, the sample was passed through a 0.22 Jim syringe filter
(Waters Associates). Ninhydrin and Bradford tests were per-
formed on selected samples to ensure the absence of amino
acids and proteins. All samples were either analyzed im-
mediately or stored at-20°C until analyzed.

Liquid Chromatography

The resulting samples were analyzed on a Waters 625
metal-free gradientliquid chromatograph. Carbohydrates were
separated on 2 Carbo Pac PA1l (Dionex) pellicular anion ex-

Table 1. Linear gradient elution for separation
of oligosaccharides

Composition, %

Time, min A B C
0.00 100 0 0
6.59 100 0 0
7.00 95 5 0

23.00 89 11 0

30.00 60 40 0

35.00 60 40 0

45.00 10 90 0

50.00 10 90 0

53.00 0 0 100

68.00 0 0 100

68.10 100 0 0

96.00 100 0 0

Where Ais 100mM NaOH, B is 100mM NaOH/100mM NaOAc,
and C is 300mM NaOH.

change columns (250 x 4 mm) connected in series. A 100 pL
sample was injected by a Waters 712 Wisp autosampler for
analysis of the orange juice samples. The flow rate was
0.70 mL/min. The carbohydrates were detected by a pulsed
amperometric detector (PAD; Waters Model 464) with a gold
electrode and triple-pulsed amperometry at a sensitivity of
50 pA. The electrode was maintained at the following poten-
tials and durations: Ej = 0.05 V (Tx=0.2995s),E2=0.60V (T2
= 0.299 s), and E3 = -0.80 V (T3 = 0.499 s). A postcolumn
delivery system (Waters) of 300mM NaOH at 0.80 mL/min
was used to minimize baseline drift. The lineargradientelution
shown in Table 1 was used to achieve separation of the oligo-
saccharides.

Carbohydrates eluting from the columns were plotted by
eithera Maxima 825 Chromatography W orkstation (Millipore)
or a Spectra-Physics Model 4290 integrator.

Glucose, Fructose, and Sucrose Determination

Samples were prepared for analysis by dissolving 200 mg
sample in a 250 mL volumetric flask and diluting to volume
with LC grade water. Samples were filtered through a0.22 pm
syringe filter (W aters Associates).

Filtered samples were analyzed by using the aforemen-
tioned equipment with the following modifications: a single
Carbo Pac PA1l column was used, and solutions were eluted
with an isocratic mobile phase of 60mM NaOH at 1.0 mL/min
with no postcolumn addition of NaOH.

Sugar standards were prepared for each carbohydrate both
individually and as a mixture. Sample concentrations for each
ranged from 0.01 to 0.10 mg/mL. LC analysis of these stan-
dards gave r values0f0.993,0.994, and 0.983 forglucose, fruc-
tose, and sucrose, respectively. The standard carbohydrate mix-
ture had a correlation coefficientof 0.992.

Titratable Acidity

Samples were analyzed in triplicate by 942.15 (official
Methods ofAnalysis, 15th ed.).
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Table 2. Chemical composition of pure and adulterated orange juice samples

Sample pH "Brix %Acid Glucose:fructose:sucrose
Pure Florida orange juice (PFOJ) 3.77 11.7 0.79 112 24
PFOJ + 10% HFCS (42) + 10% beet sucrose (BeS) 3.73 115 0.63 112 21
PFOJ + 10% HFCS (55) + 10% BeS 3.73 115 0.62 112 23
PFOJ + 10% BIS chemically produced + 10% BeS 371 115 0.64 111 22
PFOJ + 10% BIS enzymatically produced + 10% BeS 3.75 115 0.63 112 21
PFOJ + 12% CIS + 8% BeS 3.73 115 0.62 111 22
PFOJ + 20% CMIS 3.71 115 0.65 111 22
PFOJ + 20% BMIS chemically produced 3.72 11.5 0.63 L12 24
PJOF + 20% BMIS enzymatically produced 3.73 115 0.63 111 23
Representative literature values3 3.4-4.3 10.8b 0.65-1.52 111 21c

a From reference 29.
b Minimum.
¢ Average/Florida.

°Brix

Brix value foreach sample was obtained on a refractometer
(Canlab, Edmonton, AB) maintained at 22°C.

pH

A Fisher Accumet (Model 620) pH meter was used to deter-
mine sample pH values.

Results and Discussion

The major carbohydrates present in pure orange juice are
glucose, fructose, and sucrose in an approximate ratio of 1:1:2
(19, 20). More than 95% of the carbohydrate present in sugar
beets and sugar cane is the disaccharide sucrose (21). The sim-
ple addition of either of these materials to orange juice would
alter the major carbohydrate profile, which would indicate
adulteration. Hydrolysates such as BMIS or CMIS have the
same major carbohydrate profile as authentic orange juice. De-
tecting the addition of either of these materials to orange juice
proved to be a difficult analytical problem. Other inexpensive
sweeteners that maintain the correct major carbohydrate ratio,
such as HFCS (42 or 55, basically a 11 ratio of glucose:fruc-
tose) + beet sucrose and CIS or BIS (1:1 ratio of glucose:fruc-
tose) + beet sucrose, could also be used as adulterants for or-
angejuice.

Table 2 contains standard chemical information on the sam-
ples analyzed in this study. In each case, the °Brix, pH, % acid,
and glucose:fructose:sucrose ratio indicate that these samples
would be considered authentic based on these tests.

Isotope ratio methods were extensively used to detect cane-
and com-derived syrups in orangejuice. Although this method
is useful, it cannot detect beet sugar/beet sugar hydrolysates
because of identical CO 2 fixation mechanisms. On the basis of
the natural range in isotopes of oranges, com, and cane sugar,
a sample could contain up to 25% ofthese adulterants and still
have an acceptable isotope value (22).

Ouroriginal paper was based on the hypothesis that all nat-
ural products (oranges, sugar beets, etc.) contain trace levels of
naturally occurring oligosaccharides (18). These trace oligo-

saccharides would be specific for each food product, and their
presence could be used as fingerprints to detect the addition of
one product to another. Our current research shows that the
majority of the oligosaccharides found in the sweeteners used
in this study are formed during their production, as no signifi-
cantoligosaccharide levels are evidentin the original materials
(beetor cane sucrose).

Figure 1shows the carbohydrate pattern for an authentic or-
ange juice from Florida. The large, off-scale peaks having re-
tention times of approximately 11.5-27 min are glucose, fruc-
tose, and sucrose. The carbohydrates of interest (fingerprint
carbohydrates) are those that have retention times between 35
and 65 min. Both the quantity and number of oligosaccharides
are low. Only 2 fingerprint oligosaccharides in thisregion have
retention times between 35 and 65 min, one at 39.28 and an-
other at 40.38 min. We have analyzed approximately 300 au-
thentic orange juice samples from growing regions all over the
world, and the natural oligosaccharide patterns were all
very similar.

Because ofan identical C 0 2fixation mechanism and a wide
natural 180 /160 isotope ratio, the addition of beet sugarhydrol-
ysates to orange juice is extremely difficult to detect. Because
this materia] isinexpensive and readily available, ithas become
the adulterantofchoice forthistype of fraud. Figures 2-5 show
the carbohydrate pattern of BM IS and BIS produced inour lab-
oratory under both acidic and enzymatic conditions. The chro-
matogram of BMIS chemically produced (Figure 2) is identi-
cal to commercial BMIS with respect to oligosaccharide
pattern (18). In addition, the chromatogram of BIS has an oli-
gosaccharide pattern very similar to that of commercial BIS.
The chromatogram of chemically produced BMIS has 4 major
fingerprint oligosaccharides eluting in the 42-53 min region.
We have analyzed BMIS samples from 6 countries (United
States, Canada, UK, Finland, Denmark, and Holland). In each
case, the oligosaccharide patterns were chemically identical to
our laboratory-produced BMIS.

Enzymatically produced BMIS (Figure 3) also has a num-
ber of fingerprint oligosaccharides with retention times in the
40.7-49.4 min range. Addition of either of these materials to
pure orange juice would clearly show the presence of these
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Figure 1. Liquid chromatogram of pure Florida orange juice.

fingerprintcompounds and would reveal their origin. Figure 4
is the chromatogram of BIS produced chemically. This mate-
rial also has a unique fingerprint oligosaccharide profile, with
3 major peaks having retention times in the range of 42.3-
49 min. Although the concentrations ofthese oligosaccharides
are not as large as those observed for BMIS, they occurin a
unique region (when compared to pure orange juice) and are
readily detected. Enzymatically produced BIS (Figure 5) has a
much more diverse oligosaccharide pattern in both number and
concentration. These unique oligosaccharides could be readily
used to detectthe addition of this material to pure orange juice.

The formation of oligosaccharides under acid hydrolysis
conditions is referred to as “reversion” (23, 24). A number of
researchers observed the formation of oligosaccharides during
the enzymatic hydrolysis of sucrose via transferase activity
(25-27). Therefore, regardless of the method used to produce
beet sugar hydrolysates, a fingerprint pattern will be produced
that is different from that observed in the authentic material.
This pattern can then be used to prove conclusively the adul-
teration of orange juice with these materials.

Figures 6-9 are chromatograms of the authentic orange
juice adulterated to levels 0f20% (total adulteration) with beet
sugar/beetsugarhydrolysates. When BIS was used as the adul-
terant, 10% beet sugar was added to maintain the correct glu-
cose:fructose:sucrose ratio. As can be seen from the carbohy-
drate profile of each of the adulterated samples, there is a
dramatic increase in the oligosaccharide pattern. New peaks
are observed; that is, oligosaccharides are present that are not
present (or are present at extremely low levels) in authentic

tes

orange juice. The power of this method can be demonstrated
by close examination of Figure 8, which shows pure orange
juice adulterated with only 10% BIS. In this chromatogram, a
significant peak (areaof 1.7 million) still exists with a retention
time of 42.35 min. The addition of 20% BMIS (chemically
produced) to orangejuice results in the appearance of 4 major
peaks (Figure 6). The peak at approximately 53 min can be
used as the fingerprint for BM IS addition. At20% adulteration,
this peak has an area >4 million. Therefore, 5% adulteration
would resultin a peak area of >1 million. It is clear from these
chromatograms that the detection of 20% adulteration is sim-
ple, and that levels of adulteration as low as 5% could be
readily detected.

The presence of fingerprint oligosaccharides can also be
seen in each of the other inexpensive sweeteners examined in
this study. Figures 10-13 are chromatograms of commercial
cane and com hydrolysates.

The oligosaccharide pattern for commercial CM IS (Fig-
ure 10) shows a large peak at approximately 42 min, with 6
other fairly large peaks in the 46.5-53.2 min range. Commer-
cial CIS (Figure 11) shows 2 major peaks at approximately 42
and 48 min. As was the case with beet sugar hydrolysates, the
natural abundance of the fingerprint oligosaccharides in these
materials would reveal their addition to orange juice.

The production of HFCS involves enzymatic hydrolysis of
com starch, which results in the formation of trace levels of
maltose, maltotriose, and other dextrose polymers (28). Fig-
ures 12 and 13 are chromatograms of commercial HFCS 55
and 42, respectively. The chromatograms conclusively show
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Figure 6. Liquid chromatogram of pure Florida orange juice + 20% chemical BMIS.
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Figure 7. Liquid chromatogram of pure Florida orange juice + 20% enzymatic BMIS.
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Figure 9. Liquid chromatogram of pure Florida orange juice + 10% enzymatic BIS + 10% beet sucrose.
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thatthese inexpensive sweetenerscontain appreciable levelsof
maltose (retention time of approximately 42.3 min) and
maltotriose (retention time of approximately 49.5 min).

Research has shown that pure orange juice contains no
maltose (29, 30). Therefore, our LC method would conclu-
sively show the addition of HFCS to orange juice by the pres-
ence of maltose in an adulterated sample. This method could
be used to detect low-level addition (<5%) of HFCS to or-
angejuice.

Figures 14-16 show pure orangejuice adulterated with low
levels of cane/com hydrolysates. As was the case with BIS,
when CIS or HFCS was used as the adulterant, beet sucrose
was added to maintain the correct glucose:fructose:sucrose
ratio. It is quite obvious from these chromatograms that adul-
teration with these inexpensive sweeteners results in the ap-
pearance of fingerprintoligosaccharides. Although the inexpen-
sive sweetener levels shown here are 20% (total adulteration),
detection levels below this are easily attainable. We have identi-
fied adulteration with these materials to 5% levels.

In our laboratory, we use the presence of specific peaks (see
above) to determine if an orange juice was adulterated and
which inexpensive sweetener was used. We also use the areas
of these peaks to approximate the level of adulteration (see
above for BMIS and BIS). Because of differences in columns,
specific batches of inexpensive sweetener, and detectors, we
have not attempted to show an absolute correlation between
peak area and adulteration level. Laboratories interested in
using this technique to detect adulteration would be advised to
analyze anumber of pure juices and pure adulterants to deter-
mine fingerprintpatterns and response factors for their system.

Minutes

Liquid chromatogram of pure Florida orange juice + 10% HFCS 42.

Aswe have shown in thisresearch, oligosaccharides can be
formed via the action of acid on sucrose. Therefore, we inves-
tigated the possibility of fingerprintoligosaccharide formation
via the heating of single-strength/fresh-squeezed orange juice
(SS0OJ) during pasteurization. Experiments conducted in our
laboratory show thatoligosaccharides were not formed during
this process. We also temperature-abused SSOJ (212°F for 5
and 10 min); analysis ofthese samples showed no oligosaccha-
ride formation. The possibility does exist that temperature
abuse oforangejuice concentrate may resultin oligosaccharide
formation. However, as previously mentioned, we have ana-
lyzed pure orange juice concentrate from all growing and pro-
cessing regions ofthe world, and these samples show very low
concentrations of oligosaccharides.

In our previous work (18), the program used for carbohy-
drate elution and column re-equilibration was lengthy (3 h). In
this research, we shortened the total analysis and column re-
equilibration time to 96 min. This modification resulted in
some loss of resolution of the oligosaccharides. However, the
loss in resolution is not significant, and the shorter analysis
time is more conducive to routine testing.

We also introduced a simpler sample cleanup that omits the
use of charcoal/Celite. Initially, this cleanup was necessary to
avoid column overload with glucose, fructose, and sucrose. By
using a more dilute solution, we avoided this problem while
maintaining a sufficient oligosaccharide concentration.

We extended thisLC method to detectadulteration ofgrape-
fruit juice (31) with a variety of inexpensive sweeteners. In
addition, we recently structurally identified 2 of the fingerprint
oligosaccharides presentin commercial BMIS (32).
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Conclusion

A significantproblem facing the orangejuice industry today
is the addition of inexpensive sweeteners to pure juices that
maintain the correct majorcarbohydrate ratio. Analysis oftrace
by LC with pulsed
amperometric detection reveals the presence of several oligo-

carbohydrates in these sweeteners
saccharides unique to orin much greaterconcentration in these
sweeteners than in pure orange juice. Research conclusively
proves that the addition of any of these sweeteners to orange
juice, even at low levels (<10%), can be detected.

This method is especially useful for the detection of HFCS
inorangejuice, because orange juice contains no maltose. The
normal detection limits of this method (based on a 5.5 °Brix
sample) can be greatly increased by monosaccharide removal
and sample concentration before analysis (33). In the case of
HFCS additiontoorangejuice, detection limitsto 1% are possible.
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MICROBIOLOGICAL METHODS

Evaluation of Microbial Loads of Bacillus subtilis Spores

on Penicylinders

James W. Danielson

U.S. Food and Drug Administration, Sterility Analysis Research Center, 240 Hennepin Ave, Minneapolis, MN 55401

Three types of penicylinders were compared for
their retention of spores of Bacillus subtilis testing
for sporicidal activity of disinfectants. Glass, porce-
lain, and stainless steel penicylinders are inocu-
lated with a water suspension of B. subtilis var.
niger (ATCC 9372) spores and dried. One set of
each type of penicylinder is submerged 1 h in 0.9%
saline. One set of porcelain penicylinders is sub-
merged 15 h in a neutralized chemical germicide,
and one set is also inoculated with a culture filtrate
of B. subtilis (ATCC 19659), dried according to the
AOAC method, and submerged 1 h in 0.9% saline.
Microbial loads simulate those held on carriers
used to test sporicidal activity of disinfectants. Car-
riers are immersed in chemical germicide, trans-
ferred to a neutralizer, and placed in a culture me-
dium. Average percentages of B. subtilis var. niger
spores retained on 10 carriers after 1 h submersion
in saline and in water were as follows: glass,

93.6%; porcelain, 99.9%; and stainless steel, 99.5%.
Retention of spores after 15 h submersion in a neu-
tralized chemical germicide and in water was
98.9%. Porcelain penicylinders inoculated from a
culture filtrate of B. subtilis (ATCC 19659) retained
26% of the spores after being submerged 1 h in sa-
line and placed in water. Glass penicylinders,
which retained the lowest and most variable num-
ber of spores, were the least suitable for sporicidal
activity testing. B. subtilis (ATCC 19659) spores
tested on porcelain penicylinders met only the mini-
mum HCI resistance requirements of >2 min. On
porcelain penicylinders, the resistance of B. subti-
lis var. niger spores to 2.5N HCI was relative to the
number of spores inoculated.

e AOAC method for testing sporicidal activity of dis-
infectants, 966.04 (1), calls for inoculating porcelain
penicylinders in 72 h culture filtrates of Bacillus subtilis

and Clostridium sporogenes. The method does not specify the
number of spores to be inoculated on the penicylinders. As-
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cenci et al. (2) found that after B. subtilis spores were inocu-
lated, dried on porcelain penicylinders, and placed in saline so-
lution for 10 and 60 min, 71 and 72% of the spores, respec-
tively, were washed off. In testing stainless steel penicylinders
inoculated with different types of bacteria, Alfano et al. (3)
found that the following percentages of cells were retained
after carriers were exposed to phosphate-buffered dilution
water: Salmonella choleraesuis, 10.1; Pseudomonas aerugin-
osa, 51.2; and Staphylococcus spp., 38.8.

To determine surface hydrophobicity, Ronneretal. (4) mea-
sured the contact angle of a drop of water on the surface and
found it to be <5% (hydrophilic) for untreated glass and 25%
(hydrophobic) for untreated stainless steel. They also found
that spores of some species were strongly hydrophobic, as
shown by theiradherence to octylsepharose beads, and that this
property corresponded to their adhesiveness to stainless steel
(hydrophobic-low energy surfaces) and untreated glass (hydro-
philic-high energy surfaces). Husmark and Ronner (5) reported
that, as ionic concentration increased, the number of B. subtilis
spores that adhered to hydrophilic glass also increased and that
adhesion of spores was greater with different concentrations of
M gS04 than with NaCl. Ascenci et al. (2) and Cole et al. (6)
examined penicylinders by scanning electron microscopy and
reported grooves and/or pits in porcelain and stainless
steel penicylinders.

This study examined the retention of B. subtilis spores on 3
types of penicylinders and compared a water suspension of
B. subtilis var. niger (ATCC 9372) spores with a culture filtrate
of B. subtilis (ATCC 19659) spores for inoculating porcelain
penicylinders in the AOAC sporicidal test for disinfectants.

Experimental

Media and Reagents

(a) Soil extract nutrient broth—Prepared as directed in
AOAC method 966.04A (1), 10 mL in 20 x 150 mm tubes;
Anatone (American Laboratories, Inc.,, Omaha, NE 68127),
beef extract (Difco Laboratories, Detroit, M1 48232), an the
author’s garden soil extract.

(b) Nutrient agar.— Difco.

(c) Manganese sulfate.— Aldrich Chemical Co., Milwau-
kee, W 153233.

(d) Pour plate agar.—Bacto tryptic soy agar (TSA)
(Difco).
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(e) Phosphate-buffered dilution water.—Prepare as de-
scribed in AOAC 960.09A.

(f) Distilled, deionized water.— University of Minnesota,
Minneapolis, MN 55455,

(g) Sterile water.—For irrigation, United States Phar-
macopeial (USP) grade (Travenol Laboratories, Inc., Deer-
field, EL 60015).

(h) Sterile saline.—0.9% sodium chloride, for injection;
USP (American McGaw, Irvine, CA 92714).

(i) Sodium hydroxide.— Mallinckrodt Chemical Works,
St. Louis, MO 63160.

(J) Hydrochloric acid.— Mallinckrodt.

(k) Acid potassium phthalate 84j.— National Institute of
Standards and Technology, Gaithersburg, MD 20899.

(I) Alcide expor.—Alcide Corp., Norwalk, CT 06851.

(m) Sodium bicarbonate.— Mallinckrodt.

Organisms

(a) Bacillus subtilis var. niger.—ATCC 9372 (American
Type Culture Collection, Rockville, MD 20852).

(b) Bacillus subtilis.— ATCC 19659 (American Type Cul-
ture Collection).

Apparatus

(a) Borosilicate glass (Pyrex) penicylinders.—8 x 10 mm
(University Research Glassware, Carrboro, NC 27510).

(b) Porcelain (steatite ceramic) penicylinders.—8x
10 mm (Fisher Scientific, Eden Prairie, MN 55344).

(c) Stainless steel penicylinders.—8 x 10 mm, polished
(S&L Metal Products, Corp., Maspeth, NY 11378).

(d) Scanning electron microscope (Jeol 840).—Jeol USA,
Inc., Peabody, MA 01960.

(e) Sonicator.—Healthsonics Corp., San Ramon, CA 94583.

(f) Vortex mixer—Vortex Genie (Scientific Industries,
Inc., Springfield, MA 01101).

(g9) Colonycounter.— Parkfield Quebec (American Optical
Corp., Buffalo, NY 14215).

(h) Medication tubes.—Borosilicate glass, 25 x 150 mm
(VWR Scientific, Chicago, IL 60660).

(i) Morton culture tube closures.—25 mm (Scientific
Products, Minneapolis, MN 55441).

(j) Petri dishes.—Glass (Pyrex),
poly(styrene), 15 x 100 mm (Fisher).

(k) Filterpaper.—Whatman No. 2, 9 cm diameter (What-
man Ltd, Maidstone, UK).

20 x 100 mm, and

Preparation of Clean Spore Suspension

A lyophilized culture of a B. subtilis var. niger strain (ATCC
9372) was reconstituted into soil extract nutrient broth (1). A
total of 3 daily transfers were made into the broth, which was
incubated at 35°C. Nutrient agar with 5 ppm manganese sulfate
(7) was inoculated with 0.5 mL inoculum, which was spread
with a sterile, bent glass rod. Agar plates (150 x 20 mm) were
incubated 10-14 days at 35°C until ca 95% spomlation oc-
curred. Spores were washed from the agar by using a bent glass
rod and sterile water and then cleaned by repeatedly centrifug-
ing at 10 000 rpm and pouring offthe supernatant liquid. Sterile

water for irrigation, USP, was used for the spore suspension for
inoculating the 3 types of penicylinders. Spores were sus-
pended in sterile, filtered, deionized water for inoculation of
porcelain penicylinders with a 15 h exposure time. The suspen-
sion was heated 20 min at 80°C. Pour plates were prepared with
TSA, and the number of spores/mL of suspension was deter-
mined by aerobic plate counts. The spore suspension was
stored in the refrigerator.

Inoculation of Penicylinders

New penicylinders were boiled 10 min in distilled water to
remove any oils. The penicylinders were washed in distilled
water containing sodium lauryl sulfate, rinsed repeatedly with
distilled water, and then soaked in IN NaOH overnight. The
carriers were rinsed and tested with phenolphthalein according
to AOAC 955.14C (1). Penicylinders were placed in 25 x
150 mm tubes with metal caps and autoclaved 30 min at
121°C.

The 3 types of penicylinders were each inoculated with a
suspension of 6.0 x 107 B. subtilis var. niger spores. The spore
suspension was sonicated for 10 s to break up any small
clumps. Ten mL of the spore suspension was placed in a 25 x
150 mm tube with a metal cap, and 10 penicylinders were
placed in the suspension, which was then mixed in a vortex
mixer. A nichrome wire hook was used to place the peni-
cylinders upright on the filter in a petri dish. The penicylinders
were then placed in a vacuum desiccator at 26-28 Ib Hg and
dried for at least 72 h.

B. subtilis (ATCC 19659) was cultured in soil extract nutri-

ent broth, inoculated, and dried on new porcelain peni-
cylinders, according to AOAC 966.04 (1).

Micrographs of Spores on Penicylinders

The 3 types of penicylinders were inoculated with a suspen-
sion of 6.0 x 107 B. subtilis var. niger spores. They were dried
for several days in a low-temperature oven and then coated
with carbon-gold in a vacuum evaporator. Micrographs were
taken with a Jeol 840 scanning electron microscope at the Cen-
ter for Electron Microscopy at the University of Minnesota.

Retention of Spores on Penicylinders

Four sets of penicylinders were inoculated with a water sus-
pension of B. subtilis var. niger (ATCC 9372) spores. Inocu-
lated penicylinders were individually immersed in 0.9% saline
(10 mL in 20 x 150 mm tubes) to simulate carriers placed in
germicide and then transferred to 10 mL sterile water instead
of a neutralizer; they were then transferred to 10 mL buffered
water instead of a culture medium. A flamed nichrome wire
hook was used to transfer the penicylinders. Glass, porcelain,
and stainless steel penicylinders were tested in sets of 10 for
each type of carrier. The contact time in 0.9% saline was 1h. A
chemical germicide was mixed with filtered, deionized water
according to label directions. Chlorine dioxide was produced
when sodium chloride and organic acid were mixed (8).

One set of 10 porcelain penicylinders was immersed for
15 h in tubes containing 10 mL neutralized chemical germicide
(9 mL chlorine dioxide + 1mL 1M NaHC03). The set was then
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Table 1. Quantities of B. subtilis var. niger (ATCC 9372)
spores retained on glass (Pyrex) penicylinders

No. of spores'3

In0.9 % Retained on
saline In water penicylinders Retention,
Carrier (x 104)b (x 104) (x 105)c %
1 1.9 1.7 12 97.1
2 1.1 3.5 7.6 94.3
3 1.8 1.9 9.4 97.1
4 2.1 1.4 4.0 91.3
5 1.4 4.2 5.4 90.6
6 2.8 4.3 5.4 92.5
7 1.6 3.3 9.2 95.0
8 1.2 2.2 5.7 97.0
9 1.4 3.3 6.4 93.1
10 0.054 3.1 2.7 88.1
X 6.7 93.6
SD 2.8 -
RSD, % 42 _

a Inoculated from water suspension of 6.0 x 107 spores/mL.
6 Submerged for 1 h.
c Retained after being submerged in the 2 solutions.

transferred first to 10 mL sterile water and then to 10 mL
buffered water.

One set of 10 porcelain penicylinders inoculated with
B. subtilis (ATCC 19659) from a culture filtrate of soil extract
nutrient broth was immersed 1h in 0.9% saline and transferred
first to sterile water and then to buffered water. These 3 sets of
tubes were then heated 20 min at 80°C to destroy vegetative
cells and permit quantitation of spores.

Each penicylinder in buffered water was sonicated 5 min
and then mixed in a vortex mixer 30 s to remove spores from
the surface. Phosphate-buffered water was used for dilution
blanks. Numbers of spores washed offin the 0.9% saline, in the
neutralized chemical germicide, or in water (Tables 1-3), and
the number of spores retained on the penicylinder after transfer
to buffered water (Table 4) were determined by aerobic plate
counts of pour plates prepared with TSA (incubated 48 h at
35°C).

The total number of spores inoculated on each penicylinder
was determined by adding the number of spores on the carrier
in the buffered water to that of spores washed off into the sa-
line/chemical germicide and the water/neutralizer. The percent
retention of spores on a penicylinder was calculated by divid-
ing the total number of spores from all 3 solutions into the num-
ber of spores from the penicylinder in the buffered water.

HCI Resistance

Four 10-fold serial dilutions were made from a water sus-
pension of B. subtilis var. niger (ATCC 9372) spores. The num-
ber of spores was determined by aerobic plate counts of pour
plates prepared with TSA. Spores were tested for resistance to
2.5N HCIl according to AOAC 966.04, except that a water sus-
pension rather than the soil extract nutrient broth filtrate was

Table 2. Quantities of B. subtilis var. niger (ATCC 9372)
spores retained on porcelain penicylinders

No. of Spores‘3

In0.9 % Retained on
saline In water penicylinders Retention,
Carrier (x 102)6 (x 102) (x 106)c %
1 1.5 4.0 1.7 99.97
2 1.5 18 2.0 99.90
3 2.0 7.0 1.3 99.93
4 3.0 8.5 1.6 99.93
5 2.0 23 2.1 99.88
6 4.0 14 1.9 99.91
7 1.5 7.0 1.3 99.94
8 1.5 3.0 1.0 99.96
9 3.5 8.0 1.4 99.92
10 2.0 5.0 1.7 99.96
X 1.6 99.90
SD 0.33 -
RSD, % 21 —_

3 Inoculated from water suspension of 6.0 x 107spores/mL.
b Estimates (counts at 10~2 dilution); submerged for 1 h.
C Retained after being submerged in the 2 solutions.

used to inoculate the porcelain penicylinders. Triplicate HCI
resistance tests were performed. Three HCI resistance tests
were also performed on spores of B. subtilis (ATCC 19659) on
porcelain penicylinders that were inoculated from 72 h culture
filtrates of soil extract nutrient broth, according to AOAC
966.04 (1).

Statistical Analysis

The percent retentions of spores on 3 types of penicylinders
(Tables 1-3) were compared by the Kruskal-Wallis rank test
(9). The sum of the spores in saline and water and on the peni-
cylinders was assumed to representthe number of spores on the
dried penicylinder before use.

Results and Discussion

Figure 1 shows micrographs of B. subtilis var. niger inocu-
lated from a clean water suspension of spores on stainless steel,
porcelain (steatite ceramic consisting of a hydrous magnesium
silicate [AlISiMag Technical Ceramics, Inc., Laurens, SC]), and
glass (Pyrex) penicylinders.

Tables 1-3 show the number of B. subtilis var. niger spores
retained on the 3 types of penicylinders inoculated with 6.0 x
107 spores/mL and immersed 1 h in 0.9% saline. Quantities of
spores determined simulated those expected to be retained on
carriers in tests of the sporicidal activity of disinfectants.

Carriers were placed in a chemical germicide for the time
specified on the label and transferred first to a neutralizer and
then to agrowth medium. Stainless steel penicylinders retained
the most spores, and the relative standard deviation was only
slightly higher on these carriers (23%) than on porcelain peni-
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Table 3. Quantities of B. subtilis var. niger (ATCC 9372)
spores retained on stainless steel penicylinders

No. of spores®

In 0.9 % Retained on
saline In water penicylinders
Carrier (x 103)6 (x 103) (x 106)c Retention, %
1 1.2 2.1 2.6 99.9
2 4.6 8.8 1.9 99.3
3 3.4 2.8 2.4 99.7
4 8.8 6.8 2.6 99.4
5 10 15 3.0 99.9
6 3.9 4.9 2.3 99.6
7 18 22 2.8 98.6
8 3.1 7.9 1.4 99.2
9 2.3 4.4 1.7 99.6
10 2.2 1.1 2.1 99.8
X 2.3 99.5
SD 0.52 —
RSD, % 23 —

a Inoculated from water suspension of 6.0 x 107 spores/mL.
6 Submerged for 1 h.
c Retained after being submerged in the 2 solutions.

cylinders (21%). We observed that stainless steel penicylinders
corrode when exposed to 2.5N HCL1.

The number of spores retained on glass penicylinders was
less than one-half of those held on either the porcelain or the
stainless steel penicylinders. Ronner et al. (4) found that the
hydrophobic property of some spores corresponds with their
adhesiveness, e.g., stainless steel (hydrophobic) and treated

Table 4. Quantities of B. subtilis var. niger (ATCC 9372)
spores retained on porcelain penicylinders

No. of spores‘a

In neutralized Retained on

germicide In water  penicylinders Retention,
Carrier (x 103)b (x 104) (x 106)c %
1 6.5 0.81 1.1 98.8
2 3.8 1.9 2.0 98.9
3 1.1 0.71 1.3 99.4
4 1.7 1.2 1.4 99.0
5 2.7 1.2 1.3 99.0
6 2.6 1.4 1.9 99.1
7 2.3 2.2 1.8 98.8
8 0.45 1.0 1.4 99.3
9 2.8 2.3 1.0 97.6
10 6.9 1.7 2.3 99.0
X 1.5 98.9
SD 0.42 —
RSD, % 28 —

a Inoculated from water suspension of 6.9 x 107 spores/mL.
b Ssubmerged for 15 h.
C Retained after being submerged in the 2 solutions.

6ag3  28KY

Scanning electron micrographs of B. subtilis
var. niger spores attached to (a) stainless steel, (b)
porcelain, and (c) glass (Pyrex) penicylinders.

Figure 1.

glass (hydrophilic). The adhesiveness of B. subtilis var. niger
spores indicated that the order of hydrophobicity of the 3 types
of penicylinders is stainless steel > porcelain > glass. The per-
cent retention of B. subtilis var. niger spores was significantly
lower (a = 0.05) for glass penicylinders than for the other 2
types of penicylinders.

Table 4 shows the quantities of B. subtilis var. niger spores
retained on porcelain penicylinders that were submerged in a
neutralized chemical germicide (chlorine dioxide neutralized
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Table 5. Quantities of B. subtilis (ATCC 19659) spores
retained on porcelain penicylinders

No. of spores

In0.9 % Retained on
saline In water penicylinders Retention,
Carrier (x 104)a (x 104) (x104)6 %
1 6.5 1.4 7.1 48
2 2.1 8.6 1.1 9
3 3.9 1.6 1.2 18
4 9.4 7.1 2.3 12
5 1.7 1.3 3.1 14
6 16 16 8.7 21
7 8.6 12 12 37
8 11 6.9 4.5 20
9 1.0 4.0 4.3 42
10 1.3 1.5 1.7 38
X 4.6 26
SD 3.7 —
RSD, % 80 —

Submerged for 1 h.

Inoculated from soil extract nutrient broth culture filtrate according
to AOAC sporicidal method; retained after being submerged in the
2 solutions.

with sodium bicarbonate), transferred first to water instead of
a neutralizer, and then to buffered water. Carriers were exposed
15 h to the germicide, because label directions often specify
10 h or more of exposure time, and spore retention is affected
differently by various surfactants in chemical sterilants.

Table 5 shows the quantities of B. subtilis (ATCC 19659)
spores retained on porcelain penicylinders thatwere inoculated
from a culture filtrate of soil extract nutrient broth and dried
according to AOAC 966,04. The average percent retention
from 10 penicylinders was 26% (average washoff, 74%). As-
cend etal. (2) reported a similar washoff (72%) of B. subtilis
(ATCC 19659) spores. Apparently, components of the dried
culture medium are easily dissolved from the penicylinders,
and most B. subtilis spores are dispersed into the disinfectant
being tested.

Table 6 shows that the resistance of B. subtilis var. niger to
2.5N HC1 correlates with the number of spores inoculated on
porcelain penicylinders. The corresponding numbers of
spores/mL in the water suspension used to inoculate the peni-
cylinders are listed (Table 6). Resistance of <5 min to 2.5M
HC1 was obtained after porcelain penicylinders were inocu-
lated with a concentration of 1.2 x 106 of B. subtilis var. niger
spores. The 2.5N HCL1 resistance test results are also shown for
B. subtilis (ATCC 19659), which was cultured in soil extract
nutrient broth and then inoculated and dried on porcelain peni-
cylinders according to AOAC 966.04. These spores, tested ac-
cording to the AOAC sporicidal method, met only the mini-
mum HC1 resistance requirements of >2 min. This low HC1
resistance may result from a combination of a low retention of
spores and this particular strain of B. subtilis cultured in soil
extract nutrient broth. More resistance to 2.5N HC1 can be ob-

Table 6. Triplicate HCI resistance tests of B. subtilis
var. niger (ATCC 9372)aand B. subtilis (ATCC 19659)

Spore count from

Resistance to 2.5N HCI, 5 porcelain

min6 penicylinders
W ater suspension
concn of spores/mL
2 5 10 20 Av. SD in inoculum
B. subtilis var. niger (ATcc 9372)
26 4.9 1400
+
224 95 14000
+ _ -
+ -
1100 273 150000
+ + -
+ +
+ + 8900 3300 1200000
+ + + -
+ +
+ + 130000 66000 15000000

B. subtilis (aTcc 19659)c’d

Inoculated f'om 10-fold dilutions of a water suspension.
no growth in modified

o o

+, Growth ir modified thioglycollate;

thioglycollate.

c Penicylinders inoculated from filtrate of soil extract nutrient broth
showed only 2 min resistance to 2.5N HCI.

d Tested according to AOAC method.

tained by increasing the concentration of the water suspension
of B. subtilis var. niger spores used to inoculate the peni-
cylinders.

Conclusion

The retention of spores in both porcelain and stainless steel
penicylinders was high after submersion in saline and transfer
to water. However, stainless steel carriers were corroded by the
chloride ion in the HCI resistance test. The glass penicylinders
had the lowest and most variable spore retention and would be
the least suitable carrier. B. subtilis (ATCC 19659) spores inoc-
ulated from a culture filtrate of soil extract nutrient broth on
porcelain penicylinders met only the minimum HCI resistance
requirements of >2 min. With a water suspension of B. subtilis
var. niger spores for inoculating penicylinders, adequate resis-
tance to 2.5N HCI can be obtained by using a known concen-
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tration of spores. More uniform retention of microbial loads on
porcelain penicylinders can be obtained by using the inoculum
from a clean spore suspension of B. subtilis var. niger instead
of B. subtilis (ATCC 19659) in a culture filtrate of soil extract
nutrient broth.

Acknowledgments

I thank John Humenansky, Center for Electron Microscopy,
Shepherd Laboratory, Minneapolis, MN, for preparing the
scanning electron micrographs and James T. Peeler, U.S. Food
and Drug Administration, Washington, DC, for statistical anal-
ysis of the data.

References

(1) Official Methods ofAnalysis (1990) 15th Ed., AOAC, Arling-
ton, VA, secs 955.14C, 966.04

(2) Ascenci, J.M,, Ezzell, R.J., & Wendt, T.M. (1986) Appl. Envi-
ron. Microbiol. 51, 91-94

(3) Alfano, E.M., Cole, E.C., & Rutala, W.A. (1988) J. Assoc.
Off. Anal. Chem. 71, 868-871

(4) Ronner, U., Husmark, U., & Henriksson, A. (1990) J. Appl.
Bacteriol. 69, 550-556

(5) Husmark, U., & Ronner, U. (1990) J. Appl. Bacteriol. 69,
557-562

(6) Cole, E.C., Rutala, W.A., & Carson, J.L. (1987) J. Assoc. Off.
Anal. Chem. 70,903-906

(7) Textbookfor an Introductory Course in the Microbiology and
Engineering of Sterilization Processes (1987) 6th Ed.,
1.J. Pflug (Ed.), Environmental Sterilization Laboratory, Min-
neapolis, MN, p. 6.6

(8) Dychdala, G.R. (1983) in Disinfection, Sterilization and Pres-
ervation, 3rd Ed., S.S. Block (Ed.), Lea & Febiger,
Philadelphia, PA, pp. 157-182

(9) Hettansperger, T.A. (1984) Statistical Inference Based on
Ranks, John Wiley & Sons, New York, NY



Thiel Et A1.: Journal Of AOAC International Vol. 76, No. 2,1993 361

MYCOTOXINS

Study of the Reproducibility Characteristics of a Liquid
Chromatographic Method for the Determination of Fumonisins
Bi and B2 in Corn: ITUPAC Collaborative Study

Pieter G. Thiel, Eric W. Sydenham, Gordon S. Shephard, and Dirk J. van Schalkwyk
Medical Research Council, Programme on Mycotoxins and Experimental Carcinogenesis,

PO Box 19070, Tygerberg 7505, South Africa

Participants: H.H. Casper; J. Gilbert; K. Ishii; W.P. Norred; PF. Ross; M.E. Stack; S. Stockenstrom;

D.W. Trinder; H.P. van Egmond; C.C. Viljoen; A. Visconti

An interlaboratory study of the reproducibility char-
acteristics of a liquid chromatographic method for
the determination of fumonisins Bi and B2in corn
was conducted in 11 laboratories in the United
States, South Africa, Italy, Japan, United Kingdom,
and The Netherlands. Each laboratory was sup-
plied with 12 coded, blind duplicates of 6 samples
of naturally contaminated corn containing different
amounts of fumonisins Bi and B2. Samples are ex-
tracted with methanol-water (3 + 1), extracts are
centrifuged, and supernatants are cleaned up on
strong-anion-exchange cartridges, which were sup-
plied to participants. Solutions are derivatized with
o-phthaldialdehyde, and individual fumonisins are
determined by reversed-phase liquid chromatogra-
phy with fluorescence detection. Quantitation is by
comparison with the supplied fumonisin stan-
dards. The within-laboratory repeatability was de-
termined by statistical analysis of data after
exclusion of outliers. Relative standard deviations
for within-laboratory repeatability varied from 7.7 to
25.5% for fumonisin Bi at concentrations between
200 and 2000 ng/g and from 12.5 to 36.8% for
fumonisin B2at concentrations between 70 and
740 ng/g. Relative standard deviations for between-
laboratory reproducibility varied from 18.0 to 26.7%
for fumonisin Bi and from 28.0 to 45.6% for
fumonisin B2at the concentrations mentioned
above. These measures of variability indicate that
the method is suitable for adoption as an official
method provided that the accuracy characteristics
are verified collaboratively.
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This study was performed under the sponsorship of the Commission on
Food Chemistry of the International Union of Pure and Applied Chemistry.

monisins are structurally related toxins originally iso-
Fated from cultures of Fusarium moniliforme (1). They
are diesters of propane-1,2,3-tricarboxylic acid (tricar-
ballylic acid) and 2-amino-12,16-dimethylpolyhydroxyi-
cosanes in which the C 14and C 15hydroxyl groups are esterified
with the terminal carboxyl group of tricarballylic acid (2). So
far, 6 fumonisins have been isolated and characterized (3,4).
Three of these, fumonisin B! (FB|), fumonisin B2 (FB:), and
fumonisin B3(FBJ3), are the major fumonisins produced in nature;
fumonisin B4 (FB4) and fumonisins A, and A2 (FA] and FA2) are
produced in relatively minor quantities (3,4).

FB! causes leukoencephalomalacia (LEM) in horses (5,6)
and pulmonary edema in pigs (7) and is hepatotoxic and
hepatocarcinogenic to rats (8). Fumonisin levels in food are
statistically associated with an increased risk of human esopha-
geal cancer in the Transkei, Republic of South Africa (9,10).
Furthermore, fumonisins occur worldwide on com and incom-
mercial com-based human foods (11,12). Exceptionally high
levels of FB, and FB2 were found in feed samples associated
with confirmed outbreaks of LEM in horses (12-14). There-
fore, an accurate, sensitive, and reproducible analytical method
that can assess potential animal and human exposure to these
toxic and carcinogenic compounds is essential.

Initial attempts to develop suitable analytical methods were
recently discussed (12), as well as the rationale for studying the
reproducibility of a modification of the method of Shephard
etal. (15) in a collaborative study. This method uses precolumn
derivatization of extracts with o-phthaldialdehyde (OPA) and
liquid chromatographic (LC) separation of the derivatized
fumonisins on reversed-phase media followed by fluorescence
detection. The method of Shephard et al. (15) was used suc-
cessfully for the determination of FB[ and FB2in fungal cul-
tures (16), com (12), feed from field cases of LEM (12, 14,15),
and commercial com-based food (11, 12). Because of the per-
formance of this method when applied to a variety ofcommod-
ities, it was selected for collaborative study under the sponsor-
ship ofthe Commission on Food Chemistry ofthe International
Union of Pure and Applied Chemistry.
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Collaborative Study

The study was executed according to the “Guidelines for
Collaborative Study Procedure To Validate Characteristics ofa
Method of Analysis” ofthe AOAC (17). The method was opti-
mized in our laboratory and shown to be reproducible with
good recoveries for both FBj and FB2. In a pilot study per-
formed by 4 laboratories from 4 countries, blind duplicates of
3 naturally contaminated com meals were analyzed by each
laboratory. Statistical analyses of the results of the pilot study jus-
tified commencement of the full collaborative study, and sugges-
tions by participants in the pilot study were incorporated.

Eleven laboratories from 6 countries were each supplied
with 12 coded, blind duplicates of 6 naturally contaminated
com meals. Of these 6, one was a blank (containing <50 ng/g
FB]); the remaining 5 were blended to give a range of FBj
values between 200 and 2000 ng/g. These levels covered the
range previously found in naturally contaminated corn-based
food (11,12). The FB2levels were approximately one-third of
the corresponding FB! level. Each participant was also fur-
nished with method directions, 2 practice test samples, refer-
ence standards, 15 Bond-Elut strong-anion-exchange (SAX)
cartridges, and an appendix containing information on sug-
gested alternative reversed-phase columns and mobile phases,
as well as chromatograms obtained under these conditions.
Participants were requested to prepare an extract from each
com test sample, perform the cleanup using a Bond-Elut SAX
cartridge, and perform an LC analysis of the cleaned-up ex-
tract.

The following description of apparatus and instructions for
performing the analyses were supplied to each participant.

METHOD
Apparatus

(a) Liquid chromatograph.—Pump (Waters M-45, Mil-
ford, MA01757, with Waters U6K injector, or equivalent).

(b) LC column.—Stainless steel, 25 c¢cm x 4.6 mm id,
packed with Ultracarb 7 ODS 30 reversed-phase material
(Phenomenex, Torrance, CA 90501, or equivalent) and in-line
reversed-phase C)8 guard column.

(c) Fluorescence detector.—Perkin-Elmer 6508S fitted with
18 pL flow cell and set at wavelengths of 335 nm (excitation)
and 440 nm (emission) and slit widths of 12 nm, or equivalent.

(d) Data system.—Waters Model 745, or equivalent.

(e) Blender.— Sorvall Omnimixer, or equivalent.

(f) Solid-phase extraction (SPE) columns.—Bond-Elut
SAX cartridges, 3 cc capacity containing 500 mg sorbent
(Varian, Harbor City, CA 90710).

(g) SPE tube manifold.— Supelco, Bellefonte, PA 16823,
or equivalent.

(h) Solvent evaporator.— Silli-therm heating module
(Pierce, Rockford, IL 61105, or equivalent).

Reagents

(a) Solvents and reagents.— Acetonitrile, methanol,

phosphoric acid (>85%), glacial acetic acid, OPA, 2-
mercaptoethanol, sodium dihydrogen phosphate, and disodium

tetraborate. All solvents and reagents should be analyti-
cal grade.

(b) LC mobile phase.— Methanol-0.1M sodium dihydro-
gen phosphate (4 + 1). Dissolve 15.6 g NaH2P 04-2H20 in 1L
distilled water, and adjust pH to 3.35 with o-phosphoric acid.
Filter mobile phase through 0.45 pm Waters HV membrane.
Pump mobile phase at a flow wate of 1 mL/min.

(c) OPAreagent—Dissolve 40 mg OPAin 1 mL methanol,
and dilute with 5 mL 0.1M disodium tetraborate (3.8 g in
100 mL distilled water). Add 50 pL 2-mercaptoethanol. Store
reagent solution for no more than 1 week at room temperature
in dark, in capped amber or aluminum foil-covered vial.

(d) Fumonisin standardsolution—Dissolve residue in vial
provided (marked “Fumonisin Standards”) in 1 mL acetoni-
trile-water (1 + 1), to give 50 and 25 pg/mL concentrations of
FBj and FB2, respectively. Store solution at 4°C.

Extraction and Cleanup of Corn

Caution! Do not open individual test sample containers
until immediately before weighing ground com for analysis
(this will reduce absorption of atmospheric moisture by
test portion).

Homogenize 25 g ground com with 50 mL methanol-water
(3+ 1)inblender for5 min (at speed setting equivalent to 60%
full speed).

Transfer mixture to 250 mL plastic centrifuge bottle, and
centrifuge 10 min at 500 x g at 4°C. Filter supernatant through
Whatman No. 4 fluted filter paper.

Fit SAX cartridge to SPE tube manifold. Condition cartridge
by washing successively with 5 mL methanol followed by 5 mL
methanol-water (3 + 1). Do notallow cartridge to run diy.

Apply 10 mL filtered extract to cartridge. Wash cartridge
with 8 mL methanol-water (3 +1) followed by 3 mL methanol.
Maintain flow rate of 2 mL/min through cartridge. Do not
allow cartridge to run dry.

Elute and collect FB! and FB2with 14 mL 0.5% acetic acid
in methanol, in suitable collection vial.

Evaporate eluate to dryness in 4 mL capacity vial under
stream of dry nitrogen at 60°C. Rinse collection vial with 1mL
methanol, and add washings to 4 mL vial, washing sides of
4 mL vial with methanol to concentrate total residue at base of
vial. Evaporate additional methanol under nitrogen, and ensure
that all acetic acid has evaporated. Retain dried residue at 4°C
before LC analyses.

Derivatization and LC Analyses

(a) Preparation ofstandard derivatives— Transfer 50 pL
fumonisin standard solution to base of small test tube. Add
200 pL OPA reagent, mix, and inject 10 pL reacted mixture
within 1 min. Time between addition of reagent and injection
is critical because of fluorescence derivative decay.

(b) Detector and recorder response— Adjust sensitivity
settings of fluorescence detector so that FBi-OPA derivative
standard, prepared according to method, will give >80% re-
corder response.

(c) Com extracts— Redissolve purified test residue in
200 pL methanol. Transfer 50 pL of this extract (1.25 g test
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portion equivalent) to base of small test tube, and add 200 |IL
OPA reagent. Mix, and inject 10 pL derivative within 1 min of
adding OPA reagent.

(d) Quantitation.— Calculate fumonisin contentofcom from

chromatographic peak areas using the following equation:
A(ng) =|x S

where A = ng fumonisin present in test extract injected into LC,
G = fumonisin peak area in test sample, H = fumonisin peak
area in standard, and S - amount of fumonisin standard injected
into LC (100 ng for FB] and 50 ng for FB2, based on supplied
standard). Calculate C, concentration of fumonisin present in
test sample in ng/g, by using the following equation:

AxTxD
C (ng/g) Ix W
where A is calculated above, T = total volume of derivatized
test solution (250 pL), D = dilution factor used, I - injection

volume (10 pL), and W = test portion equivalent weight
derivatized (1.25 g). The following equation is derived by
using the parameter values listed above:

C (ng/g) =Ax 20 x D
Results

All 11 collaborators completed the interlaboratory study.
Laboratory 9 experienced technical problems while attempting
to analyze the test samples and completed the study on a second
batch oftest samples. Data received from the participating lab-
oratories are presented in Table 1. All values reported by Lab-
oratory 3 were excluded from the statistical evaluation of the
data, because this laboratory made changes to the derivatiza-
tion procedure and reported that the fluorescence of fumonisin
derivatives increased between 1.5 and 20 min after derivatiza-
tion, which is completely contrary to all experience with OPA
derivatives of fumonisins. (See also Participants’Comments.)
None of the other results had to be rejected on the basis of a
Grubbs test for the removal of extreme values (18). Results of
the statistical analyses are reported in Table 2, including
within-laboratory repeatability values (r), corresponding stan-
dard deviations (s,), and relative standard deviations (RSDr)
and between-laboratory reproducibility values (R), corre-
sponding standard deviations (sr), and relative standard devia-
tions (RSDr).

Table 2 also contains HORRAT ratios calculated for both
FBj and FB2at the 5 concentration levels tested. HORRAT is
the ratio ofthe RSDr found in an actual assay conducted in an
interlaboratory study to that predicted from the determined or
known concentration through the following equation:

RSDR= 2(1~a510gC)
where C = concentration expressed as a decimal fraction (19).

Discussion
The results reported in Table 1 and the chromatograms re-

turned by the participants demonstrated that all the laboratories
except Laboratory 3 experienced no problems in following the

instructions for the method and had no difficulty in executing
the individual steps in the procedure. All the participants except
Laboratory 5 reported values below 50 ng/g for test sample 1
The reason for the extremely high values reported by Labora-
tory 5 for this test sample was clear from the chromatograms
they returned. These chromatograms showed very broad peaks
eluting in the regions of the fumonisins that could possibly
have been caused by contaminants eluting from earlier injec-
tions that were erroneously identified as fumonisins by Labo-
ratory 5. Statistical analyses were not performed on the values
reported for test sample 1, because the levels were below what
is conservatively considered to be the detection limit (50 ng/g)
of the method.

Comparison of the blind duplicate values reported by each
participant for samples 2-6 indicates that all participants ex-
cept Laboratory 3 had no difficulty in repeating their results.
This acceptable degree of within-laboratory precision is re-
flected in the relative RSDrvalues reported in Table 2, which
varied from 7.7 to 25.5% for FBi and from 12.5 to 36.8% for
FB2. The mean values ranged from 226 to 1983 ng/g for FB]
and from 74 to 741 ng/g for FB2. The satisfactory repeatability
of the method is further demonstrated because any lack of ho-
mogeneity in the blind replicates distributed to the participants
would also have been reflected in the values reported for the
RSDr. In this regard, test sample 3 seems to have been the least
homogeneous and test sample 4 the most homogeneous, be-
cause the highest and lowest relative standard deviations
(RSDv), respectively, were found for both FB! and FB2in these
samples.

As can be expected, the between-laboratory variability of
the data was somewhat higher than the within-laboratory vari-
ability (Table 2). The RSDr values varied from 18.0 to 26.7%
for FB! and from 28.0 to 45.6% for FB2at the different levels
of FBi and FB2included in this study (Table 2). These values
are of the same order as those obtained in the collaborative
study of an LC method for the determination of aflatoxins in
com, which showed good between-laboratory variability (20).
The 2 studies are comparable, because they both describe the
determination of mycotoxins in com, involve extraction and
solid-phase cleanup of extracts, and use precolumn derivatiza-
tion before chromatographic separation and fluorescence de-
tection. However, the collaborative study on aflatoxins (20) in-
volved com containing levels of total aflatoxins vaiying from
0 to 130 ng/g, whereas the present study on fumonisins was
performed on com containing considerably higher levels of
toxins (200-2000 ng/g FBi and 70-740 ng/g FB2). The accept-
able repeatabilities and reproducibilities obtained in the present
study enhance the confidence in the performance of this
method, especially because none of the collaborators had pre-
vious experience with the method.

The acceptability of the method is also reflected in the
HORRAT ratios reported in Table 2. Horwitz and Albert (19)
“found this ratio to be the best single index of acceptability of
method performance” and stated that “in general values above
2 are considered unacceptable.” All the HORRAT ratios calcu-
lated for FB were well below 2, and only 1value for FB2was
above 2. On the basis of this index, the method produced ac-
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Table 1. Results for determination of fumonisins Bi and B2 (ng/g) in blind duplicate samples of naturally

contaminated corn

Sample No. Code No. 1 2 3 4

Laboratory No.

5 6 7 8 9 10 11

Fumonisin B,

1 2 SLa 0 0 0
10 0 0 9 15

2 6 234 185 2 242
11 219 168 51 228

3 1 SL 276 28 462
9 281 298 29 342

4 3 514 500 29 628
7 493 510 30 617

5 5 1034 902 73 1421
12 1032 865 247 1168

6 4 1739 1489 7 1966
8 1715 1543 198 1930

152b 0 7 0 16 29 20
19030 0 18 19 15 27 13
268 171 214 299 174 267 254
240 181 258 290 155 346 221
451 274 375 308 233 394 418
144 353 369 227 264 453 371
699 534 631 514 424 744 631
538 490 597 555 350 733 602
1233 1078 1165 1430 417 1502 1452
1145 960 1468 1771 319 1406 1116
2019 1842 2181 2073 1529 2425 1993
2277 2058 2097 2846 944 2904 2080

Fumonisin B2

1 2 SL 0 0 0
10 0 0 0 0

2 6 69 67 0 79
11 32 . 56 14 77

3 1 SL 72 8 19
9 67 94 0 91

4 3 182 222 8 242
7 219 233 0 316

5 5 348 267 20 479
12 327 289 89 365

6 4 568 533 25 692
8 572 533 65 607

a SL = sample lost.
b Invalid data, see text.

ceptable reproducibilities at all concentrations of FB] tested
and at 4 of the 5 concentrations of FB2tested.

This study was primarily aimed at determining the repro-
ducibility characteristics ofthe method; therefore, the products
distributed to participants were all naturally contaminated
rather than “spiked” samples. This was considered to be a bet-
ter measure of the reproducibility of the method, because ex-
traction of the fumonisins from the com matrix is an essential
aspectofthe method. Therefore, the accuracy (recovery) ofthe
method was not tested collaboratively but was investigated ex-
tensively in our laboratory. Recoveries of FB] and FB2 were
found to be 99.5 and 85.9%, respectively (15). These recover-
ies were not determined by spiking com but by spiking com
extracts at levels corresponding to 2000-4000 ng/g FB] and
4000-8000 ng/g FB2.

936 0 0 0 15 0 0
0 0 0 0 15 0 0
80 65 93 52 47 121 77
75 66 84 54 57 158 66
159 105 125 79 68 172 145
31 118 122 55 89 195 113
296 250 293 161 179 405 292
227 236 274 237 165 425 250
439 434 435 393 142 733 510
401 369 566 535 278 695 406
686 790 840 524 507 1202 826
794 790 800 959 313 1507 778

Participants’ Comments

All participants confirmed that the description of the
method was easy to follow and that they had no difficulty
during the analysis. One participant found the instructions for
calculation unnecessarily complicated; another found the chro-
matographic mn time too long. Two participants complained
about the large solvent volumes used for washing and elution
of the ion-exchange cleanup cartridges, which also led to a
long evaporation time for the 14 mL eluate from these car-
tridges. AIll participants returned chromatograms that
showed good resolution of the individual toxins and other
components. The only exceptions were the broad peaks ob-
tained by Laboratory 5 in the positions of the fumonisins in
the “blank” samples.
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Table 2. Statistical analysis of data for LC determination of fumonisins Bi and B2 in corn

Outliers
Sample No. Mean, ng/g sr, ng/g RSDr, % sR, ngl/g RSDr, % No. of laboratories HORRAT ratio
Fumonisin Bi
la <50 — — — -
2 226 33.2 14.7 55.7 24.6 1 1.2
3a 337 84.5 25.5 86.2 26.0 1 1.4
4 565 43.5 7.7 101.5 18.0 1 1.0
5 1169 170.1 14.6 311.8 26.7 1 1.7
6 1983 255.1 12.9 457.3 23.1 1 1.6
Fumonisin B2
la <50 J— J— — —
2 74 12.6 17.1 27.8 37.7 1 1.6
3a 101 37.1 36.8 46.1 45.6 1 2.0
4 255 32.0 12.5 71.3 28.0 1 1.4
5 421 66.2 15.7 144.3 34.3 1 1.9
6 741 130.9 17.6 270.0 36.4 1 2.2

a One sample lost by Laboratory 1.

Laboratory 3 commented that “when the standard (after
derivatization) was left past 1.5 min the peak areas went up
rather dramatically” and that “after 20 min the peak areas were
20-50% higher than at 1.5 min.” This observation is com-
pletely contrary to all experience with OPA derivatives, includ-
ing fumonisin derivatives. Laboratory 3 reported that a signif-
icant change was made to the method “in order to get results on
our system” by using a “0.1M borate buffer in the derivatiza-
tion step instead of the straight 0.1M borate.” Results of Labo-
ratory 3 (Table 1) were clearly not in agreement with those
from the other 10 participants and were excluded from the sta-
tistical calculations on the basis of their deviation from the pre-
scribed method.

One participant (Laboratory 7) noted that an independent
comparison of this method was done with aprocedure that used
a C 18reversed-phase cleanup. On the basis of the analysis ofa
single sample analyzed by both methods, results indicated that
the SAX cleanup procedure gave recoveries that were approx-
imately 50% lower than those obtained from the alternative C 18
cleanup procedure. Results of this participant in the collabora-
tive study were, however, in excellent agreement with those
from the other 9 laboratories used for statistical evaluation of
the method. Lowerrecoveries may be obtained from SAX car-
tridges if the prescribed elution flow rate of 2 mL/min is ex-
ceeded or the pH of the sample extract (before the sample is
applied to the cartridge) is <5.8. The effect of pH and other
parameters that can influence fumonisin recoveries from SAX
cartridges were addressed by Sydenham et al. (21).

Conclusion

This study indicated that the reproducibility characteristics
of the basic method are suitable for its adoption as an official
method provided that the accuracy characteristics are studied
collaboratively. Since this collaborative study was performed,

an updated version of the basic method was published (21) in
which the codetermination of FB3 with FB! and FB2 is de-
scribed and the cleanup procedure on the ion-exchange car-
tridges is simplified. The reproducibility characteristics of this
updated version will be similar or superior to those determined
in the present study. Depending on the availability of toxin
standards, both methods should be suitable for reliable deter-
minations of the major naturally occurring fumonisins. The ac-
curacy characteristics of the method for the codetermination of
FB,, FB2 and FB3should be investigated collaboratively.
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Liquid Chromatographic Determination of Aflatoxins in Animal
Feeds and Feed Components

Ivan Chang Yen

The University of the West Indies, Department of Chemistry, St. Augustine, Trinidad, W.I.
K eshore R. Bidasee

The University of the West Indies, Department of Pharmacology, Faculty of Medical Sciences, Mt. Hoe, Trinidad, W.I.

A method is described for the determination of afla-

toxins Bi, B2, G1, and G2in animal feeds and feed
components by liquid chromatography (LC) with
fluorescence detection. In this modified procedure,
the aflatoxins are extracted from the samples with
methanol-water (75 + 25), and the solution is vac-
uum-filtered through Whatman No. 541 filter paper.
An aliquot of the extract is first defatted with petro-
leum ether, and then the aflatoxins are partitioned
into chloroform. The chloroform extract is purified
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on a silica gel chromatographic column, aflatoxins
B1and G1 are derivatized by trifluoroacetic acid to
their hemiacetals, and the aflatoxins are deter-
mined by reversed-phase liquid chromatography.
Recoveries from 11 samples ranged from 90 to 98%
for aflatoxins Bl and G1 (spiking range 2-25 ng/g)
and B2and G2(spiking range 0.2-2.5 ng/qg).

ocal veterinarians have often suspected that mycotoxins
were involved in disease outbreaks, especially in the
I_ooultry industry. Although these suspicions were based
on clinical symptoms and autopsy data, the presence of myco-
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toxins was not proved. The levels of aflatoxins in local foods
and feeds are regulated by law; however, the variety of analyt-
ical techniques required for different sample types has posed
problems for regulatory agencies. Recent developments in im-
munoassay (1) and affinity chromatographic procedures (2)
appear to be capable of handling a wide range of sample types.
However, the cost of such systems and their uncertain shelf
lives under variable storage conditions are factors discouraging
their use in developing countries at present.

With the persistent shortage of trained laboratory personnel
and with large numbers of incoming feed components and pre-
mixes, there is need for reasonably rapid and reliable methods
capable of determining aflatoxins in a wide range of sample
types. The methods of Romer (3) and Shannon et al. (4) were
not suitable for local samples because of interferences in the
final extracts when determination by liquid chromatography
(LC) was attempted. On the otherhand, the AOAC methods (5)
tend to be too specific with respect to sample types.

Of all the other methods tested for the determination of af-
latoxins B[, B2, Gj, and G2in awide range of animal feeds and
feed components, we found the method of Trucksess et al. (6),
which was developed for com and peanut butter, to be most
readily adapted to animal feeds and their components. Unfor-
tunately, with the exception of com and wheat middling, the
original method was inadequate; recoveries from spiked sam-
ples were low, and sensitivity of LC detection was poor be-
cause of the presence of interferents. This communication de-
scribes extensive modifications made to the method of
Trucksess et al. (6) to provide a reliable method for the deter-
mination of aflatoxins B], B2, Gj, and G2in a variety of animal
feeds and feed components.

METHOD
Reagents and Materials

(a) Solvents.— (British Drag House, or equivalent.) Analar
grade acetonitrile, isopropyl alcohol, methanol, and petroleum
ether (80-100°C). Extract reagent-grade chloroform and
dichloromethane with concentrated H2S04, 2M NaOH, and
distilled, deionized water; then distill in all-glass apparatus. Ex-
tract reagent grade diethyl ether with water to remove ethanol,
distill in all-glass apparatus, and store over acid-washed cop-
per turnings.

(b) Silica gel.—70-230 mesh (No. 7734, E. Merck, or
equivalent).

(c) Aflatoxin.—(Sigma Chemical Co., St. Louis, MO.) Pre-
pare 40 and 4 pg/mL working solutions of aflatoxins Bj and G|
and aflatoxins B2and G2, respectively, in CHC13.Confirm con-
centration and purity before use by measuring absorbance at
365 nm and by thin-layer chromatography (TLC), respectively.
Wrap standards in amber-colored bottles with foil and keep at
4°C when not in use.

(d) Sodium sulfate.— Anhydrous, analytical grade.

(e) Sodium chloride.— Saturated aqueous solution.

(f) Trifluoroacetic acid (TFA).—99% purity (Aldrich
Chemical Co., Milwaukee, WI). Store in desiccator when not
in use.

Apparatus

(a) Wrist action shaker.— Model SGL-705-010X (Gallen-
kamp, or equivalent).

(b) Rotaryevaporator.—Model SB (Buchi, orequivalent).

(c) Evaporator.—-Sillivap® with Reactivials® and Teflon-
lined screw caps (Pierce Chemical Co., Rockford, IL).

(d) Fluorescence spectrophotometer.—Model MPF-44B,
fitted with LC flow cell (Perkin-Elmer, Norwalk, CT).

(e) Liquid chromatograph.— Consta Metric IB pump (Mil-
ton Roy, FL); injection valve with 20 |iL loop, Model 7125
(Rheodyne); reversed-phase column, RP18 (10 pm); 25 cm x
0.4 cm id with 25 cm x4 mm id RP18 guard columns
(Brownlee).

(f) Glass chromatographic columns.—25 ¢cm x 0.8 cm id,
each plugged with glass woolAvashed cotton wool at lower
end.

(9) Glasswarefor storage ofaflatoxin standards and sam-
ple extracts.— Silanize clean, dry glassware by filling with 5%
solution of trimethylsilyl chloride in petroleum ether, and let-
ting stand 2 h in fume hood. Wash all glassware with distilled
water and acetone before use.

Sample Preparation

Each laboratory sample of animal feeds and feed compo-
nents was ground and sieved to <1 mm particle size. Test por-
tions were obtained by appropriate subsampling techniques (7)
to maintain homogeneity of samples.

Sample Extraction

Add 250 mL methanol-water (75 + 25) to 500 mL extrac-
tion flask containing 50 g test portion. Stopper and shake
30 min on wrist-action shaker. Filter through Whatman No.
541 filter paper and collect filtrate. Immediately transfer40 mL
to a 250 mL separatory funnel and defat by shaking with 2 suc-
cessive volumes of petroleum ether for 2 min. For broiler
starter, broiler grower, broiler finisher, com, dairy ration, duck
feed, wheat middling, and soybean meal, extract with two
50 mL portions of petroleum ether. For fish meal and pig
grower, use two 100 mL portions, and for coconut meal two
150 mL portions of petroleum ether.

Collect lower methanolic layer into another 250 mL separa-
tory funnel and add 10 mL saturated sodium chloride solution.
Extract aflatoxins with three 25 mL portions of chloroform,
and pool extracts. Add 5 g anhydrous sodium sulfate to com-
bined chloroform extract and swirl to remove water. Decant
into 100 mL round-bottom flask. Rinse sodium sulfate with
two 5 mL portions of chloroform and add rinsings to flask.
Evaporate contents of flask to dryness on rotary evaporator at
50°C water bath temperature.

Purification of Extract

Redissolve dry extract in 2 mL dichloromethane and trans-
fer with Pasteur pipet to chromatographic column packed with
silica gel in petroleum ether. For fish meal, pig grower, and
coconut meal, use 2.0 g silica gel. For all other sample types,
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Table 1. Slopes and y-axis intercepts of aflatoxin calibration curves in different matrixes

Broiler Broiler
Aflatoxins LC solvent starter finisher Corn
B2a Slope3 24.8 24.4 23.8 24.6
Chb 7.1 7.2 8.0 7.2
G 2a Slope3 20.5 20.2 20.3 20.2
C 7.5 7.1 7.2 7.2
b2 Slope0O 522.6 510.4 508.6 514.2
[} 9.4 10.4 10.8 10.0
g2 Slope0 327.5 320.4 330.6 331.4
C 7.6 7.8 7.2 7.0

a Calibration range, 0.5-16 ng.
b v-axis intercept.
C Calibration range, 0.03-1.5 ng.

use 1.5 g silica gel. Rinse flask with two 1 mL portions of
dichloromethane and add rinses to column.

Elute 1.5 g silica gel chromatographic column in turn with
15 mL each of petroleum ether, diethyl ether, and diethyl ether-
chloroform (3 + 1) at flow rate of ca 2 mL/min, and discard
eluates. Elute aflatoxins with 20 mL chloroform-acetone
(9 + 1) in 50 mL round-bottom flask. For 2.0 g silica gel chro-
matographic column, elute in turn with 20 mL each of petro-
leum ether, diethyl ether, and diethyl ether-chloroform (3+1),
and discard eluates. Elute aflatoxins with 30 mL chloroform-
acetone (9 + 1) in 100 mL round-bottom flask and evaporate
to dryness on rotary evaporator.

Derivatization

Redissolve residue of chloroform-acetone (9 + 1) in 1 mL
chloroform and transfer with Pasteur pipet to 5 mL Reactivial
wrapped with aluminum foil. Rinse flask with two 1 mL por-
tions of chloroform and add to vial. Evaporate chloroform with
gentle stream of warm nitrogen, using Sillivap evaporator.
Place capped vial with residue in waterbath at 3-5°C and equil-
ibrate 15 min.Add 200 jiL TFA and let stand 15 min more. Re-
move most of unreacted TFA with warm nitrogen. Near dry-
ness, add 0.5 mL chloroform and evaporate to remove all
excess TFA.

Chromatographic Analysis

Redissolve contents of vial with 1 mL degassed LC mobile
phase (acetonitrile-isopropyl alcohol-methanol-water, 9.5+ 5
+ 15 + 100) just before analysis.

Set fluorescence spectrophotometer at Xnmex excitation 365
nm and emission 425 nm, and LC mobile phase flow
rate of 1.75 mL/min. Inject various concentrations of mixed
authentic B”, G2a, B2,and G2(20-2000 ng B2aor G2amL and
2-200 ng B2or G2mL) into LC system and construct calibra-
tion curve.

Because 20 jiL injection of final sample solution is 1/50 of
1 mL, which represents 8 g sample, calculate aflatoxin concen-
tration in samples, using the following formula: aflatoxin, ng/g =
(Concentration interpolated from calibration curve x 50)/8.

Sample matrixes

Wheat Dairy Soybean Pig Fish Coconut
middling ration meal grower meal meal
24.0 25.6 24.2 25.2 25.2 24.0
7.3 6.5 7.0 6.8 6.6 7.3
20.8 19.2 19.0 20.5 22.1 20.8
7.4 7.0 7.4 7.1 7.2 7.4
529.4 535.6 520.4 525.8 523.6 529.4
9.5 8.0 9.2 9.4 9.3 9.5
320.4 328.5 330.8 326.8 322.4 320.4
8.2 7.6 7.3 7.8 8.0 8.2

Influence of Sample Matrix on Accuracy of LC
Determination

Spike chloroform-acetone (9+1) column eluates of each
sample type, previously checked by liquid chromatography
and found to contain no detectable aflatoxins, with 20-200 ng
B, and GI?and 2-20 ng B2and G2. Extractto dryness on rotary
evaporator and derivatize B [and Gt according to TFA method.
Remove unreacted TFA and redissolve residue in ImLLC mo-
bile phase. Analyze by LC, and compare slopes and y-axis in-
tercepts with calibration curves of standards prepared in LC
mobile phase only (Table 1).

Recovery Studies on Aflatoxins

Add aflatoxins Bt and G, (100-1250 ng) and B2 and G2
(20-125 ng) in chloroform to 500 mL extraction flask. Evapo-
rate solventand add 50 g uncontaminated sample to aflatoxins,
followed by extraction solvent. Shake on wrist action shaker,
alter, and collect 40 mL filtrate. Defat and purify on silica gel
chromatographic column as described previously. Derivatize
by TFA method and analyze by liquid chromatography. Deter-
mine percent recovery by interpolation on calibration curve
generated from standards in LC mobile phase (Table 2).

Results and Discussion

Aqueous methanol is an inexpensive and efficient extract-
ant for aflatoxins from agricultural commodities (8-10). How-
ever, care must be taken not to let the aflatoxins remain more
than 1 h in this solvent, because they are unstable when ex-
posed to methanol for long periods (2). Aflatoxins were, thus,
defatted and partitioned immediately after sample extraction.
Ofthe various ratios of methanol-water tested for extraction of
the aflatoxins from the different sample types, methanol-water
(75 + 25) was found to be best suited for animal feeds and feed
components. This ratio, in addition to efficiently extracting the
aflatoxins from the samples, also reduced the tendency for
emulsion formation during the partitioning with chloroform to
remove the aflatoxins from aqueous extracts.
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Table 2. Recoveries of aflatoxins added to various sample types

Aflatoxins

Bj % Gl e7)
Samples 2-25 ngl/ga 0.2-2.5 ng/g 2-25 nglg 0.2-2.5 <
Broiler starter 93.2 + 2.2b 95.31 2.2 96.311.2 95.311.8
(91.0-95.6) (91.5-96.8) (94.2-98.0) (92.5-98.0)

Broiler grower 92.7 £ 3.2 95.211.7 91.811.7 93.312.5
(90.2-98.0) (94.1-96.8) (90.2-94.6) (90.6-96.4)

Broiler finisher 93.0+2.4 94.01 2.0 95.410.9 91.510.8
(91.5-95.2) (91.6-96.4) (94.2-96.6) (90.6-92.4)

Soybean meal 94.2 + 3.1 96.611.1 96.211.5 97.511.0
(95.0-98.3) (95.0-98.0) (94.3-98.6) (96.4-98.8)

W heat middling 96.611.4 95.311.1 93.412.5 96.811.1
(95.0-98.3) (94.0-96.8) (90.4-96.4) (95.5-98.3)

Corn 90.9 + 0.8 95.411.4 90.910.7 95.511.3
(90.2-92.3) (92.4-96.8) (90.0-92.0) (94.0-97.5)

Dairy ration 95.7 £ 4.5 97.011.1 96.211.9 96.811.3
(86.4-98.6) (96.0-98.2) (94.3-98.6) (95.4-98.4)

Duck feed 96.511.3 96.911.4 97.212.1 96.511.1
(95.4-98.6) (95.0-98.6) (94.2-100.2) (95.4-98.4)

Pig grower 91.010.9 91.1 10.4 91.710.9 90.810.5
(90.2-92.6) (90.6-91.6) (90.4-92.8) (90.4-91.8)

Fish meal 95.612.2 95.113.0 93.512.7 96.512.0
(91.8-98.2) (90.4-98.3) (90.3-96.4) (93.2-98.4)

Coconut meal 90.710.6 94.312.3 91.311.2 91.911.8
(90.0-91.8) (91.0-96.8) (90.0-92.8) (90.4-95.2)

Mean of all samples 92.6 12.3 95.1 11.7 94.012.3 94.812.4

a Spiking range, consisting of 6 spiking levels.

b Overall mean of 12 determinations + standard deviation; range of values in parentheses.

Some samples are higher in lipid content than others and
require increased quantities of petroleum ether to remove the
chromatographic interférent. Coconut meal contained the
highest proportion of lipids, followed by pig grower, fish meal,
soybean meal, poultry feeds, com, and wheat middling. Petro-
leum ether was used instead of hexane, as described by
Trucksess et al. (6) because it is cheaper. Also, the sodium
chloride solution was not added to the defatting stage; salting
out may cause some of the aflatoxins to partition into the or-
ganic phase and become lost. Instead, sodium chloride was
added just before partitioning into chloroform.

Different masses of residues (0.5-0.8 g) were obtained
when the chloroform extracts were evaporated to dryness, and
different masses of silica gel were needed for efficient column
purification. Forcom and wheat middling, residue masses var-
ied from 0.5 t0 0.55 g. For broiler starter, broiler grower, broiler
finisher, soybean meal, duck feed, and dairy ration, residue
masses ranged from 0.55 to 0.65 g and for fish meal, pig
grower, and coconut meal, from 0.7 to 0.8 g. Columns loaded

with 2.0 g silica gel for fish meal and coconut meal and 1.5 g
forall others provided efficient cleanup ofsample extracts. The
volumes of eluting solvents were optimized by collecting 1mL
aliquots of each eluate, concentrating, and analyzing by thin-
layer chromatography. In the case of petroleum ether, diethyl
ether, and diethyl ether-chloroform (3 + 1), the volumes of
eluting solvents were optimized by maximizing the removal of
co-extractives in these fractions. On the other hand, the opti-
mum eluting volumes of chloroform-acetone (9+1) were es-
tablished for the different samples by determining the mini-
mum volume needed to collect all detectable aflatoxins. These
volumes of eluting solvents in the column purification step
were larger than those used by Trucksess et al. (6) for com and
peanut butter, but they were necessary to remove interferents
present in feeds and feed components.

Aflatoxins B[ and G! can be derivatized to their respective
hemiacetals. and G2a, by treatment with TFA at room tem-
perature (5, 11, 12). However, we experienced formation of
fluorescent side reaction products that could interfere in afla-
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Table 3. Detection limits (ng/g) for aflatoxins in 50 g
samples

All other
Pig Fish Coconut sample
Aflatoxins grower3 meal meal types6
Bic 0.3 0.4 0.4 0.2
b2 0.04 0.04 0.12 0.02
G,c 0.8 1.0 1.5 0.5
g2 0.06 0.06 0.09 0.03

a Composed of corn, wheat middling, fish meal, soybean meal, and
beef tallow.

b other samples refer to corn, wheat middling, soybean meal, dairy
ration, broiler starter, and broiler finisher.

c Determined as hemiacetals B2aand G2a

toxin determination by liquid chromatography. Consequently,
our investigations showed that TFA at 3-5°C effectively con-
verts 90-93% of aflatoxins Bj and G| to their hemiacetals with
minimal side reaction (13) before their determination by liquid
chromatography. Established LC mobile phases (14—17) were
tried but did not efficiently resolve B2aand G 2a; overall reten-
tion times were >20 min, and sensitivity of detection was
>50 ng/g. The use of our LC mobile phase acetonitrile-isopro-
pyl alcohol-methanol-water (9.5 + 5+ 15+ 100) at a flow
rate of 1.75 mL/min was successful in resolving B2a and G:a
(>90%) with much improved sensitivity and retention times
(12 min total) for the 4 aflatoxins. Table 3 lists the detection
limits for 50 g samples of the different sample types.

It should be noted that samples with the highest lipid con-
tents also gave higher detection limits, indicating the import-
ance of the defatting process. Our detection limits are superior
to those obtained by Trucksess et al. (6), Jain and Hatch (18),
Pons et al. (19), and Manabe et al. (20) but inferior to that ob-
tained by Beebe (17) using 500 jiL injection volumes com-
pared to our 20 p.L injections.

The relative sensitivities for aflatoxins in different sample
matrixes (Table 1) deviated only slightly from the calibration
curves generated by authentic aflatoxins in the LC mobile
phase. Except for G~ in fish meal, there were no significant
differences (P < 0.05) in the quantities of B:a, G.a, B2, and G2
obtained by interpolation from calibration curves generated by
using standards in LC solvent, compared to those in sample
matrixes. It is evident that calibration curves for aflatoxins ob-
tained with authentic aflatoxins in the LC mobile phase can be
used for quantitative analyses.

The recoveries for aflatoxins Bb B2, Gb and G2 from all
samples were greater than 90% for spiking range 2-25 ng/g for
B| and G, and 0.2-2.5 ng/g for B2 and G2 (Table 2). Analysis
of variance revealed no significant differences (P <0.05) be-
tween the quantities of individual aflatoxins recovered from
different sample types or between the quantities of each afla-
toxin recovered from a given sample. These results are expected
for animal feeds, which are composed mainly of fish meal, soy-
bean meal, wheat middling, and com and vary only in the percent-
age composition of individual feed components.

Recoveries of aflatoxins Bb B2, Gb and G2 from com were
comparable to those obtained by Trucksess et al. (6), Beebe

(17), and Hutchins and Hagler (16), and greater than those ob-
tained by Francis et al. (21). For poultry and other animal feeds,
the recoveries were comparable to those obtained by Shannon
et al. (4), Jain and Hatch (18), and Pennington (22).

Sample analysis by the present method takes about 2 h/sam-
ple. However, the extraction, defatting, and partitioning can be
done in batches, followed by simultaneous chromatographic
purification with multiple column units. With the present
method, 8 samples in duplicate can be analyzed daily by a sin-
gle operator.

The present method provides us with the accuracy and sen-
sitivity required for aflatoxin determination in animal feeds and
feed components. We are confident that it can be applied
equally well to other sample types.
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OILS AND FATS

Gas Chromatographic Determination of Hydrocarbons

in Crude Palm Kernel Oil

Yew AiTan andAime Kuntom
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Bandar Bam, Bangi, 43650 Kajang, Selangor, Dami Ehsan, Malaysia

A method for the determination of hydrocarbons
(HCs) in crude palm kernel oil (CPKO) is described.
HCs are extracted from CPKO by passing through
a silica gel column by using n-hexane as the elut-
ing agent. The eluate is collected for analysis. Iden-
tification and confirmation of the HCs in the eluate
are performed with the aid of a gas chromatograph
equipped with a mass selective detector, and the
HCs in CPKO are quantitated by comparison of
peak areas with reference to an external standard,
eicosane (C20H42). Recoveries and coefficients of
variation for 5 samples of oil spiked with 1-

300 pg/g eicosane were 70.0-86.6% and 3.5-13.2%,
respectively. The method was used for the analysis
of CPKO suspected of being contaminated with
mineral oil.

found in the unsaponifiable fraction of vegetable oils.

However, contamination with mineral HCs from the
atmosphere or industrial processing equipment is a possibility.
In the case of cmde palm kernel oil (CPKO), a number of pos-
sible sources contribute to the final level of HCs in the oil. Nat-
urally occurring or endogenous HCs could arise in the course
of natural deterioration of components in the oil such as
hydroperoxides and free fatty acids. The steam conditioning or
cooking of palm kernels in readiness for oil extraction could
also hasten this deterioration process.

Recently, HCs in oil have received a lot of attention because
of possible contamination from ships’ tanks carrying previous
cargoes such as mineral oil or diesel fuel. Many methods were
published for the determination of various HCs in vegetable
oils (1-6), but none gave a satisfactory analysis that could dif-
ferentiate between endogenous HCs of the oil and HCs result-
ing from contamination. Because HCs are nonsaponifiable,
many of these methods attempted to estimate the HCs content
of the unsaponifiable fraction of oils. However, not all HCs are
recovered by isolation of the unsaponifiable fraction. This is
especially so for the lighter HCs (C 14 and below). Losses can

I I ydrocarbons (HCs) constitute one of the components

Received March 4, 1992. Accepted July 11, 1992.

occur during the saponification process itself and also during
the evaporation of the solvent. In addition, methods involving
saponification are time-consuming and tedious.

In this paper, we propose acombination of silica gel column
chromatography and gas chromatography (GC) for the quanti-
tation of HCs in CPKO. This technique is rapid and sensitive
enough for HCs in CPKO, although on-line coupled liquid
chromatography/GC (7) was reported to give much higher sen-
sitivities.

METHOD

Reagents

Use analytical grade chemicals and solvents.

(a) Solvents.—«-Hexane, methanol, and chloroform.

(b) Silica gel.—Kieselgel 60, 70-230 Mesh ASTM
(Merck). Wash with chloroform-methanol (3+1, v/v), and ac-
tivate 2 h at 120°C.

(c) Anhydrous sodium sulfate.

(d) Eicosane standard solutions.—Eicosane, 99% purity
(Sigma Chemical Co.). Stock solution.— 1 mg/mL. Prepare by
dissolving ca 50 mg eicosane, accurately weighed, in 50 mL
«-hexane in a 50 mL volumetric flask. Working standard solu-
tions.— Dilute stock solution in «-hexane to give working stan-
dards of 1,5, and 10 (Lg/ml in «-hexane.

Apparatus

(a) Glass chromatographic column.—With sintered glass
disc (250 x 20 mm) fitted with Teflon stopcock.

(b) Gas chromatograph.—Hewlett Packard Model 5890
Series Il linked to Vectra QS/165 Workstation, with flame ion-
ization detector and on-column injector. Operating conditions:
fused silica capillary column, 25 m x 0.32 mm id; cross-linked
methyl silicone gum; detector at 310°C; oven temperature pro-
grammed from 70 to 280°C at 5°C/min and held until all peaks
have eluted.

(c) Gas chromatograph/mass selective detection (MSD)
system.—Hewlett Packard 5890 and 5970 MSD with 59970
MS Chemstation. Operating conditions: Carbowax fused silica
capillary column, 25 mx0.33 mm id; on-column injector
mode, 70 eV; injector, 280°C; transfer line, 280°C; MSD sys-
tem, 172°C; mass analyzer, 180°C; hold oven at 30°C for first
2 min, then program at 7.5°C/min from 30 to 280°C and hold



372 Tan & Kuntom:Journal Of AOAC International Vol. 76, No. 2,1993

Table 1. Data on calibration curve

Mean peak area,

Amt Injected, ng arbitrary units* SD CV,%
1 7.521 0.696 9.25
5 35.692 2.032 5.69
20 144.470 8.959 6.20
50 330.368 34.422 10.42
100 718.319 46.950 6.54
200 1452.318 110.040 7.58
400 3486.191 190.184 5.46
N 7
R2 0.9911

Slope 8.3426 +(0.1237)

a For 6 Injections.

Table 2. Absolute response factor, Y, for eicosane

Eicosane concentration, ng Absolute response factor, Ya

1 0.1330

5 0.1401
20 0.1384
50 0.1513
100 0.1392
200 0.1377
400 0.1147

Mass of eicosane
Peak area

until all peaks have eluted. This hold time was determined by
a trial run of a sample in the GC system until no more peaks
were seen eluting through the column.

Preparation of Silica Gel Column

Thoroughly mix 30 g silica gel with «-hexane, and transfer
the slurry into the glass chromatograph column. Wash column
with n-hexane. Let n-hexane level fall to ca 20 mm above the
top of the silica gel column before adding a5 mm layer of an-
hydrous sodium sulfate. The top of the column bed must not
dry out, or the effectiveness of the stationary phase will be im-
paired. Likewise, channeling of the column will affect separa-

Table 3. Recovery of eicosane in ail

tion. Elute the column with 50 mL n-hexane, and collect this
fraction for GC injection. This is to ensure that the column is
hydrocarbon-free before use in the extraction of HCs
from CPKO.

Recovery Studies

Calibration curve.—Dilute 10 and 1 flg/mL working stan-
dards accordingly in 150 mL n-hexane in a 250 mL pear-
shaped flask to obtain solutions containing 1, 5, 20, 50, 100,
200, and 400 g eicosane. Evaporate solvent from these 7 solu-
tions in a gentle stream of nitrogen with the pear-shaped flask
standing on a warm water bath at ca 50°C. Redissolve residue
in an accurately measured volume of 1 mL n-hexane to give
solutions representing 1, 5, 20, 50, 100, 200, and 400 pg/mL.
Inject 1(iL of each solution into the GC system. Measure peak
area, and calculate linear regression (r) against concentration.

Spiked oil standard curve.— Refined palm olein (RPOO0) is
used as the external standard for spiking, because it does not
contain eicosane. This oil has gone through the complete pro-
cess of physical refining, which includes bleaching, filtration,
deacidification, and vacuum steam deodorization. Accurately
weigh 10 g RPOo into each of five 100 mL volumetric flasks.
Add 2,15, and 50 mL working standard solution (5 |Lg/mL) to
3 of the RPOo samples, and dilute to 100 mL with n-hexane.
This will give a spiked solution containing 1,7.5, and 25 |lg/g
eicosane in oil. Add 2 and 3 mL 1 mg/mL stock solution to the
remaining 2 RPOo samples, and make up solution with n-hex-
ane to give a spiked solution containing 200 and 300 |+g/g
eicosane in oil, respectively. Pipet 20 mL sample containing
1 pg/g eicosane inoil into the prepared silica gel column. Elute
the spiked oil sample from the column with an additional
150 mL n-hexane, and collecteluate in a 250 mL round-bottom
flask. Evaporate the solventin a gentle stream of nitrogen with
the flask standing in a warm water bath (50°C). Redissolve the
residue with an accurately measured volume of 1 mL «-hex-
ane, and inject 1[iL into the GC system. Extract remaining
spiked samples as described, using a freshly prepared column
each time. Triplicate extractions are performed for each con-
centration of the spiked oil. Obtain the peak area of the eicos-
ane peak, and calculate recoveries by comparison with corre-
sponding concentration of calibration curve.

Extraction and Analysis of HCs from CPKO

Dissolve an accurately weighed sample of5 g CPKO in n-
hexane, and dilute to the 50 mL mark in a volumetric flask.
Pipet 20 mL of this CPKO solution onto a prepared silica gel

Amt added, pg/g Peak area, arbitrary units* Amount found, pg/g SD CV, % Ree., %
1.0 11.109 0.7 0.023 3.48 70.0
7.5 92.037 5.5 0.666 12.09 73.3

25.1 343.097 20.6 1.550 7.54 82.1

200.8 2901.052 173.8 22.971 13.22 86.6

301.2 4115.034 246.6 11.829 4.80 81.9

a Mean of triplicates with at least 2 injections for each sample.
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Figure 1. Chromatograms of RPOo extract (external standard): (A) Blank RPOo and (B) RPOo spiked at 7.5 jig/g.
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Figure 2. Chromatograms of CPKO extract: (A) Commercial CPKO sample and (B) CPKO sample suspected to be
contaminated with mineral oil.
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Figure 7. Total ion chromatogram of hydrocarbon
fraction of CPKO kept in a plastic bottle.

column. In this way, an effective weight of ca 2 g CPKO is
loaded onto the silica gel column. Elute HCs from the CPKO
with 150 mL «-hexane, and collect this eluate in a 250 mL
round-bottom flask. Evaporate «-hexane in a gentle stream of
nitrogen as described. Redissolve the remaining HC residue in
an accurately measured volume of 1 mL «-hexane, and inject
1pL into the GC system and 1pL into the GC/MSD system.

Results and Discussion

A number of factors may affect the efficiency of HC extrac-
tion from the silica gel column. The purity of the silica gel and
of the solvent, «-hexane, are the 2 most important considera-
tions. Silica gel with adsorbed HCs will result in extra peaks
and an increased HC peak area recorded in the gas chromato-
grams. Prior washing of the silica gel with chloroform-metha-
nol (3 + 1, v/v) followed by activation for 2 h at 120°C and
elution with about 100 mL analytical grade «-hexane ensures
that a clean column is used for the HC extraction.

Before loading the CPKO samples onto the silica gel col-
umn, about 50 mL «-hexane was collected from the column
and evaporated to dryness. The residue was redissolved in
1 mL «-hexane, and 1pL of this solution was injected into the
GC system. This confirms that the silica gel column and the
«-hexane used in the elution are free from other HCs. Addi-
tional factors that were considered before starting the extrac-
tion were the cleanliness of the glass apparatus and the pres-
ence of other possible HC contaminants, such as plastic caps,
bottles, and stoppers that are known to contain the plasticizer
phthalates.

To determine the reproducibility of the injection technique
and the linearity of the flame ionization response, repeated in-
jections of 1400 ng eicosane in «-hexane were made into the
capillary GC column. Table 1 shows the calibration curve data
determined from measurement of eicosane peak area. Use of
an automated injector would probably increase the reproduc-
ibility of the response. Linearity is acceptable, as indicated by
the constancy of the absolute response factor (Table 2).

Sensitivity and recovery of the method were determined by
analysis of RPOo samples spiked with eicosane. Figure 1
shows typical chromatograms of blank RPOo and RPOo
spiked at 7.5 pg/g eicosane. Results of triplicate analysis, each
solution injected twice, are summarized in Table 3. The recov-
ery can be improved ifa Kudema-Danish evaporator is used to
concentrate the sample down to 1mL. In this case, the solution
need not be taken down to dryness by blowing with nitrogen.
Sensitivity for the eicosane was demonstrated to be at least
1pg/g, which is adequate for the monitoring of HC level in
CPKO. Recoveries and coefficients of variation ranged from
70.0 to 86.6% and from 3.5 to 13.2%, respectively.

The method was applied to studies of HC levels incommer-
cial CPKO samples. Because certain samples of CPKO con-
tained closely spaced long-chain HCs, an internal standard
could not be used to quantify the HCs. Eicosane was chosen as
the external standard, because itis of intermediate chain length
and is found in CPKO and mineral oil. HCs in CPKO samples
were calculated by comparing the sum of the areas of all the
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HC peaks in the sample against the calibration curve. CPKO
samples contaminated with mineral oil gave a chromatogram
as shown in Figure 2 and are compared to the uncontaminated
sample shown in the same figure. Figure 3 shows part of the
ion chromatogram of a CPKO sample, and Figures 4-6 show
the mass spectra of some ofthe hydrocarbons identified in that
CPKO sample. The presence of a contiguous envelope of
evenly distributed HC peaks ranging from C 12to C0indicates
the presence of mineral oil contamination. Phthalates were also
detected in some samples of CPKO and, together with the iden-
tity of the HCs found in CPKO, were confirmed by GC/MSD
(Figure 7). Pristane and phytane found in the contaminated
sample (Figure 2B) were absent in Figure 7.

The procedure described in this paper is sensitive enough
for the determination of HCs in CPKO. It can also be used for
the analysis of samples suspected of mineral oil contamination.
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PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES

Determination of Residual Imazethapyr in Soybeans
by Gas Chromatography/Nitrogen-Phosphorus Detection

Richard D.M ortimer and Dorcas F. W eber

Health and Welfare Canada, Health Protection Branch, Food Directorate, Bureau of Chemical Safety,

Food Research Division, Ottawa, ON, K1A 0L2, Canada

Imazethapyr, a recently introduced imidazolinone
herbicide, is registered for use on soybeans and
other legumes in the United States and Canada. Its
maximum allowed residue level in soybeans is

0.1 ppm. A method was developed to allow the mea-
surement of >0.01 ppm imazethapyr on soybeans.
The method exploits the ready cyclization of the
nonvolatile acid to the volatile imidazoisoindol-3,5-
dione by using an excess of easily removed, water-
soluble carbodiimide and the selectivity of gas
chromatography with nitrogen-phosphorus detec-
tion. A simple cleanup on a diol-bonded silica
minicolumn reduces the complexity of the soybean
extract. The derivatization works equally well for
other imidazolinone herbicide acids. Because im-
idazoisoindolediones have characteristic fragmen-
tation patterns, they are useful for mass spectro-
scopic confirmation of suspected residues.

duced for control of broadleaf weeds in a variety of legume

and cereal crops in North America. Imazamethabenz and
imazethapyr were registered for use in Canada: imazametha-
benz on wheat and barley and imazethapyr on soybeans. Both
pesticides have a maximum allowable residue limitof0.1 ppm.
Until Newsome and Collins (1) developed an enzyme-linked
immunosorbent assay for imazamethabenz in cereal grain, no
methods were published in the scientific literature for deter-
mining these herbicide residues on food products. Renneret al.
(2) and Loux et al. (3) measured residual levels of imazaquin
and imazapyr in soil by gas chromatography with nitrogen-
phosphorus detection (GC/NPD) of the corresponding methyl
esters. Wells and Michael (4) used liquid chromatography with
ultraviolet detection at 195 nm for determining imazapyr in
aqueous solutions.

With the exception of imazamethabenz, which is a methyl
ester, the imidazolinone herbicides and the imazamethabenz
metabolites are nonvolatile carboxylic acids. This paper intro-
duces a novel approach to preparing a volatile derivative for
GC analysis that is potentially applicable to all the imidazo-

I midazolinone herbicides (Figure 1) were recently intro-

Received March 10,1992. Accepted May 31, 1992.

linone herbicides. This approach is demonstrated by the deter-
mination of imazethapyr in soybeans.

Experimental

Reagents

(a) Solvents.—Glass-distilled grade (Caledon Labora-
tories, Ltd, Georgetown, ON, L7G 4R9, Canada).

(b) Chemicals.—Imazapyr, imazethapyr, imazaquin, and
imazamethabenz acid were donated by American Cyanamid,
Princeton, NJ, as analytically pure standards (Figure 1).
Dimethylaminopropyl ethylcarbodiimide hydrochloride was
used as received (Aldrich Chemical Co., Milwaukee, WI
53233). A stock solution of imazethapyr (0.094 mg/mL) was
prepared in ethyl acetate for spiking soybeans (10 pL for 10 g

= 0.1 ppm).
Apparatus

(a) Gas chromatograph.— Model 3400 with NPD system
and on-column injector (Varian Instrument Group, Sunnyvale,
CA 94034). DB-5 capillary column, 30 m x 0.25 mm id,
0.24 pm film thickness (J&W Scientific, Folsom, CA 95630)
with aim deactivated, fused-silica retention gap, 0.53 mm id
(Chromatographic Specialties, Brockville, ON, K6V 5W1,
Canada). Temperature parameters: column, initially held 1 min
at 100°C then raised to 215°C at 30°C/min, held 19 min, raised
to 275°C at 30°C/min, and held 5 min to clean column; injector,
initially held 0.25 min at 100°C then raised to 275°C at
300°C/min and held 29 min; detector, 300°C. Carrier gas, He at
1.7 mL/min. Volume injected, 1.5 pL.

(b) Integrating recorder.— Model 3390A (Hewlett-Pack-
ard, Avondale, PA 19311).

(c) Solid-phase extraction cartridge.—BondElut Diol
(Analytichem, Harbor City, CA 90710) or Bakerbond Diol
(J.T. Baker, Toronto, ON, M5W 1C5, Canada) or Supelclean
Diol (Supelco, Oakville, ON, L6K 3V1, Canada); 3 mL.

(d) Homogenizer.— Kinematika PT 10-35 (Brinkmann In-
struments, Rexdale, ON, M9W 4Y5, Canada).

(e) Gaschromatograph/mass spectrometer.— VG Analyti-
cal Model 7070EQ hybrid mass spectrometric (MS) system
(with configuration EBQQ) coupled to a Varian 6000 GC sys-
tem with on-column injector. DB-5 capillary column, 30 m x
0.25 mm id, held initially at 80°C for 1 min then ramped to
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Figure 1. Structures of imidazolinone herbicides.

220°C at 30°C/min, held 18 min, and then heated to 280°C at
30°C/min. Only the conventional section (configuration EB) of
the mass spectrometer was used. Conditions: resolution, 1 K;
electron energy, 70 eV; trap current, 200 p.A; source, re-en-
trants, and GC transfer line temperatures, 200°C. Full scanning
mass range, m/z 40-450, exponential down at scanning rate of
0.6 s/decade and interscan delay of 0.2 s. For selected-ion
monitoring (SIM), 80 ms dwell time for each ion.

()] Nuclear magnetic resonance (NMR) spectroscopy.—

Proton NMR spectra were run in deuterochloroform with tetra-
methysilane as internal reference on a Bruker AM200 spec-
trometer (Bruker Spectrospin Ltd., Milton, ON, Canada). The
aromatic protons of each isomer were observed as 2 narrow
doublets: isomer | at 8.16 and 8.93 ppm and isomer Il at 8.07
and 8.89 ppm.

Extraction of Soybean Meal

A 10 g portion of soybean meal from ground, dry beans (40-
mesh, Wiley mill) was homogenized 3 min in methanol
(50 mL) at moderate speed. The homogenate was filtered
through Whatman No. 1filter paper. The rotor and sample ves-
sel were rinsed with 15 mL methanol, and the rinsate was
passed through the filter cake. The filtrate was evaporated to a
yellow-green oil under reduced pressure at 38°C. The oil was
partitioned between 25 mL IN NaOH and 25 mL hexane-
EtOAc (1 + 1). The aqueous layer was removed, and the or-
ganic layer was extracted with an additional 10 mL IN NaOH.
The combined aqueous layers were first back-extracted with
15 mL hexane-EtOAc (1 + 1), acidified to pH 3 with 10N
H2S 04, and extracted with two 20 mL portions of CH2C12. The
combined CH2C12 layers were dried over anhydrous Na2S 04,
filtered, and evaporated to a small volume. This concentrate
was transferred to a 3 mL vial and evaporated to dryness under
a stream of N2on a warm hot plate (the bulk of the coextracted
acetic acid was removed).

Cyclization Reaction and Cleanup

A 2 mL aliquot of dimethylaminopropyl ethylcarbodiimide
hydrochloride solution (10 mg/mL in methylene dichloride)

was added to the vial containing the soya extract or an aliquot
of imazethapyr standard solution and sealed with a Teflon-
lined screw cap. The mixture was shaken briefly and left at
room temperature for 1 h, and then a 1.0 mL portion was ap-
plied to a 3 mL diol-bonded minicolumn that was prewashed
with 3% acetone in CH2C12. Collection of the eluant was begun
as soon as sample was applied to the minicolumn. Once the
sample descended to the top of the packing, a small volume (ca
0.1 mL) of 3% acetone in methylene chloride was used to rinse
the interior wall of the tube, and then an additional 2 mL of the
same solvent was used to elute the product. The combined el-
uant was evaporated just to dryness under a stream of N2on a
warm hot plate (prolonged heating will reduce yield!), and the
residue was taken up in 1.0 mL toluene for subsequent GC
analysis.

Reaction Rate

Aliquots (10 pL) of imazethapyr stock solution were cy-
clized as above for various times at room temperature (1 min
to 17 h). After the appropriate reaction time, solvent was evap-
orated under nitrogen without heating. The resulting residue
was partitioned between 2 mL toluene and 2 mL water. Tolu-
ene solutions were analyzed by GC.

Calibration Curves

Various volumes (1-50 pL) of imazethapyr stock were cy-
clized for 60 min at room temperature, cleaned up on diol-
bonded columns, and analyzed by GC, as detailed above. Lin-
earregressions were performed with SlideWrite 4.0 (Advanced
Graphics Software, Carlsbad, CA).

Results and Discussion

The proximity of the carboxylic acid group and the second-
ary amino group in the imidazolinone ring of the herbicides
suggests that they might be readily cyclized. Indeed, Wepplo
noted in his review (5) of the chemistry of the imidazolinone
herbicides thatimazapyris converted to a mixture of 2 isomeric
imidazoiso indolediones by dicyclohexylcarbodiimide in a
90:10 ratio. The patent literature claims that a 0.4M solution of
imazapyr is cyclized quantitatively atroom temperature within
25 h (6). We found that at trace levels of imazethapyr
(1 pg/mL) an excess of dicyclohexylcarbodiimide generated
only 1% of the cyclized product after 1 h atroom temperature.
Diisopropylcarbodiimide was only slightly better, producing
6% of the product. In contrast, dimethylaminopropyl ethyl-
carbodiimide hydrochloride gave quantitative cyclization
under the same conditions, yielding 2 isomers in a ratio of
84:16 (Figure 2). The smaller steric requirement of the latter
reagent is presumably responsible for the greater rate of reac-
tion. The kinetics experiment already showed that 1 h at room
temperature was sufficient to complete cyclization with the
polarcarbodiimide. Although heating the sample could shorten
the reaction time, all cyclizations were performed atroom tem-
perature for convenience. The ratio of the 2 isomers is not a
result of the high temperature of the GC conditions, because
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Figure 2. Derivatization reaction of imazethapyr.
proton NMR spectroscopy ofa larger sample showed the same
ratio at room temperature.

The presence of 2 isomers for analysis of a single compo-
nent could be construed as disadvantageous with respect to
quantitation. Isomer | is nearly 6 times as intense as isomer Il;
however, the disadvantage is negligible. In fact, the second iso-
mer is very advantageous when MS confirmation is required,
because 2 peaks will be seen by SIM (discussed later).

Calibration curves were prepared in the practical working
range 0f0.01-0.50 ppm and were good linear plots through the
zero point for both isomers; the R values were 0.9983 and
0.9984 for the major and minor isomers, respectively. The
smallest sample injected (75 pg) gave an isomer | peak with a
signal-to-noise ratio of 25. This suggested that the limit of de-
tection (signal-to-noise ratio = 3) was 0.002 ppm, but a more
practical limit based on the noisier background of the soya ex-
tracts was approximately 0.01 ppm. The cyclized products
were reasonably stable. After 3 days atroom temperature under
fluorescent lights or after 3 weeks in the dark at -20°C, a
5-10% decline in peak area was noted.

Initially, extracts of soybean meal were cyclized and
worked up by evaporating the reaction mixture to dryness and
then simply partitioning the residue between water and toluene
to remove the excess of the water-soluble carbodiimide before
GC analysis (Figure 3). The number and quantity of co-
extracted interferences registered by NPD, however, necessi-
tated a more substantial cleanup. A variety ofchromatographic
adsorbents were tried without success. Cleanup on Florisil, sil-
ica, or alumina gave poor recoveries as a result of irreversible

v
0 TIME (min) 24

Figure 3. GC/NPD chromatogram of a derivatized
soybean meal extract spiked with 0.1 ppm imazethapyr
before cleanup. Arrows indicate imazethapyr derivatives.

0 0
b
0
| . N v + | > N
N > N \
N NN,
Is ome r Isomer I

binding of the cyclized products, even when the sorbent was
deactivated in various ways. The ratio of the 2 isomers was also
distorted. Cyanopropyl-bonded silica introduced many new in-
terfering peaks in the chromatogram, and octadecyl-bonded
silica was ineffective. Diol-bonded silica, however, worked
very well, and solvent conditions were established so that
cleanup was, in effect, a simple filtration of the reaction mix-
ture through the column. Barron, in a study of strawberry
aroma extractives (7), also observed irreversible binding of
polar constituents on silica and found diol-bonded silica to be
an effective substitute. The 2 isomers were recovered quantita-
tively, and their ratio did not change.

0
TR

isomer |

isomer Il

spiked, 0.1ppm

spiked, 0.01ppm

not spiked ‘ l

I 1

11 TIME (min) 23

Figure 4. Sections of GC/NPD chromatograms of
derivatized extracts of soybean meal spiked at various
levels with imazethapyr after cleanup on the diol-bonded
columns.
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GC conditions were then established to separate the princi-
pal isomer | from the remaining coextractives with little con-
cern for the minor isomer n, because isomer Il is a fixed per-
cent of isomer I. Figure 4 compares sections of typical GC
chromatograms from cleaned-up soya extracts that were spiked
with 0, 0.01, or 0.1 ppm imazethapyr. Isomer | is clearly dis-
cernible at 0.01 ppm when compared with the control soya
sample. Comparison of Figure 4, the extract after cleanup, with
Figure 3, the extract before cleanup, demonstrates the im-
provement obtained by using the diol-bonded column.

Recovery of imazethapyr from spiked soybean meal was
good; duplicate extracts each analyzed twice by GC gave re-
coveries of 80 + 4% at 0.01 ppm and 97 + 14% at 0.1 ppm.
Extraction of soybean meal with acetone was not as effective
as with methanol; recoveries were typically 30-40% lower
with acetone.

The mass spectra of the 2 imazethaisoindolediones are
illustrated in Figure 5. A number of ions of good intensity are
common to both isomers. In fact, the imidazoisoindolediones
of all 4 herbicide acids (prepared in the same way as that de-
scribed for imazethapyr) have intense molecular ions and in-
tense M+69 fragments: imazethapyr, 271 (70%) and 202
(95%); imazapyr, 243 (60%) and 174 (100%); imazaquin, 293
(80%) and 224 (100%); and imazamethabenz, 256 (95%) and
187 (100%). In addition, they have a number of common frag-
ments of variable intensities (5-60%), such as the M+28 and
M +43 ions. For SIM of imazethapyr diones, ions m/z 271 (mo-
lecular ion) and m/z 243 (loss of CO) were chosen rather than
the more intense fragment at m/z 202. Not only are higher
masses more selective for confirmation, but the drop in accel-
erating voltage is minimized by keeping the 2 monitored
masses as close as possible.

Although the soybean extracts were too complex to be ana-
lyzed by GC/NPD without cleanup (Figure 3), GC/MS moni-
toring at m/z 243 and 271 was able to specifically find the 2

50 100 150 200 250 300

Mass spectra (El) of the 2 isomeric imidazoisoindolediones from cyclization of imazethapyr (GC inlet).

imazethapyr derivatives in the multitude of soybean
coextractives (Figure 6). Note that in Figure 6, the control
traces are amplified relative to the spiked traces, because the
output is normalized to the largest peak. In addition, the ratio
of the 2 derivatives appears differentat m/z 243 and at m/z 271.
In part, this is because of the different relative intensities of

100-1
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Figure 6. SIM traces (m/z 243 and 271) of 2 derivatized

soya extracts before cleanup; one is spiked with
0.1 ppm imazethapyr, and one is not.
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these 2 ions in the spectra of the 2 isomeric diones, but the
difference may also be exacerbated by “junk” with a different
mass that elutes at the same retention time and competes with
the imazethapyr diones for ionization. Nevertheless, the ratio
ofions atm/z 243 and 271 was consistent from sample to sam-
ple whether the sample was a pure standard, a cleaned-up soya
extract, or an original soya extract. The selectivity of NPD ob-
viates this problem.

In summary, trace levels of imazethapyr can be conve-
niently cyclized to the corresponding volatile and stable im-
idazolinedione that lends itselfto GC analysis. We applied this
reaction to the analysis of residual imazethapyr in soybeans.
After a simple cleanup, NPD has the selectivity and sensitivity
to measure this residue at >0.01 ppm in the derivatized extract.
In addition, we pointed out that the cyclization reaction is suc-
cessful with imidazolinone herbicide acids, such as imazapyr,
imazaquin, and imazamethabenz acid, and that the derivatives

PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES

have characteristic mass spectra that are useful for confirma-
tion by SIM.
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Development of Enzyme Immunoassay for Captan and Its
Degradation Product Tetrahydrophthalimide in Foods

W.Harvey Newsome, Jupiter M.Yeung,and Peter G.Collins
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Ottawa, ON, KIA 0L2, Canada

A simple, sensitive, and precise enzyme-linked im-
munosorbent assay (ELISA) is described for the
quantitation of captan as its degradation product
tetrahydrophthalimide (THPI) in foods using poly-
clonal antibodies. Three hapten analogues of THPI
with different alkyl spacer arm lengths were synthe-
sized. Immunogens and coating proteins were pre-
pared by coupling these haptens to human serum
albumin and ovalbumin, respectively. A 5-carbon
spacer arm appeared to be optimum for the produc-
tion of antibodies. Heterologous coating proteins
did not improve the sensitivity, but reduction of ho-
mologous coating protein concentration did im-
prove the sensitivity, resulting in a concentration of
test compound required to inhibit binding by 50%
of 15.5 ng/mL. The antiserum is specific for captan,
captafol, and THPI, but not other structurally re-
lated compounds. The minimum detection limit
was 1 ng/mL; the linearity was 1-200 ng/mL. The
overall recoveries of captan and THPI from 11 com-
modities spiked at 4 levels were 92 and 100%, re-
spectively. The intra-assay and interassay coeffi-
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cients of variation were 9.1 and 16.8% for apple
blanks and 5.9 and 4.2% for apple spiked with

3 ppm THPI, respectively. The ELISA described is
suitable for measuring captan and THPI at levels
comparable to those typically found in fruit.

aptan [A-(trichloromethylthio)cyclohex-4-ene-1,2-di-
‘ carboximide] was introduced in the early 1950s and is

till widely used for the protection of many fruit crops
against a broad range of fungal pathogens. In Canada, about
300 000 kg captan is used annually, with a use pattern of 82%
on leaves and fruits, 10% for seed treatment, 5% for home and
garden uses, and 3% for nonagricultural applications (1). The
maximum residue limitis 5.0 ppm in apples, apricots, blueber-
ries, cranberries, cherries, grapes, peaches, pears, plums, rasp-
berries, strawberries, and tomatoes (2).

Gas chromatography (GC) is the most widely used tech-
nique for the determination of captan. Electron capture (3-6),
flame photometric (7), electrolytic conductivity (8), and mass
spectrometric (9) detection methods were reported. Other
methods of analysis include liquid chromatography (10, 11)
and thin-layer chromatography (TLC) (12, 13). GC methods
were also developed for THPI, a degradation product formed
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by hydrolysis (14,15) or as a metabolite (16, 17). Onley (5)
described a procedure involving derivatization with pen-
tafluorobenzyl bromide and electron capture detection that was
capable of determining 0.02-0.04 ppm in milk or meat, but in-
volved extensive cleanup. Winterlin et al. (7) developed a gas-
liquid chromatographic method for THPI in urine using nitro-
gen-phosphorus detection, but the method also required
multiple extractions and column chromatographic cleanup.

Immunochemical methods for the determination of pesti-
cides have gained popularity over the last decade. The devel-
opment of simple, sensitive, and rapid immunoassay methods
for a range of synthetic pesticides (18) suggests that this is a
viable alternative route for the determination of captan or
THPI. Small molecules such as pesticides usually do not stim-
ulate an immunogenic response. A hapten is usually linked with
a spacer arm to a large molecule such as protein to become
immunogenic. The present paper describes the production of
antibodies and their use in an enzyme-linked immunosorbent
assay (ELISA) for the determination of captan and THPI
in foods.

Materials and Methods

Pesticide standards were obtained from the pesticide repos-
itory of the Food Research Division and were stated to be at
least 99% pure by the respective manufacturers, cis-84-
tetrahydrophthalimide (THPI), tetrahydrophthalic anhydride,
phthalimide, phthalic acid, sodium iodoacetate, 3-iodopropio-
nic acid, 5-bromovaleric acid, tri-n-butylamine, and iso-butyl
chloroformate were purchased from Aldrich Chemical Co.,
Milwaukee, WI. Captan, captafol, and folpet were dissolved in
acetonitrile; the other structurally related compounds were dis-
solved in methanol to give standard solutions for standard
curves and fortifications.

Bovine semm albumin (RIA grade), ovalbumin, human
semm albumin, goatanti-rabbit IgG peroxidase conjugate (sec-
ond antibody), Tween 20, o-phenylenediamine dihydrochlo-
ride, and I-ethyl-3-(dimethylaminopropyl) carbodiimide hy-
drochloride (EDC) were purchased from Sigma Chemical Co.,
St. Louis, MO. Freund’s complete and incomplete adjuvants
were obtained from Gibco, Grand Island, NY. Dialysis tubing
(10 mm in diameter with a 12 000-14 000 molecular weight
cutoff) was purchased from Spectrum Medical Industries Inc.,
Los Angeles, CA. Flat-bottom polystyrene microtiter plates,
96-well, were obtained from Dynatech Laboratories, Inc.,
Chantilly, VA.

Phosphate-buffered saline (PBS), pH 7.2, contained 20
mmol NaH2P 04 and 140 mmol NaCl/L of deionized water.
Coating buffer (pH 9.6) contained 13 mmol Na2C 03 and
11 mmol NaH CO03; citric buffer (pH 5.0) consisted of 0.6 mol
Na2H P04 and 0.1 mol citric acid/L deionized water. The sub-
strate consisted of 35 mg o-phenylenediamine dihydrochloride
and 20 |xL 30% H20 2in 50 mL citric buffer (19).

TLC was conducted on 25 cm glass plates coated with
0.25 mm Silica Gel G containing a fluorescent indicator. Plates
were developed in solvent systems consisting of either tolu-

ene-ethyl acetate-acetic acid (50 + 50 + 1), solvent A; aceto-
nitrile-water-diethylamine (88 + 12 + 1), solvent B; or
dichloromethane-methanol-acetic acid (80 + 19 + 1), solvent
C. Components were visualized by UV illumination.

Instrumentation

Microtiter plates were washed first with 1% Tween 20 in
PBS (PBS-T) in a Model 120 Titertek Microplate washer
(Flow Laboratories, Mississauga, ON, Canada) with 5 wash
cycles and 3 soak periods of 30 s each and then 3 wash cycles
ofdeionized water. Absorbances of microtiter wells were mea-
sured on a dual-beam Titertek Multiscan MCC with a 492 nm
sample filter and 620 nm reference filters. A 12-channel
Titertek pipet (25-250 |iL) from Flow Laboratories was used
for dispensing liquids. Data were transmitted to an Olivetti
M 280 microcomputer for analysis with a Lotus spreadsheet.
The instrument was checked for reading bias by using p-nitro-
phenol and the reversed plate protocol described by Harrison
and Hammock (20).

Mass spectra were obtained at a resolution of 1000 ona VG
ZAB 2F instrument using a direct probe inlet and 70 eV elec-
tron impact ionization. An HP 5890 GC system equipped with
an HP 5970 mass selective detection (MSD) system and a
Supelco 25 m DB-5 column were used for quantitation, with
minor modification of the method of Schoen and Winterlin
(17).

Syntheses

To provide a functional group with which to couple THPI to
immunizing or coating protein and to study the effect of the
length of the spacer, derivatives were prepared by alkylating
the imide nitrogen with either iodoacetic, 3-iodopropionic, or
5-bromovaleric acid. The potassium saltof THPI was prepared
by dissolving 3.0 g THPI (20 mmol) in 15 mL ethanol contain-
ing 1.1 g KOH (20 mmol). The solvent was removed on a ro-
tary evaporator, and 4.1 g sodium iodoacetate (20 mmol) was
added. An exothermic reaction occurred on mixing of the sol-
ids. After the reaction subsided, 4 mL dimethyl formamide was
added and the solution was refluxed 16 h. The reaction mixture
was then cooled, transferred to a separatory funnel with 45 mL
water, acidified to litmus with dilute HC1, and extracted with
60 mL dichloromethane. The aqueous phase was discarded,
and the dichloromethane was extracted with 30 mL 5%
NaHCO03. The dichloromethane was discarded, and the solu-
tion was carefully acidified with dilute HC1; then, the aqueous
layer was extracted with 30 mL fresh dichloromethane. This
acid-base cycle was repeated, and the dichloromethane was
dried with anhydrous Na2S04. Removal of the solvent yielded
2.29 g (55%) of pale yellow crystals, mp 98-101°C: Rf,0.21 in
solvent A and 0.43 in solvent B; MSD, m/z (relative intensity)
209 ([M ]+, 14.9), 191 ([M]+H20 , 18.2), and 163 ([M]+H20 -
CO, 55.3).

The N-propionic acid and A™-valeric acid derivatives were
prepared in a similar fashion by using 2 equivalents of KOH to
prepare the potassium salts of THPI and the respective acids.
The yield of propionate was 2.12 g (48%, yellow wax, mp 45-
49°C). In solvent A, the Rfwas 0.36, and in solvent B it showed
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N-R

@
a. R = CH2CO-NH-HSA
b. R = (CH232CO-NH-HSA
c. R = CCH2"4CO-NH-HSA

HSA: human serum albumin

Figure 1. Structure of THPI immunogens.

a major component at 0.43 and a minor one at 0.61: MSD, m/z
(relative intensity) 223 ([M ]+, 2.2), 205 ([M] +H20 , 100), and
177 ([M]+H20-CO, 5.8). The yield of valerate was 1.35 g
(27%, yellow syrup). TLC revealed 3 components in solvent A,
a major component at Rf0.44 and minor components at 0.34
and 0.26. Chromatography in solvent B showed a major com-
ponent at Rf 0.43 and a minor component at 0.75: MSD, m/z
(relative intensity) 251 ([M ]+, 0.7), 233 ([M]+H20 , 73.3), and
205 ([M]+H20-CO, 39). The material was used without fur-
ther purification.

Tetrahydrophthalic anhydride (10 mg in 10 mL H20) or
THPI (10 mg in 10 mL 0.1N NaOH) was hydrolyzed at 95°C
for 30 min. The pH of the hydrolysate was adjusted to 6.7 with
IN HC1to yield tetrahydrophthalic acid and tetrahydrophthala-
mic acid, respectively. TLC in solvent C showed 1 spot at Rf
0.50 for tetrahydrophthalic acid and 2 spots at Rf0.50 and 0.55
for tetrahydrophthalamic acid. The composition of the spots
was determined by GC/MSD to be 87:13 tetrahydrophthalamic
acid:tetrahydrophthalic acid, assuming both compounds had
the same detector response. These compounds were used in the
cross-reactivity study without further purification.

Immunogen

The immunogen was coupled to human serum albumin as
previously described (21). Briefly, 40 pmol THPI derivative
was dissolved in 1.0 mL 0.05M sodium phosphate, pH 7.0, and
100 mg EDC was added. Then 28 mg human serum albumin
was added in 1.5 mL of the same buffer, and the solution was
mixed and placed in a 4°C refrigerator for 18 h. The resulting
conjugate was dialyzed against distilled water and stored fro-
zen in 1 mL aliquots.

Coating Protein

Coating proteins were prepared by a mixed anhydride cou-
pling reaction to ovalbumin to avoid recognition of EDC reac-
tion by-products as previously described (21). The respective
derivative of 40 pmol THPI was dissolved in 0.5 mL 1,4-diox-
ane and 15 pL tri-n-butylamine, and then 8 pL isobutyl
chloroformate was added. After 30 min reaction, the solution

Table 1. Specificity of antisera toward
tetrahydrophthalimide and other structurally related
compounds

Compound Structure ICsq, ng/mLa

Tetrahydrophthalimide 16.3

2.

0
Captan 0 57.0
0
Captafol 0 71.9
0
Folpet 0 >1000
©:§'5-C013
Phthalimide 0 >1000
o
o}
Phthalic acid g >1000
H
H
(o}
Tetrahydrophthalic anhydride 0 >1000
I I 0
(o]
Tetrahydrophthalic acid g >1000
H
H
Q
Tetrahydrophthalamic acid 9 >1000
B
~NH
(o]

a ICjo= concentration of test compound required to inhibit binding
by 50%.

was added with stirring to 44 mg ovalbumin in 3 mL 0.2M
NaHCO03 pH 9.3. After 22 h at 4°C, the solution was dialyzed
against deionized water and diluted to 10 mL, and 200 pL ali-
quots were stored at-20°C.
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Table 2. Percentrecovery of captan as THPI from various commodities3
Captan added, ppm

1.25 2.5 5.0 10.0 Mean + SD
Strawberry 97.3 83.9 81.4 84.1 86.7 £6.2
Blueberry 95.6 85.1 96.7 84.8 90.6 5.6
Raspberry 122.5 92.4 106.0 83.8 101.2 + 14.6
Cherry 100.2 82.8 94.9 82.7 93.1 7.6
Nectarine 88.5 99.9 110.1 109.9 102.1 +8.9
Peach 94.6 99.6 83.1 81.8 89.8 £7.5
Apricot 100.7 94.8 97.7 83.9 94.3+ 6.3
Plum 89.9 85.2 111.8 83.3 92.6 £11.4
Apple 91.5 92.4 84.0 97.9 91.4 £5.0
Grape 86.8 95.3 115.5 104.6 100.5 +10.7
Tomato 62.2 66.3 73.2 79.0 70.2 £6.4

Values are corrected for blank. All data are the means of duplicate samples.

Microtiter Plate Coating

Microtiter plates were rinsed with deionized water, and the
wells were filled with 200 pL of a solution of 1.1 pg coating
protein/mL plus 10 pg ovalbumin/mL in coating buffer. After
16 h at 4°C, the wells were washed with PBS-T using aTitertek
Microplate washer with 5 wash cycles and 3 soak periods of
30 s each, and then 3 wash cycles of deionized water. The sen-
sitized plates were stored in plastic bags at-20°C. These plates
can be stored up to 6 months without any problem.

Immunization

Male White New Zealand rabbits, 3 groups of 4 animals
each, were used to obtain antibodies against the THPI-human
serum albumin conjugates. The immunogen was diluted in
PBS and emulsified in Freund’s complete or incomplete adju-
vant to give 1 mg/mL. Rabbits were injected subcutaneously
with 0.5 mL of the emulsion at 5 sites. Booster injections, in
which incomplete adjuvant was substituted for complete adju-

vant, were given at monthly intervals. Blood was collected
from the marginal ear vein 1 week after each boost.

The serum from each animal was tested for titer by adding
serial dilutions to a microtiter plate coated with 4.4 pg homol-
ogous coating protein/mL and incubating at 4°C for 30 min.
Similar dilutions of serum from nonimmunized rabbits served
as controls. After the excess antibody was removed by wash-
ing, the amount of adsorbed antibody was determined with
goat anti-rabbit IgG peroxidase conjugate under the same con-
ditions as for the immunoassay below. Serum dilutions that
gave an absorbance of ca 1.0 were selected for competitive
inhibition of binding by various concentrations of captan or
THPI. Competitive inhibition was tested by preincubation of
the appropriate dilution of antiserum with <500 ng captan or
THPI/mL, followed by addition to a coated plate and measure-
mentofthe degree ofbinding as described below. Animals hav-
"ig the highest titers and most sensitive inhibition curves were
exsanguinated under anesthesia 6-12 months after the initial
immunization. The serum was stored frozen at -20°C in

Table 3. Percent recovery of THPI from various commodities3
THPI added, ppm

0.67 1.35 2.7 5.4 Mean + SD
Strawberry 114.2 114.7 85.0 84.2 99.5+14.9
Blueberry 91.7 114.3 114.9 98.9 105.0£10.0
Raspberry 117.9 118.6 96.6 80.2 103.1 £16.1
Cherry 117.2 112.2 98.9 86.8 103.8+11.8
Nectarine 99.2 119.5 90.4 96.9 101.5 +10.9
Peach 89.7 84.7 81.0 73.4 82.2 £6.0
Apricot 84.17 112.6 113.5 86.9 99.3 + 13.8
Plum 102.4 117.1 101.6 86.3 102.4 +10.2
Apple 99.3 96.8 103.2 108.8 102.0 +4.5
Grape 95.7 108.3 82.7 80.4 91.8 + 11.2
Tomato 116.3 109.7 116.4 121.5 116.0 £4.2

3 Values are corrected tor blank. All data are the means of duplicate samples.
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Table 4. Blank determinations of THPI in various
commodities9

ELISA GC/MSD

Raspberry 0.027 + 0.007 0.042 1 0.001
Nectarine 0.019 £0.014 0.01010.002
Apricot 0.081+0.015 0.071 10.005
Apple 0.17510.016 0.13510.010
Grape 0.03410.010 0.033 10.002

Values are the mean of 6 replicates expressed in ppm * standard
deviation.

200 |+L aliquots. To standardize the assay, serum collected
from a single rabbit 12 months after the initial injection was
used in all subsequent studies on cross-reactivity and in all ap-
plications to food extracts.

Sample Preparation

A 10 g subsample of previously homogenized commodity
was blended 10 swith 60 mL methanol in a 125 mL flat-bottom
boiling flask by a Polytron homogenizer. The solution was then
refluxed 20 min. After cooling, the solids were removed by
filtration through Whatman No. 1 paper, and the filtrate was
diluted to 100 mL with methanol. Then, 5 mL extract was
shaken twice with an equal volume of 10% ether in hexane for
5 min and centrifuged at 1000 rpm for 5 min. The ether-hex-
ane layer was discarded. A 100 pL aliquot of the extract was
left in a cupboard overnight to dry, and the residue was taken
up in 25 pL PBS for ELISA. In the recovery studies, the ho-
mogenized samples were spiked with either captan or THPI at
4 levels. These fortified samples were incubated 30 min at
room temperature before polytron extraction.

Immunoassay

A 1mL aliquot of antiserum diluted 1:6000 with 0.1 % BSA
in PBS diluent was added to 25 (iL sample or standard in a 12
X 75 mm culture tube. The solution was mixed and incubated
at 4°C for 30 min, and 200 |xL was added to triplicate wells of
a cold coated plate. After further incubation at 4°C for 30 min,
the wells were emptied and washed with PBS-T. A 200 pL al-
iquot of a 1:5000 dilution of second antibody goat anti-rabbit
IgG peroxidase conjugate in 0.1% BSA in PBS diluent was
added to each well, and after 30 min incubation at room tem-
perature the plate was again emptied and washed. An equal
volume of substrate consisting of 35 mg o-phenylenediamine
dihydrochloride and 20 pL H20 2 in 50 mL citrate buffer, pH
5.0 (19), was added. The enzymatic reaction was allowed to
proceed at room temperature in darkness for 30 min. The reac-
tion was stopped by the addition of 50 pL 4M H2S504. The
absorbances were read at 492 nm, and the amount of THPI was
determined by a least-squares plot of the logit of the absorbance
against the log of the concentration of the standards. The stan-
dard curve consisted of 8 concentrations of THPI: 0,1.56,3.13,
6.25, 12.5,25.0,50.0, and 100.0 ng/mL. The concentration of
test compound required to inhibit binding by 50% (1C50),
which is useful for comparing the degree of inhibition exhib-

ited by various related compounds, is defined as the concentra-
tion of inhibitor necessary to produce a 50% decrease in
absorbance. This value was calculated from the least-squares
plot of the log of the concentration of inhibitor against the per-
centage decrease in absorbance relative to that obtained in the
absence of inhibitor.

Results and Discussion

Animals immunized with a conjugate of the A-car-
boxymethyl derivative (Figure la) did not produce significant
antibody titers within 3 months, and they produced only low
titers at 4 months after initial injection. The A-carboxyethyl
(Figure Ib) and A-carboxybutyl homologues (Figure Ic) were
much more effective immunogens, eliciting high titers as early
as 1 month. However, antisemm from the A-carboxyethyl-
THPI immunized animals produced poor inhibition curves
when tested with THPI and required approximately 500 ng/mL
for 50% inhibition. Antisemm to the A-carboxybutyl hapten
showed 50% inhibition ofbinding with THPI at 150 ng/mL and
was selected for further optimization. These results demon-
strated the importance of spacer arm length of hapten for a suc-
cessful antibody production. The use of heterologous coating
protein (A-carboxymethyl or A-carboxyethyl haptens) did not
improve the sensitivity, but reduction of the coating protein
concentration to 1.1 pg/mL was effective in increasing the sen-
sitivity and resulted in an IC500f approximately 16 ng'mL.

The specificity of the antiserum was evaluated by compar-
ing the IC50value of some structurally related compounds. The
cross-reactivity of the antibodies to captan and captafol on a
nanomole basis was 57 and 52%, respectively, relative to
THPI. Other structurally related compounds were essentially
unrecognized. Data are summarized in Table 1. Results dem-
onstrated the high specificity of the antibodies against the
THPI moiety.

Table 2 summarizes the recoveries from several captan-reg-
istered commodities that were spiked with captan at 1.25, 2.5,
5, and 10 ppm. Recoveries were calculated in terms of THPI,
because the method converts all captan to THPI. Table 3 sum-
marizes the recoveries of THPI spiked at 0.67, 1.35, 2.7, and
5.4 ppm levels. Good recovery was achieved for both captan
and THPI (92 and 100%, respectively). The conversion of
captan to THPI was essentially completed by refluxing 20 min
in methanol. All data were corrected for blanks, which con-
sisted of the sample matrix that was subjected to the entire ex-
traction and ELISA procedure. Table 4 depicts the reproduc-
ibility of the blanks analyzed by ELISA and confirmed by
GC/MSD method (17). The correlation coefficient of the
ELISA and GC/MSD methods was 0.96 when 6 samples
were analyzed.

The intra-assay and interassay coefficients of variation in
this method were 9.1 and 16.8% for apple and 5.9 and 4.2% for
apple spiked with 3 ppm THPI, respectively (n = 6), as indi-
cated in Table 5. These latter values are similar to those ob-
served for paraquat (22) or quinine (23) that was not subjected
to extraction and cleanup steps. Table 6 shows that the average
IC50 for THPI was 15.5 ng/mL. The ruggedness of the assay
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Table 5. Intra-assay and interassay coefficients of variation9
Intra-assay Interassay
Mean £ SD cv, % Mean £ SD CV, %
Apple 0.18£0.02 9.1 0.20 + 0.03 16.8
Apple + 3 ppm THPI 3.16 + 0.18 5.9 2.85%0.12 4.2

Values are expressed in ppm of THPI. All data are the means of 6 separate samples.

Table 6. Interassay variability of IC50 (5) Onley, J.H. (1977) J. Assoc. Off. Anal. Chem. 60, 679-681
THPI, ng/mL, Mean + SDa oV, % N (6) Pomerantz, 1.H., Miller, L.J., & Kava, G. (1970) J. Assoc.
Off. Anal. Chem. 53, 154-157
May 1421 +4.79 33.75 5 (7) Winterlin, W.L., Kilgore, W.W., Mourer, C.R., &
June 16.15 £4 .40 97 22 1 Schoen, S.R. (1984) J. Agrie. Food Chem. 32, 664—672
July 1611 +5 36 33 24 26 (8) Luke, M.A., Froberg, J.E., Doose, G.M., & Masumoto, H.T.
overall 1548 +5 01 32 39 65 (1981) J. Assoc. Off. Anal. Chem. 64, 1187-1195
(9) Matem, G.C., Singer, G.M., Louis, J., Robson, M., &
a Values are expressed In ng/mL of THPI derived from 8 points Rosen, J.D. (1990) J. Agrie. Food Chem. 38, 402—107
standard curve from each plate. (10) Buttler, B,, & Hormann, W.D. (1981) J. Agrie. Food Chem.
29, 257-260
(11) Carlstrom, A.A. (1980) J. Assoc. Off. Anal. Chem. 63, 1231—
was demonstrated by the variability of the IC50 derived from 1236
standard curves obtained over a 3-month period. The coeffi- (12) Francoeur, Y., & Mallet, V. (1977) J. Assoc. Off. Anal. Chem.
cient of variation was 32% (n - 65). The minimum detection 60, 1328-1330
limit was 1 ng/mL, with at least 10% binding inhibition; the (13) Sherma, J., & Steilmacher, S. (1985) J. Lig. Chromatogr. 8,
linearity of the assay was 1-200 ng/mL. Taken together, the 2949-2960
validation data for this ELISA procedure appear suitable for ~ (14) Wolfe, N.L., Zepp, R.G., Dosier, J.C., & Hollis, R.C. (1976)
routine surveillance or compliance monitoring of captan and J. Agrie. Food Chem. 24, 1041-1045
THPI in fruits. Because captafol yields THPI, it would be de- ~ (15) Cairns, T., Siegmund, E.G., & Doose, G.M. (1983) Bull. En-
termined as well. The precursor of THPI can be identified by viron. Contam. Toxicol. 30, 117-121
GC/MS, if required. Although this study was restricted to fruit (16) DeBaun, J.R., Miaullis, ‘]_'Bj’ Knarr, J., Mihailovski, A., &
commodities, the method should be adaptable to other matrixes, Menn, J.J. (1974) X.enobilotlca 4, 101-119
such as those encountered in human exposure monitoring. (17)  Schoen, SR, & Winterlin, W.L. (1982) J. Assoc. Off. Anal.
Chem. 65, 1382-1384
(18) Kaufman, B.M., & Clower, M,, Jr (1991) J. Assoc. Off. Anal.
Acknowledgment Chem. 74, 239-247
(19) Voller, A., Bidwell, D.E., & Bartlett, A. (1979) The Enzyme-
We thank W.E Sun for mass spectral determinations. Linked Immunosorbent Assay (ELISA), Dynatech
Laboratories, Inc., Alexandria, VA
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PESTICIDE FORMULATIONS

Liquid Chromatographic Assay of Bentazon Formulations

Thomas M. Schmitt

BASF Corporation, 1419 Biddle Ave, Wyandotte, M148192-3736

A reversed-phase liquid chromatographic method
is presented for determining the active agent in
technical bentazon and in aqueous formulations of
the sodium salt of bentazon. The procedure is an
isocratic, external standard method specifying an
octadecylsilyl column, an acetate-buffered mobile
phase of methanol-water, and UV detection. The
340 nm detection wavelength eliminates interfer-
ence from formulation impurities.

4(3/1)-one-2,2-dioxide, CAS 25057-89-0, is the active

agent of certain commercial herbicides. Bentazon is
used worldwide for the selective postemergence control of
broad-leaf weeds in many crops, especially soybeans and pea-
nuts.

Because bentazon is an organic acid with a phenyl ring, re-
versed-phase liquid chromatography (LC) with UV detection
isthe mostcommon method of determination. Bentazon can be
determined in the presence of other herbicides by a variety of
reversed-phase columns and mobile phases that are often
buffered to mildly acidic pH (1-7). Bentazon may be concen-
trated from water by extraction ofthe acid into ethyl acetate (1,
2) or by solid-phase extraction (SPE) (4-8). Reversed-phase
LC with methanol-water, pH 2.70, was used for determination
of residues of cyanazine, bentazon, and bentazon metabolites
(9). Schuessler reported that a similar system, with acetone-

Bentazon, 3-(1-methylethyl)-\H-2,1,3-benzothiadiazin-

1.25 % acetic acid (20 + 80) as mobile phase, was effective for

determining low levels of bentazon in the presence of phenoxy
herbicides (10). He showed that UV absorbance, fluorescence,
or electrochemical detection could be used; electrochemical
detection gave the highest sensitivity.

Bentazon can also be determined by gas chromatography
(GC), if a volatile derivative is first prepared. GC is preferred
for residue work because of the sensitivity that can be attained
with a nitrogen- or sulfur-selective detector (11-14). The deriv-
ative may be prepared with diazomethane, pentafluorobenzyl
bromide, or m-(trifluoromethyl)benzyl chloride (13). Forma-
tion of the pentafluorobenzyl derivative gives the greatest sen-
sitivity with electron capture detection.

An enzyme-linked immunosorbent assay (ELISA) was de-
veloped for determination of the V-methyl derivative of

Received March 6, 1992. Accepted May 15, 1992.

bentazon. For trace analysis, the bentazon is concentrated by
SPE, followed by formation ofthe methyl derivative and deter-
mination by ELISA (8).

Unfortunately, none of the procedures listed above is di-
rectly applicable to analysis of the concentrated formulation
but instead measure bentazon residue levels in water and crops.
Bentazon absorbs strongly in the UV region (Figure 1). The
absorption obeys the Beer-Lambert law, but UV absorbance is
not suitable for analysis of commercial formulations because
of the presence of impurities with similar absorbance spectra.
During synthesis, bentazon formulations are contaminated
with salts of organic acids, which also have aromatic character.

Bentazon can be converted to the acid form by treatment
with a cation exchange resin in the H+ form. It may then be
quantitatively determined by nonaqueous potentiometric titra-
tion with, for example, tetrabutylammonium hydroxide. How-
ever, ion-exchange treatment not only converts bentazon con-
geners to titratable acids but also converts inorganic salts such
as sodium chloride to the corresponding acids. A superior
method of forming the acid is direct acidification and extrac-
tion into methylene chloride or chloroform. However, certain
impurities are coextracted and give high results.

The most useful method for bentazon assay was found to be
LC (15). Although most published procedures were designed
to separate bentazon from many other herbicides, an assay
method must be optimized to separate bentazon from its by-
products and decomposition products. The following method
is designed for the analysis of herbicide formulations contain-
ing 20-100% bentazon.

Experimental

Apparatus and Reagents

(a) Liquid chromatograph—Precision pumps, gradient
elution controller, autosampler, and variable-wavelength UV
absorbance detector (Waters Chromatography Division,
Millipore Corp., Milford, MA) and chromatographic data sys-
tem (Hewlett-Packard, Palo Alto, CA, and Perkin-Elmer/Nel-
son, Cupertino, CA).

(b) LC column.—Steel, (iBondapak C18 300 x 3.9 mm
(Waters) and Radial-Pak (Waters).

(c) Eluant.—0.075M sodium acetate-methanol (60 + 40),
prepared by dissolving 10 g reagent grade or LC grade sodium
acetate trihydrate in 1L reagent water, adjusting pH to 6.0 by
dropwise addition of reagent grade glacial acetic acid, and add-
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Figure 1. UV absorbance spectrum of aqueous
bentazon, sodium salt.

ing reagent grade methanol. LC eluant was filtered and
degassed before use.

(d) Bentazon standard solutions.—Prepared by weighing

60-70 mg bentazon standard (BASF Corporation) into 100 mL
volumetric flask, dissolving in 4 mL methanol, adding 6 mL
sodium acetate buffer solution, and diluting to volume with
LC eluant.

Sample Preparation

Solid 60-70 mg samples of water-insoluble bentazon, acid
form, were weighed into 100 mL volumetric flasks and dis-
solved in 4 mL methanol; 6 mL sodium acetate buffer solution
was added to each flask, and the samples were diluted to vol-
ume with LC eluant. Liquid samples of aqueous formulations
of bentazon sodium salt (60-70 mg bentazon) were weighed
into 100 mL volumetric flasks and diluted to volume with
LC eluant.

Determination

Various LC conditions were evaluated to optimize separa-
tion. Final conditions for assay were as follows: ambient tem-
perature; flow rate, 1.0 mL/min; UV detector, 340 nm,
1 AUFS; chart speed, 1 cm/min; bentazon retention time, ca
5 min. Typical chromatograms are shown in Figures 2 and 3.

Results and Discussion

The method was developed by first working out a gradient
elution procedure to resolve bentazon from impurities in the
formulation. A reversed-phase method was used in which the
methanol concentration was increased from about 10% to
about 90%, with the balance being aqueous sodium acetate
buffer solution, pH 6. When conditions were established under
which bentazon was resolved from all impurities, trial and error
was used to find an isocratic system that separated bentazon
from the impurities. Accuracy was confirmed when the same
assay value was returned by the isocratic and the gradient elu-
tion methods. This result showed that unresolved impurities do
not contribute to a high result for bentazon.

Experiments in BASF laboratories showed excellent linear-
ity for solution concentrations in the 100-1000 ppm range,
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Figure 2. Chromatogram of bentazon standard.

with a correlation coefficient of 0.9998. The quantities speci-
fied in the recommended procedure will give solution concen-
trations in the 600-700 ppm range. However, the linear range
is dependent, to some extent, on the particular detector. During
the collaborative study reported in the companion paper, sev-
eral laboratories noted that they obtained better linearity at
lower concentrations, i.e., in the 200-300 ppm range (16).

Figure 1 shows the UV absorbance curve for the salt of
bentazon in aqueous solution. We chose absorbance at 340 nm
for detection, because the impurities associated with technical
bentazon have little absorbance in this region, and simple
fixed-wavelength detectors can generally operate at 340 nm if
fitted with the proper accessories.

In the past, we used sodium saccharin as an internal standard
forthe determination of bentazon. Itis inexpensive, chemically
similar to the analyte, available in excellent purity, and elutes
near to bentazon but is well-resolved. Because the assay
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Figure 3. Chromatogram of formulated bentazon
containing impurities.
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method involves no separation ofbentazon from the matrix, the
only advantage of using an internal standard is that injections
of sample and standard solutions need not be precise (17). We
found that modem autosamplers and fixed-loop manual injec-
tors provided very good precision for these aqueous solutions.
The use of an internal standard actually had a deleterious effect
on the precision of the method because of the uncertainties in
determining the area of 2 peaks instead of a single peak. There-
fore, we based the assay method on external standardization
rather than internal standardization.

We investigated whether a method could be developed that
would allow determination of bentazon in the presence ofother
herbicides that might be present in bentazon formulations.
Worldwide, the compounds most frequently encountered in
mixtures with bentazon are acifluorfen, atrazine, and phenoxy-
carboxylic acids such as 2,4-D. The presence of such com-
pounds usually does not interfere with the evaluation of the
bentazon peak in a single chromatographic run but produces
late-eluting peaks that interfere in subsequent runs unless im-
practically long intervals are set between injections. Changes
in solvent composition and lowering of the mobile phase pH
are required to shorten analysis time and permit quantitation of
all components of the mixture. No single set of conditions is
suitable for analysis of all commercial mixtures. Therefore, we
limited the scope of this method to the analysis of the most
common formulations, which contain only bentazon as ac-
tive agent.

No special safety considerations apply to this method.
Bentazon itself has low toxicity, and the reagents and apparatus
are common in industrial and government laboratories. The
ruggedness of the method was demonstrated over a period of
12 years in BASF laboratories. The validation data developed
in the AOAC collaborative study are the mostrelevant and are
described in another paper (16).

The LC methodology isapplicable to determination of part-
per-million levels of bentazon if the matrix is very clean. We
found that positive interference is a severe problem if either
isocratic or gradient elution LC is applied to detection of
bentazon in environmental samples. Other methods are pre-
ferred, as discussed at the beginning of this paper.
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VITAMINS AND OTHER NUTRIENTS

Liquid Chromatographie Analysis of Niacin in Fortified

Food Products

G. Wailliam Chase, Jr, William O. Landen, Jr, Abdel-Gawad M. Soliman, and Ronald R. Eitenmiller?
U.S. Food and Drug Administration, 60 8th St., N.E., Atlanta, GA 30309

An ion exchange liquid chromatographic (LC)
method using an anion exchange resin column
was developed for the determination of niacin in
fortified foods. Samples were extracted by auto-
claving with H2SO4 (1 + 1). Florisil open column
chromatography was used to remove interferences
from the sample extracts. Niacin levels were quanti-
tated by an LC system using a 250 X 4.1 mm Hamil-
ton PRP-X100 column, a mobile phase of 2% glacial
acetic acid in water, and UV detection at 254 nm.
The limit of detection was 0.11 p.g niacin/mL, and
the standard curve was linear from 0.24 to 0.80 pg
niacin/mL. The system reproducibility was evalu-
ated by completing 10 repetitive analyses on an in-
fant formula and a macaroni product, which gave
an average CV of 2.7%. Mean recovery (+ standard
deviation) was 99.8 £ 7.7 (n = 15). The results com-
pared favorably with those by the AOAC microbio-
logical method.

urrent AOAC methods for the determination of niacin
‘ (nicotinic acid) use chemical and microbiological pro-
edures (1). The AOAC chemical method uses cyano-
gen bromide to yield a colored pyridinium derivative that can
be quantitated spectrophotometrically. This reaction is nonspe-
cific and occurs with all substituted pyridines, including bound
niacin (2). Furthermore, cyanogen bromide is similar in human
toxicity to hydrogen cyanide, tending to make the assay unfa-
vorable among analysts. Organisms used in the microbiologi-
cal assay, such as Lactobacillusplantarum, may give erroneous
results because of growth-stimulating or growth-depressing
materials (3). As a result, both chemical and microbiological
assays may yield higher niacin values than methods providing
greater specificity.
Over the past several years, much work has been done in
developing liquid chromatographic (LC) methods for the de-
termination of niacin in foods. Poor resolution due to interfer-
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ences has been a major dilficulty, leading to development of
extensive sample cleanup and complex chromatographic sys-
tems. VanNiekerk et al. (4) developed a method for foods
which used a column-switching technique. The extract was ini-
tially injected onto a Nucleosil 5 CI8 reversed-phase column.
At the projected time when niacin elutes, the effluent was di-
verted via a 6-port valve to a Nucleosil 5 SB anion exchange
column. Although no chromatograms of acid extracts were
illustrated, the niacin peak from a basic extract was resolved in
40 min.

Hirayama and Maruyama (5) used a basic extraction for
vinegars and jams. The extracts were subjected to an anion ex-
change column, followed by a cation cartridge column before
being injected onto a Asahipak NH2P-50 column for analysis.
The extracts needed to be evaporated with a rotary evaporator
before each column, making the method fairly cumbersome.
The niacin peak was well resolved and eluted in about 16 min;
however, the baseline shifted to about 60% of the highest peak
at 5 min and still did not returned to its initial point at 25 min.

Dawson et al. (6) developed an LC method to assay ribofla-
vin, niacin, and thiamine in meats. Autoclaved acid extracts
were digested with 5% takadiastase and 10% papain before LC
analysis. A phosphate mobile phase was used in conjunction
with an Alltech C10 10 pm column. Although the niacin peak
eluted in less than 10 min, the peak was an unresolved shoulder
on a larger interference peak.

Vidal-Valverde and Reche (2) used a Dowex 1-X8 ion ex-
change resin to clean up the acid-digested niacin extracts from
legume and meat samples before injecting them on a reversed-
phase LC system. The LC system used a mobile phase of
tetrabutylammonium bromide, methanol, and a sodium acetate
buffer with a Waters pBondapak C]Xcolumn. Although good
separation of niacin from the food extracts was achieved, the
column life was very short. Attempts to use the system in our
laboratory confirmed the short column life.

Earlier work by Chase and Soliman (7) resulted in the si-
multaneous analysis of thiamine, riboflavin, pyridoxine, and
niacin in multivitamin premixes and supplements. However,
niacin could be assayed only in samples in which ascorbic acid
was not present, because vitamin C and niacin coeluted.

Recently, Chase et al. (8) developed a procedure to simulta-
neously assay thiamine, riboflavin, and pyridoxine in infant
formulas. Niacin, however, could not be determined by this
method, because the cold perchloric acid digestion failed to
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extract the vitamin. The objective of this study was to develop
a fast, reliable LC method with minimum interferences for ni-
acin and suitable for the analysis of a variety of food products.

METHOD

Reagents

(a) Florisil.—Pesticide grade (Floridin, Co., Pittsburgh, PA
15235), activated 12 h at 130°C.

(b) Methanol.— Suitable for LC (Baxter Healthcare Corp.,
Muskegon, M149442).

(c) Stockstandardsolution.— Niacin solution, 20.0 pg/mL,
was prepared by dissolving USP Reference Standard Nicotinic
Acid (U.S. Pharmacopeial Convention, Rockville, MD 20852)
in 0.5N H2504. The stock standard was stable for several
months under refrigeration.

(d) Mobilephase.—Glacial acetic acid, 20 mL, was diluted
to 1.0 L with water and filtered through a 0.45 |im nylon filter
(Universal Scientific, Inc., Atlanta, GA 30360).

Apparatus

(a) Liquid chromatograph.— Model 625 LC solvent deliv-
ery system, Model 440 detector, and Model 712 WISP auto
injector or U6K injector for manual injection (Waters Associ-
ates, Milford, MA 01757).

(b) Integrator.—Model 3392A, or equivalent (Hewlett-
Packard, Atlanta, GA 30339).

(c) LC column.—PRP-X100 stainless steel, 250 x 4.1 mm,
No. 79433 (Hamilton Co., Reno, NV 89520) with in-line pre-
column filter, No. 84560 (Waters Associates).

(d) Glass columns.— 10.5 x 300 mm, 30 mL capacity, No.
420550-0213 (Kontes, Vineland, NJ 08360), to prepare
Florisil open columns.

Chromatographic Conditions

(a) Preparation of Florisil column.—Add 4 g Florisil to
column and top with small pledget of glass wool. Prewash col-
umn with 30 mL methanol, followed by two 15 mL portions of
0.5N H2504. Do notallow liquid level to fall below glass wool
pledget at any point.

(b) Instrument parameters.—Injection volume, 100 |J,L
WISP auto injector, or equivalent (Waters Associates); flow
rate, 1.5 mL/min; wavelength, 254 nm.

Sample Description and Preparation

Several products representing a variety of food matrixes
were evaluated. Infant formula samples consisted of2 powders
and 3 concentrates. The formulas represented formulation
bases of soy, whey/milk, and milk/whey. In addition, bread;
beef soup; tuna; egg noodles; pasta; and fortified wheat, com,
oat, and rice cereals were included in the study.

The infant formula composites were prepared under sub-
dued light according to AOAC (9) instructions for proper
warming, opening, mixing, and storage under nitrogen atmo-
sphere and refrigeration. The bread composite was prepared
after slices were air-dried, ground, and passed through a 1 mm

sieve. The egg noodles, pasta, and cereal composites were
ground and passed through a 1 mm sieve. The beef soup and
tuna composites were blended and homogenized in afood pro-
Ccessor.

Sample Extraction

Accurately weigh sample analytical portion to contain
100 pig niacin, based on the declared amount, into a 500 mL
Philips beaker. Add ca 50 mL water to each sample, followed
by 6.0 mL H2504 (1 + 1), and mix well to break any clumps.
Autoclave sample at 121-123°C for 45 min and let extract
come to room temperature.

Using magnetic stirrer, adjust extract to pH 6.0-6.5 with
7.5N NaOH; then immediately adjust to pH 4.5 with H2S04 (1
+ 1). Dilute extract to 100.0 mL with water, and filter through
Whatman No. 40 paper (Whatman, Ltd.,, U.K.). Adjust
20.0 mL aliquot of filtrate to pH 0.5-1.0 with H2S04 (1 + 1),
and transfer :o Florisil column. Wash column with two 15 mL
portions 0f0.5N H2S 04, and discard effluent. Elute niacin with
25 mL 0.5N NaOH into 50 mL volumetric flask containing
1.0 mL glacial acetic acid, and dilute to volume with water.
Filter sample through 0.45 pm nylon filter (Rainin Instrument
Co., Woburn, MA01801) before injection.

Recovery Studies

Run sample recovery by spiking sample with standard at
200% ofthe declared niacin value. Use same sample weight for
recovery as for sample analysis. From this point, treat recovery
same as sample, beginning with “add ca 50 mL water...” except
dilute extract to 200.0 mL with water and filter.

Standard Extraction

Prepare working niacin standard by combining 10.0 mL
stock standard with 40 mL water and 6.0 mL H2S04 (1 + 1).
From this point, treat standard same as sample, beginning with
“autoclave sample at...” except prepare standard curve by di-
luting 3.0, 6.0, 8.0, and 10.0 mL final filtered solution to
10.0 mL with mobile phase to give final concentrations of 0.24,
0.48,0.64, and 0.80 pg niacin/mL, respectively.

AOAC Method

The AOAC microbiological method (10), based on growth
of Lactobacillusplantarum ATCC 8014, was used. DIFCO ni-
acin assay media (DIFCO, Detroit, M1l 48232) were used
throughout the assay.

Results and Discussion

The Flonsil cleanup step is a modified version of a similar
procedure using Lloyds reagent or hydrated aluminum silicate
(11). This method requires several cumbersome centrifugation
steps. It was proposed that an open chromatographic column
could accomplish the same purpose; however, the particle size
of the hydrated aluminum silicate was 0.1—4 pm, which made
it virtually impossible to filter. For this reason, magnesium sil-
icate or Florisil was used. The effect of the Florisil column was
illustrated by injecting sample extracts into the LC column with
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Figure 1. Chromatogram of a niacin standard solution
(1.0 ug/mL) by UV detection (254 nm), using a Hamilton
PRP-X100 column, 100 pL injection volume, and flow
rate of 1.5 mL/min.

and without previous cleanup on the Florisil column. LC chro-
matograms of sample extracts that were subjected to the
Florisil column yielded clean, interference-free niacin peaks,
compared with the several interfering peaks from extracts
without previous cleanup. To verify the purity of the niacin
peak, a diode array detector was used. The UV spectrum of the
standard niacin peak coincided with the UV spectrum of the
niacin peak of a sample extract.

The efficiency of the Florisil column was studied by in-
creasing the volume of the extract applied to the column and
by increasing the concentration of niacin in the 20 mL aliquot
of extract. Column retention capacity was evaluated by indi-
vidually applying 10, 20, 30, 40, 50, and 60 mL portions of a
whey/milk-based infant formula extract to each of 6 Florisil
columns. In addition, the concentration of niacin in five 20 mL
portions of extract was varied between 35 and 92 pg by indi-
vidually spiking each portion. In both situations, as the niacin
concentration on the Florisil column approached 60 pg, the de-
terioration of column efficiency resulted in appreciable losses
of niacin. To avoid overloading the Florisil column, no more
than 40 pg niacin should be applied. However, increasing
Florisil quantities above 4 g will reduce flow rate and increase
analysis time.

This method is capable of yielding interference-free, base-
line-resolved chromatograms of niacin in <10 min for the stan-
dard and sample extracts, as illustrated in Figures 1 and 2, re-
spectively. Each of the foods studied required at least 15 min to

nn

NIACIN

0 min 10

Figure 2. Chromatogram of niacin in a milk-based
infant formula. (Conditions similar to those for Figure 1.)

elute all peaks and return to baseline before the next injection,
except for the soy-based infant formulas and beef soup sam-
ples, which required 60 min to allow for late-eluting peaks. The
time of 60 min was, however, reduced to 35 min by increasing
the flow to 2.5 mL/min for 20 min immediately after the niacin
peak eluted. The flow rate was then reset to 1.5 mL/min, and
the system was allowed to equilibrate for 3 min before the
next injection.

The LC standard curve response was linear from 0.24 to
0.80 pg niacin/mL, with a detection limitof0.11 pg niacin/mL.
The system reproducibility was evaluated by completing 10
repetitive analyses of a whey/milk-based infant formula and a
macaroni product (labeled at 66.1 and 70.5 pg/g, respectively).
Mean niacin values were 71.5 + 1.7 pg/g (CV, 2.4%) for the
formula and 126 + 3.6 pg/g (CV, 2.9%) for the pasta.
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Table 1.

Sample Declared, pg/g
Bread 52.9
Spaghetti 70.5
Egg noodles 52.9
Macaroni 52.9
Com cereal 176
Wheat cereal 176
Oat cereal 176
Rice cereal 176
Infant formula (soy concentrate) 17.3
Infant formula (whey/milk concentrate) 15.6
Infant formula (milk/whey concentrate) 9.64
Infant formula (soy powder) 354
Infant formula (whey/milk powder) 66.1
Beef soup 14.9
Tuna 123

Comparison of results for niacin by LC and AOAC microbiological methods

Niacin, pg/g

LCa AOACbH
55.6 +2.1 61.2+1.6
126 + 3.6 117+ 0
69.3+0 75.5+1.3
95.4+3.7 111+1.4
48.6 +0.8 425+1.3
229+7.38 252+ 0.7
216 £3.5 234 +2.1
203+ 2.8 224+28
21.3+1.6 231 +1.1
17.1 +0.9 18.6 +0.4
11.5+0.1 12.5+0.2
38.4+1.6 58.9+2.8
715+ 17 82.4+ 0.6
151 2.3 15.1 +0.2
146 +7.1 125+0.7

a LC data are the mean + SD of triplicate injections for duplicate extractions except for spaghetti and whey/milk formula samples, which were

analyzed 10 times.
b AOAC data are the mean + SD of duplicate determinations.

Table 1presents the declared amounts of niacin and the val-
ues obtained by the LC and AOAC microbiological methods
(10). The declared values are expressed as % USRDA/serving
and, for infant formula concentrates, as |ig niacin/5 fluid
ounces of ready-to-feed preparation. For this study, the de-
clared units were converted to pg niacin/g. Except for low lev-
els of niacin found in com cereal, all the other LC and AOAC
assay values exceeded label claims. Overall, the microbiologi-
cal assay results averaged 11% higher than the LC results. A
linear regression analysis comparing the LC and AOAC meth-
ods, where y = mx + b, gave a correlation coefficient (r) of
0.990. Recovery studies were determined by spiking each sam-
ple at 200% of the declared value. To avoid overloading the
Florisil column, however, the extract was diluted to 200.0 mL
instead of 100.0 mL, as the method requires. The mean percent
recovery for LC was 99.8 £ 7.7 (n = 15).

In addition to fortified products, several foods containing
naturally occurring low levels of niacin were evaluated.
Table 1shows the results for 2 of these samples, namely, beef
soup and tuna. Beefsoup gave the same results by both LC and
microbiological methods, whereas the LC result for tuna was
16.8% higher. Other foods containing naturally occurring nia-
cin that were evaluated were canned com and frozen lima
beans. When these foods were extracted as described in this
study, the niacin levels in the final dilution approached the de-
tection limit of 0.11 pg niacin/mL. Because of sample matrix
interferences at these low levels, niacin could notbe accurately
quantitated by the LC method.

Conclusion

This method provides an alternative to the AOAC chemical
method based on cyanogen bromide and the AOAC microbio-
logical assay for niacin in a variety of fortified food products.
The method could not be used on some low-potency, unforti-

fied products because of chromatographic interferences pres-
ent in undiluted sample extracts. LC results showed very good
agreement with those by the AOAC microbiological method.
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VITAMINS AND OTHER NUTRIENTS

Niacin I: Dissolution Profiles of Sustained-Release Niacin
Products by Automated and Manual Procedures

Ross D.Kirchhoefer and Sharon Hipp

U.S. Food and Drag Administration, Center for Drag Evaluation and Research, Division of Drag Analysis,

1114 Market St, Room 1002, St. Louis, MO 63101-2045

Automated and manual procedures were devel-
oped to obtain dissolution profiles of sustained-re-
lease niacin formulations. The procedures are
based on the United States Pharmacopeia XXl ap-
paratus 1 (basket) at 100 rpm with 900 mL 0.1 N HCI
as the dissolution medium. Filtered aliquots are
read at 260 nm. No interference was found from ex-
cipients. The procedures are straightforward and
will discriminate between sustained-release and
regular niacin formulations.

iacin is reported to be useful in lowering blood choles-
N terol levels (1) and reducing cardiovascular risk (2).

Niacin is recommended as a first-choice drag for
hypercholesterolemia (3). Frequent cutaneous and gastrointes-
tinal side effects have restricted its use (3,4). Niacin was for-
mulated in sustained-release products in an attempt to lessen
side effects (5-9). Bioavailability studies were done on these
formulations, but some side effects were still reported (5,7).

The U.S. Food and Drag Administration (FDA) became
aware that sustained-release niacin formulations administered
for cholesterol control to patients under a physician’s care may
cause liver problems (private communication). A sample of
such niacin tablets was submitted to our laboratory for exami-
nation. Because no dissolution test is available for these prod-
ucts and United States Pharmacopeia (USP) XXII has only a
disintegration test for niacin tablets, a test to examine the dis-
solution profiles of niacin products was sought. It was of some
concern that niacin formulated as sustained-release medication
may in fact be acting as regular niacin formulations because of
inadequate controls.

The purpose of this work was to design an in-vitro dissolu-
tion test that would discriminate between regular and sus-
tained-release formulations, that may correlate with bioavail-
ability data, and that may help in pinpointing the problem with
the sample of interest.

Limited dissolution data are available for regular niacin for-
mulations (10, 11). No comparisons of dissolution data for dif-
ferent marketed products of either regular or sustained-release
niacin formulations are available in the literature. A

Received January 8, 1992. Accepted July 21, 1992.

bioavailability-dissolution study was done on isonicotinic acid
hydrazide tablets (12), with good correlation.

Several sustained-release and regular niacin products were
examined. USP XXII apparatus 1 (basket) and apparatus 2
(paddle) were both evaluated with 2 dissolution media, water
and 0. IN HCI. No work with buffers was done, because Ogata
et al. (12) reported correlation of a related product in acid me-
dium. In addition, we observed that the absorbance obtained
for niacin at 260 nm in pH 6.8 buffer was only about half that
obtained in acid. The final procedure presented here uses
900 mL 0.1IN HCI with USP XXII apparatus 1 (basket) at
100 rpm. Filtered and/or diluted aliquots were read at 260 nm.
Excipients did not interfere.

The dissolution profiles of the sustained-release formu-
lations were all very similar, except for one product that
apparently is no longer on the market. Sustained-release for-
mulations were easily distinguished from regular niacin formu-
lations. The method could be used as a regulatory procedure.
Average dissolution values of sustained-release formulations
were about 25% at 1 h and 60% at 4 h. Regular niacin formu-
lations had values of about 80-100% at 1 h. The dissolution
profile from the sample of clinical interest was similar to those
of the other sustained-release formulations.

Experimental
Automated System
Apparatus and Reagents

(a) Automated dissolution system.— Hewlett-Packard 8450A
diode array UV-vis spectrophotometer, Hewlett-Packard 85
personal computer, dissolution analysis software for sampling
at 15 min intervals, 0.1 cm flowcell, 8-port automatic switch-
ing valve (VICI, Velco Instrument Co., Houston, TX), and pro-
portioning pump | (Technicon Corp., Tarrytown, NY); sample
probe and filter previously described (13).

(b) Dissolution unit.—6-Spindle, with baskets rotated at
100 rpm (Hanson 381, Hanson Research Corp., Northridge,
CA), 1L round-bottom resin kettles, and 900 mL dissolution
medium at 37°C. Apparatus complied with previously de-
scribed guidelines (13).

(c) Dissolution medium and diluting solvent.—0.1IN HCI.
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Standard Preparation o N L

For dissolution tests of 500 mg dosage units: 55 mg niacin,
of known purity and accurately weighed, was dissolved with
0.1IN HClina 100 mL volumetric flask. Concentration of stan-
dard was adjusted for lower or higher dosages.

Sample Preparation

A single 500 mg dosage unit was placed in each of the
6 baskets of the dissolution apparatus.

Determination

The dissolution apparatus was connected to the automated
sampling system. Separate probes were placed in standard,
blank (0.IN HC1), and 6 dissolution kettles. Software con-
trolled the sampling sequence and the start of each basket at
1 min intervals. Sampling time was every 15 min for 4 h. Figure 1. UV spectrum of 0.022 mg/mL niacin in 0.1N HCI.
Absorbances of the aliquots were measured at 260 nm and
compared with the stored standard. Results were calculated,
corrected for amounts of dissolution medium withdrawn,

WAVELENGTH ()

and printed.
Manual System o ]
0.%0 L -
Apparatus and Reagents s=r 1
0.70 L 4

(a) Spectrophotometer.— Hewlett-Packard 8450A diode sl )
array UV-vis with 1 cm cells.

(b) Dissolution unit.—6-Spindle, with baskets rotated at 2T 1
100 rpm (Hanson 381), 1 L round-bottom resin kettles, and s i
900 mL dissolution medium at 37°C. Apparatus complied with il 1
previously described guidelines (13). L2 1

(c) Syringes.—5 mL glass with Leur-Lock fitting (Scien- sl .
tific Products, McGaw Park, IL). For aliquot removal, each sy- ool
ringe was fitted with either a long 16-gauge stainless steel can- 8 g ] ] 8 8 g 8
nulaora glass pipet tip. WAELENSTH O

(d) Filter disks.—0.45 pm membrane filter, 13 mm, held
in a Swinnex adapter (Millipore Corp, Milford, CT).
(e) Dissolution medium.—0.1NHC1.

Figure 2. UV spectrum of 0.022 mg/mL niacin in water.

Standard Preparation

A standard solution of niacin (0.02 mg/mL in 0.1N HC1) BUFFER
was accurately prepared.

o.%0 L <4

Sample Preparation

A single dosage unit was placed in each of the 6 baskets of
the dissolution apparatus. The test was started at basket 1, and
the other baskets were started at 1 min intervals.

Determination

At land 2 h,a 2.5 mL aliquot was withdrawn from the ap-
propriate kettle by using the syringe-cannula arrangement. At
the end of the test (4 h), a5 mL aliquot was withdrawn. Disso-
lution medium was not replaced. Each aliquot was filtered
through a 0.45 pm membrane filter. The first few drops (ca
0.5 mL) were discarded, and the rest was collected. For the 1— VAVELENGTH ()

2 h samples, 1.0 mL filtrate was diluted with 0.1N HC1 to Figure 3. UV spectrum of0.22 mg/mL niacin in pH 6.8
10.0 mL inavolumetric flask. For the 4 h samples, 3.0 mLfil-  buffer.
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Table 1.
in 2 media and 2 apparatuses

Regular 100 mg tablets'l

Comparison of dissolution results9 (% of declared) for regular and sustained-release niacin tablets

Sustained-release 500 mg tablets9

Water 0.1NHCI Water 0.1N HCI
Time, min App. 1 App. 2 App. 1 App. 2 App. 1 App. 2 App. 1 App. 2
15 231 247 32.2 35.6 5.3 6.3 10.0 9.8
30 39.0 40.0 50.1 55.5 8.3 10.0 15.4 155
45 52.9 53.8 64.6 70.2 10.8 13.0 19.8 20.0
60 65.8d 63.9e 76.6' 80.29 131 15.8 23.8 24.0
75 77.8 71.8 85.2 87.2 15.3 18.3 27.2 27.7
90 85.8 78.8 90.9 92.0 17.3 20.8 30.5 31.0
105 89.9 84.2 94.2 96.7 19.2 231 33.6 34.1
120 92.5 88.3 96.4 99.7 21.0 25.4 36.5 37.0
135 94.3 914 97.7 100.3 22.8 275 39.2 39.9
150 95.6 93.6 98.8 100.6 245 29.7 41.9 425
165 96.7 95.7 99.6 100.6 26.2 318 44.9 45.1
180 97.5 97.7 100.2 100.8 27.9 33.8 46.9 47.5
195 98.2 99.5 100.7 100.9 29.5 35.7 49.3 49.8
210 98.9 100.1 101.0 101.1 31.1 37.6 51.6 52.2
225 99.5 100.4 101.0 101.2 32.6 39.5 53.8 54.3
240 100.0 100.5 101.3 101.4 34.1h 41.4' 56.4*
360 — — — — — 66.1 —
480 — — — — — 77.4 —

a Average of 6 tablets.

6 Walgreens brand.

€ Slo-Niacin brand.

d Standard deviation is 15.9 at 1 h.

e Standard deviation is 18.3 at 1 h.
Standard deviation is 9.4 at 1 h.

trate was diluted to 50.0 mL. Absorbances of the sample and
standard solutions were concomitantly measured from 200 to
350 nm at a concentration of ca 0.02 mg/mL. The amount of
niacin dissolved from each tablet was calculated from the max-
imum absorbance at 260 nm.

Results and Discussion

To set adequate limits of acceptance, the objectives of the
dissolution test were to obtain a measurable concentration of
niacin in the medium in a reasonable time and still be able to
discriminate among formulations. Additionally, niacin must
be stable and have a useable, interference-free UV spectrum
in the medium selected. The procedure presented meets these
criteria.

As part of the method development, we measured the UV
absorbance spectrum of niacin in water, 0. IN HC1, and pH 6.8
phosphate buffer, because the dissolution test would probably
use one of these media as a solvent. The wavelength of maxi-
mum absorbance of niacin did not differ much in the 3 solvents:
260, 261, and 262 nm in 0.1N HC1, water, and buffer, respec-
tively. Absorbance atthe maximum wavelength varied greatly:
0.489, 0.661, and 0.802 at a niacin concentration of 0.022
mg/mL in buffer, water, and acid, respectively. The shoulders

9 Standard deviationis 17.8 at 1 h.
h Standard deviationis 0.3 at 4 h.
' Standard deviationis 0.3 at 4 h.
1 Standard deviation is 0.9 at 4 h.
* Standard deviation is 0.4 at 4 h.

observed at about 259 and 269 nm on either side of the maxi-
mum absorbance in the spectrum of niacin in acid and water
became pronounced peaks in the buffer (Figures 1-3). Further
testing showed niacin is stable for at least 1month in 0. IN HC1,
which historically has been one of the preferred dissolution
media. Thus, 0.1N HC1 seemed a good first choice. Because
niacin is very soluble in water, comparisons were made be-
tween water and 0.1N HC1 as the dissolution media.

To reduce experimental time, a quick examination of the
effectofrotational speeds was undertaken before the final com-
parisons were made between the basket and paddle procedures.
Three rotational speeds, 50,100, and 125 rpm, were tried with
the basket apparatus and 900 mL water. The basket apparatus
was chosen, because results obtained by the basket procedure
would normally be higher than those obtained by the paddle
procedure. Individual tablets from one regular and one sus-
tained-release niacin formulation were examined. At 50 rpm,
the results for the sustained-release product were very low; at
125 rpm, the basket speed seemed excessive, and the ability of
the test to discriminate between the regular and sustained-re-
lease products did not improve over that at 100 rpm. Therefore,
the 100 rpm speed was selected.

A sample of 500 mg sustained-release niacin tablets and a
sample of 100 mg regular niacin tablets were compared in
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Table 2.
Dosage

Declared, mg Type6 1
500 SRd 24.1
500 SRe 26.1
500 Reg6 100.4
500 SR9 255
250 SRd 31.8
500 SR6 26.0
500 SR 6.1

a Average of 6 tablets.

b SR = sustained release; Reg = regular.
0 Standard deviation is for results at 4 h.
d Nature Made brand.

e Optimum brand.

water and acid with USPX X1 apparatuses 1and 2 at 100 rpm
(Table 1). Approximately the same results were obtained using
the paddle and basket procedures in 0.1N HC1. However, with
apparatus 2, the tablets wobbled on the bottom of the dissolu-
tion vessel (buoyancy), which could lead to higher results when
using the paddle procedure. This phenomenon was noticed
with other formulations. For this reason, the USP XXII appa-
ratus 1 (basket) procedure was chosen.

Dissolution results obtained from the sustained-release for-
mulation in 0.1N HC1 were easily measurable, higher than the
results in water, and easily distinguished from the results ob-
tained from the regular niacin formulation, which dissolved
relatively quickly. The regular niacin formulations tested
reached 80-100% dissolution in the first hour. Sustained-re-
lease formulations were below 32% in the first hour. Ogata
etal. (12) reported correlation between bioavailability and dis-
solution forisonicotinic acid hydrazide tablets with hydrochlo-
ric acid at pH 1and arotational speed of 75 rpm.

Several formulations collected by FDA investigators were
tested by the USP XXII apparatus 1 (basket) procedure de-
scribed in this paper (Table 2). To check the procedure for in-

Dissolution results3 (% of declared) for regular and sustained-release niacin tablets by automated method

Time, h
2 4 SDC
34.6 48.4 3.1
41.7 62.1 2.3
102.4 103.1 3.8'
37.1 52.3 0.8
45.0 61.3 15
37.2 52.0 —
8.9 13.6 —

1 Standard deviation is for results at 1 h.
9 Family Independent Pharmacy brand.
h Sample of clinical interest; average of 3 tablets (13 tablets in sample).
Health for Life (Fibercin) brand; 1tablet of 3 remaining tested; formed gel in basket.

terference, an aliquot of the dissolution medium was taken
from each of the formulations after the last sampling time. So-
lutions were filtered and diluted, and absorbances were mea-
sured from 200 to 350 nm. The spectra were compared with
that of a standard solution and examined for background excip-
ient interference; none was found. Independent analysis of the
formulations by in-house UV and liquid chromatographic pro-
cedures confirmed niacin was present within 5% ofthe labeled
amount. In addition, all the sustained-release tablet formula-
tions failed the USP XXH disintegration time requirement of
30 min for regular niacin tablets, as would be expected.
Elsbaugh et al. (11) reported that the time required for 90% of
the drug to dissolve was longer than the disintegration time.
Our dissolution results for the regular niacin tablet formulation
confirm this observation.

For the test to be useful in many laboratories and possibly
adopted as an official method, a manual version was needed.
Results of the comparison between the automated and manual
procedures are fisted in Table 3. In the manual method, concen-
trations were notcorrected forremoved medium, because these
corrections were small.

Table 3. Comparison of dissolution results3 (% of declared) for regular and sustained-release niacin tablets

by automated and manual methods

Automated
Dosage Time, h
Declared, mg Type6 1 2 4
100 Reg6 76.6 96.4 101.3
250 SR9 29.8 43.0 60.0
500 SR9 28.0 39.9 55.2
250 SR6 30.0 46.2 55.9
500 SR6 23.8 36.5 55.9

a Average of 6 tablets.

6 Reg = regular; SR = sustained release.
¢ Standard deviation is for results at 4 h.
d Uncorrected for removed medium.

Manual
Time, h
SDC 1 2f 4d SDC
9.4 80.1 101.6 98.8 11.0
0.7 30.0 41.4 57.1 1.0
0.8 26.9 38.3 63.8 2.2
0.4 27.7 415 64.2 1.5
0.9 22.8 355 52.4 0.6

€ Walgreens brand.

Standard deviation is for result at 1 h.
9 Endur-acin brand.
h Slo-Niacin brand.
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In conclusion, the dissolution method presented in this
paper is simple and free from interference. Differences in sus-
tained-release and regular niacin formulations could easily be
determined within 60 min, and the method is suggested for rou-
tine testing. No statistical treatments were done to see what
minimum dissolution time would be needed for differentiation.
From literature indications, results from this procedure should
correlate with in vivo results. One formulation swelled in the
basket and formed a gel that would not allow migration of the
media through the basket and gave low dissolution results.
However, no more of this product could be found, and it is
apparently no longer on the market.
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In 1982, the U.S. Food and Drug Administration, the
Infant Formula Council and its member companies,
contract laboratories, and other government labora-
tories began a study of analytical methods for the
nutrients listed in the Infant Formula Act of 1980
(P.L.96-359). Four phases of the study have been
completed and are discussed in earlier reports. The
present report provides data on Phase V, in which
13 laboratories collaboratively studied individual
methods for folic acid, pantothenic acid, and vita-
min E, in addition to 2 methods for vitamin A. Vita-
mins A and E are determined by liquid chroma-
tography. Folic acid and pantothenic acid are deter-
mined by microbiological methods using acidim ét-
rie and/or turbidimetric assays as the determinative
step. In most cases, relative standard deviations
for repeatability, RSDr, and reproducibility, RSDr,
are as good as those thatwould be predicted from
other collaborative studies. RSDrand RSDr values
obtained for the 5 methods are 9.35 and 25.44% for
folic acid, 4.59 and 10.23% for pantothenic acid,
8.46 and 11.69% for vitamin E, 3.62 and 9.72% for vi-
tamin A (retinol isomers), and 4.9 and 10.5% for vita-
min A (retinol). The 5 methods have been adopted
first action by AOAC International.

Submitted for publication August 7, 1991.

This report was presented at the 105th AOAC Annual International
Meeting, Phoenix. AZ, August 12-15,1991.

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 “Changes in Official Methods of Analysis” (1993)

J. AOAC Int. 76, 251-255.

product on the market today. In the past, deficient chloride

content in one infant formula led to metabolic alkalosis in
some children who received only formula for their total nutri-
tional needs. Thus, on September 26, 1980, President Carter
signed into law the Infant Formula Act of 1980 (P.L. 96-359)
(Act), which placed on the manufacturers the responsibility of
producing formula containing a specific minimum amount of
nutrients and also charged them with maintaining records to
support this action.

The Act specifies minimum and in some cases maximum
amounts of listed nutrients, requires notification to the U.S. De-
partment of Health and Human Services, U.S. Food and Drug
Administration (HHS-FDA) when a manufacturer determines
that an infant formula may be adulterated or misbranded, au-
thorizes HHS-FDA to set requirements for voluntary recalls
initiated by firms, and increases the inspection authority of
HHS-FDA.

FDA has established a series of quality control procedures
for the manufacture of infant formulas. The purpose of these
quality control procedures isto ensure thatinfant formulas con-
tain the necessary nutrients at levels required by the Act.

In April 1982, the FDA Commissioner met with executives
of the infant formula industry on the subject of analytical vari-
ability in methodologies used by industry laboratories and
FDA laboratories. In May and June 1982, membersofthe FDA
Bureau of Foods (now the Center for Food Safety and Applied
Nutrition) and members of the infant formula companies, the
Infant Formula Council (IFC) staff, and representatives of
AOAC and other interested laboratories met to develop a plan
to conduct a collaborative study on methods of analysis for
nutrients required in milk-based infant formula by the Act.
Government laboratories in Canada and the United Kingdom
also participated in the study under a tripartite agreement. The
purposes of the collaborative study were (7) to undertake an

I nfant formula is the most highly regulated consumer food
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interlaboratory comparison of methods of analysis for nutrients
in infant formula and (2) to identify reference methods of anal-
ysis for infant formula for inclusion in the AOAC compendium
of methods.

Because of the large number of nutrient methodologies to
be studied, the collaborative study was divided into different
phases. Phase | of the study included determination of vita-
min A, Vitamin B6, calcium, magnesium, potassium, and so-
dium; Phase Il included determination of vitamin C, riboflavin,
niacin, manganese, copper, iron, and zinc; and Phase Il in-
cluded chloride, phosphorus, proximate analysis, thiamine,
total pantothenates, and vitamins A, Bi2, and E. Phase IV in-
cluded iodide, essential fatty acids (linoleate), and vitamins D
and K. The present report addresses Phase V, in which methods
for folic acid, pantothenic acid, and vitamins A and E
were studied.

Collaborative Study

FDA and Infant Formula Council members agreed that a
milk-based formula with iron was the most commonly used
formula and, therefore, would be the first product matrix stud-
ied. A ready-to-feed (RTF) formula was agreed on to minimize
potential variability among samples. Atthe time, Bristol-Myers
USPNG, Ross Laboratories, and Wyeth-Ayerst Laboratories
manufactured essentially all the RTF milk-based formula in
the United States. These companies agreed to produce typical
formulas, similar to their usual product, for the collaborative
study.

Robert Gelardi of the Infant Formula Council, representa-
tives from the production departments of the 3 companies, and
Ken Ewing ofthe FDA Detroitdistrict office formed a subcom-
mittee to produce and distribute the sample materials such that
participating laboratories could not identify their manufacturer.
All products were manufactured, and then packaged in unla-
beled, identical 32 0z cans. Approximately 1000 cans were pro-
duced by each manufacturer. Shortly before Phase V began,
sufficient formula from each company was sent to Ewing for
coding and distribution to participating laboratories.

For Phase V, the FDA Detroit district office sent each labo-
ratoiy 6 sets (12 cans per set) of materials. The six 12-can sets
included 3 different products, produced by each of 3 manufac-
turers, plus a duplicate set of the 3 products (blind duplicates).
A separate 12-can composite was prepared from each of the 6
sets and was analyzed for the specified nutrients according to
the protocol.

Collaborators were instructed to conduct assays on the 3
sets of sample on day 1 and to repeat the assays on the blind
duplicates on day 2, unless otherwise noted in the methodol-
ogy, to obtain the within-laboratory variability. Immediately
before compositing the test samples, laboratories were in-
structed to warm previously shaken individual cans for a suffi-
cient time, not to exceed 2 h at 60°C, to achieve uniformity,
while shaking occasionally. Each composite was prepared
from 12 cans by transferring equal aliquots from each can
under nitrogen and subdued light to a flask prepared as in

968.12B(b) (1). Composites were thoroughly mixed under ni-
trogen by stirring gently to avoid foaming or excessive inclu-
sion of air. Portions of the composites were poured into thor-
oughly cleaned or sterile containers (with air-tight caps), closed
securely, identified, and refrigerated at 4°C until assayed.

Sources of Methods

Folic Acid

Folic acid (total folate activity) is determined in accordance
with an IFC method (2), which was originally written with ref-
erence to a method described by Cooperman (3), and an AOAC
method, 39.076(a) (4). Folate activity is determined by acidi-
metric or turbidimetric measurement of the growth response of
the organism Lactobacillus casei. Growth responses of the or-
ganism in standard solutions and unknowns are quantitatively
compared.

The IFC method was studied and evaluated by Hazleton
Laboratories before its selection for collaborative study. Preci-
sion as indicated by relative standard deviation, RSDr, was
6.0% (n = 16); recovery averaged 96.7% (n = 3).

Pantothenic Acid

Pantothenic acid is determined by first subjecting samples
to simultaneous attack of alkaline intestinal phosphatase and
avian liver peptidase, as described by Zook et al. (5). The intes-
tinal phosphatase removes the triphosphoadenine from coen-
zyme A, and the avian liver peptidase enzyme breaks the pep-
tide linkage. Bound pantothenic acids released to the free form
are then assayed microbiologically as in 945.74 (1) by means
ofturbidimetric microbial growth response. The method is per-
formed as described except 945.74D(c) is modified to use 1.0N
HC1 to adjust the mixture to pH 4.4~4.6.

Vitamin A (Retinol Isomers)

A liquid chromatographic (LC) method for vitamin A iso-
mers, all-/ran.v-retinol and 13-ci.s-retinol, was provided by
Neville Thompson (“Determination of Vitamin A in Milk and
Infant Formula by HPLC,” Version 3.01). Tests were per-
formed before the collaborative study to evaluate the method.
The method was subsequently published by Thompson and
Dural (6).

In the LC method, the sample is digested in ethanolic potas-
sium hydroxide at room temperature, and a portion ofthe digest
is extracted with a mixture of diethyl ether and hexane in a
centrifuge tube. Hexadecane is added to the extract to prevent
destruction ofthe vitamin A after evaporation of the extracting
solvents. The residue is dissolved in heptane and chromato-
graphed on a silica column to separate and quantitate vita-
min A.

Thompson (6) reported that recovery of all-mmv-retinol had
been investigated. The addition 0f0.308 (imol of the palmitate
to five 100-mL portions of simulated formula resulted in mean
recoveries 0f 0.282 pmol al 1-iran.v-retinol/100 mL. Thompson
also states, “Three samples of infant formula were examined
by the present method and by a colorimetric method using
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trifluoroacetic acid; the values of the HPLC method were on
average 7% higher.”

Precision was also evaluated by Thompson. The analysis of
6 different cans of liquid infant formula from the same lot pro-
duced a relative standard deviation 0f4.0% for determinations
of the iranj-isomer.

Vitamin A (Retinol)

Wyeth-Ayerst provided an unpublished method for vita-
min A (“Determination of Retinol in Infant Formula Products
by HPLC™). The method is applicable to infant formula prod-
ucts containing >5001U vitamin A/qt (ready-to-feed basis).

The sample is saponified, partitioned with organic solvent,
and separated from the matrix by LC using isopropanol in hex-
ane as the mobile phase and a silica column. UV detection is
performed at 336 or 340 nm.

Wyeth-Ayerst reported that the RSDr of the method was
1.97%, and recovery of retinyl palmitate added to milk-based
formula averaged 99% (n =5, RSDr= 1.24). A comparison of
results of vitamin A determinations by saponification (retinol)
and direct extraction (retinyl palmitate) produced highly com-
parable data.

Vitamin E

The method selected for the collaborative study was an un-
published method submitted by Wyeth-Ayerst (“Determination
of all-rac-Tocopherol (Vitamin E Activity) in Infant Formula
Products by HPLC™").

Vitamin E is determined by LC. The sample is saponified
with potassium hydroxide, partitioned with organic solvent,
and chromatographed on a silica column using isopropyl alco-
hol in hexane. UV detection is performed at 280 nm.

Recovery of all-rac-tocopherol added to infant formula av-
eraged 100.4% (RSDr= 1.73%, n = 5).

992.03 Vitamin E Activity (All-rac-a-Tocopherol)
in Milk-Based Infant Formula— Liquid
Chromatographic Method

First Action 1992

(Applicable to determination of vitamin E activity in milk-
based infant formula.)

Method Performance (milk-based liquid, ready-to-feed,
3 manufacturers):

Mean - 24.14 1U vitamin E/L infant formula

sr=2.04; sR=2.82; RSDr= 8.46%; RSDr= 11.69%

A. Principle

Vitamin E activity in samples of infant formula is deter-
mined by saponification of all-rac-a-tocopherol, partitioning
with organic solvent, separation from matrix, and quantifica-
tion by liquid chromatography.

B. Apparatus

(a) Liquid chromatograph (LC).— Capable of pressures up

to 3000 psi with injector capable of 100 pL injections. Operat-

ing conditions: eluent flow rate, 2.0 £ 0.2 mL/min; tempera-
ture, ambient.

(b) Detector.—Capable of measuring absorbance at
280 nm, with sensitivity of 0.02 AUFS.

(c) Precolumn.—2 mm id x 2 cm stainless steel, packed
with 40 pm pellicular reversed-phase Qg (Alltech 28551
is suitable).

(d) column.—4.6 mm id x 25 cm stainless steel, packed
with 5 pm silica (Hypersil Silica is suitable).

(e) Shaking water bath.— Capable of maintaining 70 + 2°,
with variable speed capable of 60 oscillations/min, ca 11 x
14 in. sample area (Precision Scientific model 25 is suitable).

(f) Glassware.— (1) 125 mL separatory funnels. (2) 5mL
volumetric flasks. (J) 100 mL low-actinic volumetric flasks.

C. Reagents

(a) Mobile phase solution.— Hexane-isopropyl alcohol
(99.92 + 0.08, v/v), HPLC grade solvents. Degas 2-5 min
under vacuum.

(b) Wash solution.—H20-absolute ethanol (3 + 2, v/v).

(c) Extraction solution.—Hexane-methylene chloride (3 +
1, v/v), HPLC grade solvents.

(d) saponification solution.— 10.5N potassium hydroxide
(KOH). Dissolve 673 g KOH in 1L H2.

(e) Antioxidant solution.— 1% pyrogallol. Dissolve 5.0 g
pyrogallol (1,3,5-trihydroxybenzene, 98%; Aldrich is suitable
source) in 500 mL absolute ethanol.

(f) Standard solutions.—(7) Stock standard solution.—
0.5 mg/mL all-rac-a-tocopheryl acetate in hexane. Accurately
weigh ca 50 mg all-rac-a-tocopheryl acetate (USP Reference
Standard) into 100 mL low-actinic volumetric flask and dilute
to volume with hexane (HPLC grade). Shake well to dissolve.
Make fresh every 3 weeks. Store at -20° in explosion-proof
freezer when not in use.

(2) Working standard solution.—IOpg/mL all-rac-a-
tocopheryl acetate. Pipet 2 mL stock standard solution, (7), into
100 mL low-actinic volumetric flask. Evaporate to dryness
under nitrogen. Dissolve residue in antioxidant solution, C(€),
and dilute to volume. Prepare fresh daily.

(9) Suitability test solution.— Approximately 15 pg/mL
all-rac-a-tocopherol (USP Reference Standard) and all-rac-a-
tocopheryl acetate (USP Reference Standard) in hexane
(HPLC grade).

D. Extraction of Standard and Samples

Pipet 10.0 mL working standard solution, C(f)(2), or sam-
ple volume containing ca 0.095 IU vitamin E activity (10 mL
forready-to-feed formulas) into 150 mL centrifuge tube. Bring
sample volume to 10 mL with H20, if necessary. To standard
tubes, add 10 mL H20, 20 mL antioxidant solution, C(€), and
5 mL saponification solution, C(d). To sample tubes, add 30 mL
antioxidant solution and 5 mL saponification solution. Cap tubes
and swirl briefly to mix. Place tubes in 70° shaking H20 bath (ca
60 oscillations/min) for 25 min. Remove tubes and place in ice
5 min, or until contents cool to room temperature.

Quantitatively transfer contents to separate 125 mL separa-
tory funnels. Wash remaining sample or standard from tube
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into funnel with 30 mL H20. Pipet 30.0 mL extraction solvent,
C(c), into funnel and shake ca 2 min. When layers separate,
discard aqueous (lower) layer. Add 30 mL wash solution, C(b),
to funnel and shake very gently 30 s, venting frequently. Let
phases separate and discard aqueous layer. Repeat wash step
3x. Pipet 20.0 mL portion from funnel into 50 mL tube and
evaporate to dryness under nitrogen. Transfer residues quanti-
tatively to separate 5 mL volumetric flasks and dilute to vol-
ume with mobile phase solution, C(a). Inject 100 pL standard
orsample into LC.

E. System Suitability Test

Inject 100 pL test solution, C(g), into LC. Typical peak re-
tention times for tocopherol and tocopheryl acetate are 6.0 and
5.0 min, respectively. Calculate resolution (R) factor between
tocopherol and tocopheryl acetate as follows:

R =2(f2- t,)/(Wi+ W2)

where and f2 = retention time measured from injection time
to elution time of peak maximum of tocopherol and tocopheryl
acetate, respectively, and and W2 = widths of peaks mea-
sured by extrapolating relatively straight sides to baseline of
alcohol and acetate, respectively.

IfR factor is >1.0, proceed with sample analysis; ifR factor
is <1.0, decrease amount of isopropyl alcohol added per liter
[mobile phase solution, C(a)] by ca 0.01%. Inject working
standard solution, C(f)(2), 5x. Calculate reproducibility of rep-
licate injections in terms of standard deviations (per USP),
which should be <2%. Typical relative standard deviation val-
ues for peak height are +1.5%.

F. Liquid Chromatography
Inject 100 pL standard or sample into LC.
G. Calculations

Measure peak heights or peak areas of all-rac-a-tocopherol
in both sample and standard chromatograms. Calculate IU per
reconstituted quart of vitamin E activity (A) as follows:

A =Hs H stdx Cstdx 0.001 1U/pg x 946.33 mL/quart

where Hsam= peak heightof sample; //std= peak height of stan-
dard; Cstd = concentration of standard, pg/mL.

Ref.: JAOAC 76, March/April issue (1993)

CAS-59-02-9 (a-tocopherol)

CAS-7695-91-2 (a-tocopheryl acetate)

992.04 Vitamin A (Retinol Isomers) in Milk and
Milk-Based Infant Formula— Liquid
Chromatographic Method

FirstAction 1992

(Applicable to determination of all-iram-retinol and 13-cis-
retinol in milk and milk-based infant formula.)

(Work in subdued artificial light.)

(Caution: See Appendix: Laboratory Safety for precautions
on “Distillation, Extraction, and Evaporations,” “Sodium and

Potassium Hydroxides,” “Safe Handling of Organic Solvents,”
“Diethyl Ether,” and “Peroxides.”)

Method Performance:

Mean = 2730.3 IU vitamin A/L infant formula

sr=98.8; sSR= 265.4; RSDr=3.62%; RSDr=9.72%

A. Principle

Sample is digested with ethanolic potassium hydroxide
(KOH), and vitamin A is extracted into diethyl ether-hexane.
Hexadecane is added to preventdestruction of the vitamin after
evaporation. Residue is dissolved in heptane, and vitamin A
isomers, all-iram-retinol and 13-ci.v-retinol, are determined by
liquid chromatography on silica column.

B. Apparatus

(a) Alkaline digestion apparatus.— 100 mL volumetric
flask with T stopper (select flask with graduation mark low in
neck), magnetic stirrer, and 25 mm x 8 mm (volume less than
1.5 mL) stirring bar.

(b) Extraction apparatus.— 15 mL stoppered centrifuge
tubes, Pasteur pipets with rubber bulbs, and water bath with
clamps for evaporation of solvents under nitrogen.

(c) Liquid chromatographic system (LC).—Injector capa-
ble of 100 pL injections, pump capable of 3000 psi, 15 cm x
4.5 mm column packed with 3 pm silica (Apex 3 micron silica,
Jones Chromatography, Columbus, OH, is suitable), detector
capable of measuring absorbance at 340 nm, and data record-
ing system (chart recorder or integrator).

(d) Spectrophotometer.— Capable of measuring absorb-
ance at 324.5 nm.

C. Reagents

(a) Ethanolic pyrogallol solution.— 2% pyrogallol (1,3,5-
trihydroxybenzene, 98%; Aldrich is suitable source) in 95%
ethanol or SDA 3A.

(b) Ethanolic KOH solution.— 10% (w/v) KOH in 90%
ethanol (prepared from absolute ethanol or SDA 3A).

(c) Extraction solution.—Hexane-diethyl ether (85 + 15),
HPLC grade hexane. Prepare fresh daily. Store ether in metal
container under nitrogen.

(d) Hexadecane solution.— 1 mL hexadecane in 100 mL
hexane.

(e) Mobile phase solution.— Heptane-isopropanol, HPLC
grade reagents; proportions are adjusted to obtain retention
times specified in D, System Suitability Test.

(f) Standard oil solution.—(7) All-trans-retinol.—Dis-
solve 100 mg crystalline all-fram-retinol in 50 g cottonseed
oil, stirring under nitrogen with magnetic stiner. Store all-
tram-retinol oil solution under nitrogen in low-actinic airtight
container at 4°. Weigh (0.1 mg) 3 drops of oil solution (ca
50 mg) into each of three 50 mL volumetric flasks; dissolve
and dilute to volume with isopropanol. Read solution absorb-
ance at least monthly at 324.5 nm, using 0.1% solution of
cottonsed oil in isopropanol in reference cell. Calculate con-
centration of all-iram-retinol (ng/mL) in solutions by multiply-
ing absorbance by 5460. Calculate mean content of oil (C,) in
ng/mg from weight of oil used.
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(2) 13-cis-Retinol.-—Prepare as in (1), reading absorbance

at 326 nm, and calculating concentration of 13-di-retinol in
solution by multiplying absorbance by 5930.

(g) Standard working solutions.— (!) All-trans-retinol—

Weigh (£0.1 mg) 3 drops of all-irans-retinol oil solution into
each of three 50 mL volumetric flasks. Dissolve and dilute to
volume with heptane containing 0.5% isopropanol. Prepare
daily. Calculate concentration of all-trans-retinol (1-2 |Lg/mL)
in standard working solution from weight of oil solution. Inject
all-frans-retinol standard working solution to calibrate LC.
Prepare standard solutions containing 50,500, and 1000 ng/mL
all-trans-retinol to verify linearity of standard curve by making
appropriate dilutions of standard working solution in heptane
containing 0.5% isopropanol. Verify by LC that ratio of all-
trans-retinol to 13-ds-retmol in these solutions is >30.
(2) 13-cis-Retinol.—Prepare as in (1).

D. System Suitability Test

Inject 100 (iL standard working solutions into LC. Adjust
amount of isopropanol (1-5%) in LC solution, C(e), and flow
rate (1-2 mL/min) until 13-ds-retinol and all-trans-retinol
elute ca 4.5 and 5.5 min, respectively. LC measurements
should be <2% relative standard deviation when 100 ng/mL
all-trans-retinol standard working solution is injected.

E. Digestion and Extraction of Sample

(@) Powdered infant formula, powdered milk.—Weigh
140 g powder into 1 L volumetric flask, add H20 (boiled and
cooled) almost to mark, flush with nitrogen, stopper flask, and
mix. When foam collapses, dilute to volume with H20
and mix.

(b) Liquid infant formula, milk.—Pipet 20 mL concen-
trated formula plus 20 mL H20, or 40 mL ready-to-use for-
mula, or 40 mL preparation obtained in (a), or 40 mL milk, into
100 mL digestion flask. Add 10 mL ethanolic pyrogallol solu-
tion, C(a), and 40 mL ethanolic KOH solution, C(b). Add
ethanolic pyrogallol solution until liquid isca 1cm below grad-
uation mark, stopper, shield contents from light by covering
flask with Al foil, and stir 18 h. Dilute to volume with ethanolic
pyrogallol solution, stopper, and stir to mix. Pipet 3 mL of
digestate, using pipet filler safety bulb, into 15 mL centrifuge
tube. Add 2 mL H20 and 7 mL extraction solution, C(c), and
vortex 30 s, using gloves and safety glasses. Centrifuge 5 min
at 2000 rpm. Transfer hexane (upper) layer, using Pasteur pipet
with rubber bulb, to 25 mL volumetric flask. Transfer as much
of hexane layer as possible with no more than trace of aqueous
digest. Repeat extraction step 2x with 7 mL portions of extrac-
tion solvent, and pool hexane extracts in the 25 mL volumetric
flask. Add 1 mL hexadecane solution, C(d), and dilute to vol-
ume with hexane. Invert flask to mix, and then let stand >5 min
to allow any aqueous digest to settle.

Pipet 15 mL of clear solvent from center of flask, avoiding
contaminating aqueous digest, into 15 mL centrifuge tube,
and evaporate under nitrogen. Dissolve residue immediately
in 0.5 mL heptane, and transfer to sealable vials for LC
determination.

F. Determination

Inject 100 (iL standard working solutions into LC. Inject
100 |iL sample extract, E. Measure peak areas for 13-ds- and
all-trans-retinol.

G. Calculation

Calculate all-trans-retinol concentration, V,, (ng/mL milk or
diluted formula) as follows:

V,=A/AslxW ,xC,x 1/50 x 25/15 xIOO/3 x 1/2 x 1/40
V,=A/AstxW ,xC,x 5/360

where A, = peak area, all-trans-retinol in sample; Ast = peak
area, all-trans-retinol in standard; W, = weight, mg, oil solution
used to prepare working standard solution; and C, = concentra-
tion, ng/mg, all-trans-retinol in oil solution.

Calculate 13-ds-retinol concentration, Vc, (ng/mL milk or
diluted formula) as follows:

Vc=AdAscxfftxCcx 5/360

where Ac= peak area, 13-ds-retinol in sample; Asc= peak area,
13-ds-retinol in standard; Wc = weight, mg, oil solution used
to prepare working standard solution; and Cc = concentration,
ng/mg, 13-cfr-retinol in oil solution.

Ref.: JAOAC 76, March/April issue (1993)

CAS-68-26-8 (vitamin A)

992.05 Folic Acid (Pteroylglutamic Acid) in Infant
Formula — Microbiological Methods

First Action 1992

(Applicable only to free form of folic acid.)

Method Performance (milk-based liquid, ready-to-feed, 3
manufacturers):

Mean = 173.1 (Xgfolic acid/L infant formula

sr= 16.2; SR=44.0; RSDr=9.35%; RSDr = 25.44%

A. Principle

Folic acid content of infant formula samples is estimated
from acidimetric response of Lactobacillus casei.

B. Apparatus

(@) 1ncubator.—Forced-draft incubator or circulating H20
bath, capable of maintaining within +£0.5° temperatures be-
tween 28 and 40°.

(b) Centrifuge.— Capable of operating at 3000 rpm for
>3 min, with adapters to hold culture tubes.

(c) Mechanical shaker.— Capable of operating 72 h at
100-200 horizontal strokes per min; minimum capacity, 100
tubes; if shaker cannot be placed inside (a), shaker itself must
maintain temperature specified in (a).

C. Basal Medium Preparation

(Store all solutions in dark at ca 10°. Store all solutions ex-
cept those containing alcohol under toluene. Proportionate
amounts may be prepared.)
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(a) Acid-hydrolyzed casein solution.— Mix 400 g vitamin-
free casein with 2 L HC1 (1 + 1), and heat at reflux temperature
8 h. Remove HC1 by distillation under reduced pressure until
thick paste remains. Dissolve paste in H20 and transferto 4 L
beaker using total of 1500 mL H20. Adjustto pH 3.5+ 0.1 with
ca 200 mL 40% NaOH (400 g NaOH/L H20). Transfer solu-
tion to 2 L mixing cylinder and dilute to volume with H20.
Pour solution into 6 L Erlenmeyer flask. Add additional 2 L
H20. Add 80 g activated charcoal (Norit A is suitable), stir 1h,
and filter through fluted paper. Repeat treatment with activated
charcoal. Add 35 mL toluene, shake well, and store at 10°. If
precipitate forms in storage, filter before use.

(b) Adenine-guanine-uracil solution.—Add 1.0 g each of
adenine sulfate, guanine HC1, and uracil to 50 mL hot (90°)
HC1 (1 + 1) in 150 mL beaker. Heat at 90° until solids are dis-
solved. Cool and transfer solution quantitively to 1 L volumet-
ric flask using H20. Dilute to volume with H20 and mix thor-
oughly. Add 10 mL toluene, mix well, and store at 10°. Prepare
fresh every 3 months.

(c) Cystine solution.—Weigh 1.25 g L-cystine; suspend in
40 mL H20. Add concentrated HC1 dropwise with stirring (ca
2 mL required) until L-cystine dissolves. Transferto 50 mL vol-
umetric flask and dilute to volume with H20.

(d) Salt solution Il.—Dissolve 10 g MgS04-7H20, 0.5 g
NaCl, 0.5 g FeS047H20, 1.5 g MnS04H20, and 1 mL con-
centrated HC1 in 250 mL H20. Add 2 mL toluene and store at
10°. Make fresh every 3 months.

(e) Xanthine solution.— Suspend 1.0 g xanthine in 200 mL
H20 in 400 mL beaker. Heat to 70°. Add 30 mL NH40H (2 +
3) and stir until dissolution is complete. Quantitatively transfer
solution to 1L volumetric flask, using H20. Dilute to volume
with H20 and mix thoroughly. Store under toluene at 10°. Pre-
pare fresh every 3 months.

(f) Basal medium stock solution.—To 700 mL H20 in 1L
beaker, add 127 mL acid-hydrolyzed casein solution, (a);
20 mL adenine-guanine-uracil solution, (b); 16 mL cystine
solution, (c); 10 mL salt solution n, (d); and 10 mL xanthine
solution, (e). Mix. Using pH meter, adjust to pH 6.4-6.5 by
adding 1.ONNaOH and dilute to 1L in glass-stoppered gradu-
ated cylinder. Dispense 200 mL portions into 16 oz polyethyl-
ene bottles, cap, and freeze (use within 2 months). (Difco Folic
Acid Casein Medium is also available for basal medium.)

D. Other Solutions

(a) Salt solution I.—Dissolve 50 g K2HP04 and 50 ¢
KH2P04in 500 mL H20. Add 10 mL toluene and store at 10°.
Make fresh every 3 months.

(b) Polysorbate 80 solution.—Dissolve 25 g Polysorbate
80 (polyoxyethylene sorbitan monooleate) in ethanol to make
250 mL solution.

(c) Clarified skim milk.— Add 10 g spray-dried skim milk
powderto 80 mL H20. Mix thoroughly. Using pH meter, adjust
pH to 4.2 with HC1 (1 + 1). Centrifuge mixture 15 min at
3000 rpm to obtain clear supernate. Decant supemate into
150 mL beaker. AdjustpH to 7.0 by addition of NaOH solution.
Centrifuge 15 min at 3000 rpm to obtain clear supemate. De-

cant supernate into 100 mL cylinder and dilute to 100 mL
with H20.

(d) Phosphate buffer solution.—0.05M. Dissolve 5.85 g
KH2P04and 1.22 g K2HP04in H20 and diluteto 1L. Prepare
fresh daily.

(e) Bromthymol blue indicator solution.—Weigh 0.1 g
bromthymol blue into small beaker. Dissolve in few mL etha-
nol, add 1.6 mL 0.IN NaOH, and dilute with H20 to 250 mL.

(f) Isotonic salt solution.—Weigh 0.9 g NaCl and transfer
to 100 mL volumetric flask. Dilute to volume with H20 and
shake until salt has dissolved. Transfer 10 mL portions to cul-
ture tubes, plug with cotton or cap with stainless steel caps and
sterilize 20 min at 121°. Prepare fresh weekly.

(g9) Biotin solution.—Weigh 50 mg biotin into 1 L volu-
metric flask and add 10 mL 0.2N NaOH. When biotin is dis-
solved, dilute to volume with H20 and mix well. Store at 10°.
Prepare fresh every 6 months.

(h) Vitamin solution.— Dissolve 50 mg niacin, 71.4 mg so-
dium riboflavin-5-phosphate (equivalent to 50 mg riboflavin),
50 mg thiamine hydrochloride, 50 mg calcium pantothenate,
10 mg p-aminobenzoic acid, and 10 mL biotin solution, D(g),
in 150 mL H20 and dilute to 200 mL. Add 6 mL toluene, mix
well, and store at 10°. Prepare fresh every 2 months.

(i) Pyridoxamine solution.—Dissolve 14.3 mg pyridox-
amine dihydrochloride in H20 and dilute to 100 mL. Add 3 mL
toluene, mix well, and store at 10°.

(J) Chick pancreas preparation.—Weigh 100 mg desic-
cated chick pancreas (Difco Laboratories, Cat. No. 0459-12-2),
add 20 mL H20, and stir 15 min. Centrifuge 10 min at
3000 rpm and use clear supemate. Prepare fresh daily.

(k) Phosphate buffer (0.05Mf-ascorbic acid solution.—
Dissolve 50 mg ascorbic acid in 100 mL 0.05M phosphate
buffer solution, D(d). Prepare just prior to use.

E. Culture and Maintenance Media

(a) Maintenance medium.— Add 10 g tryptone; 10 g anhy-
drous dextrose; 2 g K2HPO04; 3 g CaCO03; 1g Liver Concen-
trate NF (Pharmaceutical Division, Wilson & Co, Chicago, IL,
is suitable); 5 mL salt solution I, D(a); 5 mL salt solution II,
C(d); and 15 g agar to 990 mL H20. Bring mixture to boil and
stir until agar is dissolved. Continue stining while dispensing
10 mL portions into 18 X 150 mm hard glass culture tubes.
Plug tubes with polyurethane or cotton plugs and sterilize
15 min at 121°. Cool to room temperature in upright position.
Maintenance medium will keep indefinitely in closed container
stored at 10°.

(b) Culture medium.— Add 9.6 g riboflavin assay medium
(Bacto-Riboflavin Assay Medium, Difco Laboratories, is suit-
able) to 360 mL boiling H2 and stir until dissolved. Cool to
room temperature, add 40 mL clarified skim milk, D(c), and
mix well. Dispense 10 mL portions into 18 X 150 mm test
tubes, cap with stainless steel caps, and sterilize 15 min at 121°.
Cool and store at 10°. Make fresh after 3 months.

F. Stock Cultures of Test Organisms

Inoculate, by stab, 3 tubes of maintenance medium, E(a),
from pure culture of Lactobacillus casei (ATCC No. 7469).
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Incubate 24 h at 37°, label as monthly cultures, and store at 10°.
From 1of monthly cultures, inoculate 4 tubes of maintenance
medium, incubate 24 h at 37°, and label as weekly cultures.
Each week, inoculate 4 or 5 tubes of maintenance medium
from weekly culture, incubate 24 h at 37°, and label as daily
cultures. Use daily culture to prepare inoculum. At beginning
of next month, inoculate 3 new monthly cultures from unused
monthly culture from fresh stock.

Titrimetric Method

G. Folic Acid Standard Solutions

(Do not shake standard solutions stored under toluene.)

(a) Stock standard solution.—500 pg/mL. Accurately
weigh USP Folic Acid Reference Standard, equivalent to 55-
56 mg folic acid, dried to constant weight and stored in dark
over P20 5 in desiccator. Using 50 mL H20, quantitatively
transfer to 100 mL volumetric flask. Add 2 mL NH40H (2 +
3). When completely dissolved, dilute to volume with H20,
and add, by pipet, additional H2 needed for final volume, cal-
culated as follows, to bring stock standard solution to
500 pg/mL folic acid:

VF = (Wsx Psx 1000)/(100 x 500) = (Wsx Ps)/50

where Vf= final volume, mL, stock solution; Ws= weight, mg,
folic acid standard; and Ps = purity, %, folic acid standard
(from label).

Mix well. Store in red or amber bottle at 10°. Prepare fresh
after 4 months.

(b) intermediate standard solution.—50 pg/mL. Accu-
rately pipet 10 mL stock standard solution, (a), into 100 mL
amber or red volumetric flask, dilute to volume with H20, and
mix thoroughly. Store at 10°. Make fresh after 1 month.

(c) Workingstandard solution.— 0.1 ng/mL. Pipet 1mL in-
termediate standard solution, (D), into amber or red 100 mL
volumetric flask, dilute to volume with H2 and mix. Pipet
1 mL this first solution into another 100 mL amber or red vol-
umetric flask, dilute to volume, and mix. Pipet 5 mL this sec-
ond solution into 250 mL amber or red volumetric flask, dilute
to volume with phosphate buffer solution, D(d), and mix. Label
this as standard solution (0.0001 pg/mLor0.1 ng/mL). Prepare
fresh for each assay.

H. Inoculum

Inoculate tube of culture medium, E(D), with cells from
daily culture, F, and incubate 16-20 h at 37°. Under aseptic
conditions, centrifuge culture 10 min at 2000 rpm to obtain
clear supernate, discard supemate, and resuspend cells by shak-
ing or swirling in 10 mL isotonic salt solution, D(f). Repeat
from “centrifuge culture 10 min...” 2x. Add 1 mL of final sus-
pension to 10 mL isotonic salt solution, D(f), and swirl to form
uniform suspension. Use as inoculum.

I. Assay Solution

For powders, accurately weigh sample containing ca 5 pg
folic acid into 100 mL beaker. Reconstitute in 25-30 mL H20

and quantitatively transfer to 100 mL volumetric flask. Dilute
to volume with H20.

For liquids, pipet volume containing ca 5 pg folic acid into
100 mL volumetric flask. Dilute to volume with H2 . (Sample
solutions contain ca 0.05 pg [50 ng] folic acid/mL.)

Pipet 1 mL diluted sample and 1 mL chick pancreas prepa-
ration, D(j), into 18 x 150 mm screw top culture tube, and mix
well. Add 18 mL 0.05M phosphate buffer-ascorbic acid solu-
tion, D(K), and 1 mL toluene. Mix.

For enzyme and reagent blank, pipet 1 mL H20 and 1 mL
chick pancreas preparation into 18 x 150 mm screw-top cul-
ture tube and mix. Add 18 mL 0.05M phosphate buffer-ascor-
bic acid solution and 1 mL toluene. Mix.

Incubate sample and blank tubes 16 h at 37°. Sterilize
10 min at 121°, and centrifuge 10 min at 2000 rpm to obtain
clear supemate. Dilute supemates with 0.05M phosphate
buffer-ascorbic acid solution to volume, G(a). Label as
assay solution.

J. Assay Tubes

Meticulously cleanse by suitable means (Na lauryl sulfate
USP has been found satisfactory as detergent), hard glass tubes
and other necessary glassware. (Test organisms are highly sen-
sitive to minute amounts of growth factors and to many cleans-
ing agents. Therefore, it may be preferred to follow cleansing
by heating glassware 1-2 h at ca 250°.)

Prepare tubes containing standard solution, G(c), as fol-
lows: To tubes (in duplicate or replicate) add: 0.0 (for uninoc-
ulated blanks), 0.0 (for inoculated blanks), 1.0, 2.0, 3.0, and
4.0 mL standard solution.

Prepare tubes containing assay solution, I, as follows: To
similar tubes (in duplicate or replicate) add 1.0, 2.0, 3.0, and
4.0 mL assay solution.

To each tube, standard and assay solutions, add phosphate
buffer solution, D(d), to make 5.0 mL. To bottle containing
200 mL basal medium stock solution, C(f), add 1.0 mL vitamin
solution, D(h), and 0.8 mL pyridoxamine solution, D(i), and
mix well. Add 5.0 mL this medium to each standard and sample
tube. Cover tubes suitably to prevent bacterial contamination,
and sterilize 10 min at 121°. Cool as rapidly as practicable to
minimize color formation. Take precautions to keep sterilizing
and cooling conditions uniform throughout assay. Too close
packing of tubes in autoclave, or overloading autoclave, may
cause variation in heating rate.

Aseptically inoculate each tube, except 1set of duplicate or
replicate tubes containing 0.0 mL standard solution (uninocu-
lated blanks), with 1drop inoculum. Incubate 60-72 h, at tem-
perature between 28° and 40°, maintained within £0.5°. Con-
tamination of assay tubes with any foreign organism
invalidates assay.

K. Determination

Prior to determination of response, visually inspect each set
of tubes. Uninoculated blanks should be clear; standards and
samples should be free of growth other than test organism. Ti-
trate contents of each tube with 0. IN NaOH, using bromthymol
blue indicator, D(e), or using pH meter to pH 6.8. When deter-
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mining pH, read pH values to nearest 0.01 pH unit after incu-
bation. pH at 5.0 mL level of standard solutionis normally 1.0-
1.5 pH units below inoculated blank. Disregard results of assay
iftiter of inoculated blank is more than 1.5 mL greater than titer
of uninoculated blank. Titer at 5.0 mL level of standard solu-
tion should be 8-12 mL.

Prepare standard concentration-response curve by plotting
titration values, expressed in mL 0.1N NaOH for each level of
standard solution used, against amount of reference standard
contained in respective tubes.

Determine amount of folic acid for each level of assay so-
lution by interpolation from standard curve. Discard results of
any sample with titer of <0.5 mL or >4.5 mL.

L. Calculation

For each level of assay solution used, calculate folic acid
content/mL assay solution. Calculate average values from
tubes that do notvary by >15% from this average. If number of
acceptable values remaining is <2/3 original number of tubes
used in 4 levels of assay solution, data are insufficient. If num-
ber of acceptable values remaining is >2/3 original number of
tubes, calculate folic acid concentration (pg/100 mL “as fed”
formula) in sample from the average.

Folic acid = [(Xx D) - EB] x [(100 x ft)/1000 Q)]

where X =average value of folic acid per mL of assay solution,
ng; D = dilution factor based on 1 mL sample dilution incu-
bated with enzyme preparation, mL; EB = folic acid value
found in enzyme blank, ng/mL enzyme preparation; Q = sam-
ple weightor volume, g ormL; and R =reconstitution value of
sample required to make 100 mL of “as fed” formula, ex-
pressed as weight or volume.

Turbidimetric Method
(Not applicable in presence of extraneous turbidity or color
in amount that interferes with turbidimetric measurements.)
M. Folic Acid Standard Solutions

Proceed as in G.

N. Inoculum

Proceed as in H.

O. Assay Solution
Proceed as in I.
P. Assay Tubes

Proceed as in J.

Q. Calibration of Photometer

See 960.46F.

R. Determination

See 960.46G.

. 2,1993

S. Calculation

Proceed as in L.
Ref.: JAOAC 76, March/April issue (1993)
CAS-59-30-3 (folic acid)

992.06 Vitamin A (Retinol) in Milk-Based Infant
Formula— Liquid Chromatographic Method

First Action 1992

(Applicable to milk-based infant formulas containing >500
IU vitamin A per reconstituted quart.)

Method Performance (milk-based liquid, ready-to-feed, 3
manufacturers):

Mean = 2658 U vitamin A/L infant formula

sr= 129.6; sSR=279.0; RSDr=4.9%; RSDr- 10.5%

A. Principle

Vitamin A in infant formula is saponified, partitioned with
organic solvent, separated from matrix, and quantified by lig-
uid chromatography.

B. Apparatus

(a) Liquid chromatograph (LC).—Capable of pressures up
to 3000 psi, with injector capable of 100 pL injections. Oper-
ating conditions: eluent flow rate, 1.5 + 0.2 mL/min; tempera-
ture, ambient.

(b) Detector.—Capable of measuring absorbance at
336 nm, with sensitivity of 0.1 AUFS.

(c) Column.—4.6 mm id x 15 cm stainless steel, packed
with 5 pm silica-based cyano group stationary phase
(Sepralyte CN, Analytichem International, Harbor City, CA,
is suitable).

(d) Spectrophotometer.— Capable of measuring absorb-
ance at 325 nm.

(e) Shaking water bath.— Capable of maintaining 70 + 2°,
variable speed capable of 60 oscillations/min, with sample area
ca 11 x 14 in. (Precision Scientific Model 25 is suitable).

(f) Glassware.— (1) 125 mL separatory funnels. (2) 5mL
volumetric flasks. (3) 100 mL low-actinic volumetric flasks.

C. Reagents

(a) Mobile phase solution.—Hexane-isopropyl alcohol
(100 + 0.25, v/v), HPLC grade solvents. Degas 2-5 min
under vacuum.

(b) Wash solution.—H?20-absolute ethanol (3 + 2, v/v).

(c) Extraction solution.—Hexane-methylene chloride (3 +
1, v/v), HPLC grade solvents.

(d) Saponification solution.— 10.5N potassium hydroxide
(KOH). Dissolve 673 g KOH in 1L H20.

(e) Antioxidant solution.— 1% pyrogallol. Dissolve 5.0 g
pyrogallol (1,3,5-trihydroxybenzene, 98%; Aldrich is suitable
source) in 500 mL absolute ethanol.

(f) Standard solutions.— (1) Stock standard solution.—
10 mg/mL retinyl palmitate in hexane. Quantitatively transfer
contents of 1.0 g ampoule of retinyl palmitate (USP Reference
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Standard) with hexane (HPLC grade) into 100 mL low-actinic
volumetric flask, dilute to volume with hexane, and shake well
to dissolve. Make fresh every 2 weeks. Store at -20° in explo-
sion-proof freezer when not in use.

(2) Intermediate standard solution.— Pipet 2 mL of stock
standard solution, (1), into 250 mL volumetric flask and dilute
to volume with hexane.

(3) Working standard solution.—Approximately 1s pg/mL
retinyl palmitate. Pipet 2 mL intermediate standard solution,
(2), into 100 mL low-actinic volumetric flask. Evaporate to
dryness under nitrogen. Dissolve residue in antioxidant solu-
tion, C(e), and dilute to volume. Prepare fresh daily.

D. Extraction of Standards and Samples

Pipet 10.0 mL working standard solution, C(f)(3), or sam-
ple volume containing ca 201U vitamin A activity (10 mL for
ready-to-feed formulas) into 150 mL centrifuge tube. Bring
sample volume to 10 mL with H.0, if necessary. To standard
tubes, add 10 mL H.0, 20 mL antioxidant solution, C(e), and
5 mL saponification solution, C(d). To sample tubes, add 30 mL
antioxidant solution and 5 mL saponification solution. Cap tubes
and swirl briefly to mix. Place tubes in 70° shaking H20 bath (ca
60 oscillations/min) for 25 min. Remove tubes and place in ice
5 min, or until contents cool to room temperature.

Quantitatively transfer contents to separate 125 mL separa-
tory funnels. Wash remaining sample or standard from tube
into funnel with 30 mL H.0. Pipet 30.0 mL extraction solvent,
C(c), into funnel and shake ca 2 min. When layers separate,
discard aqueous (lower) layer. Add 30 mL wash solution, C(b),
to funnel and shake very gently 30 s, venting frequently. Let
phases separate and discard aqueous layer. Repeat wash step
3x. Pipet20.0 mL portion from funnel to 50 mL tube and evap-
orate to dryness under nitrogen. Transfer residues quantita-
tively to separate 5 mL volumetric flasks and dilute to volume
with mobile phase solution, C(a).

E. Determination of Standard Concentration

Pipet 2 mL of intermediate standard solution, C(f)(2), into
50 mL volumetric flask and dilute to volume with hexane.
Transferportion ofthis solution into 1 cm cell path length cuvet
and measure absorbance at 325 nm. Calculate concentration of
working standard solution, Cstd, as follows:

Cad- [Ma2s/(2 x Ixi)]x 104

where As:s = absorbance of working standard solution at
325 nm; £ = 996, extinction coefficient of retinyl palmitate in
hexane at 325 nm; and b = 1 cm, cell path length.

F. System Suitability Test

Inject 100 pL of saponified working standard solution into
LC. Typical retention times for 13-cz's-retinol and irans-retinol
are 7.5 and 9.0 min, respectively. Calculate R factor between
13-czs-retinol and /ram-retinol as follows:

R=2(f. - tj)/(W\ + W2)

where t]and t2 = retention time measured from injection time
to elution time of peak maximum of 13-cfr-retinol and trans-

retinol, respectively, and W\ and W2 - widths of peaks mea-
sured by extrapolating relatively straight sides to baseline of
13-cfr-retinol and trans-retinol, respectively.

If R factor is <1.3, increase amount of isopropyl alcohol
added per liter [mobile phase solution, C(a)] by ca 0.05%. In-
ject saponified working standard solution 5x. Calculate repro-
ducibility ofreplicate injections in terms of standard deviations
(per USP), which should be <2%. Typical relative standard de-
viation values for peak height are £1.3%.

G. Liquid Chromatography
Inject 100 pL standard or sample into LC.
H. Calculations

Since 13-cis vitamin A palmitate is not readily available,
standard curve for all-trans vitamin A palmitate is used to de-
termine biological potencies for both, correcting for 13-cfr vi-
tamin A palmitate, at 0.75 potency relative to all-trans vita-
min A palmitate. This is based on assumption that relative
molar absorptivities of both isomers are virtually equal at
336 nm.

Measure peak areas of cis- and irans-isomers of retinol in
both sample and standard chromatograms. Multiply peak area
under 13-cis vitamin A palmitate curve by 0.75. Sum the 2
areas to represent total peak area. Calculate IU per reconsti-
tuted quart of vitamin A activity (V) as follows:

V- (AsaVAsrd) x Cstdx (1/0.55) x 946.33

where Asam- total peak area of sample; Astd= total peak area of
standard; Cstd = concentration of working standard solu-
tion, pg/mL; 1/0.55 = IU/pg retinyl palmitate; and 946.33 =
mL/quart.

Ref.: JAOAC 76, March/April issue (1993)

CAS-68-26-8 (vitamin A)

992.07 Pantothenic Acid in Milk-Based Infant
Formula— Microbiological Turbidimetric Method

First Action 1992

(Applicable to determination of pantothenic acid in milk-
based infant formula.)

Method Performance (milk-based liquid, ready-to-feed):

Mean = 4.80 mg pantothenic acid/L infant formula

sr=0.22; sSR=0.49; RSDr=4.59%; RSDr = 10.23%

A. Principle

Samples of infant formula are treated with alkaline intesti-
nal phosphatase, which removes triphosphoadenine from co-
enzyme A, and avian liver peptidase, which breaks peptide
linkage. Bound pantothenic acids are released to free form and
assayed by turbidimetric microbial growth response.

B. Culture Media, Reagents, and Apparatus

(a) Basal medium stock solution.—Using ingredients in
amounts prescribed for pantothenic acid, Table 960.46(d), pro-
ceed as below.
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Using solutions prepared as in 960.46A, add, with mixing,
and in following order: acid-hydrolyzed casein solution, (a);
cystine-tryptophan solution, (e); adenine-guanine-uracil solu-
tion, (b); vitamin solution 1V, (0); vitamin solution VI, (q); salt
solution A, (i); and salt solution B, (j). Add ca 100mL H20 and
add, with mixing, anhydrous glucose and NaOAc-3H20. When
solution is complete, adjustto pH 6.8 with NaOH solution, add,
with mixing, polysorbate 80 solution, (h), and dilute with H20
to 250 mL. [Note: Commercial equivalent, such as Difco pan-
tothenate medium (AOAC USP 0816-15) is acceptable substi-
tute for basal medium stock solution.]

(b) Pantothenic acid stock standard solution.— 40 pg/mL.
Accurately weigh, in closed system, 45-55 mg USP Calcium
Pantothenate Reference Standard that has been dried to con-
stant weight and stored in dark over P20 5in desiccator. Dis-
solve in ca 500 mL H20, add 10 mL 0.2N HOAc and 100 mL
0.2N NaOAc, and dilute with additional HzO to make Ca pan-
tothenate concentration exactly 43.47 pg/mL (40 pg panto-
thenic acid/mL). Store under toluene in dark at ca 10°.

(c) Pigeon liver acetone powder.—Prepared to maintain
NAD kinase activity 0of0.5-1.5 units/mg solid (Sigma Chemi-
cal Co. is suitable supplier; 1 unit will phosphorylate 1.0 nmol
i3-NAD to p-NADP per min at pH 7.5 at 37° in presence
of ATP).

(d) Alkaline phosphatase.—Type | (pfs), from bovine
(calf) intestine; activity of 1-3 units/mg solid (Sigma Chemical
Co. is suitable supplier; 1 unit will hydrolyze LO pinol p-
nitrophenyl phosphate per min at 31°).

(e) Brewers yeast.— Dry powder.

(f) Resin.—200-400 mesh anion exchange resin (Dowex
1-X8, Bio-Rad Laboratories, Richmond, CA, is suitable).

(g9) Filters.—Coarse particle retention, smooth surface,
fast flow rate (No. 588, Schleicher & Schuell, Keene NH, is
suitable).

(h) Tris buffer solution— (1) pH 8.3.—Dissolve 24.2 g 2-
amino-2-(hydroxymethyl)-1,3-propanediol and dilute to
200 mL with H20. Adjust pH to 8.3 with 30% HC1 and filter,
(9). (2) pH 11.3.—Dissolve 24.2 g 2-amino-2-(hydroxy-
methyl)-1,3-propanediol and dilute to 200 mL with H20; pH
ca 11.3. Store at room temperature; discard after 2 weeks.

(i) Sodium bicarbonate (NaHCO03) solution.—Dissolve
850 mg NaH CO03and dilute to 100 mL with H20. Prepare fresh
on day ofuse and store refrigerated.

(j) KHCOj solution.—0.02M. Dissolve 1 g KHCO03 and
dilute to 500 mL with H20.

(k) Other reagents.—(7) 2-Octanol (sec-caprylic alco-
hol), purified grade (antifoam agent). (2) Toluene.

C. Enzyme Preparation

(a) Activation of resin—Mechanically stir 100 g resin in
1L 1.0N HC1 10 min, keeping resin completely suspended.
Filter with suction through paper (Whatman No. 50 is suitable).
Repeat stirring of resin in fresh 1L 1.0N HC1 and filter. Repeat
stirring ofresin in 1L H20 and filter. Repeat stirring of resin in
1L H2 and filtering another 10x. Adjustresin, adding enough
H20 to sufficiently mix well, to pH 8.0 by adding Tris buffer,

pH 8.3, B(h)(7), dropwise. Store slurry in refrigerator. Discard
after 2 days.

(b) Equipment preparation.—Chill overnight in freezer:
mortar and pestle, 24 plastic centrifuge tubes (50 mL) with
caps, 3 wide-mouth flasks (500 mL), 50 tubes (16 x 125 mm)
with caps, 2 Mohr pipets (10 mL), and 2 glass rods. Chill over-
night in refrigerator or 4° constant temperature room: KHC03
solution, B(j); resin slurry, (a); and centrifuge head.

(c) Pigeon liver extract solution.— 10%. Form suspension
by rubbing 30 g pigeon liver acetone powder, B(c), with ca
150 mL ice-cold 0.02M KHCO03solution, B(j), in cold mortar
held in ice-salt bath. Quantitatively transfer suspension, to 8
ice-cold centrifuge tubes, using ca 150 mL ice-cold 0.02M
KHCO03solution (use total of 300 mL of 0.02M KHCOs solu-
tion). Shake capped tubes vigorously; chill 10 min in freezer.

Centrifuge tubes 5 min at ca 3000 rpm (to separate solids
from liquid). Transfer supemate through cheesecloth to ice-
cold 500 mL wide-mouth flask. Add half (150 g) activated
resin and shake 5 min in ice-salt bath or shaker box in cold
room. Transfer mixture to 8 ice-cold centrifuge tubes and cen-
trifuge tubes 5 min at 3000 rpm. Transfer supemate through
fresh cheesecloth to another ice-cold 500 mL wide-mouth flask
and chill 10 min in freezer.

Add remaining half (150 g) activated resin and shake 5 min
in ice-saltbath] Transfer mixture to 8 ice-cold centrifuge tubes
and centrifuge tubes 5 min at 3000 rpm. Transfer supemate
through previously used cheesecloth to another ice-cold
500 mL wide-mouth flask and chill 10 min in freezer.

Dispense supemate into ice-cold screw-cap tubes, and
freeze until use. To use, thaw frozen enzyme suspension in
ice bath.

(d) Intestinal phosphatase solution.—2%. Dissolve
20 mg/mL alkaline phosphatase, B(d), in H2, making suffi-
cient solution to add 0.4 mL to each tube in extraction, D. Pre-
pare fresh for each assay. Keep refrigerated until use.

D. Assay Solution

(Throughout procedure, keep solution below pH 7.0 to pre-
vent loss of pantothenic acid.)

Accurately measure amount of sample containing 50-
100 jig total pantothenates and separately 5 mL (40 pg/mL)
pantothenic acid stock standard solution, B(b). With each
assay, weigh 1.0 g Brewer’s yeast (contains ca 100 pg total
pantothenates) and assay with samples to test efficacy and con-
sistency of enzyme hydrolysis procedure. Transfer each test
sample, Brewer’s yeast, and standard to separate 125 or
250 mL Erlenmeyer flasks containing 10 mL Tris buffer, pH
8.3, B(h)(2) [or for very acid samples low in pantothenates re-
quiring larger sample size, substitute Tris buffer, pH 11.3,
8(N)(2)1.

Add sufficient HzO to obtain good suspension (typically ca
50 mL; keep total volume below 150 mL), 1.5 mL 2-octanol to
prevent foaming and bumping, and autoclave 15 min at 121—
123°. Cool and dilute flask contents with H20 to concentration
of 1 pg total pantothenates/mL (200 mL for standard, 100 mL
for Brewer’s yeast, according to known or assigned concentra-
tion for test samples).
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Foreach testsample, carefully pipet (deliver to tube bottom,
keep off tube walls) into separate 20 x 150 mm tubes: 1.0 mL
test solution (ca 1 pg/mL); 0.1 mL NaHCO03 solution, B(i);
0.4 mL intestinal phosphatase solution, C(d); 0.2 mL pigeon
bver extract solution, C(c); and 0.4 mL H20 (cold). Prepare
pantothenic acid standard tubes, using standard solution from
previous paragraph, and treating with enzymes as for test sam-
ples (eliminates need for enzyme blank). Prepare additional
pantothenic acid standard tubes, as secondary standards. (Total
of 4 standard tubes needed per assay.) Prepare another tube
using Brewer’s yeast solution (ca 1 pg/mL) in place of test so-
lution. Astubes are prepared, mix contents by individually roll-
ing between palms (do not get mixture too far up tube walls),
and set tubes immediately in rack in ice-salt bath. Add 0.1 mL
toluene to all tubes. Cover tubes with wrapping film (Parafilm
is suitable), and incubate tubes 4 h or overnight at 37°.

Adjust enzyme-treated samples, yeast, and standard (com-
bine 4 tubes before pHing) to pH 4.5 using dilute HC1, dilute to
volume calculated to contain 0.02 pg pantothenic acid/mL
(typically 200 mL for standard, 50 mL for samples and yeast),
and filter, B(Q).

To prepare primary standard (0.01 pg/mL), take 50 mL
clear filtrate of standard from previous paragraph (at
0.02 pg/mL total pantothenate), adjust to pH 6.8 with dilute
NaOH, and dilute to 100 mL with H20.

To prepare 2 secondary standards (0.008 and 0.14 pg/mL
recommended), take portion of remaining clear standard
(40 mL for 0.008 and 70 mL for0.14 pg/mL), adjust pH to 6.8,
and dilute to 100 mL with H20. Use secondary standards if
sample value is either too high or too low for primary stan-
dard use.

To 25 mL clear filtrate (samples and yeast), add dilute HC1
solution to check for complete precipitation. If no further pre-
cipitate forms, adjust mixture to pH 6.8 with NaOH and dilute
with H20 to volume calculated to contain ca 0.01 pg/mL total
pantothenate (50 mL). If precipitate forms, adjust mixture to
point of maximum precipitation (usually pH 4.5), dilute with
H20 to calculated volume, and filter. Take known aliquot of
clear filtrate, adjust mixture to pH 6.8 with NaOH, and dilute
with H20 to volume calculated to contain ca 0.01 pg/mL. Des-
ignate this as assay solution.

E. Inoculum

(a) Liquid culture medium—Dilute measured volume
basal medium stock solution, B(a), with equal volume aqueous
solution containing 0.04 pg pantothenic acid/mL. Add 10 mL
portions diluted medium to tubes, cover tubes to prevent con-
tamination, sterilize 15 min in autoclave at 121-123°, and cool
tubes as rapidly as practicable to avoid color formation from
overheating. Store in dark at ca 10°.

(b) Make transfer of cells from stock culture of Lactobacil-
lus plantarum, 960.46C(c), to sterile tube containing 10 mL
liquid culture medium, (). Incubate 6-24 h at any selected
temperature between 30 and 40° held constant to £0.5°. Under
aseptic conditions, centrifuge culture and decant supemate.
Wash cells with 3 ca 10 mL portions sterile 0.9% NaCl solution
or sterile suspension medium, 960.46B(c). Resuspend cells in

10 mL sterile 0.9% NaCl solution or sterile suspension me-
dium. Cell suspension so obtained is inoculum.

F. Assay

Using primary standard solution, D, and assay solution, D;
basal medium stock solution, B(a); and inoculum, E, proceed
as in 960.46D, G, and H. Value so obtained is potency of sam-
ple expressed as D-pantothenic acid. Multiply this value by
1.087 if potency is to be expressed as Ca o-pantothenate.

Ref.: JAOAC 76, March/April issue (1993)

CAS-137-08-6 (calcium pantothenate)

CAS-79-83-4 (pantothenic acid)

Results and Discussion

Data and statistics for Phase V are provided in Tables 1-5.
Statistical analysis used protocols in accordance with AOAC
“Guidelines for Collaborative Study Procedure” (7). The data
were screened for outliers by using the Dixon, Cochran, and
Gmbbs outlier tests. Subsequent estimation ofrepeatability and
reproducibility parameters were performed with and with-
out outliers.

For the nutrients studied, the ranges for reproducibility stan-
dard deviations (RSDr) were as follows: folic acid, 22.5-
25.5%; pantothenic acid, 7.6-10.8%; vitamin A (retinol iso-
mers), 8.2-10.7; vitamin A (retinol), 8.8-13.3; and vitamin E,
9.0-12.8.

Figure 1is a plot of the RSDr values vs concentration of
analyte on a log scale. A value of 7 for the negative log of the
concentration corresponds to a concentration of 0.1 ppm; 6
corresponds to 1 ppm; 5 correspondsto 10 ppm, etc. The lower
line in the graph, known as the Horwitz curve, represents the
average RSDr for a large number of collaborative studies at
various concentrations; the upper line, which is twice the lower
values, represents a guideline for the upper limit of acceptabil-
ity of a method. A complete discussion of the Horwitz curve
and its implication was presented by Horwitz et al. (8).

As shown in Figure 1, the precision of the Phase V data cor-
responds to the Horwitz curve with few exceptions. As noted
in the AOAC “Guidelines for Collaborative Study” (7), “In
some cases, there is no direct measure of bias, and consensus
values derived from the collaborative study itself often must be
used for the reference point.”

Recom mendations

Results of this collaborative study compare very favorably
with the empirical norm developed via the Horwitz curve for
each of the analytes studied.

On the basis ofthe precision ofthese data and the correspon-
dence to the empirical norm, as well as the relative ease of use
ofmethods and the fact that all the parties affected by the Infant
Formula Actcan perform the assays, itisrecommended that the
methods for folic acid, pantothenic acid, vitamin A by either
determination, and vitamin E in milk-based infant formula be
adopted first action.
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Table 1. Collaborative results for determination of folic acid in milk-based formula (fxg/L)a
Lab. Sample 1 Sample 2 Sample 3
A 120 120 210 210 240 230
C 59.8 81.7 110 156 139 203
D 96.8 100.2 184.7 187.6 246.5 184.9
E 116 134 216 244 301 312
H 110 Ob 227 243 306 Ob
| 125 127.4 244.9 254.9 272.4 277.4
J 76 80 180 180 200 220
0 ocC 72 165 168 195 207
P 86.25 82.86 137.81 138.64 140.36 137.87
Sample No. of labs.d Average RSDr, %8 RSDr, %'

9 98.3 7.9 23.9

9 192.1 7.02 225

9 228.8 10.2 255

a Samples were analyzed as blind duplicates.

6 Out of standard range.

¢ Could not be calculated.

d No outliers were identified.

e FSDr = repeatability relative standard deviation.

' RSDr= reproducibility relative standard deviation.
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Table 2. Collaborative results for determination of pantothenic acid in milk-based infant formula (mg/L)a
Lab. Sample 1 Sample 2 Sample 3
A 4.0 4.0 5.4 52 4.9 4.9
c 4.33 4.26 5.09 5.61 5.00 5.44
D 4.18 4.08 5.08 5.19 5.24 4.72
E 3.80b 5.136 5.10 4.03 4.82 4.78
H 4.8 4.6 6.1 5.8 5.6 6.0
J 4.0 4.0 5.6 51 4.5 4.7
(¢] 4.1 41 5.3 5.3 5.1 5.0
P 3.60 3.80 4.33 4.32 4.22 4.33
Sample No. of labs. Average RSDr, %c RSDr, %d
1 8 4.2 8.2 9.4

7e 41 2.0 7.6
2 8 5.2 6.5 10.8
3 8 5.0 4.2 9.5

a Samples were analyzed as blind duplicates.

b Outlier by Cochran test.

Cc RSDr= repeatability relative standard deviation.

d RSDr = reproducibility relative standard deviation.
e Outliers excluded.
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Table 3. Collaborative results for LC determination of vitamin A (retinol isomers) in milk-based infantformula (IU/L)a

Lab. Sample 1 Sample 2 Sample 3
A 3070 2980 2480 2380 2660 2520
B 3198 3351 2596 2755 2782 2848
C 3100 3030 2510 2660 2720 2660
D 2418 2338 30996 1914* 2184 2276
E 22706 31606 2140 2490 3020 3140
F 3153 3230 2548 2565 2780 2814
G 3059 3099 2425 2451 2640 2669
H 3533 3492 2688 2762 2753fc 32150
1 2641 2533 2352 1849 2314 2166
J 3400 3200 2600 2700 2900 2800
M 3028.9 3094.6 2493.8 2459.2 2638.0 2632.8
P 2967 2893 2480 2491 2680 2678
Sample No. of labs. Average RSDr,%° RSDr, %d
1 12 3010 6.5 11.6

11le 3037 2.4 10.7
2 12 2495 111 111

11e 2494 5.7 8.2
3 12 2687 4.1 10.0

11le 2660 2.3 9.5

a Samples were analyzed as blind duplicates.

6 Outlier by Cochran test.

C RSDr = repeatability relative standard deviation.

d RSD, = reproducibility relative standard deviation.
0 Outliers excluded.

Table 4. Collaborative results for LC determination of vitamin A (retinol) in milk-based infant formula (IU/L)a

Lab. Sample 1 Sample 2 Sample 3
A 2920 2840 2380 2280 2550 2460
B 3255 3042 2572 2441 2795 2586
C 3380 3460 3170 2740 3310 2900
D 2812 2709 1758 1861 2647 2688
F 3010 3046 2491 2505 2523 2576
H 2551 3003 2278 2358 2342 2515
| 2543 2704 2144 2179 2207 2298
J 3000 3100 2300 2400 2600 2800
P 3042 3226 2407 2504 2613 2716
Sample No. of labs.6 Average RSDr,%c RSDr, %d

9 2980 4.6 8.8

9 2376 5.0 13.3
3 9 2618 5.0 9.6

a Samples were analyzed as blind duplicates.

b No outliers were identified.

¢ RSDr= repeatability relative standard deviation.

d RSDr = reproducibility relative standard deviation.
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Table 5. Collaborative results for LC determination of vitamin E in milk-based infant formula (IU/L)a

Lab. Sample 1 Sample 2 Sample 3
A 20.0 17.6 30.6 24.9 28.4 24.7
B 19.8 21.6 28.7 31.3 27.0 27.6
C 17.7 171 27.2 25.6 25.6 25.0
D 19.3 20.7 30.7 30.9 31.3 31.3
F 17.52 18.19 25.15 26.31 25.36 25.02
| 17.59 17.53 23.49 25.65 23.37 23.04
J 18.5b 316 29 18.6 29 31
P 17 16 25 24 23 25
Sample No. of labs. Average RSDr, %c RSDr, %d
1 8 19.20 16.9 18.2

Te 18.40 5.2 9.0
2 8 26.69 11.7 12.8
3 8 26.61 45 111

a Samples were analyzed as blind duplicates.
6 Outlier by Cochran test.

¢ RSDr= repeatability standard deviation.

d RSDr = reproducibility standard deviation.
e Outlier excluded.
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Figure 1. Plot of RSDr values vs concentration of analyte (logio scale) for determination of vitamin A-retinol (a),
vitamin A-retinol isomers (A), vitamin E (E), folic acid (F), and pantothenic acid (P). Lower line is the Horwitz curve (8);
upper line is twice the lower RSDr values. On x-axis (minus logio concentration), 7 corresponds to concentration of
0.1 ppm, 6to 1 ppm, and 5to 10 ppm.
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TECHNICAL COMMUNICATIONS

Comparison of Liquid Chromatographic Method to AOAC
Microbiological Method for Determination of L-Tryptophan

in Tablets and Capsules

Henry S. K im and Gerald Angyal

U.S. Food and Drug Administration, Division of Nutrition, Washington, DC 20204

A reversed-phase liguid chromatographic (LC)
method coupled with precoiumn derivatization of
L-tryptophan with phenylisothiocyanate was com-
pared to the AOAC microbiological method for de-
termining L-tryptophan in tablets and capsules. For
the microbiological method, the concentrations of
L-tryptophan were 4-8% lower in autoclaved test
samples (hot method) than in test samples that
were not autoclaved (cold method). When L-trypto-
phan values obtained by the LC method were com-
pared to those obtained by the cold microbiologi-
cal method, no significant differences were
observed (P> 0.05). The mean relative standard de-
viations were 2.9% forthe LC method and 1.6% for
the cold microbiological method. The mean recov-
eries of standard L-tryptophan added before analy-
siswere 99% forthe LC method and 101 % for the
cold microbiological method. These results demon-
strate that both methods are reliable for determin-
ing free L-tryptophan contained in tablets and cap-
sules. However, the LC method has the advantages
of using a smaller test portion and having a shorter
analysis time.

eosinophilia-myalgia syndrome in the United States was

associated with the consumption of products containing i -
tryptophan (1,2). Consequently, the U.S. Food and Drug Ad-
ministration (FDA) recalled all products that contained L-tryp-
tophan as the sole or major component, and this laboratory
analyzed numerous L-tryptophan dietary supplement tablets
and capsules for their L-tryptophan concentrations.

Because ofthe number of L-tryptophan-containing products
that our laboratory received for analysis, both a liquid chroma-
tographic (LC) method (3,4) and the revised AOAC microbi-
ological method (5, 6) were used to determine L-tryptophan
concentrations. The purpose of this study was to assess the re-
liability of both methods by comparing the results of analyses
of L-tryptophan-containing tablets and capsules.

I n the summer and fall of 1989, an epidemic outbreak of

Received November 14, 1991. Accepted June 24, 1992,

Experimental

Apparatus

(a) Liquid chromatographic system.—Pico-Tag Amino
Analysis System (Waters Chromatography Div., Millipore,
Milford, MA) consisting of reversed-phase Ci8analytical col-
umn, 15 x 0.4 cm id; column temperature control module set
at 38°C; 2 Model 510 pumps connected in series; Model U6K
manual injector; Model 440 UV detector set at 254 nm; Model
840 data and chromatography control station; system inter-
face module.

(b) Pico-Tag workstation.— Waters Chromatography Div.,
Millipore.

(c) Reaction vial.—Waters Chromatography Div., Milli-
pore, Cat. No. 07363.

(d) Filter disc.—Gelman Sciences, Ann Arbor, MI, Cat.
No. ACROLC13.

(e) Automatic pipetting machines.— BBL Brewer (Becton
Dickinson Microbiological Systems, Cockeysville, MD, Mod-
els 93112 and 60453), or equivalent.

(f) Autoclave.— American Sterilizer, Erie, PA.

(g9) Gilson Escargotfractionator.— Model SC-30 (Gilson
Medical Electronics, Inc., Middleton, WI) modified with air
agitation system and connected to spectrophotometer.

Reagents

(a) Mobile phase A.—0.14M sodium acetate-acetonitrile
(94 + 6), pH 6.40 = 0.03, containing 0.05% triethylamine.

(b) Mobile phase B.— Acetonitrile-water (60 + 40).

(c) Diluent—5mM disodium hydrogen phosphate-aceto-
nitrile (95 + 5), pH 7.40.

(d) L-Tryptophan standard.—United States Pharmacopeial
Convention, Inc., Rockville, MD.

(e) Acetonitrile and methanol.— Burdick & Jackson Labo-
ratories, Inc., Muskegon, MI.

(f) Sodium acetate trihydrate, disodium hydrogen phos-
phate, and barium hydroxide.—Fisher Scientific Co., Pitts-
burgh, PA.

(9) Triethylamine (TEA).—Aldrich Chemical Co., Mil-
waukee, WI.

(h) Phenylisothiocyanate (PTTC).—Pierce Chemical Co.,
Rockford, IL.
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Table 1.

in tablets

Tablet Label claim, mg TRP  TRP concn, g/100 g
A 100 241

B 100 26.1

C 500 72.6

D 500 68.1

E 500 66.2

F 500 41.4

G 667 58.5

Mean RSD, %c

a Mean * standard deviation, n = 4.

Comparison of LC and AOAC microbiological (hot) methods for determination of L-tryptophan (TRP)

TRP, mg/tableta

LC AOAC Rvalue6
95.8+ 1.0 93.311.3 0.0195
103.8+2.2 101.511.3 0.1300
513.514.4 487.8110.7 0.0043
489.315.7 465.815.0 0.0008
4955+ 4.4 465.015.8 0.0002
486.516.6 463.314.3 0.0010
655.8113.5 613.019.6 0.0021
1.4 1.4

b Pvalue > 0.05 indicates no significant difference (2-tailed f-test) between the 2 methods.

Cc RSD = relative standard deviation.

(i) Hydrochloric acid — Ultrex grade (J.T. Baker Chemical
Co., Phillipsburg, NJ).

(j) Lactobacillus plantarum—ATCC 8014 (American
Type Culture Collection, Rockville, MD).

Test Sample Preparation

L-Tryptophan tablets and capsules were collected by the
FDA as aresult of the tryptophan-associated eosinophilia-my-
algia syndrome outbreak in the United States in 1989. These
products were obtained from various geographic locations
within the United States and represent several manufacturers.

Ten tablets or contents of 10 capsules from a single source
were combined, weighed accurately, and ground to a fine pow-
der to obtain a homogeneous test sample. The average weight
per tablet or capsule was calculated from the combined weight
of 10 tablets or 10 capsules.

For microbiological assay (hot method), 10 mL distilled
water was added to a test portion equivalent in weight to that
of 1tabletor capsule and 15.4 g barium hydroxide ina 125 mL

Table 2.
in capsules

Capsule Label claim, mg TRP  TRP concn, g/100 g
A 500 97.6
B 500 91.4
Cc 500 85.7
D 500 86.9
E 667 92.0
F 1000 95.8
G 1000 94.7

Mean RSD, %c

a Mean * standard deviation, n =4.

poly(propylene) Erlenmeyer flask, and the solution was auto-
claved 30 min at 121-123°C, 15 psi. While the autoclaved so-
lution was still hot, 50 mL distilled waterand 15 mL 9N H2504
were added, and the pH was adjusted to 4.0-4.5 with either 9N
H2S04 or IN NaOH. The solution was then quantitatively
transferred to a 500 mL graduated cylinder, diluted to 500 mL
with distilled water, filtered, and adjusted to a pH of 6.8 with
0.01N NaOH. The pH-adjusted solution was diluted with dis-
tilled water to a final L-tryptophan concentration of 1 |ig/mL,
based on the L-tryptophan content declared on the prod-
uct label.

For cold microbiological assay, a test portion equivalent to
that of 1 tablet or capsule was sonicated in 500 mL distilled
water for 15-20 min and diluted with distilled water to a final
L-tryptophan concentration of 1 |ig/mL.

For LC analysis, a test portion of ca 100 mg ground tablets
or capsules was accurately weighed into a 100 mL volumetric
flask and diluted to volume with distilled, deionized water. The
solution was sonicated 15-20 min.

Comparison of LC and AOAC microbiological (hot) methods for determination of L-tryptophan (TRP)

TRP mg/capsulea

LC AOAC Rvalue6
517.519.0 488.3110.7 0.0058
515.518.6 483.017.4 0.0012
485.3+7.2 455.314.4 0.0004
476.317.3 427.813.8 0.0001
620.013.6 577.317.9 0.0001
997.818.7 935.319.7 0.0001
978.0116.1 918.518.0 0.0006

1.4 1.3

b p value > 0.05 indicates no significant difference (2-tailed f-test) between the 2 methods.

¢ RSD = relative standard deviation.
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Table 3.
in tablets and capsules

Tablet/capsule Label claim, mg TRP ~ TRP concn, g/100 g

Tablet A 100 254
Tablet C 500 74.1
Tablet G 667 55.9
Capsule A 500 95.7
Capsule E 667 90.4
Capsule G 1000 96.8
Mean

Mean RSD, %b

a Mean * standard deviation, N =4.
b RSD = relative standard deviation.

Microbiological Assay

1-Tryptophan solutions were assayed according to the re-
vised official AOAC method (5,6), with Lactobacillus
plantarum ATCC 8014 as the test organism.

LC Determination

(a) Derivatization— A 20 |iL portion of the sonicated so-
lution was placed in a 6 x 50 mm testtube and dried under vac-
uum. The residue was mixed with 20 uLmethanol-water-TEA
(1+ 1+1), and the mixture was dried under vacuum. The redried
residue was then derivatized 20-25 min with 20 pL methanol-
water-TEA PITC (7+ 1+ 1+ 1)atroom temperature, and the
derivatization mixture was dried 1h under vacuum.

(b) Chromatography.—The residue was resuspended in
100 jiL diluent, and 5 pL aliquots were injected into the LC
system. Elution of L-tryptophan began with 100% mobile
phase A at a flow rate of 1.0 mL/min. Mobile phase B was in-
creased from 0 to 45% B in 10 min, increased from 46 to 100%
B from 10 to 10.5 min, and maintained at 100% B until the end
of analysis at 12 min. L-Tryptophan eluted at 9.4-9.6 min, and

Table 4.
in tablets and capsules

Tablet/capsule Label claim, mg TRP ~ TRP concn, g/100 g

Tablet A 100 24.8
Tablet C 500 73.0
Tablet G 667 57.0
Capsule A 500 95.6
Capsule E 667 90.5
Capsule G 1000 95.9

Mean RSD, %c

a Mean * standard deviation, n =4.

Comparison of AOAC microbiological hot and cold methods for determination of L-tryptophan (TRP)

TRP, mg/tablet or capsule3

Cold method Hot method Loss by hot method, %
100.8+1.0 96.3 + 3.1 4.5
523.8+7.9 480.5+ 3.9 8.3
627.0 £ 23.2 587.0+18.7 6.4
507.3 +6.1 483.8+ 2.2 4.6
609.3 + 8.9 582.0 + 4.3 45

1000.0 + 7.4 942.0+ 85 5.8

5.7
1.6 1.6

the chromatographic peak areas of the analytes were compared
to standard L-tryptophan curves for quantitation.

Results and Discussion

In the revised AOAC microbiological assay for determina-
tion of L-tryptophan (6), infant formula test portions were hy-
drolyzed with barium hydroxide by autoclaving before the
assay. For this study, L-tryptophan-containing tablets and cap-
sules were similarly autoclaved (hot method) with barium hy-
droxide before the assay. Comparisons of L-tryptophan values
determined by this hot microbiological assay to those values
determined by the LC method for tablets and capsules are pre-
sented in Tables 1 and 2, respectively. Results show that for
both tablets and capsules, the hot microbiological assay consis-
tently yielded L-tryptophan values that were lower than those
obtained by the LC method.

Consequently, because the tablets and capsules contained
the free form of L-tryptophan, microbiological assays without
autoclaving (cold method) were conducted. Results in Table 3
show that the concentrations of L-tryptophan were 4—8% lower

Comparison of LC and AOAC microbiological (cold) methods for determination of L-tryptophan (TRP)

TRP, mg/tablet or capsule3

LC AOAC Pvalue6
958+ 15 100.8 + 1.0 0.0004
507.8 + 12.2 523.8+79 0.0517
651.7 +22.3 627.0 £ 23.2 0.1295
506.0 + 17.5 507.3 +6.1 0.8957
610.7 + 16.4 609.3 + 8.9 0.6754
981.8 + 35.6 1000.0 + 7.4 0.3528
2.9 1.6

b Pvalue > 0.05 indicates no significant difference (2-tailed t-test) between the 2 methods.

¢ RSD = relative standard deviation.
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Table 5. Recovery of L-tryptophan (TRP) standard added to tablets or capsules before analysis

AOACa LCa
Tablet/capsule TRP added, mg Rec., % TRP added, mg Rec., %
Tablet G 593.7 99.9 63.3 100.2
Tablet G 598.8 100.7 59.0 101.9
Capsule E 579.2 99.9 97.6 95.3
Capsule E 570.6 102.2 107.2 98.5
Mean + SDb 100.7 1.1 99.0+2.8

a Each value represents the average of duplicate analyses.
6 SD = standard deviation.

in autoclaved tablets and capsules (hot method) than in those
that were not autoclaved (cold method). These results suggest
that the high temperature and pressure during autoclaving may
degrade L-tryptophan; evidence of degradation can be detected
as extra chromatographic peaks in LC analysis, if the degrada-
tion by-products react with the derivatizing reagent, PITC, for
UV detection at 254 nm. Therefore, LC analyses of L-trypto-
phan-containing tablets and capsules after autoclaving to deter-
mine the presence of possible degradation peaks will be a topic
for future study.

Comparisons of L-tryptophan values determined by the LC
method and by the cold microbiological assay for tablets and
capsules are shown in Table 4. No significant differences (P >
0.05, 2-tailed r-test) were observed between these 2 methods.
The LC method and the cold microbiological assay demon-
strated excellent repeatability based on mean relative standard
deviations of 2.9 and 1.6%, respectively. Recoveries of stan-
dard L-tryptophan added to tablets or capsules before analysis
averaged 101 % forthe cold microbiological assay and 99% for
the LC method (Table 5).

Conclusions

This study demonstrated that the LC and the revised AOAC
microbiological methods are reliable for determining L-trypto-
phan in tablets and capsules. On the basis of the statistical 2-
tailed r-test, L-tryptophan values determined by either the cold
microbiological method or the LC method showed no signifi-

cantdifferences for identical test samples oftablets or capsules.
Both methods demonstrated excellent repeatability and good
recoveries of standard L-tryptophan added before the analysis.
The LC method, however, has the advantages of using a
smaller test portion and having a shorter analysis time.

This study also demonstrated that L-tryptophan values de-
termined by the hot microbiological method were consistently
5-8% lower than L-tryptophan values determined by the cold
microbiological method. Autoclaving oftest samples by the hot
microbiological method may have degraded some of the 1-
tryptophan in the tablets and capsules.
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TECHNICAL COMMUNICATIONS

Sample Preparation Bias in Carbon Stable Isotope Ratio Analysis

of Fruit Juices and Sweeteners

D ana A. Krueger

Krueger Food Laboratories, Inc., 24 Blackstone St, Cambridge, MA 02139

Two sample preparation methods are commonly
used for carbon stable isotope ratio analysis
(SIRA). One involves combustion ofthe sample
with oxygen at 850°C; the other involves combus-
tion of the sample with CuO in an evacuated glass
tube at 550°C. | observed in our laboratory that
these 2 methods yield different results for sugar-
based products such as fruitjuices, sweeteners,
and vanillin. The CuO method yields results approx-
imately 1%« more positive than the oxygen combus-
tion method. This bias is also observed in other lab-
oratories, as shown in an analysis of the results of
the AOAC collaborative studies of carbon SIRA of
maple syrup, orange juice, honey, and honey pro-
tein. The oxygen combustion method is the AOAC
method for honey, apple juice, and orange juice;
both methods are incorporated into the AOAC
method for maple syrup. I recommend that data
generated by the CuO combustion method be ap-
propriately corrected to yield results concordant
with the official oxygen combustion method.

successful in detecting adulteration with undeclared

com syrup or cane sugar of maple syrup (1), honey (2),
apple juice (3), orange juice (4), and other fruit products and
sweeteners (5). It has also been useful in detecting the addition
of artificial vanillin to vanilla extract (6).

The carbon SIRA method measures small variations in the
13C content of the carbon of different plant types produced by
different photosynthetic pathways. Most fruits and grains are
Calvin cycle (C3) pathway plants yielding I3C values near
-25%0; cane and com are Hatch-Slack (C4) pathway plants
with L'C values near -10%o0; most succulents (including pine-
apple and vanilla) are crassulacean acid metabolism (CAM)
plants that yield variable values.

Because the ability to detect added sweeteners by the carbon
SIRA method is limited in part by the analytical reproducibility
of the method, analytical biases due to variations in analytical
technique must be understood and accounted for in data inter-

Carbon stable isotope ratio analysis (SIRA) has been very

ReceivedJune 15, 1992. Accepted August 19, 1992,
This report was presented at the 105th AOAC International Annual
Meeting, August 12-15, 1991, Phoenix, AZ.

pretation. There are 2 methods in widespread use in the United
States for the sample preparation of fruitjuices and sweeteners
for carbon SIRA. The first method is the AOAC official
method for sample combustion of honey, maple syrup, apple
juice, and orange juice (7). In this procedure, the sample is
combusted with oxygen at 850°C, and the combustion gases
are recirculated over hot CuO. The second method is the alter-
native AOAC official method for sample combustion of maple
syrup (7). In this procedure, the sample is combusted in vacuo
over CuO at 550°C in sealed glass tubes.

In this paper, | report the existence of a significant and con-
sistent sample preparation bias between these 2 methods of
sample preparation.

Experimental

Sample combustion with oxygen at 850°C.—The first
method (978.17C) involves combustion of the sample in oxy-
gen at 850°C, with recycling of the combustion gases over hot
CuO. The C02isthen trapped and purified cryogenically in the
usual manner.

Sample combustion with CuO in evacuated tubes at
550°C.—The second method (984.23D) involves combusting
the sample with CuO at 550°C in sealed, evacuated Pyrex glass
tubes. After combustion, tubes are cooled and opened under
vacuum; the C02is trapped and purified cryogenically in the
usual manner.

Determination of ,3C112C ratio.— I3C/I2C ratios were de-
termined by AOAC method 978.17D .13C values ofall the C02
samples were measured blind by the same analyst on the same
instrument using the same split of working reference gas to
eliminate any effects of analyst and calibration bias.

Discussion

Table 1 lists the results for 17 samples of fruitjuices and
sweeteners analyzed by both sample preparation methods.
Table 2 lists the results for 5 samples of natural vanillin ana-
lyzed by both sample preparation methods. Results from the
sealed-tube combustion method were significantly more positive
than those from the oxygen combustion method. The bias aver-
ages +0.6%o for sugar products and +1.4%c for vanillin.

These results are consistent with the results of4 AOAC col-
laborative studies on orange juice (4), maple syrup (8), honey,
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Table 1. Comparison of AOAC and sealed-tube
methods of sample preparation of fruit juices and
sweeteners (&)

13C 13C
Sample (AOAC) (sealed tube) Difference
Orange juice -25.9 -25.5 +0.4
Orange juice -25.9 -25.3 +0.6
Orange juice -25.4 -25.1 +0.3
Orange juices -20.9 -20.5 +0.4
Apple juice -25.0 -24.2 +0.8
Apple juice -25.3 -24.5 +0.8
Apple juice -25.5 -25.0 +0.5
Apple juice -24.3 -24.0 +0.3
Concord grape juice -25.3 -23.8 +1.5
Cranberry juice -25.5 -24.8 +0.7
Maple syrup -24.1 -23.5 +0.8
Maple syrup -22.8 -22.5 +0.3
Maple syrup3 -20.8 -20.1 +0.7
Honeys -21.7 -21.4 +0.3
Honeys -22.5 -22.1 +0.4
Honeys -23.5 -23.1 +0.4
Corn syrup -11.7 - 111 +0.6
Mean +0.6

3 Sample contains some added sugar.

Table 2. Comparison of AOAC and sealed-tube
methods of sample preparation of vanillin @63

13¢ 13C
Sample (AOAC) (sealed tube) Difference
Vanillin -20.8 -19.3 +1.5
Vanillin -21.0 -19.5 +1.5
Vanillin -20.4 -19.4 +1.0
Vanillin -21.8 -20.1 +1.7
Vanillin -20.5 -19.3 +1.2
Mean +1.4

Table 3. Sample preparation bias in the AOAC orange
juice collaborative study (%)

Sample Coll. 2-7, Av. Coll. 1 Difference
A -21.2 -20.2 +1.0
B -14.6 -13.2 +1.4
C -25.7 -24.9 +0.8
D -16.6 -15.5 +1.1
E -19.0 -18.0 +1.0
Mean +1.1

and honey protein (9). The collaborators for these studies that
used the sealed-tube combustion procedure obtained the most
positive values.

Table 4. Sample preparation bias in the AOAC maple
syrup collaborative study @9

Sample Coll. 3-5, Av.a Caoll. 1,2; Av. Difference
1 -21.8 -20.5 +1.3
2 -24.3 -23.4 +0.9
3 -22.7 -22.2 +0.5
4 -24.3 -23.6 +0.7
5 -22.7 -22.0 +0.7
6 -24.9 -24.0 +0.9
7 -24.7 -23.6 +1.1
Mean +0.9

3 Collaborator 6 deleted because of poor reproducibility.

Table 5. Sample preparation bias in the AOAC honey
syrup collaborative study (%03

Coll. Coll. 1-3, 5, 6,

Sample 4, 7; Av. 8,9; Av. Difference
1 -23.3 -23.0 +0.3
2 -23.6 -23.1 +0.4
3 -23.0 -22.5 +0.5
4 -23.6 -23.1 +0.5
5 -23.3 -22.7 +0.6
6 -22.3 -21.9 +0.4
7 -22.7 -22.1 +0.6
8 -22.6 -22.1 +0.5
9 -22.5 -22.1 +0.4

10 -22.9 -22.7 +0.2

Mean +0.4

In the AOAC orange juice collaborative study (Table 3),
one laboratory indicated that sealed-tube combustions at 600°C
were used. Results from that laboratory averaged 1.1%o more
positive than the average of the other 6 laboratories. This labo-
ratory also had the most positive results of the 7 collaborators.

In the AOAC maple syrup collaborative study (Table 4), 2
laboratories indicated that they used sealed-tube combustions
at 550°C. Results from those 2 laboratories averaged 0.9%c
more positive than the average of the other 3 laboratories.
These 2 laboratories also had the 2 most positive results of the
5 collaborators providing reproducible results.

In the AOAC honey and honey protein collaborative studies
(Tables 5 and 6), 7 laboratories indicated that they had used
sealed-tube combustions. Results from these 7 laboratories
were, on average, 0.4%0 more positive for honey and 0.8%0
more positive for honey protein than results from the other 2
laboratories that used oxygen combustion.

Determining which method yields results closer to the “true
value” and which fractionations or contaminations are the ulti-
mate cause of the sample preparation difference will require
further study. | observed that combustion by the sealed-tube
procedure often leaves a small amount of black residue depos-
ited on the inside of the tube. | speculate that this material may
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Table 6. Sample preparation bias in the AOAC honey
protein collaborative study (%)

Coll. Coll. 1-3, 5, 6,

Sample 4, 7; Av. 8,9; Av. Difference
1 -23.9 -23.2 +0.7
2 -25.0 -23.3 +1.7
3 -24.0 -23.4 +0.6
4 -24.6 -23.8 +0.8
5 -24.3 -23.8 +0.5
6 -23.5 -22.8 +0.7
7 -24.2 -23.4 +0.8
8 -24.0 -23.7 +0.3
9 -24.6 -23.9 +0.7

10 -25.0 -24.3 +0.7

Mean +0.8

contain a small amount of highly fractionated carbon and may
account for the relatively positive values obtained by this com-
bustion procedure.

TECHNICAL COMMUNICATIONS

Given the widespread use of 13 data in evaluating flavor
and sugar products, | recommend that data generated by the
sealed-tube combustion method be appropriately corrected to
yield results concordant with the oxygen combustion method.
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Liquid Chromatographic Determination and Liquid
Chromatographic-Thermospray Mass Spectrometric
Confirmation of Nicarbazin in Chicken Tissues:

Interlaboratory Study
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The U.S. Food and Drug Administration sponsored
an interlaboratory study of a liquid chromatographic
determination with ultraviolet detection of nicarbazin
in chicken liver and muscle tissues. The method de-
termined the 4,4'-dinitrocarbanilide (DNC) portion of
nicarbazin. The interlaboratory study of the determi-
native method was successful for nicarbazin at the

4 ppm level. Results showed good reproducibility for
the fortified liver and muscle samples. Mean interlab-
oratory recoveries and percent coefficients of varia-
tion at about 4 ppm were 87.1 and 10.9%, respec-
tively, for muscle and 87.4 and 7.5%, respectively, for

Received November 11, 1992. Accepted July 21, 1992.

liver. The interlaboratory analyses of the dosed
liver and muscle tissues produced concentration
levels similar to those obtained by the sponsor.
The confirmatory procedure, which identified DNC
in purified tissue extracts, used liquid chromatogra-
phy-thermospray/mass spectrometry. The confir-
matory procedure was successfully evaluated by
one FDA laboratory.

carbanilide (DNC) and 2-hydroxy-4,6-dimethyl-
pyridine (HDP). The U.S. Food and Drug Administra-
tion (FDA) approved nicarbazin for the prevention of coc-

N icarbazin is a 1+ 1(mol/mol) complex of 4,4'-dinitro-
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cidiosis in chickens (1), and a tolerance of 4 ppm was estab-
lished in uncooked chicken muscle, liver, skin, and kidney (2).
In the original official methods for tissue residues, DNC was
measured polarographically (3-5). DNC was monitored, be-
cause it is excreted more slowly than HDP.

Eli Lilly and Co. developed a liquid chromatographic (LC)
determination and an LC-thermospray/mass spectrometric
(MS) confirmation for nicarbazin in chicken tissues in 1986
(6). The LC determination was successfully validated in 1987
in chicken liver and muscle tissues by 3 FDA laboratories and
1 Food Safety and Inspection Service (FSIS) laboratory. The
confirmation was validated by 1FDA laboratory. The methods
used and the results of that interlaboratory trial are described in
this report.

METHOD
Reagents

(a) solvents.—Acetonitrile, dimethylformamide (DMF),
ethyl acetate, hexane, and methanol: LC grade. Purify water
with Millipore purification system, or equivalent.

(b) Ammonium acetate.—Reagent grade.

(c) Nicarbazin analytical standard.—EIli Lilly and Co.

(d) standard stock solution.—1mg/mLin DMF; dissolve by
heating to 75-80°C. Solution is stable 1month at room temperature.

(e) Fortification solution.—Dilute standard stock solution
with ethyl acetate, usually to 20 (ig nicarbazin/mL.

(f) standard curve solutions.—Prepare series of standard
solutions containing 2.0-8.0 pg nicarbazin/mL in methanol-
water (75 + 25). These solutions are stable at least 1 month
when stored cold. Because nicarbazin precipitated in the
8 (ig/mL standard, some trial participants used 6 pg/mL as the
most concentrated standard. Additionally, intermediate solu-
tions used to prepare standards precipitated rapidly.

(g) Determinative mobile phase.—Methanol-water (75 +
25, vIv).

(h) confirmatory mobile phase.—Dissolve 3.85 g ammo-
nium acetate in 1L of the determinative mobile phase.

Apparatus

(8) Liquid chromatograph.—Instalment capable of main-
taining pulseless flow of mobile phase at 0.8-1.0 mL/min. Col-
umn: 25 cm x 4.6 mm id, stainless steel, packed with 3 pm
C18 Phenomenex D3-SIL, or equivalent. Operating conditions:
flow rate, 0.8-1.0 mL/min; column temperature, ambient; in-
jection volume, 50 pL; sensitivity, 0.2 AUFS. Effluent moni-
tored by peak response measurements at 340 nm.

(b) Mass spectrometer.—Finnigan 4600, or equivalent,
equipped with thermospray interface. Chromatograph samples
from determinative method under LC conditions similar to deter-
minative method. Selectively monitor ions at m/z 164, m/z 272,
and m/z 302, using negative ion thermospray MS. Filament-on
ionization was used, because the FDA thermospray was not
equipped with discharge ionization as specified in the method.

(€) Homogenizer.—Sorvall Omni-Mixer. Do not substitute
Tissumizer or high-speed blender, because homogenate filters
slowly and recovery is reduced.

(d) Evaporator—Rotary vacuum.

(e) Cartridge chromatography column.—\Waters Sep-Pak
Alumina B cartridge columns, No. 51820.

(f) Filterpaper—Schleicher & Schuell No. 588.

Sample Extraction

Homogenize 10 g ground control, fortified, or dosed
chicken liver or muscle samples, at medium speed or ca 1/2
speed, 3times with 25 mL ethyl acetate. Carefully decant each
extract through filter paper, and evaporate combined extract to
oily residue. Dissolve residue in 10 mL acetonitrile, and extract
with 50 mL hexane. Save acetonitrile layer. Extract hexane
layer twice with 10 mL acetonitrile. Combine acetonitrile lay-
ers; extract with 50 mL hexane. Discard all hexane layers.
Evaporate combined acetonitrile extract to dryness. Connect 2
alumina B Sep-Paks in tandem, and condition with 4 mL DMF.
Apply pressure gently with rubber bulb to initiate flow. Dis-
solve dry residue in 2 mL DMF and transfer to Sep-Paks. Wash
with DMF (14 mL total), and eliminate as much DMF as pos-
sible from column. Add 10 mL methanol to Sep-Paks and elute
DNC. Evaporate this extract to ca 2-3 mL, and dilute to 10 mL
with methanol-water (75 + 25).

Data Analysis for Determinative M ethod

The concentration of nicarbazin in the final extract was de-
termined from the peak response measurements for the stan-
dard nicarbazin solutions. A standard curve in the form ofy =
mx +b was generated by linear regression analysis, wherey =
peak area, X = concentration in pg/mL, m =slope, and b =y
intercept. In the equation for dosed tissue, the molar ratio of
DNC to HDP is considered constant. The concentration of
nicarbazin in dosed-tissue samples was calculated from the
equation below, which does not adjust for recovery from forti-
fied control tissue samples.

Nicarbazin, pg/mL = (Cs x Vx AF x Fdnc)/(W x 0.7089)

where Cs - concentration (pg/mL) determined from the
nicarbazin standard curve, V - final volume (usually 10 mL),
AF = aliquot factor (usually 1.0), Fdnc = actual fraction by
weight of DNC in nicarbazin reference standard (0.7081), W=
weight of tissue extracted (10 g), and 0.7089 = theoretical frac-
tion by weight of DNC in nicarbazin reference standard.

Results and Discussion

Tables 1and 2 summarize the data for fortified tissue from
the 4 participating laboratories. All laboratories reported linear
standard curves and no significant interferences. A trace of in-
terference was reported in one control liver sample close to the
retention time of DNC. Interferences of less than 2% of the
tolerance were detected by another laboratory in control mus-
cle samples at the retention time of DNC. The Center for Vet-
erinary Medicine (FDA) guidelines for a method for determin-
ing an analyte at 0.1 ppm and above are an intralaboratory
recovery of 30-110%, CV of 10% or less, and interferences of
less than 10% of the response at the tolerance level. The liver
and muscle recovery data meet these guidelines. Interlabora-
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Table 1. Percent recovery of nicarbazin from fortified,
control chicken liver tissues by LC method

Laboratory
Added, ppm 1 2 3 4
0 NDa Trace ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
2.00 78.3 95.5 89.5 93.56
87.6 99.0 90.0 96.4
81.7 98.5 90.0 92.1
76.8 99.5 85.0 94.2
82.5 95.0 94.0 95.0
Mean, % 81.4 97.5 89.7 94.2
CV, % 52 21 3.6 17
4.00 81.1 86.8 93.3 -
88.7 73.2 90.3 —
81.3 82.0 80.8 —
81.0 87.0 86.3 —
79.1 90.0 94.8 —
Mean, % 82.2 83.8 88.5 —_
CV,% 4.5 7.9 5.7 _
6.00 82.7 - 90.8 88.9®
87.0 — 85.8 87.4
775 — 85.3 101.0
80.7 — 87.3 87.6
76.0 — 91.7 89.8
Mean, % 80.8 - 88.2 90.9
CV, % 5.4 — 3.3 6.3
8.00 — 82.8 — 125.1d
— 76.0 — 91.3
— 74.8 — 89.9
— 78.9 — 90.4
— 79.6 — 88.2
Mean, % - 78.4 - 97.0
CV,% — 4.0 — 16.3

a ND = none detected.
b Fortified at 2.94 ppm.
¢ Fortified at 5.87 ppm.
d Fortified at 8.81 ppm.

tory CV criteria are not provided in the guidelines. However,
the interlaboratory percent recovery and CV data for control
tissues fortified at about tolerance are close to the intralabora-
tory criteria. The respective values for these parameters are
87.1 and 10.9% (n = 21) for muscle tissue and 87.4 and 7.5%
(n = 20) for liver tissue. This method performed well with for-
tified tissue samples.

Tables 3 and 4 summarize the data for dosed tissues (in-
curred residues). Because 2 laboratories incorrectly used the

Table 2. Percent recovery of nicarbazin from fortified,
control chicken muscle tissues by the LC method

Laboratory
Added, ppm 1 2 3 4
0 0.06a NDb ND ND
0.08a ND ND ND
0.02a ND ND ND
0.11a ND ND ND
ND ND ND ND
2.00 81.9 74.5 89.0 76.7®
73.4 72.0 93.0 82.4
74.9 70,0 87.0 80.2
91.9 79.0 85.0 78.3
915 82.0 86.0 80.7
Mean, % 82.7 75.5 88.0 79.7
CV,% 10.6 6.6 3.6 2.8
4.00 67.4 94.9 89.3 89.2d
85.5 100.0 92.0 78.0
88.5 89.8 91.3 74.3
82.9 100.5 88.3 78.1
76.7 107.0 92.0 83.3
79.5
Mean, % 80.1 98.4 90.6 80.6
CV,% 9.4 6.6 1.9 7.2
6.00 89.2 - 85.7 75.4®
85.5 — 89.5 75.4
83.7 — 93.7 73.5
83.4 — 89.7 74.6
82.5 — 91.0 76.4
Mean, % 84.9 - 89.9 75.1
CV, % 3.2 — 3.2 1.4
8.00 — 81.2 - —
— 85.8 e —
— 91.0 o —
— 95.5 — —
— 93.1 — —
Mean, % - 89.3 — —
CV,% — 6.5 — —

a pg/mL.

b ND = none detected.
¢ Fortified at 2.08 ppm.
" Fortified at 4.17 ppm.
e Fortified at 6.25 ppm.

Fdnc factor in their calculations of the data for dosed tissue, we
recalculated the data. One laboratory used DNC% for the Fdnc
factor, and another did not use it at all. Concentrations deter-
mined for the dosed chicken tissues were more variable than
those for the fortified samples. The sponsor determined the
concentration of nicarbazin in the dosed-tissue samples before
the samples were shipped to the participating laboratories. Be-
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Table 3. Nicarbazin concentration (jig/g) in dosed
chicken liver tissues determined by LC

Laboratory
Trial 1 2 3 4
1 4.44 5.51 5.34 4.48
2 3.95 4.77 5.73 4.48
3 3.98 4.96 4.55 4.95
4 4.17 5.29 4.68 5.02
5 4.25 4.90 4.87 6.50
Mean, % 4.16 5.09 5.03 5.09
CV, % 4.8 5.9 9.7 16.3

cause the dosed-tissue samples were stored frozen until ana-
lyzed, the sponsor again analyzed the dosed tissue after 10
months of storage. For the dosed liver, the values were
4.23 ppm and 2.6% CV initially and 4.81 ppm and 3.7% CV
after 10 months. For the dosed lean (muscle), the values were
126 ppm and 8.6% CV initially, and 1.18 ppm and 2.6% CV
after 10 months.

The interlaboratory CV of 12.9% for dosed liver is good,
and the mean concentration of 4.84 ppm agrees with the
sponsor’s values. The interlaboratory dosed muscle mean con-
centration of 1.04 ppm is close to the sponsor’s values; how-
ever, the interlaboratory CV of 43.8% is high. The increased
variability probably occurred because the dosed muscle tissue
was not uniformly mixed before subsamples were taken. Addi-
tionally, the concentration of DNC was below the lowest stan-
dard specified in the method. Because liver is the target tissue
for regulatory purposes, the variability observed for the muscle
tissue data was not considered critical to the performance of
the method.

The data from the MS confirmatory procedure for dosed
tissue and samples fortified at 4 ppm agreed with the data ob-
tained for standards. No interferences were detected in the con-
trol tissue samples. For standards, the relative abundances of 2
ions monitored agreed within 10%. The variability observed
for the third ion, m/z 302, was 14%. In the sample extracts, the
data on the relative abundances of all 3 ions agreed to within
the 10% limits.

In the familiarization stage of the trial, all participants re-
ported low recovery of nicarbazin from fortified tissue sam-
ples. The problem was traced to low recovery of nicarbazin
from the alumina cartridges. Thus, the solid-phase extraction
was identified as a critical step. Three laboratories observed
that residual DMF remaining on the alumina cartridges re-
duced the recovery of DNC. The precaution ensuring that re-
sidual DMF is removed from the alumina cartridges was added
to the method. We substituted the 6 ppm standard and the for-
tified tissue samples for the 8 ppm standard in this trial because

Table 4. Nicarbazin concentration (gg/g) in dosed
chicken muscle tissues determined by LC

Laboratory

Trial 1 2 3 4
1 1.48 1.18 0.52 0.20
2 151 1.14 0.62 0.39
3 1.48 1.22 0.50 0.98
4 1.50 1.46 0.54 1.23
5 1.50 1.16 0.42 1.18
6 1.56

Mean, % 151 1.23 0.52 0.80

CV, % 2.0 10.6 13.9 59.0

of the precipitation problems observed with the 8 ppm stan-
dard. Confusion about the use of the Fdnc factor caused prob-
lems. The concentrations of the standards and fortification so-
lutions were calculated incorrectly; therefore, data for fortified
samples were recalculated. As aresult ofthe precipitation prob-
lems and the confusion about the Fdnc factor, the concentra-
tions in samples of fortified tissue varied.

Once the participants became proficient in performing the
solid-phase extraction, the method worked well. FDA ap-
proved this method for nicarbazin in chicken liver and muscle
tissues at 4 ppm and above.
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TECHNICAL COMMUNICATIONS

Calculation of Juice Content in a Diluted Fruit Juice Beverage

Chester W. Lindsay

National Juice Products Association,1PO Box 1531, Tampa, FL 33601

A 1990 amendment to the Food, Drug and Cos-
metic Act states that if a food purports to be a bev-
erage containing vegetable or fruit juice, it shall be
deemed to be misbranded unless its label bears a
statement of the total percentage of such fruit or
vegetable juice content. The intent of the present
paper is to assist beverage manufacturers in calcu-
lating the juice content of their products for the pur-
pose of a label declaration.

trated juice ingredient in a beverage is calculated by using

the known volume or weight of such ingredients, or by
working backward, beverage manufacturers should be able to
calculate the amount ofjuice ingredients required to support a
previously determined juice content declaration. The fact that
the amount of ‘juice” in the juice ingredients is measured in
terms of weight units, whereas the percentage of juice in the
beverage is reported by volume, complicates these calcula-
tions.

Because concentratedjuices are widely used to make recon-
stituted 100% juices and diluted juice beverages, beverage
manufacturers should also be able to calculate how much 100%
juice can be made by diluting a concentrate of a known con-
centration with water. Juices, natural strength and concentrates,
are described in part in terms of percent by weight of juice
soluble solids. The term “soluble solids” includes all dissolved
matter in the juice or beverage. The dissolved matter injuice is
primarily sugar in the form of sucrose or invert sugar and nat-
ural citric, malic, or tartaric fruit acid. Com sugar and syrup,
additional acids, and other soluble ingredients may be added.

In the sugar industry, the concentration of sugar solutions is
described in terms of “degrees Brix.” Refractometers and hy-
drometers calibrated in degrees Brix and used on sucrose solu-
tions such as those made from cane or beet sugar give readings
equivalent to percent sugar by weight in the solution. The fmit
juice industry commonly uses refractometers to measure de-
grees Brix and equates those readings to total soluble solids.
However, injuices or beverages containing other soluble mat-

I nthejuice industry, the percentage of each juice or concen-
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ter, e.g., citric acid, the reading from a refractometer is slightly
less than true total solids. In the citrus industry, a correction is
made for the deficiency on the basis of the amount of acid pres-
ent, expressed as percent by weight of anhydrous citric acid.
The U.S. Food and Drug Administration (FDA) Standard of
Identity for Frozen Concentrate for Lemonade refers to “solu-
ble solids taken as the sucrose value determined by refractom-
eter and corrected for acidity.” The standard for grapefruitjuice
uses similar terminology. The standards for orange juice prod-
ucts refer to “soluble solids” and to “Brix hydrometer read-
ings,” which imply the use of an acid correction when a refrac-
tometer is used. Table 1 shows the corrections used in the
citrus industry (1,2).

The standards forjuice products usually include a statement
of the minimum degrees Brix or the percentjuice soluble solids
to which a concentrate is to be diluted in preparation of a full
strength, or “100%,” juice. However, there are many fruit and
vegetable juices for which FDA has not promulgated standards
and for which no universally accepted definition of 100%juice
previously existed. As part of a broad new regulation on food
labeling, FDA published a list in the Federal Register of 46
fruits and 3 vegetables with a Brix level for each at 100%juice,
and 2 fruits, lemon and lime, with an acidity level for 100%
juice (3). The list of values (degrees Brix or percent citric acid)
appears as Table 2. In the present paper, a Brix value from the
FDA list is referred to as a “100%juice Brix.” Calculations of
juice content on the basis of Brix are applicable only to the
fruits and vegetable juices for which Brix values are given on
the FDA list. In the citrus industry, as previously noted, it is
understood that when a Brix refractometer is used to obtain
soluble solids, the readings are always corrected for acidity.
However, the standard for pineapple juice states that the Brix
of juice made from concentrate, determined by refractometer,
is not less than 12.8° ««corrected for acidity. Similarly, FDA
has ruled that, in complying with the minimum Brix values in
Table 2, refractometer readings for all fruits other than citrus
are not corrected for acidity.

Table 2 shows that lemon and lime juices have values of
4.5% for anhydrous citric acid percent by weight. A lemon or
lime juice is “100% juice” when the acidity is 4.5% by weight
as citric acid. (A provision in the standard for lemon juice, in-
cluding reconstituted lemonjuice, establishes a minimum of 6°
Brix by refractometer, uncorrected for acidity [21 CFR
146.114]). In the preparation of a diluted beverage such as lem-
onade, the calculation of juice content involves the density,
which is influenced by the soluble solids content.
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Table 1. Refractometer correction table for anhydrous citric acid as used in the citrus industry3 b

Citric acid, % +0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
1.0 0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36 0.38
2.0 0.39 0.41 0.43 0.45 0.47 0.49 0.51 0.53 0.54 0.56
3.0 0.58 0.60 0.62 0.64 0.66 0.68 0.70 0.72 0.74 0.76
4.0 0.78 0.80 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.95
5.0 0.97 0.99 1.01 1.03 1.04 1.06 1.07 1.09 1.11 1.13
6.0 1.15 1.17 1.19 1.21 1.23 1.25 1.27 1.29 1.30 1.32
7.0 1.34 1.36 1.38 1.40 1.42 1.44 1.46 1.48 1.50 1.52
8.0 1.54 1.56 1.58 1.60 1.62 1.64 1.66 1.68 1.69 171
9.0 1.72 1.74 1.76 1.78 1.80 1.82 1.83 1.85 1.87 1.89

10.0 191 1.93 1.95 1.97 1.99 2.01 2.03 2.05 2.06 2.08

11.0 2.10 2.12 2.14 2.16 2.18 2.20 221 2.23 2.24 2.26

12.0 2.27 2.29 231 2.33 2.35 2.37 2.39 241 2.42 2.44

13.0 2.46 2.48 2.50 2.52 2.54 2.56 2.57 2.59 2.61 2.63

14.0 2.64 2.66 2.68 2.70 2.72 2.74 2.75 2.77 2.78 2.80

15.0 281 2.83 2.85 2.87 2.89 291 2.93 2.95 2.97 2.99

16.0 3.00 3.02 3.03 3.05 3.06 3.08 3.09 311 3.13 3.15

17.0 3.17 3.19 321 3.23 3.24 3.26 3.27 3.29 331 3.33

18.0 3.35 3.37 3.38 3.40 3.42 3.44 3.46 3.48 3.49 3.51

19.0 3.53 3.55 3.56 3.58 3.59 3.61 3.63 3.65 3.67 3.69

20.0 3.70 3.72 3.73 3.75 3.77 3.79 3.80 3.82 3.84 3.86

21.0 3.88 3.90 3.91 3.93 3.95 3.97 3.99 4.01 4.02 4.04

22.0 4.05 4.07 4.09 411 413 4.15 4.17 4.19 4.20 4.22

23.0 4.24 4.26 4.27 4.29 4.30 4.32 4.34 4.36 4.38 4.40

24.0 4.41 4.43 4.44 4.46 4.48 4.50 451 4.53 4.54 4.56

25.0 4.58 4.60 4.62 4.64 4.66 4.68 4.69 4.71 4.73 4.75

26.0 4.76 4.78 4.79 481 4.83 4.85 4.86 4.88 4.90 4.92

27.0 494 4.96 4.97 4.99 5.00 5.02 5.03 5.05 5.06 5.08

28.0 5.10 5.12 5.14 5.16 5.18 5.20 5.22 5.24 5.25 5.27

29.0 5.28 5.30 531 5.33 5.35 5.37 5.39 5.41 5.42 5.44

30.0 5.46 5.48 5.49 551 5.52 5.54 5.56 5.58 5.60 5.62

31.0 5.64 5.66 5.67 5.69 571 5.73 5.75 5.77 5.79 5.81

32.0 5.82 5.84 5.86 5.88 5.89 591 5.93 5.95 5.97 5.99

33.0 6.00 6.02 6.04 6.06 6.07 6.09 6.10 6.12 6.13 6.15

34.0 6.16 6.18 6.20 6.22 6.23 6.25 6.27 6.29 6.30 6.32

35.0 6.34 6.36 6.37 6.39 6.41 6.43 6.45 6.47 6.48 6.50

36.0 6.52 6.54 6.56 6.58 6.59 6.61 6.63 6.65 6.67 6.69

37.0 6.70 6.72 6.74 6.76 6.77 6.79 6.81 6.83 6.85 6.87

38.0 6.88 6.90 6.92 6.94 6.95 6.97 6.98 7.00 7.01 7.03

39.0 7.04 7.06 7.08 7.10 711 7.13 7.15 7.17 7.19 7.21

40.0 7.22 7.24 7.26 7.28 7.29 7.31 7.32 7.34 7.36 7.38

41.0 7.39 7.41 7.42 7.44 7.45 7.47 7.49 7.51 7.52 7.54

a Corrections to be added to readings of Brix refractometers (refractometric sucrose values) to obtain degrees Brix (1).
b Users of computers may find it practical to use the formula for corrections for citric acid content contained in the paper of Yeatman et al. (2);
the correction to the refractometer reading is 0.012 + 0.193x - 0.0004 x2, where x is the percent anhydrous citric acid content.

Calculations for Total Percent Juices in Beverages If the weight of the concentrate is known, the equivalent
(Other Than Lemon and Lime Juices) weight of juice at the 100% juice Brix can be determined by
using Equation L
Beverage manufacturers use various procedures to measure
the amount ofjuice ingredient going into a blend. Some plants

may actually weigh the concentrate. More commonly, bever- Weight of juice at 100% juice Brix D
age manufacturers measure the volume of the juice ingredient, )
in a calibrated tank, by volumetric meter or by knowledge of Brix of concentrate

the number of containers of known volume used. = Weight of concentrate x - 1Q0%juice Brix
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Table 2. Soluble solids content of 100% juices

Juice 100% juice Brix
Acerola 6.0
Apple 115
Apricot 11.7
Banana 22.0
Blackberry 10.0
Blueberry 10.0
Boysenberry 10.0
Cantaloupe melon 9.6
Carambola 7.8
Carrot 8.0
Casaba melon 7.5
Cashew (Caju) 12.0
Celery 31
Cherry (red, sour) 14.0
Cherry (dark, sweet) 20.0
Crabapple 15.4
Cranberry 7.5
Currant (black) 11.0
Currant (red) 10.5
Date 18.5
Dewberry 10.0
Elderberry 11.0
Fig 18.2
Gooseberry 8.3
Grape 16.0
Grapefruit 10.0

Juice 100% juice Brix
Guanabana (soursop) 16.0
Guava 7.7
Honeydew melon 9.6
Kiwi 15.4
Loganberry 10.5
Mango 13.0
Nectarine 11.8
Orange 11.8
Papaya 115
Passion fruit 14.0
Peach 10.5
Pear 12.0
Pineapple 12.8
Plum 14.3
Pomegranate 16.0
Prune 18.5
Quince 13.3
Raspberry (black) 111
Raspberry (red) 9.2
Rhubarb 5.7
Strawberry 8.0
Tangerine 11.8
Tomato 5.0
Watermelon 7.8
Youngberry 10.0
Lemon 4.5%a
Lime 4.5%a

Anhydrous citric acid, percent by weight, derived from the fruit as present in the diluted beverage.

The volume of the diluted juice at the 100% juice Brix can
be calculated from the weight by using Equation 2 and avail-
able density tables for sucrose solutions. The tables are often
called Brix tables or Specific Gravity Tables, although densi-
ties such as pounds per gallon or grams per liter are used in the
present paper rather than specific gravity (4—#). (The densities
of juices are essentially the same as the densities of sucrose
solutions of comparable Brix values.)

Weight

Volume - Density @

The volume may be expressed in any units as long as the
same units are used throughout. The available tables give den-
sities in pounds per U.S. gallon at 20°C or in grams per liter at
20°C. Use Equation 3:

Juice in beverage in percent 3)

Volume ofjuice »
Volume of beverage

If the volume of the concentrated juice ingredient is known
rather than the weight, the volume may be converted to the
volume of the juice at the 100% juice Brix for that juice. Fust,
equate the soluble solids in the concentrate to the soluble solids in

the juice made from that concentrate by diluting to the 100%
juice Brix: (volume of concentrate, V) x (pounds of sucrose per
gallon in air at the Brix of the concentrate from the Brix tables) =
(volume ofjuice, Vj) x (pounds of sucrose per gallon in air at the
100%juice Brix for thatjuice from the Brix tables).

Then, determine the volume of the juice at the 100% juice
Brix by using Equation 4:

Pounds of sucrose per gallon for concentrate

Vij-Vex ..
J Pounds of sucrose per gallon for juice @

If grams of sucrose per liter from the Brix tables are used,
the results are the same. Use Equation 3to calculate the percent
juice in the beverage. The sum of the juice ingredients from
different sources is determined by adding the volume of each
juice. The basis for the volume/volume calculation is a state-
ment in the Code of Federal Regulations (21 CFR 102.5 [b]
[1]), which reads, “The percentage of a characterizing ingredi-
ent or component shall be declared on the basis of its quantity
in the finished product (i.e., volume/volume in the case of lig-
uids).”

Note that the Brix of the finished beverage did not enter into
these calculations. In a beverage with a total juice content of
less than 100%, the Brix of the beverage may be different from
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the “100% juice Brix” of the juice ingredients. The character-
istic ofthe finished beverage involved injuice content calcula-
tions is its volume.

When juice used in a beverage is expressed juice not made
from concentrate, the Brix of that juice as extracted or pressed
may not be the same as the standard Brix given in the FDA list.
FDAsrule states that undiluted “juices direcdy expressed from
a fruit or vegetable (i.e., not concentrated and reconstituted)
shall be considered to be 100 percent juice” (21 CFR 101.30
[i1). That is, regardless of the Brix, the juice content to be de-
clared is the volume of the expressed juice divided by the vol-
ume of the beverage. If the beverage is offered to consumers in
concentrated form, it is recommended that the label statement
ofjuice content show the percentage of juice “When reconsti-
tuted as directed,” or the equivalent (although FDA’s recent
rule is silent on this point).

In a beverage containing juice from more than one fruit or
vegetable, the total juice content must be declared on the label.
How the declarations must be made and whether the percent-
age of the individual juices must be declared is beyond the
scope of this paper. In some cases, it may be necessary to declare
in addition the content of one or more of the individual juices or
to indicate that the beverage is “flavored” by suchjuices.

Calculations for Total Percent Lemon and Lime
Juices in Beverages

An exception to the use of Brix values is made for lemon
and limejuices. It has been a long standing practice in the citrus
industry to base the sale of lemon and lime juices and concen-
trates on the acidity, inasmuch as these juices are most com-
monly used to add tartness to a food or beverage. That is, they
are standardized to a specified acidity and priced accordingly.
The acidity is usually expressed in grams of anhydrous citric
acid per liter of concentrate, e.g., 400 GPL.

The FDA Standard of Identity for Lemon Juice, 21 CFR
146.114 (a)(1), states that lemon juice “has a titratable acidity
content of not less than 4.5%, by weight, calculated as anhy-
drous citrus acid.” The FDA list incorporates this value and
applies it to limejuice, as well. Because a weight/volume mea-
sure (GPL) is used for concentrate and a weightAveight mea-
sure (%) is used for juice, thejuice content calculations require
knowledge of the density of the juice and, therefore, of the total
soluble solids content. To obtain an accurate density from the
Brix tables (4-7), the refractometric sucrose value for acidity
must be corrected. Corrections are included in Table 1 To cal-
culate the juice content of a lemon or lime beverage, follow
Steps Ithrough 10, or the Alternative Procedurefor Lemon and
Lime Juices'.

(7) Determine the refractometer reading of the lemon or
lime concentrate by using a Brix refractometer.

(2) Determine the acidity as citric acid in percent by weight of
the concentrated juice by analysis, even though it was standard-
ized during manufacture to a specified weight/volume acidity.

(3) Add the appropriate acidity correction to the refractom-
eter reading to obtain total soluble solids (corrected Brix), and
obtain the correction from Table 1

(4) Calculate the actual acid concentration in GPL by mul-
tiplying the acidity determined in Step 2 by the density in
grams per liter (from the Brix tables; 4-7) corresponding to the
corrected Brix obtained in Step 3, and dividing by 100.

(5) Calculate the weight of the juice (obtained by diluting 1
Ib of the concentrate to 4.5% acidity by weight) by using Equa-
tion 5:

Pounds of juice per pound of concentrate (5)

_ Acidity of concentrate in percent by weight (see Step 2)
45

(6) Calculate the corrected Brix of the 100% juice (single-
strength juice) by using Equation 6:

Brix (corr.) of juice (6)

Brix (corr.) of concentrate from Step 3
Juice weight/pounds of concentrate from Step 5

(7) Use the Brix of thejuice from Step 6 to obtain the density
in grams per liter of the juice from the tables. Then, calculate
the acidity in grams per liter of citric acid injuice that contains
4.5% citric acid by weight by using Equation 7:

GPL of citric acid injuice (7)

45
100

(8) Calculate the volume concentration ratio (VCR) by di-
viding the GPL of the concentrate by the GPL of the single-
strengthjuice (from Steps 4 and 7).

(9) Calculate the volume of the juice in the batch by multi-
plying the volume of concentrate by the volume concentration
ratio.

(10) Use Equation 3 to calculate the percent juice in the
beverage.

Juice Content Calculation of Punch Base Made
From Three Concentrates

Table 3 shows the calculation of the total juice content in a
punch base that contains concentrated orange juice (65° Brix,
with concentrate in gallons), concentrated cherry juice (44°
Brix, with concentrate in pounds), and concentrated lemon
juice (400 GPL [grams of citric acid per liter]). Other ingredi-
ents include water, sugar, citric acid, and flavorings. The batch
size for the base is 1000 gallons. The label of the punch base
bears a statement that 1 volume of the base should be diluted
with 3 volumes of water. Therefore, the final volume used in
the juice content calculation on the basis of the single-strength
beverage volume is 4000 gallons. Of course, the same calcula-
tion may be used for a ready-to-drink punch with a batch size
0f 4000 gallons.

The final result of the juice content calculation may be
checked by using the procedures in the sections entitled Calcu-
lations, together with the data provided. The calculations for
the orange juice concentrate in the punch base is as follows: 35
X 6.934 =242.7, 242.7 x 100/4000 = 6.07%. For cherry juice,
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Table 3. Juice content calculation of punch base made from 3 concentrates3

Data Orange juice concentrate

Brix of concentrate 65'
Acidity of concentrate

Quantity of concentrate 35 gal
Brix of 100% juice, Table 2 11.8*
Acidity of 100% juice, Table 2
Equations to use No. 4 & 3
Data used in the calculations:
Pounds of sucrose/gallon:
Concentrate -65" Brix 7.135
Juice -11.8" Brix 1.029
Juice/concentrate ratio, volume 6.934
Density of 14.0” Brix juice
Density of 55.0' Brix concentrate
Juice/concentrate ratio, weight
Density of 7.8" Brix juice
Acidity of 4.5% w/w juice (Step 7 or
Figure 1)
Single-strength juice equivalent 242.7 gal
Juice in beverage 6.07%

Total percent juice when diluted as directed = 10.0%.

it is 319 x 44.0/14.0 = 1003, 1003/8.795 = 114.0, 114.0x
100/4000 = 2.85%. For lemon juice, the concentrated lemon
juice used in the example has an acidity of 31.8% by weight, as
determined in Step 2 of the procedure and an uncorrected re-
fractometer reading of 49.2° from Step 1 In Step 3, the correc-
tion for acidity from Table 1 is 5.79, rounded to 5.8, which
when added to the refractometer reading gives a Brix value of
55°. In Step 4,31.8 x 1256.5 (density)/100 = 400gacid/L, and
confirms the supplier’s specifications.

Step 5: [Equation 5] Weight ofjuice per pound of concen-
trate = 31.8/4.5 =7.07 Ib.

Step 6: [Equation 6] Corrected Brix of the single-strength
juice = 55/7.07 =7.78°.

Step 7: [Equation 7] Citric acid in juice = 4.5 x 1028.1/100
=46.3 GPL.

Step 8: Volume concentration ratio = 400/46.3 = 8.64.

Step 9: Volume ofjuice = 5 x 8.64 = 43.2 gallons.

Step 10: Percentjuice in beverage =43.2 x 100/4000= 1.08%.

Alternative Procedure for Lemon and Lime Juices

When the uncorrected refractometer reading of the concen-
trated juice has been determined (Step 1 in the above proce-
dure), the acidity of the concentrate in terms of GPL is known
with confidence and the concentrate into the batch has been
measured by volume, Figure 1 may be used to obtain the num-
ber which results from Step 7. Then, the percentage ofjuice in
the beverage may be calculated by using Equations 8 and 9.
Steps 2 through 7 are eliminated:

_Yl_ GPL of concentrate
Vc  GPL of 4.5% w/w juice from Figure 1

Sour cherry juice concentrate Lemon juice concentrate

44"

400 GPL
3191b 5 gal
14.0'

4.5% by wt
No. 1-3 See steps 1-10
8.795 Ib/gal
1256.5 g/L
44.0/14.0 = 3.143
1028.1 g/L
46.3 GPL
114.0 gal 43.2 gal
2.85% 1.08%
%juice in beverage )

_ Volume of concentrate x VCR *
Volume of beverage

Calculation of Apparent Density from Degrees Brix

Specific gravity and density tables (4-7) are expressed in for-
mulas that may be used in computers. Equations 10,11, and 12 for
apparent density in grams per milliliter and in pounds per U.S.
gallon were published in a paper by Chen (8) (D is the apparent
density of the sucrose solution and B is its degrees Brix.):

5

D= x B", wheren=0, 1,..., 5 (10

«=0

in which b0=0.997174, bt =3.857739 x 1(T3 b2= 1.279276
X 1(T5 b3=6.191578 x 10~8 b4=-1.7774448 x 10“10 and
b5 = -4.199709 x 10-13. The calculated values of D are
in g/mL and the accuracy is estimated about £1 x 10~5g/mL.

The calculated apparent density from Equation 10 was then
used to calculate the weight (pounds) of solution per U.S. gal-
lon of solution and weight (pounds) of sucrose per U.S. gallon
by using the following relations:

Ib of solution/gal (11)
= 8.34536 [Ib/g x mL/gal] x D[g/mL]

and

Ib sucrose/gal = S["'Brix] x D[Ib/gal]/100  (12)
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Table 4. Application of Equations 13 and 14

Apparent specific Apparent density

'Brix gravity in air, 20720'C in air, g/mL, 20'C
0 1.00000 0.99718
20 1.08297 1.07991
40 1.17875 1.17542
60 1.28908 1.28544
80 1.41471 1.41072
100 1.55521 1.55082

Calculation of Apparent Specific Gravity and
Density in Air from Degrees Brix

Computer-developed values for specific gravity of sucrose so-
lutions inair and in vacuum, from which density in grams per liter
and pounds per gallon may be easily calculated, were produced by
James J. Hackbarth of tbe Stroh Brewery Co., Detroit, M1 (9).

The apparent specific gravity (S) in dry air at 760 torrs
20°C/20°C was calculated from the specific gravity (ST) in vac-
uum by using Equation 13 (10,11):

S =STx 1.00121 -0.00121 (13)

The relationship between apparent specific gravity and de-
grees Brix (B) or percent by weight sucrose was calculated by
using Equation 14 (linear regression):

8
S="anir (14)
n=0

wheren =0, 1, .. 8 a0- 1.0, ax=3.87217 x 103 a2-
1.20700 x 10 5a3= 1.20485 x 1(T7,a4=-2.37056 x 10“9,
a5=4.45367 x 10*11 a6=-5.15428 x 10~13 a7 =3.10578
x 1015 and a8= -7.66564 x 10-18.

The apparent density (D) of water in dry air at 760 torrs
20°C s 8.32162 Ib/gal or 0.997177 g/mL; therefore, the density

R.R.

Apparent density Sucrose in air,

in air, Ibs/gal, 20°C Ibs/gal, 20'C
8.322 0.0
9.012 1.802
9.809 3.924
10.727 6.436
11.773 9.418
12.942 12.942

(D) ofthe solution is 0.997177 g/mL x S, or 8.32162 Ib/gal x S,
and the sucrose content is 8.32162 Ib/gal x S x B/100.

Results that are computer generated by Equations 13and 14
may be checked against the data in Table 4.

Notice that the Chen and Hackbarth formulas give densities
in grams/mL, whereas the formulas used to calculate lemon
juice volume specify densities in grams/L.

Other calculations commonly used injuice plants involving
Brix, acidity, volume, formulation, etc., are not covered in the
limited scope of this paper. J.B. Redd et al. (12) and D.A. Kim-
ball (13) have written books that give more detail on such cal-
culations. The Cane Sugar Handbook (14) has many useful
tables on the physical characteristics of sugar solutions.
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Incidence of Fungi in Shared-Use Cosmetics

Available to the Public
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U.S. Food and Drug Administration, Division of Microbiology, Washington, DC 20204

A survey was conducted to assess both the poten-
tial health risk from shared-use cosmetics caused
by microorganisms and the microbial efficacy of
preservatives in cosmetics. Samples of 3027
shared-use cosmetic products were collected from
171 retail establishments nationwide. Fungi were
present in 10.4% of the products, and 3.9% con-
tained fungal pathogens or opportunistic patho-
gens. The 423 fungal isolates identified
represented 33 genera and at least 69 species. A
disproportionately large share of the fungal iso-
lates were from eye products; fewer were from lip
products. Pathogenic or opportunistic pathogens
made up 32.2% of the fungal isolates. A slightly
lower percentage of samples that contained preser-
vatives had fungi, a fact suggesting that preserva-
tives reduce the incidence of fungi in cosmetics.
Results of this survey indicate potential microbio-
logical problems concerning the safety of shared-
use cosmetics.
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1 Deceased.

e U.S. Food and Drug Administration (FDA) is con-
cerned with the microbiological safety of cosmetic prod-
ucts. Shared-use products available in retail establish-

ments for use by many people are of particular interest.
According to the Shared-Use Cosmetic Survey (FY 89) As-
signment (1), many retail establishments that sell cosmetics
also provide them at retail counters for in-store consumer ex-
perimentation and makeovers. The products may be offered for
shared use on retail counters (often in a separate display case
or drawer) and may be readily available to customers, or they
may be held behind the counter and offered by the salesperson
only upon request or by a cosmetician for makeup demonstra-
tion.

For this study, samples of shared-use cosmetics that were
open and used for varying periods of time were collected at
retail establishments and analyzed for the presence of viable
bacteria and fungi. The bacterial findings will be summa-
rized elsewhere.

Experimental

Sample Collection

FDA investigators visited 171 retail establishments nation-
wide that offered cosmetics for shared use and collected a total
of 3027 samples, an average of 17.7 products per store. Prod-
ucts included liquid mascara, eye shadows, liquid eyeliners,
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Table 1. Distribution of shared-use cosmetic samples tested, samples containing fungi, and fungal isolates

Samples

by product type

Product type Total No. tested (%)
Eye 1560 (51.5)
Face 640 (21.1)

Lip 778 (25.7)
Unknown 49 (1.6)
Total 3027 (100.0)

lipsticks, lip glosses, facial blushers (cream type), rouges, and
foundations. The different products sampled at each retail es-
tablishment were unrelated except for being available at the
same store. They included a variety of product categories
(Table 1) and brands. Approximately 50% of the products were
for the eyes, 20% were for the face, and 25% were for the lips.

Cosmetic Sampling

The opened cosmetic products were sampled by using the
Transette 111-R transport system (Spectrum Laboratories, Inc.,
Houston, TX), which consists of a sterile rayon swab on a plas-
tic shaft and a modified Amies Transport Medium with char-
coal. Approximately 1sg. in. of the surface of each solid cos-
metic was swabbed; for liquid or semisolid cosmetics, swabs
were dipped into the containers.

Microbial Analyses

Inoculated swabs were transferred and cultured by analysts
in the FDA District laboratories. Each swab was used to inoc-
ulate 2 agar plates for bacterial analysis and a third plate for
fungal analysis. The swab surface was rotated approximately
120° between plates so that a different portion of the surface
was used to inoculate each ofthe 3 plates. Swabs were streaked
onto the entire surface of each agar plate.

For fungal detection, either malt extract agar or potato dex-
trose agar (each supplemented with 40 ppm chlortetracycline
hydrochloride) was inoculated. Plates were incubated at 30 +
2°C for 7 days, and colonies were counted. Suspected fungal
isolates were transferred to malt extract or potato dextrose agar

Table 2. Distribution of number of fungal isolates found
per sample of shared-use cosmetics

Isolates/sample Samples (%) Cumulative %

0 2711 (89.6) 89.6
1 239 (7.9) 97.5
2 55 (1.8) 99.3
3 16 (0.5) 99.8
4 4 (0.1) 99.9
5 2 (0.1) 100.0
Total 3027 100.0

Total No. containing fungi (%) Total No. of fungal isolates (%)

176 (55.7) 257 (60.8)
80 (25.3) 97 (22.9)
55 (17.4) 63 (14.9)
5 (1.6) 6 (1.4)
316 (100.0) 423 (100.0)

slants and sent to the FDA Division of Microbiology laboratory
in Washington, DC, for identification.

Fungal identification (Molds and Yeasts)

Mold cultures were transferred to Czapek, malt, and potato
dextrose agar plates and incubated at room temperature until
enough grcwth developed for identifications, which were
based on the descriptions of Barnett (2), Gilman (3), Mislivec
(4), Raper and Fennell (5), and Raper and Thom (6). Yeast cul-
tures were transferred to potato dextrose agar plates and incu-
bated as above. Identifications of yeasts were based on the de-
scriptions of Lodder (7).

Results and Discussion

Occurrence of Fungi

The 423 fungal isolates identified, representing 33 genera,
were classified as “nonpathogenic,” “opportunistic pathogen,”
or “pathogenic” (2-9). Table 2 shows the distribution of the
number of fungal isolates per test sample. Fungal isolates were
identified in 316 (10.4%) test samples, and 2.5% of the test
samples contained more than 1, but not more than 5, fungal
species. The proportion of fungal isolates from eye products
was higher and the proportion from lip products was lower than
would be expected from the sample distribution (Table 1). Al-
though only 51.5% of the samples were eye products, 60.8% of
the fungal isolates were obtained from them. Only 14.9% of the
fungal isolates were from lip products, which represented
25.7% of the samples.

The distribution by product type of the 316 samples contain-
ing fungi is similar to that of the samples overall (Table 1);
however, proportionally fewer lip products contained fungi
than would be expected from the overall sample distribution.

Sample Histories

Time in use—Table 3 shows the distribution of the time in
use of the products. Of the 2448 samples with known use times,
31 (1.3%) had been in use for 2 or more years. Time in use did
not differ noticeably among various product types. The distri-
bution of the time in use for the 316 samples that contained
fungi was similar to that for samples overall (Table 3).

Preservatives—On the basis of label declaration, preserva-
tives were present in 69.2% of the eye products (1080/1560),
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Table 3. Time in use for the shared-use cosmetic samples

All samples Samples containing fungi
Time, months No. Percent Cumulative % No. Percent Cumulative %
Unknown 579 — — 81 — —
1 473 19.3 19.3 26 11.1 11.1
2 397 16.2 35.5 21 8.9 20.0
3 500 20.4 56.0 56 23.8 43.8
4 173 7.1 63.0 15 6.4 50.2
5 84 34 66.5 6 2.6 52.8
6 381 15.6 82.0 47 20.0 72.8
7 34 1.4 83.4 6 2.6 75.3
8 115 4.7 88.1 24 10.2 85.5
9 67 2.7 90.8 6 2.6 88.1
10 9 0.4 91.2 1 0.4 88.5
11 3 0.1 91.3 1 0.4 88.9
12 150 6.1 97.5 17 7.2 96.2
13 7 0.3 97.8 5 2.1 98.3
14 5 0.2 98.0 — — —
15 1 0.0 98.0 — — —
16 1 0.0 98.0 — — —
18 17 0.7 98.7 — — —
24 18 0.7 99.5 1 0.4 98.7
30 1 0.0 99.5 — — —
36 11 0.4 100.0 3 1.3 100.0
48 1 0.0 100.0 — — —
Total 2448 — 100.0 235 — 100.0

61.6% of the face products, and 51.5% of the lip products
(Table 4). Ofthe samples containing fungi, 55.7% contained pre-
servatives, compared with 62.5% of the samples overall
(Table 4). Therefore, a slightly lower percentage of the samples
that contained fungi had preservatives than did the samples
overall, which suggested that preservatives may have helped
reduce the incidence of fungi in the cosmetics. For products

that contained fungi, 60.2% of the eye products, 62.5% of the
face products, and only 36.4% of the lip products con-
tained preservatives.

Fungal Organisms

Fungal genera and species—Table 5 shows the occurrence
of fungal genera among the isolates by product type. Table 6

Table 4. Presence of preservatives in all samples of shared-use cosmetics and in samples containing fungi

Preservatives
Product type Present (%) Absent (%) Unknown (%) Total (%)

In all samples
Eye 1080 (35.7) 321 (10.6) 159 (5.3) 1560 (51.5)
Face 394 (13.0) 207 (6.8) 39 (1.3) 640 (21.1)
Up 401 (13.2) 278 (9.2) 99 (3.3 778 (25.7)
Unknown 18 (0.6) 12 (0.4) 19 (0.6) 49 (1.6)
Total 1893 (62.5) 818 (27.0) 316 (10.4) 3027 (100.0)

In samples containing fungi

Eye 106 (33.5) 46 (14.6) 24 (7.6) 176 (55.7)
Face 50 (15.8) 28 (8.9) 2 (0.6) 80 (25.3)
Lip 20 (6.3) 30 (9.5) 5 (1.6) 55 (17.4)
Unknown 0o (0.0) 1 (0.3) 4 (1L.3) 5 (1.6)
Total 176 (55.7) 105 (33.2) 35 (11.1) 316 (100.0)
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Table 5. Occurrence of fungal genera (No. of isolates)
in shared-use cosmetics by product type

Product type

Genus Eye Face Lip Unknown Total
Actinomyces 1 1 0 0 2
Alternaria 13 8 7 0 28
Aspergillus 25 9 8 1 43
Brettanomyces 4 1 0 0 5
Candida 6 2 0 0 8
Candida-like 1 1 0 0 2
Chaetomium 2 1 1 0 4
Cladosporium 9 4 1 0 14
Cunninghamella 1 0 0 0 1
Epicoccum 4 1 1 0 6
Fusarium 5 1 2 0 8
Geotrichum 1 0 2 0 3
Helminthosporium 3 2 1 0 6
Kloeckera 1 0 0 0 1
Mold-nonviable 2 1 0 0 3
Mold-unidentified 3 0 0 0 3
Monilia 1 0 1 0 2
Mucor 1 0 0 0 1
Myrothecium 1 0 0 0 1
Neurospora 3 1 0 0 4
Paecilomyces 1 0 1 0 2
Penicillium 61 20 8 2 91
Phoma 1 0 0 0 1
Pullularia 28 8 8 0 44
Pyrenochaeta 0 0 1 0 1
Rhizoctonia 2 1 1 0 4
Rhizopus 8 10 4 0 22
Rhodosporidium 2 0 0 0 2
Rhodotorula 21 6 4 0 31
Saccharomyces 1 2 1 0 4
SaccharomycesAike 17 12 9 2 40
Schizosaccharomyces 1 1 0 0 2
Scopulariopsis 0 0 0 1 1
Stemphylium 4 1 0 0 5
Syncephalastrum 0 1 0 0 1
Trichoderma 6 0 0 0 6
Trichosporon 12 1 1 0 14
Yeast-nonviable 3 0 0 0

Yeast-unidentified 2 1 1 0

Total 257 97 63 6 423

shows the occurrence of fungal species and the classification
of each according to hazard potential (nonpathogenic, oppor-
tunistic pathogen, or pathogenic). The 423 fungal isolates rep-
resent 33 genera and at least 69 species.

Three fungal species rarely found by our laboratory in con-
sumer commodities occurred often: the molds Penicillium
notatum and Pullularia pullulans and the yeast Rhodotorula
rubra. Because these 3 species occur rarely and are not com-
mon constituents of human body microflora or of ambient air

Table 6. Occurrence of fungal species (No. of isolates)

in shared-use cosmetics

Species

Actinomyces spp.
Alternaria alternata
Alternaria spp.
Aspergillus aculeatus
Aspergillus amstelodami
Aspergillus chevalieri
Aspergillus flavus
Aspergillus fumigatus
Aspergillus mger
Aspergillus ochraceus
Aspergillus puniceus
Aspergillus sydowi
Aspergillus terreus
Aspergillus ustus
Aspergillus versicolor
Aspergillus wentii
Brettanomyces spp.
Candida albicans
Candida spp.
Cand/c/a-like
Chaetomium globosum
Cladosporium herbamm
Cunninghamella spp.
Epicoccum pjrpurascens
Epicoccum spp.
Fusarium spp.
Geotrichum candidum
Helminthosporium maydis
Helminthosporium spp.
Kloeckera spa.
Mold-nonviatle
Mold-unident tied
Monilia spp.

Mucor spp.
Myrothecium spp.
Neurospora crassa
Paecilomyces varioti

Penicillium aurantio-candidum

Penicillium citrinum
Penicillium corylophilum
Penicillium cyclopium
Penicillium expansum
Penicillium fellutanum
Penicillium frequentans
Penicillium jensenii
Penicillium notatum
Penicillium oxalicum
Penicillium palitans
Penicillium purpurrescens
Penicillium restrictum
Penicillium roquefortii
Penicillium rubrum
Penicillium uriicae
Penicillium variabile
Penicillium viridicatum

Frequency
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Table 6. (Continued)

Species Frequency Hazard potential3
Phoma spp. 1 N
Pullularia pullulans 44 N
Pyrenochaeta spp. N
Rhizoctonia solani 3 N
Rhizoctonia spp. N
Rhizopus nigricans 22 (e]
Rhodosporidium spp. 2 N
Rhodotorula rubra 31 N
Saccharomyces spp. 4 N
Saccbaromyces-like 40 N
Schizosaccharomycesjaponicus 2 N
Scoputariopsis brevicauiis 1 N
Stemphylium botryosum 2 N
Stemphylium verruculosum 3 N
Syncephalastrum spp. 1 N
Trichoderma glaucum 2 N
Trichoderma lignorum 4 N
Trichosporon pullulans 14 N
Yeast-nonviable 3 N
Yeast-unidentified 4 N
Total 423

N, nonpathogenic; O, opportunistic pathogen; P, pathogenic.

(personal observation), some of the cosmetics may have been
contaminated before distribution.

Fungal pathogens—Of the 423 fungal isolates found, 287
(67.8%) were nonpathogenic, 121 (28.6%) were opportunistic,
and 15 (3.5%) were pathogenic. Opportunistic pathogens do
not normally cause infections in healthy individuals, and there-
fore, they should not present a health problem for the general
population. However, the elderly, the very young, and those
with chronic disease (e.g., cancer, diabetes) or immuno-
suppression (e.g., transplant recipients, AIDS patients) are sus-
ceptible to infection from opportunistic pathogens. Most of the
fungal species found during this survey can enter the body only
by inhalation or by penetration of broken skin. In addition,
many of the fungi found in this survey can elicit alleigic re-
sponses that are usually of bronchopulmonary origin (8,9).

Table 7. Distribution of number of pathogenic or
opportunistic fungal isolates found per sample of
shared-use cosmetics

Pathogenic or opportunistic

isolates/sample Samples (%) Cumulative %

0 2908 (96.1) 96.1
1 104 (3.4) 99.5
2 13 (0.4) 99.9
3 2 (0.1) 100.0
Total 3027 100.0

Of the fungal isolates, 136 of 423 (32.2%) were either
pathogenic or opportunistic pathogens. Table 7 shows the dis-
tribution of the number of pathogenic or opportunistic fungal
isolates per sample. The 136 pathogenic or opportunistic fun-
gal isolates came from 119 (3.9%) of the 3027 samples. Only
one pathogenic or opportunistic fungal isolate per sample was
found in 104 (87.4%) of the 119 samples containing pathogenic
or opportunistic fungi. No sample yielded more than 3 patho-
genic or opportunistic fungal isolates.

Table 8 shows the distribution of the 119 samples by prod-
uct type that contained pathogenic or opportunistic fungi. This
distribution is similar to that for samples containing any fungi
(Table 1). However, the distribution of samples containing
harmful fungi was proportionally higher for face products and
lower for lip products than the distribution for samples overall
(Tables 1 and 8). Of the 15 pathogenic fungal isolates, 9
(60.0%) were from eye products, 2 (13.3%) were from face
products, and 3 (20.0%) were from lip products. When patho-
gens and opportunistic pathogens were combined, 78 of the
136 (57.4%) were from eye products, 35 (25.7%) were from
face products, and 20 (14.7%) were from lip products. These
proportions were similar to those for all fungal isolates (Ta-
bles 1and 8).

Quantitation of Fungi

Table 9 shows the distribution of colony or plate counts
(colonies per plate) obtained from plates prepared for the fun-
gal plate count. Plate counts of O were found for 91.8% of the

Table 8. Hazard potential of fungal isolates from shared-use cosmetics

No. of samples with pathogenic or

Product type opportunistic isolates (%)

Eye 64 (53.8) 179
Face 33 (27.7) 62
Up 19 (16.0) 43
Unknown 3 (25 3
Total 119 (100.0) 287

Nonpathogenic isolates (%) Opportunistic isolates (%)

Hazard potential

Pathogenic isolates (%)

(42.3) 69 (16.3) 9 (2.1)
(14.7) 33 (7.8) 2 (0.5)
(10.2) 17 (4.0) 3 (0.7)
0.7) 2 (0.5) 1 (02)
(67.8) 121 (28.6) 15 (3.5)
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Table 9. Fungal plate counts for shared-use cosmetics9

Plate counts No. of samples Percent Cumulative %
Unknown 4 — —
0 2775 91.8 91.8
1 93 31 94.9
2 35 1.2 96.0
3 15 0.5 96.5
4 1 0.4 96.9
5 6 0.2 97.1
6 10 0.3 97.4
7 3 0.1 97.5
8 3 0.1 97.6
9 2 0.1 97.7
10 5 0.2 97.8
11 3 0.1 97.9
12 2 0.1 98.0
13 2 0.1 98.1
14 3 0.1 98.2
15 1 0.0 98.2
18 2 0.1 98.3
19 2 0.1 98.3
20 1 0.0 98.4
21 2 0.1 98.4
22 1 0.0 98.5
23 1 0.0 98.5
24 2 0.1 98.6
26-50 13 0.4 99.0
51-75 5 0.2 99.2
76-100 6 0.2 99.4
101-200 6 0.2 99.6
237 1 0.0 99.6
437 1 0.0 99.6
TNTCs 11 0.4 100.0
Total 3023 — 100.0

a Colonies per plate.
b TNTC, too numerous to count.

samples. Plate counts were not converted to colonies per gram,
because the amount of material was very small and accurate
weighing of the cosmetic material picked up by the swabs was
difficult.

Contamination Levelper Product Type

Table 10 shows the percentage of samples of each product
type that contained fungi of any type and pathogenic or oppor-
tunistic fungi. Fungi were present in 10.4% of the samples, and
pathogenic or opportunistic fungi were identified in 3.9%. Pro-
portionally fewer lip products contained fungi than would be
expected from the overall sample distribution. Fungi were
identified in 11.3% (176/1560) of the eye products, 12.5% of
the face products, and 7.1% of the lip products. Pathogens were
found in 4.1% of the eye products, 5.2% of the face products,
and 2.4% of the lip products.

Follow-up Study

To determine if the fungi found in the shared-use cosmetics
resulted from shared use or were present in the unopened cos-
metics, FDA conducted a follow-up to this survey in 1990. A
total of 407 unused and unopened retail samples equivalent to
those shared-use cosmetic products that were found to be con-
taminated at high levels or with pathogens during the 1989 sur-
vey were collected and analyzed. One hundred percent of the
samples had fungal plate counts of <100 colonies per gram (un-
published data).

Because high levels of microorganisms were found in the
shared-use cosmetic testers analyzed in 1989, and the corre-
sponding unopened retail products analyzed in 1990 were not
contaminated, microbiological contamination appears to have
occurred during consumer use.

Conclusions

Increased time in use did not correspond to higher fungal
incidence. The presence of preservatives may have had some
effect in reducing the incidence of fungi. Face products had the
highest relative percentage of samples with fungi and patho-
genic/opportunistic fungi. Lip products had the lowest relative
percentage of contaminated samples. Fungal contamination in
shared-use cosmetics was clearly identified, and even more im-
portant, significant levels of pathogens and opportunistic
pathogens were found in 4-5% of the samples. This finding
indicates potential problems with the safety of shared-use cos-
metics.

Table 10. Contamination level for each product type for fungi and pathogenic or opportunistic fungi

Product type Total No. tested (%)

Eye 1560 (100.0) 176
Face 640 (100.0) 80
Lip 778 (100.0) 55
Unknown 49 (100.0) 5
Total 3027 (100.0) 316

No. containing fungi (%)

Samples

No. containing pathogenic or opportunistic fungi (%)

(11.3) 64 (4.1)
(12.5) 33 (5.2
(7.1 19 (2.4)
(10.2) 3 (6.1)
(10.4) 119 (3.9)
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Small-Scale Survey of Organotin Compounds

in Household Commodities

Sadaji Y amada, Y uko Fan, EncraMikami, Norihisa Kawamura, andJunko Hayakawa
Aichi Prefectural Institute of Public Health, Nagare 7-6, Tsuji-machi, Kita-ku, Nagoya 462, Japan

Kazuharu Aoki, M egumu Fukaya, and Chikahiro Terao

Aichi Prefectural Government, Department of Health, San-no-maru 3-1-2, Naka-ku, Nagoya 460-01, Japan

Ninety-five commercially available items were ana-
lyzed for a small-scale survey of organotin com-
pounds (OTCs) in household commodities such as
textile products, shoe polish, adhesives, paint, and
wax. Neither tributyltin nor triphenyltin species were
found in any items; however, di- and trioctyltin and/or
dibutyltin species (DOT, TOT, and DBT, respectively)
were detected in 15 items; DOT was found in 14
items, TOT in 5 items, and DBT in 4 items. DOT was
found in 2 diaper covers at about 0.1 %. Detection
frequencies of OTC were 6/10 for diaper covers,
3/10 for bibs, 2/10 for sanitary panties, 1/5 for outer-
garments, 1/5 for stockings, 1/5 for socks, and 1/10
for shoe polish.

rganotin compounds (OTCs) represented by tributyltin

(TBT) and triphenyltin (TPT) compounds are gener-

ally formulated RrSnY4_,, (R = aryl, alkyl, and alicyc-
lic chains; X = inorganic or organic anionic substituents; and n
=number of substituents). The concentration and/or accumu-
lation of TBTs and TPTs inthe aquatic environment and marine
products have raised new pollution issues.

Received December 23, 1991. Accepted June 26, 1992.

TBTs and TPTs were used as biocides and fungicides for
household commodities because of their strong biocidal activ-
ities. However, they were banned in 1979-1980 in Japan by the
Law for the Control of Household Products Containing Harm-
ful Substances (1) because of their strong skin-stimulating ac-
tivities and intense toxicities. Household products designated
under the Law are textile products, adhesives, paint, wax, and
shoe polish. We have been inspecting both compounds in
household commaodities to protect consumer safety. Recently,
we found 2 kinds of OTCs different from TBTs and TPTs in
diaper covers by using a flame photometric detection/gas chro-
matography (FPD/GC) method after conversion of OTC to
tetra-substituted derivatives with propyl magnesium bromide.
Products were identified as di- and tri-n-octyltin (DOT and
TOT, respectively) compounds by mass spectrometry (MS)
(2). On the basis of these findings, public health agencies must
survey the species of OTC contained in household commodi-
ties.

METHOD

Apparatus

(@ FPD/GC system—GC-8A gas
(Shimadzu Co., Ltd, Kyoto, Japan) equipped with an FPD sys-

chromatograph
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tem operated in the tin mode (filter for 610 nm) and Shimadzu
C-R1B chromatopac using a megabore column DB-17,15 m x
0.53 mm id (J & W Scientific, Inc., Folsom, CA 95630). Tem-
peratures: column oven, programmed from 80°C to 250°C at
8°C/min; injection port and detector, 270°C. Gas flow rates;
nitrogen (carrier gas), 20 mL/min; hydrogen, 0.5 kg/cm2; air,
0.7 kg/cm2

(b) GC/MS system.—Hewlett Packard GC 5890 series Il

and JEOL JMS-AX505W (JEOL, Tokyo, Japan) operated in
the electron impact mode at an ionization voltage of 70 eV and
an ionization current of 300 |[tA. The column, programmed
oven temperature, and injection port temperature were the
same as for FPD/GC system. Separator and ion source temper-
atures: 250°C. Carrier gas: Helium, 20 mL/min.

Reagents

All chemicals were analytical grade unless otherwise stated.
Oiganic solvents were pesticide grade. Deionized and distilled
H2 was used throughout.

(a) OTCs.—Tri-n-butyltin chloride (TBTC), triphenyltin
chloride (TPTC), di-n-butyltin dichloride (DBTD), di-n-oc-
tyltin oxide (Tokyo Kasei Kogyo Co., Ltd, Tokyo, Japan).
Diphenyltin dichloride (DPTD) (Aldrich Chemical Co., Mil-
waukee, WI 53201). Tri-n-octyltin chloride (TOTC) (Fluka
Chemie AG, Buchs, Switzerland). Convert di-n-octyltin oxide
to dichloride form (DOTD) according to the official method (1)
before use. Purify DOTD on 10% hydrated alumina column by
the method reported previously (2).

(b) n-Propyl magnesium bromide (PMB).—Approxi-
mately 2M PMB in tetrahydrofuran (Tokyo Kasei Kogyo
Co., Ltd).

(c) Phosphate-citrate buffer—Dissolve 1.43 g NaZS04-
12H2 |, 17.3 g citric acid, and 5.0 g NaCl in 800 mL HD. Ad-
just pH to 2.0 with 1M HQ. Make up exactly 1000 mL
with HD.

Samples

Ninety-five household commodities examined in this study
were purchased, 2 items or less per manufacturer, at retail
stores in Aichi Prefecture in 1990-1992. Each item was desig-
nated under the Law (1). Details of household commodities
were as follows: 10 diapers, 10 diaper covers, 10 bibs, 10 san-
itary panties, 10 pairs of underwear, 5 pairs of socks, 5 pairs of
gloves, 5 outergarments, 5 stockings, 10shoe polishes, 5 adhe-
sives, 5 paints, and 5 waxes.

Extraction

A synopsis of sample preparation is provided here because
of minute mention in the literature (1,3,4).

(@) Textile products.—Add 75 mL MeOH containing
0.05% HC1 to 1 g sample, and reflux 30 min at 70°C. Add
50 mL phosphate-citrate buffer and 100 mL H2) to the filtrate.
Extract with 30 mL CH2C12 twice. Evaporate to dryness after
drying over anhydrous Na2504.

(b) Water soluble paint, adhesive, etc.—Add 20 mL
MeOH and 1 mL HC1to 1g sample, successively, and shake
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Figure 1. Typical FPD/gas chromatogram of standard
propylated organotin compounds: a, 4.0 ng
dipropyl-DBT; b, 5.0 ng propyl-TBT; ¢, 11.0 ng
dipropyl-DOT; d, 15.0 ng dipropyl-DPT; e, 16.0 ng
propyl-TOT; f, 18.0 ng propyl-TPT.

vigorously. Add 25 mL phosphate-citrate buffer and 50 mL
H2 to the filtrate. Extract with 30 mL CHZC12 twice, and
evaporate to dryness.

(c) Lipo-soluble shoe polish, wax, etc.—Add 2 mL MeOH,
50 mL 3M HC1, and 10g NaCl to 1g sample, successively, and
homogenize. Extract with 100 mL n-hexane-ethyl ether (4 +
6) twice. Wash combined organic phase with 50 mL H2.
Evaporate :0 dryness.

Purification

Purify crude extract on a Florisil column (Florisil PR 3 g, 3
x 15 cm id) eluted with 40 mL ethyl ether and then 40 mL
ethyl ether-acetic acid (99+ 1). Keep the later fraction and
evaporate to dryness.

Propyiation

Dissolve the later fraction in 1 mL n-hexane. Add 1 mL
PMB carefully, and let solution stand 30 min at room temper-
ature. Add 3 mL 0.5M H2504 dropwise to the solution to de-
compose extra PMB. Transfer the reaction mixture to separa-
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Table 1. Recovery of OTCs from household commodities9

Ree., %
Item DBT TBT DOT TOT DPT TPT
Diaper cover 93.9+35 91.8+2.9 92.0+ 3.2 92.3+31 38.8+55 91.9 £3.7
Socks 92.4+3.38 90.5+25 91.5+2.5 928+ 3.2 35.3+5.1 93.1 + 3.7
Adhesive 89.1 +3.1 88.5+ 3.9 88.9+ 3.0 85.0 +3.1 749+ 45 91.1 +3.0
Shoe polish 87.1+3.5 89.5+3.5 90.3 +3.2 91.3+2.9 89.6 £3.1 91.0+3.5

a Each value is the mean of triplicate analyses + standard deviation.

tory funnel, and rinse the flask with 10 mL EtOH. Add 70 mL
H20, and extract with 20 mL n-hexane twice. Evaporate to dry-
ness after drying over anhydrous Na2S04. Redissolve the con-

FPD response

Retention time(min)

Figure 2. FPD/gas chromatogram obtained from diaper
cover A: RTs of peaks 1,2, and 3 were the same as
those of dipropyl-DBT, dipropyl-DOT, and propyl-TOT,
respectively.

centrate in n-hexane. Solution is ready for FPD/GC and
GC/MS analysis.

Determination

Calculate the amount of OTC in the samples from the peak
height of corresponding tetra-substituted organotin peak in
FPD/gas chromatogram. Propylate standard OTC in the same
manner as the above. Prepare working standard solutions for
dipropyl-DBT and DOT and propyl-TOT by the dilution of the
stock solution with n-hexane in the following ranges: 0.2-
5.0 [lg/mL (as DBTD), 0.2-10.0 pg/mL (as DOTD), and 0.5-
15.0 pg/mL (as TOTC).

Recovery

Spike OTC at 3.0 ppm level in 4 items at sampling stage.
Determine OTC contents according to above procedure, and
calculate the overall recovery through whole analytical pro-
Cess.

Results and Discussion

Numerous FPD/GC methods with alkylation of OTC were
published (4-7). Among these methods, we used propylation
with PMB (4). A typical FPD/gas chromatogram for standard
mixture of 6 kinds of propylated OTC is shown in Figure 1
Good resolution for propylated OTC was given by our GC condi-
tions. Retention times (RTs) of dipropyl-DBT, propyl-TBT,
dipropyl-DOT, dipropyl-DPT, propyl-TOT, and propyl-TPT were
5.12,6.15,14.11,14.83,18.23, and 19.83 min, respectively.

Aplot of peak height of FPD/gas chromatogram vs amount
of standard OTC injected resulted in linearity over the concen-
tration range examined. As shown in Table 1, good recoveries
were obtained; however, DPT recovery from textile products
was poor. Ishizaka et al. (8) did not achieve sufficient recovery
of DPT from fishes, in spite of their exhaustive efforts. When
the survey is focused on DPT in textile products, the extraction
procedure has to be modified efficiently to achieve satisfactory
recovery of DPT from a Florisil column. In view of poor recov-
ery of DPT from textile products, DPT was excluded from this
study. Detection limits were 0.2 ppm for DBTD, TBTC, and
DOTD and 0.5 ppm for TOTC and TPTC, respectively.

Peaks corresponding to TBTs and TPTs were not observed
at all for 95 items of household commaodities examined in this
study; however, other OTCs were found in samples. FPD/gas
chromatogram of diaper cover A is shown in Figure 2. Three
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Figure 5. El mass spectra of propyl-TOT: A, standard propyl-TOT; B, peak 3 in Figure 2.
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Table 2. Frequency of OTCs in household commodities

Iltem Na DBT TBT DOT TOT TPT
Diaper 10 0 0 0 0 0 0
Diaper cover 10 6 3 0 6 4 0
Bib 10 3 0 0 3 0 0
Sanitary panty 10 2 1 0 1 0 0
Underwear 10 0 0 0 0 0 0
Socks 5 1 0 0 1 0 0
Gloves 5 0 0 0 0 0 0
Outergarment 5 1 0 0 1 0 0
Stockings 5 1 0 0 1 1 0
Shoe polish 10 1 0 0 1 0 0
Adhesive 5 0 0 0 0 0 0
Paint 5 0 0 0 0 0 0
Wax 5 0 0 0 0 0 0

a Number of items surveyed.
b Number of items found OTC.

peaks at RTs 5.12 min (peak 1), 1411 min (peak 2), and
18.23 min (peak 3) were observed for this sample. Peaks 1, 2,
and 3 had the same RTs as those of dipropyl-DBT, dipropyl-
DOT, and propyl-TOT, respectively. To confirm OTC of peaks
1,2, and 3, GC/MS analysis was performed, and mass spectra
are shown in Figures 3-5. All of their mass spectra were char-
acteristic of OTC. Abase peak at m/z 221 [Sn(C4H9) (C3H7)]+
and fragment peaks at m/z 121 [Sn]+ 165 [Sn(C3H7]+ 179
[Sn(C4H9]+ 207 [Sn(CH?NZ+ 235 [Sn(C4AH9YZ+ 263
[SN(C3HT?)2(CAHI]+ and 277 [Sn(CHT) (CAHIYZ+ and their
isotope peaks were observed for peak 1, as shown in Figure 3.
Because this mass spectrum was the same as that of dipropyl-
DBT, we identified the OTC ofpeak 1as DBT. Also, we confirmed
OTC of peaks 2 and 3 as DOT and TOT, respectively, because
mass spectra of these peaks were the same as those of corre-
sponding propyl species (Figures 4 and 5).

Among 95 household commodities, 15 contained 1 or 2
OTCs. Detection frequencies of OTCs are summarized in

Table 2. Diaper covers had the highest frequency among sur-
veyed items, followed by bibs. No OTCs were found in dia-
pers, underwear, gloves, adhesives, paint, and wax. Table 3
shows the amounts of OTCs in 15 items. Diaper cover A con-
tained 3 kinds of OTCs at near 1000 ppm DOT, and a similar
concentration was observed for diaper cover B. DOT was
found in 14 samples except for sanitary panties B, where DOT
ranged from 24.4 to 1666.7 jig/g (as its dichlorides). DBT in 4
items ranged from 3.7 to 33.7 pg/g. Five samples contained
TOT, which resulted from impurities of commercially avail-
able DOT preparations and coexistence with DOT.

Disubstituted OTCs are mainly used in the plastic industry,
particularly as stabilizers in poly(vinyl chloride). They are also
used as catalysts in the productions of polyurethane forms and
in the room-temperature vulcanization of silicones (9, 10). Or-
igins of OTCs found in 15 samples can be classified as inten-
tional addition to products for some effect (e.g., water resistiv-
ity) and carry over from materials such as poly(vinyl chloride).
We assumed that OTCs detected in diaper covers A-E, bib A,
outergarments, and shoe polish were used as catalysts with sil-
icones to increase water resistivity because of the considerable
amounts of DOT and the usage of their products. The amounts
of DOT found are not astonishing, because textile products are
silicone-coated using DOT as a catalyst at a percentage order.
On other samples, OTC may come from carry over as catalysts
and stabilizers for polyurethane and poly(vinyl chloride), re-
spectively.

The toxicities of the OTCs are a concern for public health.
Toxicological data of OTCs were stated in the literature (9-11).
Barnes and Magee (12) and Barnes and Stoner (13) reported
that disubstituted OTCs did not affect the central nervous sys-
tem but they were potent irritants that could induce an inflam-
matory reaction in the bile duct. Also, DBTD was found to be
the most toxic by studying the relationship of the chemical
structure to the action of several disubstituted OTCs on the thy-
mus and thymus-dependent lymphoid tissue (14-16). DOTD
and TOTC are considered biologically unreactive when given

Table 3. Contents of organotin compounds in household commodities*

Iltem DBT, pg/g DOT, pg/g TOT, pg/g Materials or ingredients
Diaper cover A 33.7 902.8 58.3 Cotton, polyester

Diaper cover B 8.9 1666.7 — Polyester

Diaper cover C — 743.4 128.5 Cotton

Diaper cover D — 509.6 91.3 Polyester

Diaper cover E — 288.0 33.6 Wool

Diaper cover F 3.7 24.4 Polyester, polyurethane

Bib A — 312.5 — Cotton, polyester

BibB — 59.7 — Cotton, poly(vinyl chloride)
Bib C — 48.9 — Cotton, poly(vinyl chloride)
Sanitary panty A — 144.4 — Cotton, polyurethane, nylon
Sanitary panty B 5.5 — — Nylon, polyurethane
Outergarment — 388.9 — Cotton

Stockings — 136.1 14.2 Nylon, polyurethane

Socks — 34.2 — Cotton, polyurethane, nylon
Shoe polish 326.4 — Wax, lipid, organic solvent

a Each value is the mean of duplicate determinations and expressed as its chloride form.
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orally (11, 17-19). No skin lesions were observed for DOTD
(10). We cannot determine dermal toxicity by the amounts de-
tected in this study, because no examinations were performed
on amounts contacting body surfaces and then being absorbed.
However, our results offer little disturbance, judging from the
above toxicological data. This project was a small-scale survey
of OTC in household commodities and does not reflect the
prevalence in most items designated under the Law (1). How-
ever, our results showed the occurrence of OTC compounds at
high concentrations. We plan on constructing a sample prepa-
ration including DPT and continuing the survey of OTCs in
household commaodities for accumulation of further data.
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REGULATORY ANALYTICAL METHODS

Introduction

egulatory agencies approve and promulgate methods of analysis that regulate commodities in their markets. In many
R instances, these internally approved methods are not widely disseminated outside the agencies. In order to give a method a

wider audience, an agency may submit it for publication in the Journal 0o fAOAC International. This “Regulatory Analytical
Methods” section in the Journal will provide select methods submitted by an agency. Final decisions to publish a method rests
solely with the Editor-in-Chief of the Journal.

The methods published under this section have received approval by a national, state/provincial, or international regulatory
agency or body and are used to regulate commaodities that fall within the scope of the Journal. Each regulatory analytical method
published contains its own introduction that explains the origin, nature, and approval that the particular method has undergone.

Having been approved by the regulatory agency submitting the method, the methods published under this section do not undergo
the peer review accorded AOAC Journal articles before being published. These methods are not AOAC Official Methods of
Analysis, because they have not been subjected to the full AOAC collaborative study process.

The intent of publishing these regulatory methods in the Journal is to give them a wider distribution and provide them with a
publication reference. It is hoped that this section will be used by regulatory bodies of the world to disseminate their methods to
scientists everywhere. They are not, however, meant to supplant the AOAC collaborative study process, and AOAC encourages
all regulatory bodies and associated industries to support that process.
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REGULATORY ANALYTICAL METHODS

Animal Drugs

John R. Markus and John O’Rangers

U.S. Food and Drug Administration, Center for Veterinary Medicine, Rockville, MD 20855

quired by the general safety provisions of sections 409,

512, and 706 of the Federal Food, Drug and Cosmetic
Act to determine if each food additive, new animal drug, or
color additive proposed for use in food-producing animals is
safe. The pertinent regulations implementing the statutory pro-
visions are found in 21 CFR Parts 70 and 500.

The sponsor of an application for use of an animal drug is
required as part of the approval to submit scientific data to
demonstrate that the use of the drug is safe for the animals pro-
posed and any edible food to be used for consumption. To
demonstrate the safety of the drug, the sponsor must submit
acceptable analytical methods. These methods must be capable
of determining and confirming the amount and presence of the
animal drug or its metabolites in a variety of matrixes.

FDA typically requires analytical methods for finished
pharmaceutical and medicated feed dosage forms and for resi-
dues of the drug in edible animal tissues. The sponsor must
present data or information that demonstrates the method can
perform what it purports according to sound analytical princi-
ples. In addition, FDA performs atrial of the method according
to strict procedures to ensure the method is acceptable. The
U.S. Department of Agriculture laboratories also participate
with FDA in testing tissue residue methods.

The types of methods described above, because they are
used for regulatory purposes by FDA in its compliance pro-
grams, are available for release to the general public. These
methods are releasable under the Freedom of Information Act.
21 CFR 514.11(e)(6) specifically permits the public disclosure
of assay methods after approval of the animal drug has been
published in the Federal Register.

—I—he U.S. Food and Drug Administration (FDA) is re-

Because of the volume and types of feeds containing ap-
proved animal drugs and used for food-producing animals, the
FDA Center for Veterinary Medicine (CVM) has made it a pol-
icy to make available to the public methods for animal drags in
Type A Medicated Articles (premixes) and the corresponding
Type B and C Medicated Feeds and tissue residues. CVM is the
unit responsible for evaluating the effectiveness and safety of
animal drugs.

Before 1973, the methods were incorporated into a manual
called the Food Additives Analytical Manual. This manual,
which is no longer available, included methods for direct and
indirect food additives and animal drags. In 1985, CVM issued
a new manual called Animal Drug Analytical Manual. This
manual, often referred to as ADAM, contains only methods for
animal drags. The 1985 edition contained only 8 methods. The
manual is published and distributed by AOAC International.
Information for the manual is furnished by CVM.

Since 1985, there have been no updates to ADAM. CVM,
in cooperation with AOAC International, is now introducing a
new procedure for making methods more readily available. It
is the intention of CVM in conjunction with AOAC Interna-
tional to publish the methods in the Journal ofAOAC Interna-
tional first and then incorporate the same in a later update
to ADAM.

Tiamulin Hydrogen Fumarate
The following methods are approved regulatory methods to

determine and confirm residues of tiamulin hydrogen fumar-
ate.
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REGULATORY ANALYTICAL METHODS

Method 1.

Liquid Chromatographic Determination of Tiamulin

Hydrogen Fumarate in Feed Premixes

Co-Edited by: John R. Markusl

U.S. Food and Drug Administration, Department of Health and Human Services, Center for Veterinary Medicine,
Office of New Animal Drug Evaluation, 7500 Standish Place, Rockville, MD 20855

Co-Edited by: Joseph Sherma

Lafayette College, Department of Chemistry, Easton, PA 18042

toacetoxy]mutilin hydrogen fumarate (CAS No. 55297-

96-6), is used for the treatment of swine dysentery and
pneumonia and for weight gain and feed efficiency.
Denagard™ is the trade name for a 45% (as tiamulin) water-
soluble formulation.

Tiamulin, 14-desoxy- 14-[(2-diethylaminoethyl)mercap-

Regulation Information

21CFR520.2455 provides for approved use of tiamulin in
the treatment of swine as a 45% water-soluble powder to make
medicated drinking water (227 mg tiamulin/gal) for treatment
of swine dysentery (1983) and for treatment of swine pneumo-
nia (1987).

21CFR558.600 provides for approved use of tiamulin in a
Type A medicated article containing 5,10, or 113.4 g tiamulin
(as hydrogen fumarate) per pound to be used in the manufac-
ture of a Type C medicated feed at 35 g/ton (for use in the con-
trol of swine dysentery) and at 10 g/ton (for use in weight gain
and feed efficiency for swine).

When used at 35 g/ton, the feed must be withdrawn 2 days
before slaughter. The drug must not be used in conjunction with
other polyether ionophores such as lasalocid, monensin, nar-
asin, and salinomycin.

21CFR558.4 provides for the following assay limits.

Type A medicated articles.—5 and 10 g/lb, 90-115% label
content; 113.4 g/Ib, 100-108% label content.

Type C medicatedfeeds.—35 g/ton, 70-130% label content.

Tolerances: 21CFR556.738

Marker Residue: 8-a-Hydroxymutilin

A tolerance of 0.4 ppm was established for tiamulin in
swine for 8-a-hydroxymutilin (the marker residue) in liver (tar-
get tissue).

A marker residue concentration of 0.4 ppm in liver corre-
sponds to a concentration of 10.8 ppm tiamulin. The safe con-

Received January 14, 1992. Accepted December 4, 1992.
1 Current address: 1709 Burning Tree Dr, Vienna, VA 22182.

centrations for total residues in uncooked edible tissues of
swine are 3.6 ppm in muscle, 10.8 ppm in liver, and 14.4 ppm
in kidney and fat.

Method I. Liquid Chromatographic Determination
of Tiamulin Hydrogen Fumarate in Feed Premixes

Scope

Tiamulin hydrogen fumarate is determined in feed premixes
(Type A medicated articles). The method is applicable to the
analysis of tiamulin hydrogen fumarate feed premixes pre-
pared with rice hulls (or wheat middlings) and mineral oil. Ap-
plicability of the method to other types of premix carriers or
diluents must be demonstrated, as needed, before use.

Principle

Premix samples are treated with a solution of sodium car-
bonate to remove the tiamulin hydrogen fumarate from the car-
rier matrix and convert the fumarate to the free base. The
tiamulin base is then extracted into an organic solvent mixture
and subsequently back-extracted into an aqueous solution of
tartaric acid, a process that converts the base to the tartrate.
Tiamulin (as the tartrate) is then analyzed by reversed-phase
liquid chromatography (LC). Under the LC conditions speci-
fied, the analyte determined is the tiamulin free base.

Apparatus

All references to commercial apparatus and chemicals used
in this method are for descriptive purposes only and do not
constitute an endorsement by the U.S. Food and Drug Admin-
istration (FDA) or the U.S. Government. Equivalent products
may be used.

(a) Liquid chromatograph.—Equipped with a 254 nm
UV detector.

(b) Precolumn.—Adsorbosil silica, 200-425 mesh (All-
tech Associates).

(c) Guard column.—CO:PELL ODS (Whatman Inc.).

(d) Analytical column.—Hypersil ODS, 5 pm, 250 x 4.6
mm id.
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(e) Analytical balance.—Capable of weighing to +0.001 mg.
(f) Jars.—One-half gallon wide-mouth, with caps.
(g) Platform shaker.

Reagents

(a) Acetonitrile and methanol.—LC grade.

(b) Ammonium carbonate, sodium carbonate, tartaric
acid, ethyl acetate, hexane, and glacial acetic acid.—ACS re-
agent grade.

(c) Tiamulin hydrogen fumarate.—Analytical standard of
known purity (Fermenta Animal Health Company, Kansas
City, MO 64190).

(d) Sodium carbonate solution, 1.0% w/v.—Weigh sodium
carbonate (40 g), and dilute to 4000 mL with United States
Pharmacopeia (USP) purified (or distilled) water.

(e) Extraction solvent—Mix 3000 mL hexane with
1000 mL ethyl acetate (Caution: flammable solvent).

(f) Tartaric acid solution, 0.1% w/v.—Weigh 1.0 g tartaric
acid, and dilute to 1000 mL with USP purified (or dis-
tilled) water.

(99 Ammonium carbonate solution, 1% w/v.—Add 10 g
ammonium carbonate to 1L volumetric flask, and dilute to vol-
ume with USP purified (or distilled) water.

(h) Acetic acid solution, 1% v/v.—Add 10 mL glacial ace-
tic acid to 1L volumetric flask, and dilute to volume with USP
purified (or distilled) water.

(i) LC mobile phase.—Methanol-acetonitrile-1% ammo-
nium carbonate (60 + 30 + 25, v/v/v). Filter mixture through
0.45-0.50 pm disc (or equivalent filter system), and then degas
by ultrasonic vibration and vacuum (ca 3 min) (Caution: flam-
mable solvent).

(J) Regeneration solution.—Mix equal volumes of metha-
nol and 1% acetic acid. Filter and degas as with LC Mobile
Phase.

Note: Unless otherwise specified, mixed reagents are stable
for ca 7 days.

(K) Tiamulin standards.—Prepare stock solutions contain-
ing 0.075, 0.150, and 0.180 mg/mL tiamulin hydrogen fumar-
ate as follows: Accurately weigh (to the nearest 0.001 mg) 7.5,
15, and 18 mg tiamulin hydrogen fumarate into three 100 mL
volumetric flasks, and dilute to volume with 0.1% wiv tartaric
acid solution. Calculate the concentration of tiamulin hydrogen
fumarate in each solution from the exact weights while correct-
ing for the purity of the standard.

Analysis

Safety precautions.—Safe laboratory practices should be
observed during the method when using all chemicals.

Isolation Procedures

Sample preparation.—Accurately weigh sufficient premix
to contain ca 110 mg tiamulin hydrogen fumarate intoa 1/2 gal.
wide-mouthjar. Fora 10g/Ib premix, the sample weight should
be 5.000 g.

Sample extraction.—Add 250 mL 1% sodium carbonate
solution to each wide-mouth jar, and cap jar tightly. Place jars
on a platform shaker and shake 30 min. Add 250 mL (accu-

rately measured) extraction solvent of hexane-ethyl acetate (3
+ 1, v/v), and shake an additional 60 min. Remove jars from
the shaker, and shake vigorously by hand 15-20 s. Let jars
stand until layers separate. (Note: The separation process may
be accelerated by centrifugation. However, the loss of the or-
ganic solvent must be minimized to avoid false high results.)

Volumetrically pipet 10.0 mL oiganic (upper) layer into a
suitable separatory funnel. VVolumetrically add 30.0 mL 0.1%
tartaric acid solution to the funnel, cap, and extract gently in a
horizontal position for 30 s. (Note: The funnel must be shaken
hard enough to obtain adequate mixing between the phases but
not hard enough to create emulsions.) Let phases separate, and
then draw off a portion of the lower layer and analyze as de-
scribed in Determinative Procedures.

Determinative Procedures

LC parameters.—Detection system, ca 254 nm; sensitivity,
0.02 AUFS; mobile phase flow rate, 1.5 mL/min; injection vol-
ume, 50 (iL. Under these conditions, the retention time of
tiamulin (as the free base) is ca 7 min. (Note: If necessaiy, ad-
just the mobile phase ratio and flow rate to obtain the optimum
chromatographic results. Adjust the injection volume to give a
response of ca 80% full scale deflection.)

System suitability check.—After the system reaches equilib-
rium, make repeated injections of the 0.150 mg/mL standard
preparation until reproducible peak areas (or heights) are ob-
tained. Then, inject the lower concentration suitability standard
(0.075 mg/mL) in triplicate, followed by the 0.180 mg/mL
standard (also in triplicate). Using peak areas or heights, calcu-
late the concentrations of the 0.075 and 0.180 mg/mL stan-
dards, and compare with the theoretical concentrations. The
results must be within £5% of the theoretical concentration of
both standards to continue.

Analysis ofsamples.—Following a satisfactory system suit-
ability check, inject samples and standards in the following
order: 1injection of standard, 2 injections of sample, 1injec-
tion of standard, 2 of sample, etc.

The suggested standard and sample concentrations were
chosen to provide corresponding detector responses approxi-
mately equal to each other when the premix is at 100% of label
claim. Ifresponses differ by more than 20%, adjust the standard
accordingly. If necessary, assay a graduated series of calibra-
tion standards to check detector linearity.

The tiamulin free base peak should be baseline-resolved
from front-running interferences. If it is not, column regenera-
tion may be indicated. Regeneration is recommended after
overnight operation of the system. Pump at least 60 mL regen-
eration solvent through the system, followed by at least 30 mL
methanol, followed by mobile phase until the system stabilizes.
Back pressure of the acetic acid-methanol regeneration solvent
may necessitate a flow rate of ca 1 mL/min.

Calculations.—Calculate the amount of tiamulin hydrogen
fumarate in the premix by using peak heights (or areas) accord-
ing to the following formula:

tiamulin hydrogen fumarate (g/lb) =
(RIRS x (CIVi) x (VIW) x (VI/1000) x 454
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Table 1. Recovery (g/lb) of tiamulin from spiked
samples for one instrument

Rec., g/lb
Parameter Aa B C
7.36 10.76 13.93
7.35 10.78 14.01
7.37 10.75 13.93
7.36 10.67 13.98
7.44 10.68 14.09
7.57 10.54 14.01
7.65 10.70 —
Mean, g/lb 7.44 10.70 13.98
SD, g/lb +0.112 +0.075 +0.060
CV, % 1.50 0.70 0.43
Av. rec.,% 100.2 100.9 101.3

Theoretical values (g/lb): A=7.43, B=10.60, C = 13.80.

where ru=response (area or height) of sample peak, cs - con-
centration of standard in mg/mL, V,,=volume of organic sol-
vent extraction solvent (250 mL), Vf=volume of final tartaric
acid solution used for back extraction (30 mL), 454 = conver-
sion factor for grams to pounds, rRs = response (area or height)
of standard peak, V, = aliquot volume of organic solvent taken
from initial extraction (10 mL), w - weight of sample taken
(9), and 1000 = conversion factor for milligrams to grams.

Recoveryprocedures.—Analyze spiked samples or samples
with known tiamulin content to determine recovery levels.

Confirmation procedures.—NO confirmation procedures
were provided.

M ethod Reliability

Validation—(7) Method (sponsors
ments).— TWO Separate 5-point calibration curves were con-
structed on 2 instruments by 2 analysts. Concentrations of stan-
dards used were as follow: 39.0, 77.9, 154.8, 169.8, and
193.8 (ig/mL. Each standard was mn in triplicate, and 2 sepa-
rate calibration curves were constructed (one by using peak
heights and one by using peak areas). The curve using peak
heights showed a correlation coefficient of 0.9999, a y-inter-
cept of 3.32 mm, and a slope of 0.907. The curve using peak
areas showed a correlation coefficient of 0.9998, a y-intercept
of 580.4 nominal area units, and slope of 697.1.

evaluation com-

Table 2. Recovery (%) of tiamulin and coefficient of
variation (%) from FDA laboratories

Sample Beltsville Kansas City
Unmedicated premix NDla NDI
Fortified premix
50X° 88 + 3.9 96 1.0
Cve 4.5 1.0
100X 75+ 4.0 97 +4.5
Ccv 5.3 4.6
150X 76+ 45 96 + 2.5
Ccv 5.9 2.6
Medicated premix
5 g/lb tiamulin 4.4 +0.3 54+0.3
Ccv 6.9 5.5

a NDI, no detectable interferences.
b X, amount equivalent to that in the medicated premix.
¢ CV, coefficient of variation.

System suitability checks for a typical ran (2 instruments, 2
analysts, areas, and heights) showed 100.8 and 101.5% of the-
oretical values for lower and higher standards, respectively,
using peak areas; using peak heights, the values were 96.8 and
95.7% of theoretical values for lower and higher standards, re-
spectively.

(2) Recovery data (sponsors inform ation).—Spiked Sam-
ples were prepared with both wheat middlings and rice hulls as
carriers at 3 concentrations. These were assayed over a 5 day
period using 2 different instruments by 2 different analysts.
Calculations for recoveries were performed using either peak
heights or peak areas. Results are summarized in Table 1

(3) FDA evaluation.—The method was ran on samples con-
taining rice hulls, rice mill by-products, or wheat middlings and
tiamulin at 5 g/lb. The method was tested at FDA’s Beltsville
and Kansas City laboratories. Results are shown in Table 2.

FDA concluded that the method was acceptable for regula-
tory purposes of determining tiamulin in premixes (Type A
medicated articles).

The method (PMS-689/85:Rvsn 1/91) was submitted by
Fermenta Animal Health, Co., Kansas City, MO, in conjunc-
tion with the approval of the New Animal Drug Applications,
NADAs 134-644 and 139-472.
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REGULATORY ANALYTICAL METHODS

Method Il.

Liquid Chromatographic Determination of Tiamulin

Hydrogen Fumarate in Tiamulin-Poly(vinyl chloride) Formulations

Co-Edited by: John R. Markusl

U.S. Food and Drug Administration, Department of Health and Human Services, Center for Veterinary Medicine,
Office of New Animal Drug Evaluation, 7500 Standish Place, Rockville, MD 20855

Co-Edited by: Joseph Sherma

Lafayette College, Department of Chemistry, Easton, PA 18042

amulin, 14-deoxy-14-[(2-diethylaminoethyl)mercapto-

I acetoxy]mutilin hydrogen fumarate (CAS No. 55297-

96-6), is used for the treatment of swine dysentery and

pneumonia and for weight gain and feed efficiency.

Denagard™ is the trade name for a 45% (as tiamulin) water-
soluble formulation.

Regulation Information

21CFR520.2455 provides for approved use of tiamulin in
the treatment of swine as a 45% water-soluble powder to make
medicated drinking water (227 mg tiamulin/gal) for treatment
of swine dysentery (1983) and for treatment of swine pneumo-
nia (1987).

21CFR558.600 provides for approved use of tiamulin in a
Type A medicated article containing 5,10, or 113.4 g tiamulin
(as hydrogen fumarate) per pound to be used in the manufac-
ture of a Type C medicated feed at 35 g/ton (for use in the con-
trol of swine dysentery) and at 10 g/ton (for use in weight gain
and feed efficiency for swine).

When used at 35 g/ton, the feed must be withdrawn 2 days
before slaughter. The drug must not be used in conjunction with
other polyether ionophores such as lasalocid, monensin, nar-
asin, and salinomycin.

21CFR558.4 provides for the following assay limits.

Type A medicated articles—>5 and 10 g/Ib, 90-115% label
content; 113.4 g/Ib, 100-108% label content.

Type C medicatedfeeds—35 g/ton, 70-130% label content.

Tolerances: 21 CFR556.738

Marker Residue: 8-<x-Hydroxymutilin

A tolerance of 0.4 ppm was established for tiamulin in
swine for 8-a-hydroxymutilin (the markerresidue) in liver (tar-
get tissue).

A marker residue concentration of 0.4 ppm in liver corre-
sponds to a concentration of 10.8 ppm tiamulin. The safe con-

Received January 14, 1992. Accepted December 4, 1992.
1 Current address: 1709 Burning Tree Dr, Vienna, VA 22182.

centrations for total residues in uncooked edible tissues of
swine are 3.6 ppm in muscle, 10.8 ppm in liver, and 14.4 ppm
in kidney and fat.

Method Il. Liquid Chromatographic Determination
of Tiamulin Hydrogen Fumarate in
Tiamulin-Poly(vinyl chloride) Formulations

Scope

Tiamulin hydrogen fumarate is quantitatively determined
in poly(vinyl chloride) (PVC) formulations containing, by
weight, about 25% tiamulin.

Principle

Tiamulin is removed from the PVC matrix by extraction
with water. An aliquot of the aqueous extract is then analyzed
by reversed-phase liquid chromatography (LC).

Apparatus

Al references to commercial apparatus and chemicals used
in this method are for descriptive purposes only and do not
constitute an endorsement by the U.S. Food and Drug Admin-
istration (FDA) or the U.S. Government. Equivalent products
may be used.

(a) Liquid chromatograph.—Equipped with a 254 nm UV
detector.

(b) Analytical column.—Stainless steel, 30 cm x 3.9 mm
id, packed with octadecyl (C18 stationary phase, 10 pm parti-
cle size.

(c) Filters—For disposable tips, 44 pm porosity (Supelco
Inc.)

Reagents

(@) Methanol and acetonitrile.—LC grade.

(b) Tiamulin hydrogen fumarate.—Analytical standard of
known purity (Fermenta Animal Health Company, Kansas
City, MO 64190).

(c) Ammonium carbonate solution, 1% w/v.—Add 10 g
ammonium carbonate (ACS reagent grade) to 1 L volumetric
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Table 1. Recovery (%) of tiamulin and coefficient
of variation (%) from FDA laboratories

Sample Beltsville Denver
Unmedicated premix NDla NDI
Fortified premix
50X6 102 + 1.47 10616.2
C\F 14 5.9
100X 10010.75 10011.9
CV,% 0.7 19
150X 101 1.2 10213.1
Ccv 1.1 31
Medicated premix
25% triamulin 26.0+0.3 26.310.2
(&Y 1.2 0.9

a NDI, no detectable interferences.
6 X, amount equivalent to that in the medicated premix.
¢ CV, coefficient of variation.

flask, and dilute to volume with United States Pharmacopeia
purified (or distilled) water.

(d) LC mobile phase.—Methanol-acetonitrile-1% ammo-
nium carbonate (60 + 30 + 25, v/v/v). Filter mixture through a
0.65 or 0.50 pm disc, and then degas by ultrasonic vibration
and vacuum (Caution: flammable solvent).

(e) Tiamulin stock solution, 2.2 mg/mL.—Accurately
weigh 0.22 g tiamulin hydrogen fumarate analytical standard
into 125 mL Erlenmeyer flask. Add 100.0 mL water, stopper
flask, and shake or place in an ultrasonic bath for 1h. Calculate
concentration of tiamulin in the standard solution from the
exact weight while correcting for the purity of the standard.

Analysis

Safety precautions.—Safe laboratory practices should be
observed during the method when using all chemicals.

Isolation Procedures

Samplepreparation.—Accurately weigh 0.66 g sample into
125 mL Erlenmeyer flask. Add 100.0 mL water, stopper flask,
and shake or place in an ultrasonic bath for 1 h. (Note: At the
end of the shaking period, undissolved material will be ob-
served in the sample flask. This is normal and results from the
PVC granules, which do not dissolve in water.)

Take aliquots of the sample extract using a disposable pipet
fitted with an Eppendorf plastic pipet tip and 45 pm filter.

Determinative Procedures

L C conditions.—Using the column and mobile phase spec-
ified above and a flow rate of 1.5 mL/min, the retention time
for tiamulin should be ca 7 min.

Analysis of samples—Inject aliquots of sample and stan-
dard in the following sequence: linjection of standard, 2 injec-
tions of sample, 2 of standard, 2 of sample, 2 of standard, etc.
Initially, make several injections of standard to ensure repeat-
ability.

The suggested standard and sample concentrations were
chosen to provide approximately equal corresponding detector
responses when the sample concentration is at 100% of the
label guarantee. If the responses differ by more than 20% or
before beginning a group of assays, a graduated series of cali-
bration standards should be run. This will check detector lin-
earity and allow for assay of various sample concentrations.

Calculations.—Calculate the percent by weight of tiamulin
in the feed as follows:

tiamulin (Yow/w) = [(/2J(C i) (V)/(~)(1000)(W)] x 100

where Rw= peak height of sample, Rstd =peak height of stan-
dard, Cstd- concentration of tiamulin in the standard (mg/mL),
V =volume of sample (mL), IV=weight of sample (g), 1000 -
factor for converting grams to milligrams.

Recovery procedures.—Analyze spiked samples or samples
with known tiamulin content to determine recovery levels.

Confirmation procedures—No confirmation procedures
were provided.

Reliability of the M ethod

Validation—(/) Method assessment (sponsors com-
ments).—The assay was performed on a single formulation lot
by 2 analysts in quadruplicate on each of 3 days. The average
value was 26.2% (w/w) tiamulin, with a range of 0.6%, stan-
dard deviation of 0.18%, and CV of 0.7%.

) FDA evaluation.—The method was tested on a 25%

tiamulin-PVC formulation at FDA’s Beltsville and Denver dis-
trict laboratories. Results are given in Table 1

FDA concluded that the method was acceptable for regula-
tory purposes of determining tiamulin in premixes (Type A
medicated articles).

The method (PMS-677/83:Rvsn 2/86) was submitted by
Fermenta Animal Health Co., Kansas City, MO, in conjunction
with the approval of the New Animal Drug Applications,
NADAs 134-644 and 139-472.
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REGULATORYANALYTICAL METHODS

Method HI.

Liquid Chromatographic Determination of

Tiamulin Hydrogen Fumarate in Complete Swine Meal Feeds
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T iamulin, 14-deoxy-14-[(2-diethylaminoethyl)mercapto-
acetoxyjmutilin hydrogen fumarate (CAS No. 55297-
96-6), is used for the treatment of swine dysentery and

pneumonia and for weight gain and feed efficiency.

Denagard™ is the trade name for a 45% (as tiamulin) water-

soluble formulation.

Regulation Information

21CFR520.2455 provides for approved use of tiamulin in
the treatment of swine as a 45% water-soluble powder to make
medicated drinking water (227 mg tiamulin/gal) for treatment
of swine dysentery (1983) and for treatment of swine pneumo-
nia (1987).

21CFR558.600 provides for approved use of tiamulin in a
Type A medicated article containing 5,10, or 113.4 g tiamulin
(as hydrogen fumarate) per pound to be used in the manufac-
ture ofa Type C medicated feed at 35 g/ton (for use in the con-
trol of swine dysentery) and at 10 g/ton (for use in weight gain
and feed efficiency for swine).

When used at 35 g/ton, the feed must be withdrawn 2 days
before slaughter. The drug must notbe used in conjunction with
other polyether ionophores such as lasalocid, monensin, nar-
asin, and salinomycin.

21CFR558.4 provides for the following assay limits.

Type A medicated articles.— 5 and 10 g/lb, 90-115% label
content; 113.4 g/lb, 100-108% label content.

Type C medicatedfeeds.— 35 g/ton, 70-130% label content.

Tolerances: 21 CFR556.738

M arker Residue: 8-a-Hydroxymutilin

A tolerance of 0.4 ppm was established for tiamulin in
swine for 8-a-hydroxymutilin (the markerresidue) in liver (tar-
get tissue).

A marker residue concentration of 0.4 ppm in liver corre-
sponds to a concentration of 10.8 ppm tiamulin. The safe con-

Received January 14, 1992. Accepted December 4, 1992.
1 Current address: 1709 Burning Tree Dr, Vienna, VA22182.

centrations for total residues in uncooked edible tissues of
swine are 3.6 ppm in muscle, 10.8 ppm in liver, and 14.4 ppm
in kidney and fat.

Method Ill.  Liquid Chromatographic
Determination of Tiamulin Hydrogen Fumarate in
Complete Swine Meal Feeds

Scope

The method is applicable to the determination of tiamulin
hydrogen fumarate in complete swine meal feeds. The method
is not to be used for protein supplements and concentrates.

Principle

Feed is treated with a sodium carbonate solution to remove
tiamulin from its carrier and to convert tiamulin to the free base.
The tiamulin base is extracted into an organic solvent mixture
and then concentrated by back-extraction into an aqueous tar-
taric acid solution. Tiamulin is then analyzed by reversed-
phase liquid chromatography (LC).

Apparatus

All references to commercial apparatus and chemicals used
in this method are for descriptive purposes only and do not
constitute an endorsement by the U.S. Food and Drug Admin-
istration (FDA) or the U.S. Government. Equivalent products
may be used. The equipment needed is listed in Apparatus of
Method 1.

Reagents

The same reagents and solutions in Method | are required,
except that the tiamulin standard solutions are prepared as fol-
lows: (/) Stock solution, 600 \Lg/mL.—Accurately weigh
60 mg tiamulin hydrogen fumarate into 100 mL volumetric
flask. Dilute to volume with 0.1% tartaric acid solution. Calcu-
late the concentration of tiamulin in the stock solution from the
exact weight, and correct for standard purity. The solution is
stable for one week. (2) Working solution, 60 (Jg/mL.—Pipet
10.0 mL stock solution into 100 mL volumetric flask, and di-
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Table 1. Recovery (%) of tiamulin and coefficient
of variation (%) from FDA laboratories

Sample Beltsville Denver Kansas City
Unmedicated teed NDla NDI NDI
Fortified feed
50Xb 88 + 1.8 85+ 45 79+11.2
CVc 2.1 5.3 14.2
100X 83+4.8 81 +9.3 88 +4.2
CcVv 5.7 115 4.8
150X 8l +238 93 + 0.002 73+14.3
CcVv 35 0.0002 19.5
Medicated feed
10 g/ton tiamulin 6.2+0.3 9.1 +0.3 9.6+0.4
Ccv 5.3 3.4 4.4

a NDI, no detectable interferences.
6 X, equivalent amount to that in the medicated premix.
c CV, coefficient of variation.

lute to volume with 0.1% tartaric acid. Prepare a fresh solution
for each assay.

Analysis

Safety precautions.— Safe laboratory practices should be
observed during the method when using all chemicals. Be sure
that the centrifuge bottle, bottle holder, and rotor are all rated
for use under the conditions of the procedure.

Isolation Procedures

Sample preparation.— Accurately weigh a feed sample into
a 1/2 gal. wide-mouth jar. For 10 g/ton tiamulin feeds, weigh
200 g sample; for 35 g/ton tiamulin feeds, weigh a 50 g sam-
ple.

Sample extraction—To the jar with feed, add 250.0 mL ex-
traction solvent followed by 250 mL 1% sodium carbonate.
Cap jar and shake 5 s. (Note: Only glass containers should be
used for solutions of tiamulin. Jars should have Teflon lid lin-
ers.)

Placejars on amechanical shakerin an upright position, and
shake 1h. Good extraction is obtained using an orbital shaker
at 250 rpm.

Let extracted samples settle 60 min. Transfer liquid layer
from the settled feed in each jar to a centrifuge bottle. Balance
the centrifuge, and spin 15 min at ca 1500 rpm. Let cool to
room temperature.

Pipet 75.0 mL organic (upper) layer into a separatory fun-
nel. Add 5.0 mL0.1% tartaric acid solution to the separatory
funnel. Hold the stoppered separatory funnel in a horizontal
position, and gently shake 30 s. Let phases separate, and then

draw off the aqueous (lower) layer into a glass-stoppered con-
tainer.

Repeat the extraction with 2 additional 5.0 mL portions of
tartaric acid solution. Combine these additional extracts with
the first 5.0 mL portion. This is the sample solution to be chro-
matographed.

Determinative Procedures

LC conditions—Use the same LC parameters given in
Method I.

Analysis ofsamples.— Use the same sample analysis proce-
dure given in Method I. Establish a flow rate of 1.5 mL/min
through the LC system. Back pressure should be on the order
of 1500 psi. Inject a standard solution until the peak areas (or
heights) are reproducible. The retention time of the tiamulin
peak should be ca 7 min. Allow atleast 13 min per injection for
adequate peak area (height) integration and for the system to
return to a stable baseline. Inject sample and standard in the
following order: linjection of standard, 2 injections of sample,
linjection of standard.

Calculations.—Calculate the tiamulin concentration in the
feed sample by using the peak heights of the standard and sam-
ple in the following equation:

(Ra)(Q)(250)(V2)(0.908)

tiamulin (g/ton) =
(lyow)

where Ru= average response (peak height) for feed sample (or
unknown), Rs=average response for standard, Cs= concentra-
tion of standard (pg/mL), W = weight of feed (g), V, = aliquot
volume (75 mL), V2=volume of0.1% tartaric acid (15 mL).

Recoveryprocedures.—Recovery isdetermined by analysis
of fortified samples or samples with a known tiamulin content.

Confirmatory procedures.—No confirmatory procedures
were provided.

Reliability of the Method

Validation—Results given in Table 1 were obtained on
samples of fortified feed, control (unmedicated) feed, and man-
ufactured feed as analyzed by FDA. Because of emulsions en-
countered in the original samples, the Kansas City laboratory
analyzed another sample using the method presented in the An-
imal Drug Analytical Manual and designated as PMS-690/85-
Rvd 2/87. Results obtained by the Kansas City laboratory are
also presented in Table 1

FDA concluded that the method is acceptable for regulatory
purposes of determining tiamulin in complete feeds (Type C
medicated feeds).

The method (PMS-690/85:Rvd 2/87) was submitted by
Fermenta Animal Health Co., Kansas City, MO, in conjunction
with the approval of the New Animal Drag Applications,
NADAs 134-644 and 139-472.
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T iamulin, 14-deoxy-14-[(2-diethylaminoethyl)mercapto-
acetoxyjmutilin hydrogen fumarate (CAS No. 55297-
96-6), is used for the treatment of swine dysenteiy and

pneumonia and for weight gain and feed efficiency.

Denagard™ is the trade name for a 45% (as tiamulin) water-

soluble formulation.

Regulation Information

21CFR520.2455 provides for approved use of tiamulin in
the treatment of swine as a 45% water-soluble powder to make
medicated drinking water (227 mg tiamulin/gal) for treatment
of swine dysentery (1983) and for treatment of swine pneumo-
nia (1987).

21CFR558.600 provides for approved use of tiamulin in a
Type A medicated article containing 5,10, or 113.4 g tiamulin
(as hydrogen fumarate) per pound to be used in the manufac-
ture ofa Type C medicated feed at 35 g/ton (for use in the con-
trol of swine dysentery) and at 10 g/ton (for use in weight gain
and feed efficiency for swine).

When used at 35 g/ton, the feed must be withdrawn 2 days
before slaughter. The drug must notbe used in conjunction with
other polyether ionophores such as lasalocid, monensin, nar-
asin, and salinomycin.

21CFR558.4 provides for the following assay limits.

Type A medicated articles.—5 and 10 g/lb, 90-115% label
content; 113.4 g/lb, 100-108% label content.

Type C medicatedfeeds.— 35 g/ton, 70-130% label content.

Tolerances: 21CFR556.738

Marker Residue: 8-a-Hydroxymutilin

A tolerance of 0.4 ppm was established for tiamulin in
swine for 8-a-hydroxymutilin (the markerresidue) in liver (tar-
get tissue).

A marker residue concentration of 0.4 ppm in liver corre-
sponds to a concentration of 10.8 ppm tiamulin. The safe con-

Received January 14, 1992. Accepted December 4, 1992
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centrations for total residues in uncooked edible tissues of
swine are 3.6 ppm in muscle, 10.8 ppm in liver, and 14.4 ppm
in kidney and fat.

Method IV. Gas Chromatographic Determination
of Tiamulin Residues in Swine Liver

Scope

Residues derived from tiamulin hydrogen fumarate are de-
termined in swine liver.

Principle

The method includes alkaline hydrolysis of tiamulin metab-
olites and subsequent derivatization ofa major hydrolytic prod-
uct, 8-a-hydroxymutilin (the marker of tiamulin residues, X)
with pentafluoropropionic anhydride (PFPA). After column
chromatographic cleanup, the 8-a-hydroxymutilin-PFP deriv-
ative (XP) is determined by gas chromatographic (GC)/elec-
tron capture detection. Two GC column conditions are pre-
sented for use.

Limitof Reliable Measurement

The determinative method was validated by the sponsor at
200, 400, and 800 ppb. The determinative and confirmatory
methods were validated at 400 ppb by a U.S. Food and Drug
Administrahon/U.S. Departmentof Agriculture (FDA/USDA)
interlaboratory study.

Apparatus

All references to commercial apparatus and chemicals used
in this method are for descriptive purposes only and do not
constitute an endorsement by the FDA or the U.S. Government.
Equivalent products may be used.

(a) Acetone-dry ice bath.

(b) Blender.— 1qtstainless steel Waring Blender equipped
with swivel clamps and a variable transformer.

(c) Chromatographic column.—400 x 20 mm id, with
disc.

(d) Filterpaper.— 11 cm, Whatman No. 42.
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(e) Flat-bottom jointflasks (24/40).— 125 and 250 mL.

(f) Foldedfilter paper—Whatman 2V (24 cm).

(9) Powderfunnels.

(h) Gas chromatograph.— Varian GC 3700 equipped with
a 63Ni electron capture detector.

(i) GC columns—Column A: 100 cm x 1/4 in. (6.1 mm)
id glass, packed with 3% SP-2250 on 80-100 Supelcoport (1-
1980, 1-1541) and conditioned 48 h at 270°C. Column B:
100 cm x 1/4 in. (6.1 mm) id glass, packed with 3% SP-2100
on 80-100 mesh Supelcoport and conditioned 48 h at 270°C.

(j) lce-water bath.

(k) Meyer N-EVAP analytical evaporator— Model No.
111, Organomation Associates.

(I) Pipets— Serological glass disposable, 0.01 mL.

(m) Rotaryflash evaporator.—Buchler Instruments.

(n) Separatoryfunnels.—Pear-shaped, 125 mL, with Tef-
lon stopcocks.

(o) Syringes.—5.0, 10.0, and 1000.0 pL.

(p) TR-Vial system.—5 mLTR-Vials and TR-block heater
(Regis Chemical).

(q) Vacuum filtering sidearm flask.— 1 L, with Buchner
porcelain funnels (11 cm id) and Whatman No. 42 filter paper
(11 cm).

Reagents

(a) Acetone, hexane, benzene, and methylene chloride—
Pesticide grade. Note: Pesticide grade toluene may be used to
replace benzene for routine analysis but should not be used
when sample solutions will be used for GC/mass spectrometric
(MS) confirmation of XP (Method V) after completion of the
determinative process. Methylene chloride may be replaced by
pesticide grade chloroform.

(b) Florisil.—60-100 mesh PR, density = 0.42 g/cc (Floridin
Co.). Activate at 100°C for 10h before using and keep at 100°C.

(c) Hydrochloric acid; sodium hydroxide; sodium sulfate,
granular and anhydrous; and triethylamine (TEA).—ACS re-
agent grade.

(d) 8-a-Hydroxymutilin—Analytical standard (Fermenta
Animal Health Company, Kansas City, MO 64150).

(e) Pentafluoropropionic anhydride—Purchase in 1 mL
ampoules (Regis Chemical). Use a freshly opened ampoule for
each analytical run, and discard any excess that is not used im-
mediately.

(f) Tiamulin hydrogen fumarate.— Analytical
(Fermenta Animal Health Co.).

(g9) Column eluting solution.— Acetone-hexane (1 +50,
vIv).

(h) Derivatizing solution.— 1% TEA in a mixture of ace-
tone-benzene (1+2, v/v).

(i) Extraction solution.—0.5N HCl-acetone (1+60, v/v).
Prepare immediately before use by mixing 10 mL 0.5N HC1
with 600 mL acetone for extracting one sample twice.

(J) Hydrochloric acid solutions.— 0.2 and 0.5N.

(k) Sodium hydroxide solution.-—7.0N

(I) standard solution of 8-a-hydmxymutilin (X).—2.0 pg
X/mL in acetone. This solution can be stored at 4°C for
2 months.

standard

Analysis

Safety precautions.—Safe laboratory practices should be
observed during the method when using all chemicals. Special
caution should be taken when using chemicals that are known
to be potential carcinogens (e.g., benzene and chloroform).

Isolation Procedures

Preparation ofliver samples.— After necropsy, remove the
entire liver of a swine, and immediately rinse with deionized
water, dry with paper towels, slice into pieces with a knife, and
homogenize 1-2 min at high speed in a Waring blender. Label
and store the homogenate in a 1 L plastic bottle at -30°C for
future analysis or immediately analyze for the 8-a-hydroxy-
mutilin residue content.

Extraction.— Extract 30.0 g liver homogenate in a blender
by maceration with 300 mL freshly prepared extraction solu-
tion for 2 min at high speed. (Note: Place a piece of5 cm2plas-
tic sheet under the O-ring to avoid contamination of the O-ring
and the cover of the blender with the extracting materials dur-
ing maceration.) Filter the extract by vacuum through 2 What-
man No. 42 filter circles prewetted with water and layered in a
Buchner funnel, and then wash with ca 30 mL acetone.
Reextract the cake and refilter the extract.

Cool the filtrate by setting the filtering flask in an acetone-
dry ice bath for 10 min. Filter the cooled extract again through
a Buchner funnel as described above. (Note: The purpose of
cooling is to remove the fat from the extract.)

Transfer the filtrate to a 1L round-bottom flask. Evaporate ac-
etoneunder reduced pressure at45 + 1°Cusing arotary flash evap-
orator. (Note: To avoid contamination, wash the evaporator joint
inside and outside with acetone before each evaporation.)

After the acetone is evaporated, continue evaporation for
5 min more at 65°C to ensure complete evaporation of acetone.
In an ice-water bath, cool the flask, which contains ca 10-
15 mL aqueous extract. All soluble metabolites derived from
tiamulin are extracted in the aqueous phase.

Hydrolysis o ftiamulin metabolites.— Filter the aqueous ex-
tract into a 250 mL flat-bottom joint flask through a folded fil-
ter paper circle supported in a powder funnel.

Wash the evaporation flask thoroughly with 20 mL 0.2N
HC13times, and filter the washings into the flask. Add washing
solution to the funnel when the previous filtration is nearly
drained or 1-2 mL is left in the filter paper. Add 12 mL 7.0ON
NaOH to the flask.

Stopper the flask tightly with a 3-prong clamp. Incubate the
flask in a water bath at 45 + 1°C for 20 min to hydrolyze the
tiamulin metabolites.

(Caution: Conduct this step under a hood.) Remove the
stopper, and acidify the extract with 7 mL concentrated HCL.
Purge any HC1 gas in the flask with air or nitrogen gas, and cool
the flask in an ice-water bath.

Transfer the extract into a 125 mL separatory funnel. Ex-
tract the X residue produced with 20 mL methylene chloride
(or chloroform), which is used for washing the flask. Repeat
these washing and extracting processes 2 times more. For each
extraction, shake the separatory funnel 10 s. Wait5 min before
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Figure 1. Chromatogram showing the retention time of
8-a-hydroxymutilin-P (XP) and mutilin-P with column A
(P = PFP derivative).

partition separation. Collect the methylene chloride (or chloro-
form) phases in a 125 mL flat-bottom joint flask. (Note: The
methylene chloride phase must not contain any entrained
water. Use a longer separation time and a clean, dry separatory
funnel to avoid traces of water.)

Evaporate the methylene chloride (or chloroform) to an oily
residue, ca 50 (iL, under reduced pressure at45 + 1°C by using
the rotary flash evaporator. Purge the flask with air or nitrogen
gas and cool with ice water.

Derivatization o fX with PFPA toform XP.—Add 1.50 mL
derivatizing solution to the flask with a 1.00 mL serological
pipet (1.50 mL = 30.0 g liver). Stopper the flask, and dissolve
all the residues on the glass wall of the flask by swirling the
solution while cooling the flask in an ice-water bath.

Accurately pipet 1.00 mL (ca 20.0 g liver) from the flask
into a 5 mL TR-Vial. Add 0.10 mL PFPA to the vial. Cap the
vial tightly, and heat 20 min in a TR-block heater at 60°C for
derivatization. (Note: Add 1 mL water to each hole of the block
heater for more uniform heating.)

Cool the vial to room temperature before the cap is re-
moved, and evaporate the solvent to an oily residue by purging
with air or nitrogen gas with a Meyer N-Evap analytical evap-
orator at 60°C. (Note: Purge to cause minimum disturbance to
the solvent surface.)

Cleanup ofXP by column chromatography.— Pack a chro-
matographic column with 25 g hot activated Florisil. Im-
mediately place 10 g sodium sulfate on top of the Florisil, and
use the column as soon as it cools.

Dissolve the residue in the vial in 4 mL column eluting so-
lution. Cap the vial tightly, shake 5 s, and pour the solution
directly onto the column. Repeat this washing procedure
3 times more.

Elute the column with 200 mL eluting solution. Collectin a
250 mL flat-bottom joint flask. Evaporate the eluate to dryness
under reduced pressure at 45+ 1°C by using the rotary
flash evaporator.

Purge the flask to dryness with air, and dissolve the residues
in 20 mL toluene or benzene for GC determination. Further
dilution may be needed depending on the concentration of X.
(Note: If sample solutions are to be reserved for GC/MS con-
firmation, toluene should not be used.)

Deterrr,jnative Procedures

GC conditions.— Before sample analysis, determine the lin-
ear operable range of the gas chromatograph under the follow-
ing conditions (this will influence the dilution that should be
made in the final sample extract): column temperature, 170-
180°C; inlet temperature, 280°C; detector temperature, 330-
350°C; flow rate for N2 carrier gas, 60 mL/min; chart speed,
2.5 cm/min; attenuator, 8 x 10 11 (changeable depending on
XP concentrations and instrument conditions; see Discussion).

The approximate retention times for XP using the 2 columns
and the operating conditions above are 34 s for column A and
52 sforcolumn B. See Figures 1and 2 for representative chro-
matograms.

Preparation of internal processed standard curve ofX —
Prepare a standard solution of X by dissolving X in acetone to
yield a final concentration of 2.0 pg X/mL.

Transfer a 6.0 mL aliquot of the standard X solution (ca
12.0 pg X) to a 250 mL flat-bottom joint flask. After purging
with air, add 10 mL 0.5N HC1, 60 mL 0.2N HC1, and 12 mL
7.0N NaOH solutions. Proceed with the instructions above
from Hydrolysis o ftiamulin metabolites starting with “Stopper
the flask” rhrough “Evaporate the eluate to dryness under re-
duced pressure at 45 + °C by using the rotary flash evapora-
tor...” in Cleanup ofXP by column chromatography. Dissolve
the XP residue in 160.0 mL benzene. (Note: Toluene should not
be used if the XP will undergo GC/MS confirmation.)

Because only 67% of the original 12.0 pg X is used in the
derivatization step, the XP solution has a theoretical concentra-
tion corresponding to 50.0 ng X/mL. This XP solution is used
as a standard solution of X for GC analysis. It can be stored at
4°C for 2 months. The procedure described above is designed
to simulate a 400 ppb fortification of X to a control liver sample
(12.0 pg X/30.0 g liver). Use a freshly derivatized standard for
quantitation of tiamulin marker in samples.
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Depending on the sensitivity of the GC system, the standard
solution of X for GC analysis may be used directly for con-
structing standard curves of X, oritmay be diluted 10-fold with
benzene. The diluted standard solution of X for GC analysis
has a concentration corresponding to 5.0 ng X/mL. Generate an
internal processed standard curve of X by triplicate GC analy-
sisof 1.0,2.0, and 3.0 pL aliquots of the working standard so-
lution corresponding to 5.0, 10.0, and 15.0 pg X, respectively.
{Note: The linear range for the each instrument used must be
determined, and samples must be diluted accordingly.)

Calculations.—Calculate X (ppb) according to the follow-
ing equations:

Ap'INik~ AngMi.L
ppb of X = ng of X/g of sample =
(V V )xD(V,/V2) x (1/W)

where Xpg =amount of X (pg) from an internal processed stan-
dard curve of X, V = sample solution (pL) injected into the
GC system, D = final dilution of the sample solution (mL) be-
fore injection, Vx= volume ofderivatizing solution (mL) added
in the first step of the derivatization procedure (1.50 mL), V2=
volume of derivatizing solution (mL) taken in the second step

Retention Time
(=25-26 mm)
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Figure 2. Chromatogram showing the retention time of
8-a-hydroxymutilin-P (XP) and mutilin-P with column B
(P = PFP derivative).

of the derivatization procedure (1.00 mL), and W - liver sam-
ple (g) taken for extraction (30.0 g).

Using the chromatogram in Figure 3 as an example, the ppb
of X may be calculated as follows: Xpg= 10.1 pg (from peak
height and standard curve), WL- 2.0 pL, D = 1600 mL; ppb X
= ng X/g = 10.1 pg/2.0 pL x 1600 mL (1.50 mL/1.00 mL) x
1/30.0 g = 404 ppb.

The value of D (1600 mL) was the final volume ofthis 20 g
sample before GC analysis. It was not prepared by dissolving
the sample residue directly with 1600 mL benzene. It was di-
luted stepwise depending on GC tests. For instance, the sample
residue was first dissolved in 20 mL benzene according to the
final step in the column cleanup procedure. This 20 mL/20 g
solution was tested by injecting 0.2 pL into the GC system, and
it was found that the XP was too concentrated. Then, a 20-fold
dilution was made by mixing 1.0 mL of this sample solution
with 19.0 mL benzene.

Similarly, the diluted sample solution (400 mL/20 g) was
also tested by GC, and the XP concentration was once more
found to be too high. Therefore, another 20-fold dilution was
made in the same way. The sample solution was continuously

Retention Time
(=14.0 mm)

ﬂ

78 mm

Figure 3. GC determination of X in treated liver using
column A.
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tested and diluted until the final solution, with a diluting con-
centration corresponding to 1600 mL/20 g, was obtained. The
final volume of 1600 mL was chosen because when 2.0 |iL of
this solution was injected into the GC system, an XP peak with
a height between the peak heights produced by 5.0 and 15.0 pg
of X, as shown in Figure 4, was obtained.

The residue of X can be determined either by peak height or
by peak area depending on the convenience of instrumentation.
For the Varian GC 3700, measurement of peak heights is the
most practical way to determine X residues. When nonideal
linearity is obtained, generate data by interpolating the amount
present from the 2 standards bracketing the response of the un-
known. Use of a least-squares fit of the standard curve is not
recommended. Injections should fall in the midrange of the
standard curve.

Recovery procedures.— Analyze control swine liver forti-
fied with X to determine recovery levels.

Confirmatoryprocedures.— See Method V for GC/MS con-
firmation of tiamulin fumarate residues.

Reliability of the M ethod

Validation.— (7) Recoveries ofX fortified to control liver
(sponsors results).— Thirty grams ofa control swine fiver (No.
33) were fortified in 5 replicates with 6000.0 ng X (200.0 ppb
X), 12000.0 ng X (400.0 ppb X), and 24 000.0 ng X
(800.0 ppb X) and analyzed according to the procedure de-
tailed above. Chromatograms of control and fortified samples
are presented in Figure 5. On the basis of the internal processed
standard curve of X, the average recoveries (xSD) of the forti-
fied X were 180.4 + 20.3 for the 200 ppb spike, 373 + 22.2 for
400 ppb spike, and 710 = 77.9 for 800 ppb spike (n =5 in each
analysis). The average percent recovery was 90.8%.

J B,

A B C
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Figure 4. Retention times and peak height of external
standard XP from 5.0 (A), 10.0 (B), and 15.0 pg X (C).

During the recovery study, the following were observed: (1)
no significant interfering peaks appeared in the control sam-
ples, indicating the effective cleanup achieved in this proce-
dure; (2) the recoveries of X varied from 88.8 to 93.4%, with
an average 0f90.8%, indicating the reproducibility of this pro-
cedure; and (3) the XP peak was the only major peak appearing
on the chromatograms, indicating specific and sensitive deter-
mination of X by this procedure. After GC determinations, the
samples were also sent for GC/MS confirmation (Method V).
Results confirmed the existence of XP in all fortified samples
but not in the control samples. Three to 5 samples could be

YL AW

62 mm

Wy

69 mm 65 mm

Figure 5. Chromatograms showing GC analysis of control swine liver No. 33 (A) and this liver fortified with X at

200 ppb (B), 400 ppb (C), and 800 ppb (D).
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Table 1. Recovery (ppb) of tiamulin and coefficient of variation (%92

Sample Beltsville FDA
Control NDb
Fortified controls, 440 ppb 335
388
320
345
371
370
X 354.8 £+ 25.7
CV, % 7.2
Dosed liver, composite A 490
567
414
526
497
X 497.0 + 50.5
CV, % 10.2

a Sponsor data (ppb): 448, 430, 448, X = 442.
b None detected, 2 samples.
¢ None detected, 5 samples.

analyzed per person per day by the method. On the basis of the
validation results, the sponsor concluded that this method is of
practical use as a standard procedure for routine and regulatory
analyses of the residues of tiamulin in swine liver. For routine
residue analysis and regulatory purposes, internal processed
standard curves of X are suggested, because the experimental
errors can be directly corrected.

2) Tissue residue validation study (FDA/USDA).—Data

from method trials conducted by the FDA and USDA are tab-
ulated in Tables 1 and 2. Table 1 shows that the 3 laboratories
in the study obtained satisfactory data for the fortified controls
and control tissues. However, 2 of the laboratories reported un-
satisfactory recovery data for the tiamulin marker in the dosed
liver composite A. USDA Beltsville (Food Safety and Inspec-
tion Service) recoveries averaged 69% of that reported by the
sponsor, with a 33% coefficient of variation. Denver FDA re-

Beltsville USDA Denver FDA
NDC NDC
400 370
358 467
368 432
379 429
333 485

367.6 + 24.8 436.6 +44.1
6.8 10.1
344 204
452 181
213 157
293 148
215 181

303.4 + 99.8 174.2 £22.2
32.9 12.7

ported 39% recovery and a CV of 8.2%. These data raised
questions about the stability of the tiamulin residues in the in-
curred liver samples, which at the time of analysis were 8
months old, and the adequacy of the blending, hydrolysis, and
derivatization procedures. One analystfrom the Beltsville FDA
and one from USDA Beltsville independently and simulta-
neously analyzed a sample from the liver composite A. Both
analysts obtained low recoveries: Beltsville FDA found 234
and241 ppb, and Beltsville USD Afound 166 and 172 ppb. The
Beltsville FDA analyst previously obtained an average of
497 ppb for portions of composite liver A during the trial in
Beltsville FDA laboratory.

Samples from a fresh liver composite, labeled B in Table 2,
were analyzed independently and simultaneously by analysts
from FDA, USDA, and the sponsor in the Beltsville USDA
laboratory. Before the start of the sample analysis, USDA and

Table 2. Recovery (ppb) of tiamulin and coefficient of variation (%9)a

Beltsville FDA

Sample Set | Set ll
Controls, 0 ppb NDb ND
Fortified controls, 400 ppb 390 355
Dosed liver, composite B 363 418

500 430

563 419
X 448 +71
CV, % 15.8

a Sponsor data (ppb): 499, 489, 492, 475, X= 484.
b ND = none detected.

Beltsville USDA Sponsor
Seti Set I Seti Set Il
ND ND
438 312 336 133
465 446 420 323
455 449 412 252
405 452 349 399
445 + 20.7 359 +64.9
4.7 181
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Table 3. Recovery of tiamulin in swine livers

Laboratory Spike, ppb Ree., % CV, %
Beltsville FDA 448 93 15.8
Beltsville USDA 445 92 4.7
Sponsor 359 74 18.1

FDA analysts cross-checked their standards. Old and new
working standards were checked. No significant differences
were observed between standards previously prepared in each
of the laboratories or between old and new standards.

As seen in Table 2, each analyst ran 2 sets of samples in the
Beltsville USDA laboratory. Each set consisted of a control, a
control fortified at 400 ppb with the marker, and 3 samples of
dosed liver composite B. This composite was previously ana-
lyzed by the sponsor’s analyst in the sponsor’s laboratory. The
results for this study are given in Table 3. For the combined
dosed tissue data from all 3 analysts, the coefficient of variation
was 11.2%. It was concluded that the method was satisfactory
for determining tiamulin in swine livers.

Discussion

Sponsors Comments

Florisil efficiency.— The same lot of Florisil should be used
for cleanup when conducting the method. Use of different lots
during the procedure can lead to erroneous results and is dis-
couraged.

The efficiency of a given lot of Florisil can be checked by
comparing the recovery of a fortified control swine liver sam-
ple, for example at 400 ppb of X, with an internal processed
standard of X as described above. Because the fortified sample
and the internal processed standard of X are prepared under
identical conditions, satisfactory recovery of the fortified X in-
dicates high efficiency of the Florisil.

Method continuity.— Laboratory work for the GC determi-
nation of the X residue in swine liver by this method can be
suspended at any step except the hydrolysis and derivatization
steps, because these are time-dependent. These 2 steps mustbe
individually carried to completion.

Because both X and XP are quite stable at room tempera-
ture, especially in dilute acidic solutions, the unfinished sample
solutions can be kept at room temperature for limited periods
of time. However, if the suspension period is more than 5 h, the
unfinished sample solutions should be stored at4°C. During the
suspension period, sample solutions should be stoppered and
properly labeled.

Variable GC conditions and sensitivity—For any given gas
chromatograph, the sensitivity of an electron capture detector
varies from time to time, especially when new columns are
installed. For this reason, a new standard curve of X must be
generated for each batch of samples, and the established sensi-
tivity must be checked frequently with the standard solution
during GC analysis.

Purging with nitrogen gas may be applied if proper facilities
are available, and better results can be obtained. The conditions
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Figure 6. Typical standard curves of X.

for purging must be determined by the individual investigator.
Forany given batch of samples, identical GC conditions should
be maintained and recorded.

A convenient linearrange ofthe instrument in use should be
established experimentally. Dilutions of the standard solution
of X for GC analysis and sample extracts must be in accordance
with an optimum linear range, which may vary with individual
detection systems.

Extensive dilution of X residue solutions may be avoided by
injecting concentrated X residue and setting the attenuator at
128 or higher. Under these conditions, the internal processed
standard curve of X may notresult in a straight line; therefore,
the results may be subject to a higher percent error.

Estimation of experimental loss of X residue.— By using
this procedure to determine the residue of X in swine liver,

Retention Time
! (=51-52 mm)
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—

Figure 7. Chromatogram showing the retention time of
8-a-hydroxymutilin-P and mutilin-P with column C (P =
PFP derivative).
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experimental loss of X is inevitable, but this loss can be theo-
retically and directly corrected ifan internal processed standard
curve of X is used for quantitation. This is because the X resi-
dues, either in samples or in internal processed standard solu-
tions, are subjected to identical processes and experimental
losses. The experimental loss of X with this procedure may be
estimated by comparing an internal processed standard curve of X
with an external standard curve of X (a standard curve constructed
by pure XP solution and not taken through the process).

The external standard curve of X is not a requirement for
routine analysis. It is nota true standard in the traditional sense.
The external standard allows for measurement of peaks of XP
in the absence of any losses, that is, 100% recovery.

Following the procedures detailed above in the derivatiza-
tion and cleanup sections, standard XP can be prepared. The
external standard curve of X is constructed by triplicate GC
injections of a standard solution of XP corresponding to 5.0,
10.0, and 15.0 pg X (100.0 ng X = 230.36 ng XP). Examples
of typical chromatograms are shown in Figure 4.

Figure 6 shows that the internal processed standard curve of
X corresponds to approximately 75% of the external standard,

indicating a 25% loss during extraction and cleanup. This 25%
loss is corrected directly if an internal processed standard curve
of X is used for quantitating X during residue analysis. If an
external standard curve of X is used for quantitation, a 25%
correction should be added to the quantities determined.

Interference of other animal drugs—Liver samples col-
lected from swine that were treated with Carbadox, Lincomy-
cin, Tylan-Sulfa, CSP-250, Furacin, Bacitracin, and S.O.L.
(Rabon) at approved levels were analyzed with this method.
No interferences with tiamulin were observed.

GC columns.—Both GC columns give reproducible and es-
sentially identical results. Column A is the column of prefer-
ence, not because of improvement in the data but because of
improvement in peak separation. The use ofa third column, 5%
OV-210 on 80-100 mesh Supelcoport under the same condi-
tions as specified in the method, provides an additional means
to determine any interference (see Figure 7).

The method (No. 371-3MD-80-0040-005) was submitted
by Fermenta Animal Health Co., Kansas City, MO, in conjunc-
tion with the approval of the New Animal Drug Applications,
NADAs 134-644 and 139-472.
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REGULATORYANALYTICAL METHODS

Method V. Gas Chromatographic/Mass Spectrometric
Confirmation of 8-Hydroxymutilin, a Tiamulin Metabolite,

in Swine Liver Extracts

Co-Edited by: John R. Markust

U.S. Food and Drug Administration, Department of Health and Human Services, Center for Veterinary Medicine,
Office of New Animal Drug Evaluation, 7500 Standish Place, Rockville, MD 20855

Co-Edited by: Joseph Sherma

Lafayette College, Department of Chemistry, Easton, PA 18042

T iamulin, 14-deoxy-14-[(2-diethylaminoethyl)mercapto-
acetoxy]mutilin hydrogen fumarate (CAS No. 55297-
96-6), is used for the treatment of swine dysentery and

pneumonia and for weight gain and feed efficiency.

Denagard™ is the trade name for a 45% (as tiamulin) water-

soluble formulation.

Regulation Information

21CFR520.2455 provides for approved use of tiamulin in
the treatment of swine as a 45% water-soluble powder to make
medicated drinking water (227 mg tiamulin/gal) for treatment
of swine dysentery (1983) and for treatment of swine pneumo-
nia (1987).

21CFR558.600 provides for approved use of tiamulin in a
Type A medicated article containing 5,10, or 113.4 g tiamulin
(as hydrogen fumarate) per pound to be used in the manufac-
ture of a Type C medicated feed at 35 g/ton (for use in the con-
trol of swine dysentery) and at 10 g/ton (for use in weight gain
and feed efficiency for swine).

When used at 35 g/ton, the feed must be withdrawn 2 days
before slaughter. The drug mustnotbe used in conjunction with
other polyether ionophores such as lasalocid, monensin, nar-
asin, and salinomycin.

21CFR558.4 provides for the following assay limits.

Type A medicated articles— 5 and 10 g/lb, 90-115% label
content; 113.4 g/lb, 100-108% label content.

Type C medicatedfeeds.— 35 g/ton, 70-130% label content.

Tolerances: 21 CFR556.738

Marker Residue: 8-a-Hydroxymutilin

A tolerance of 0.4 ppm was established for tiamulin in
swine for 8-a-hydroxymutilin (the markerresidue) in liver (tar-
get tissue).

Received January 14, 1992. Accepted December 4, 1992.
1 Current address: 1709 Burning Tree Dr, Vienna, VA 22182.

A marker residue concentration of 0.4 ppm in liver corre-
sponds to a concentration of 10.8 ppm tiamulin. The safe con-
centrations for total residues in uncooked edible tissues of
swine are 3.6 ppm in muscle, 10.8 ppm in liver, and 14.4 ppm
in kidney and fat.

Method V. Gas Chromatographic/Mass
Spectrometric Confirmation of 8-Hydroxymutilin,
a Tiamulin Metabolite, in Swine Liver Extracts

Scope

The method is limited to obtaining mass spectra from a
single gas chromatographic (GC) peak attributed to 8-hydroxy-
mutilin-PFP, a pentafluoropropionic anhydride (PFPA) deriv-
ative of the tiamulin metabolite 8-hydroxymutilin.

Principle

Alkaline hydrolysis of tiamulin metabolites in swine liver
yields a major hydrolytic product, 8-hydroxymutilin. Der-
ivatization of the metabolite with PFPA, followed by column
chromatographic cleanup, yields samples suitable for GC/mass
spectrometric (MS) determination. For the derivative in which
all 3 hydroxyl groups have reacted with PFPA, the molecular
weightis 774. Amass spectrum of an authentic standard of the
derivative can be used to confirm the presence of the material
in treated swine liver samples.

Limitof Reliable Measurement

The method will produce a characteristic mass spectrum at
200 ng or below.

Apparatus

All references to commercial apparatus and chemicals used in
this method are for descriptive purposes only and do not constitute
an endorsementby the U.S. Food and Drug Administration or the
U.S. Government. Equivalent products may be used.

@) Mass spectrometer.— Instrument capable of unit reso-

lution and having a mass range of at least 1000 amu.
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standard.

Mass spectrum for 8-hydroxymutilin-PFP

(b) Gaschromatograph.— Interfaced with suitable separa-
tor.

(c) GC column.—Glass, 6 ft (1.8 m), packed with 3%
SP2100 on 80-100 mesh Supelcoport.

(d) Analytical balance.— Capable of weighing to 0.1 mg.

(e) Centrifuge.

(f) Graduated centrifuge tubes.

Reagents

(a) Acetone.—Fisher certified (Caution:Acetone isaflam-
mable liquid).

(b) 8-Hydroxymutilin-PFP standard.—Dissolve 2 mg
(weighed to nearest 0.1 mg) 8-hydroxymutilin-PFP standard
in 1 mL acetone. This will give a solution equivalent to 2000
ng/pL.

Analysis

Determinative Procedures

GC/MS operating conditions.—The following parameters
were used with a Varian-MAT CH-7 mass spectrometer, MAT
55-200 data system, and Varian 1740 gas chromatograph inter-
faced with ajet separator (some modifications may be required
for other systems). (1) GC parameters.— Injection port tem-
perature, 240°C; column temperature, 190°C; isothermal sepa-
rator temperature, 280°C; helium carrier gas flow rate,
30 mL/min; divert valve to mass spectrometer, open 2 min
after injection of the sample. (2) GC/MS/data system parame-
ters.—Source temperature, 200°C; source pressure, 1 x 10-6to
5 x 10-6 torr (with solvent bypass); emission current, 300 A;

ionizing voltage, 70 eV; accelerating voltage, -3 kV; secondary
electron multiplier, ca 2000 V; resolution, 1000; sample/mass
peak, 8; scan rate, 4 s/decade; sampling rate, 5 kHz; mass
range, 250-800 amu; and interscan time, 5 s.

Analysis ofstandard.—Inject 0.2 pL standard solution onto
the column to determine the retention time of the GC peak for
8-hydroxymutilin-PFP (ca 5 min with the above conditions).

Determine the sensitivity of the compound with the partic-
ular system and associated conditions by injecting successive
dilutions down to ca 100 ng/pL. This will indicate the level at
which meaningful mass spectral data may be obtained from a
particular M S/separator/GC combination. With the system and
conditions specified in this method, 200 ng 8-hydroxymutilin
will produce a molecular ion at m/z 774 and characteristic
peaks at m/z 610,447, 325, and 285.

Analysis o fsamples— Analyze samples that were prepared
according to the GC determinative procedure for tiamulin
(Method 1V). In general, all ofthe sample obtained is submitted
for MS confirmation. (Note: At the 400 ppb level and with
complete recovery, a total of ca 8000 ng will be available for
GC/MS after solvent evaporation.) If samples are received in a
dry state, add 0.5-1.0 mL acetone. Transfer the solution to a
graduated centrifuge tube. After centrifuging, evaporate the so-
lution to ca the 0.1 mL mark.

Withdraw 5-10 pL solution, and inject onto the SP-2100
column using the same parameters as were used for the stan-
dard. Obtain a spectrum (range, 250-800 amu) for the GC peak
eluting at the same retention time as the standard of 8-
hydroxymutilin-PFP. If a GC peak is not detected or a satisfac-
tory mass spectrum is not obtained, reduce the volume of the
solution and inject an additional sample from the more concen-
trated solution.

Compare standard and sample mass spectra for similarity
and sample peak homogeneity.

Discussion

Sponsors comments

Condition the GC column 48 h at 270°C before perform-
ing analyses.

If the sample solution is cloudy or contains suspended
particles, centrifuge further or filter the solution before injec-
tion.

A mass spectrum (200-800 amu, Figure 1) for the standard
of 8-hydroxymutilin-PFP showed the following characteristic
peaks: m/z 774 (molecularion), 610,447,325, and 285.

The method was submitted by Fermenta Animal Health Co.,
Kansas City, MO, in conjunction with the approval of the New
Animal Drug Applications, NADAs 134-644 and 139-472.
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