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PROVEN APPLICATIONS
• Aflatoxin in Grains, Peanut Butter,
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• Aflatoxin and Zearalenone in Grains 

and Feeds
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in Grains and Feeds

POTENTIAL APPLICATIONS
Any Small (< 1000 mw), Medium Polarity 
OrganicCompoundsinfoods or feeds
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The US. EPA Manual 
of Chemical Methods 

for Pesticides and Devices, 
Second Edition

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

Act now and take advantage of 
this special pre-publication offer. 
Scheduled for April 1, 1992 
release, The U.S. EPA M a n u a l  o f  

C h e m i c a l  M e t h o d s  f o r  P e s t i c i d e s  

a n d  D e v i c e s  is a compendium of 
chemical methods for the analy
sis of pesticides in technical 
materials, commercial pesticide 
formulations and devices. The 
manual contains 287 methods 
that have been contributed by 
federal and state agencies and 
private industry.
Although not collaboratively 
tested official AOAC methods, 
most have been validated in 
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 O f f i c i a l  M e t h o d s  

o f  A n a l y s i s  o f  t h e  A O A C . The 
result is a concise, up-to-date 
manual designed to serve all 
analytical scientists involved in 
pesticides and devices.

Second edition. A pproxim ate ly  
790 pages. 3-ho le  d r ill w ith  binder. 
ISBN 0-935584-47-1. $ 1 3 1 .0 0  in  
North Am erica (USA, Canada, Mexico) 
$ 1 5 4 .0 0  outside North America.

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.
Credit card orders may also be placed by phone +1 (703) 522-3032, or FAX +1 (703) 522-5468.
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w i t h  A O A C  I n t e r n a t i o n a l ’s

1992 SHORT COURSES
M a k e  Y o u r  P l a n s  N o w  t o  A t t e n d !

Quality A s s u r a n c e  for Analytical L a b s  

Quality A s s u r a n c e  for Microbiological L a b s  

Lab o r a t o r y  W a s t e  Disposal, E n v i r o n m e n t a l  C o m p l i a n c e

a n d  Safety

Statistics for M e t h o d o l o g y  

I m p r o v i n g  Y o u r  Technical Writing Skills 

H o w  to Testify as a n  E x p e r t  W i t n e s s

S a n  Francisco, C A  Cincinnati, O H
J u n e  15-20, 1 9 9 2  A u g u s t  29-30, 1 9 9 2  a n d

S e p t e m b e r  3-4, 1 9 9 2  
St. Louis, M O  

O c t o b e r  12-17, 1 9 9 2

H e r e ’s w h a t  p a s t  participants h a v e  said ...

. . a  t r e m e n d o u s  s o u r c e  o f  v a l u a b l e  

i n f o r m a t i o n .  C i t e d  c a s e  s t u d i e s . . . a  p l u s . ”

uT h e  w o r k s h o p  I s h o r t c o u r s e  w a s  s o  

i n f o r m a t i v e  t h a t  I  w o u l d  l i k e  t o  i n v i t e  t h e  

i n s t r u c t o r  t o  m y  u n i v e r s i  t y  f o r  a  m i n i 

s e m i n a r . ”

“ W e l l  p a c e d  p r o g r a m  c o v e r i n g  a  

w e a l t h  o f  i n f o r m a t i o n  ”

“ V e r y  u s e f u l  a s  t o  n e w  r e g u l a t i o n s "

“L o t s  o f  g o o d  i d e a s  &  s u g g e s t  i o n s . . . c a n  

b e  a c t i v a t e d  w i t h  m i n i m u m  e x p e n s e ”

For m ore inform ation, d ates and locations, call th e  AOAC M eetings D epartm ent at 
-t 1 (7 0 3 )  522- 3032  or fax, t 1 (7 0 3 )  522-54(58.



JOURNAL OF
AO AC
INTERNATIONAL
A Peer-Reviewed Journal Publishing 
Basic and Applied Research in the 
Analytical Sciences Related to Foods, 
Drugs, Agriculture, and the Environment
Editorial Board
Claire Franklin
Chairman and Editor-in-Chief 
James Ault 
Franklin E. Barton II 
Jerry A  Burke 
Richard A. Durst 
Richard Gorham 
Anant V. Jain 
James Lichtenberg 
W. Harvey Newsome 
Joseph Sherma 
Arpad Somogyi 
David L  Terry

Table of Contents

May/June 1992 VOL. 75, No. 3 JAINEE 75(3)375-590 (1992)

5 8 A F o r Y o u r  In fo rm a tio n
6 1A B o o k s  In B r ie f
6 3A N e w  P r o d u c ts
6 5A C u m u la tiv e  A u th o r  In d e x

DISCUSSIONS IN ANALYTICAL CHEMISTRY
375 Analytical Supercritical Fluid Extraction: Current Trends and Future Vistas

Jerry W. K ing and M arvin L. H opper

ALCOHOLIC BEVERAGES
379 Liquid Chromatographic Method for Determination

of Glycerol in Wine and Grape Juice: Collaborative Study
A rthur Caputi, Jr, Eric Christensen, N ancy Biedenweg, and Susan M iller

Journal Editors
Agricultural Materials
Rodney J. Noel

Drugs, Cosmetics, Forensic Materials
Joseph Westheimer

Food Contaminants and Biological Methods
Albert E. Pohland

Residues and Trace Elements
Joseph Sherma

CEREALS AND CEREAL PRODUCTS
384 Interlaboratory Study of Decreasing the Number of Standard Points

in the Official Iron Standard Curve 
Jam es I. M artin and A M . Soliman

CHEMICAL CONTAMINANTS MONITORING
386 Total Diet Study of Lead and Cadmium in Food Composites:

Preliminary Investigations 
R obert W. D abeka and A rthur D. M cKenzie

DIETARY FIBER
Food Composition and Additives
James F. Lawrence

Chemical Contaminants Monitoring
James D. MacNeil

395 Determination of Total, Soluble, and Insoluble Dietary Fiber in Foods—
Enzymatic-Gravimetric Method, MES-TRIS Buffer: Collaborative Study 
Sungsoo C. Lee, Leon Prosky, and Jonathan W. D e Vries

DRUG FORMULATIONS
Journal Staff
Publications Director: Managing Editor: Assistant Editor: Production: Advertising: Subscriptions:

KrystynaA. Mclver 
Robert E. Rathbone 
Scott Reardon 
Donna Weiss 
MarySue Farley 
Mark Stewart

AOAC Board OF Directors

417 'h NMR Spectroscopic Method with Chiral Eu(III)
Shift Reagent for the Determination of the Enantiomeric
Composition of Naproxen
G eorge M. Hanna and C esar A. Lau-Cam

423 Liquid Chromatographic and Spectral Analysis
of the Stereoisomers of Dimethylaminorex 
F. Taylor Noggle, Jr, C. Randall Clark, and Jack D eRuiter

President: President-Elect: Secretary/Treasurer: Immediate Past President: Directors:

Executive Director:

Edgar R. Elkins 
Henry B.S. Conacher 
Arvid Munson

H. Michael Wehr 
Alan R. Hanks 
Nicole Hardin 
Albert E. Pohland 
P. Frank Ross 
Alex Williams 
Ronald R. Christensen

Copyright, 1992, by AOAC International, Inc. All rights reserved. The J o u r n a l  o f  A O A C  

I n t e r n a t i o n a l (ISSN 1060-3271) is published bimonthly by AOAC International, Suite 400, 
2200 Wilson Blvd, Arlington, VA 22201 -3301 USA. Subscriptions for Vol. 75 (1992) are: 
Members, $110.00 in U.S., $145.00 outside U.S.; Nonmembers, $160.00 in U.S., $190.00 
outside U.S. Second class postage paid at Arlington, VA, and additional mailing offices. Ab
stracted or indexed in AGRICOLA, Analytical Abstracts, Biological Abstracts, Cambridge Sci
entific Abstracts, Chemical Abstracts, Current Advances in Ecological Sciences, Current 
Contents, and others. Printed in USA.
POSTMASTER: Send address changes to AOAC International, Suite 400, 2200 Wilson 
Blvd, Arlington, VA 22201-3301 USA.

mi i jutj ih mpiiuifni«*
r  ."h r \  n r7 T



DRUG RESIDUES IN ANIMAL TISSUES
428 Matrix Solid-Phase Dispersion Isolation and Liquid Chromatographic 

Determination of Oxolinic Acid in Channel Catfish (Ictalurus punctatus) 
Muscle Tissue
Herman H. Jarboe and K evin M. K leinow

DRUGS IN FEEDS
433 Liquid Chromatographic Determination of Gentian Violet in Poultry Feed 

José  E. Roybal, R obert K. Munns, D avid  C. Holland, R oger G. Burkepile, 
and Jeffrey A . Hurlbut

FOOD ADDITIVES
438 Solid-Phase Extraction Method for Volatile V-Nitrosamines

in Hams Processed with Elastic Rubber Netting
John W. Pensabene, Walter Fiddler, and R obert A. Gates

FOOD COMPOSITION
443 Determination of Mono- and Disaccharides in Foods by Interlaboratory 

Study: Quantitation of Bias Components for Liquid Chromatography 
Emmanuel Bugner and M ax Feinberg

MICROBIOLOGICAL METHODS
465 Quantitation of Microorganisms in Raw Minced Meat 

Using the Direct Epifluorescent Filter Technique: 
NMKL1 Collaborative Study 
Flemming Boisen, N iels Skovgaard, Steen Ewald, 
Gunnar Olsson, and Gun Wirtanen

MYCOTOXINS
474 Bioassay, Extraction, and Purification Procedures for Wortmannin,

the Hemorrhagic Factor Produced by Fusarium oxysporum N17B 
Grown on Rice
Flamed K. Abbas, Chester J. Mirocha, W. Thomas Shier, and R oland Gunther

481 Rapid Solvent-Efficient Method for Liquid Chromatographic 
Determination of Ochratoxin A in Com, Barley, and Kidney: 
Collaborative Study
Stanley Nesheim, M ichael E. Stack, M ary W. Trucksess, 
R obert M. Eppley, and P alle  Krogh

OILS AND FATS
488 Capillary Column Gas Chromatographic Method for Analysis 

of Encapsulated Fish Oils and Fish Oil Ethyl Esters: Collaborative Study 
Jeanne D. Joseph and R obert G. Ackman

507 Rapid and Simple Coulometric Measurements of Peroxide Value 
in Edible Oils and Fats
M itsuo Oishi, K azuo Onishi, M otohiro Nishijima, Kazuya Nakagomi, 
Hiroyuki Nakazawa, Shunichi Uchiyama, and Shuichi Suzuki

54A J o u r n a l O f AOAC I n t e r n a t i o n a l V o l . 75, No. 3 ,1 9 9 2



PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES
511 Multiresidue Method for Quantitation of Organophosphorus Pesticides 

in Vegetable and Animal Foods
Valerio Leoni, Anna M. Caricchia, and Salvatore Chiavarm i

519 Enzyme-Linked Immunosorbent Assay for Quantitation 
of Organophosphate Pesticides: Fenitrothion, Chlorpyrifos-methyl, 
and Pirimiphos-methyl in Wheat Grain and Flour-Milling Fractions 
John H. Skerritt, A m anda S. Hill, Helen L. Beasley, Simone L. Edward, 
and D avid  P. McAdam

PLANT TOXINS
529 Analysis of 5-Vinyl-l,3-Oxazolidine-2-Thione by Liquid Chromatography 

Alain Quinsac, D aniel Ribaillier, P atrick Rollin, and M icfiel Dreux

SUGARS AND SUGAR PRODUCTS
537 Evaluation of the Color of Some Spanish Unifloral Honey Types 

as a Characterization Parameter
R. M ateo Castro, M. Jim énez Escamilla, and F. Bosch R eig

543 Internal Standard Stable Carbon Isotope Ratio Method for Determination 
of C-4 Plant Sugars in Honey: Collaborative Study, and Evaluation 
of Improved Protein Preparation Procedure 
Jonathan W. White

VETERINARY ANALYTICAL TOXICOLOGY
549 Rapid Whole-Blood Cholinesterase Assay with Potential Use 

for Biological Monitoring During Chemical Weapons Disposal 
R ichardS . Halbrook, Carmen E. Guzman, K aren J. Wilkinson, 
Annetta P. Watson, N ancy B. Munro, and Lee R. Shugart

554 Development and Validation of a Multiresidue Method for |3-Agonists 
in Biological Samples and Animal Feed
Leendert A. van Ginkel, R ainer W. Stephany, and H ennieJ. van Rossum

VITAMINS
561 Liquid Chromatographic Determination of Thiamine, Riboflavin,

and Pyridoxine in Infant Formula
G eorge W. Chase, Jr, William O. Landen, Jr, Ronald R. Eitenmiller, 
and A bdel-G aw ad M. Soliman

566 Reversed-Phase Liquid Chromatographic Determination of Vitamin D
in Infant Formulas and Enteral Nutritionals
M atthew  G. Sliva, A sto rE . Green, Jam es K. Sanders, John R. Euber, 
and Janice R. Saucerman

J o u r n a l  O f  AOAC I n t e r n a t i o n a l  V o l . 75, N o . 3 ,1 9 9 2  55A



TECHNICAL COMMUNICATIONS

572 Detection of Beef, Sheep, Deer, and Horse Meat in Cooked Meat
Products by Enzyme-Linked Immunosorbent Assay 
C onn ie  D . A n drew s, R o n a ld  G. Berger, R ich a rd  P. M ageau , 
B ern a rd  Schw ab, a n d  R a lp h  W  Johnston

577 An FDA Laboratory Approach to Uncovering Potential Fraud
in the Generic Drug Industry 
R o ss  D . K irch h oefer

581 C18 Extraction of Atrazine from Small Water Sample Volumes
Tim othy R. Shepherd, J a m es D. Carr, D ia n a  D uncan, 
a n d  D a rry ll  T. P ed erso n

584 Detection of Beet Sugar Adulteration of Orange Juice
by Liquid Chromatography/Pulsed Amperometric Detection
with Column Switching
D . R ich ard  W hite, Jr, a n d  P.F. C ancalon

588 Gas Chromatographic Determination of Dimethoate Residues
in Chrysanthemums and Soil 
Jia-L u n  Wu a n d  D e-F a n g  Fan

56 A  J o u r n a l O f  A O A C  In te r n a t io n a l  V o l . 75, N o . 3 ,1 9 9 2



r

A tten tio n  
T est Kit

M anufactu rers •••

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

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

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

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

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

A O A C
[ y I  RESEARCH 
K l  INSTITUTE
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A M o d e m  

C o m p le m e n t  

T o  K je ld a h l 

T e s t in g

Combustion Method. The
PE 2410 Series II Nitrogen 

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

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

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

T he  P E  2 4 1 0  S e n e s  I I  
m eets A O A C  requ irem en ts .

FOR INFORMATION ONLY, CIRCLE 69 ON READER SERVICE CARD 
FOR SALES CALLS, CIRCLE 70 ON READER SERVICE CARD

P E R K I N  E L M E R

The P e rk in -E lm e r C o rp o ra tio n , N o rw a lk , C T  06859-0012 L'.S.A.
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Meetings

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

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

June 8-10, 1992: Midwest Regional 
Section Meeting, Champaign, IL. Con
tact: Karen Harlin, University of Illinois, 
D ept o f V e te rin ary  B io sc ien ce , 
2001 S. Lincoln, Urbana, IL 61801, 
telephone 217/244-1569.

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

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

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

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

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

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

February 1—4, 1993: Southeast USA 
Regional Section Meeting, Atlanta, 
GA. Contact: Jan Hobson, Griffith 
Corp., Rocky Ford Rd, PO Box 1847, 
Valdosta, GA 31603-8635, telephone 
912/242-8635.

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

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

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

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

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

Food and beverages play an import
ant role in trade and in the Single Mar
ket; they account for 30% of all goods

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

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

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

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

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

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

trian Federal Ministry of Health spon
sored a research project to ascertain the 
contribution made by vegetables to the 
PAH content of the total diet.

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

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

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

New Batch 
Processing 
Equipment

Ideal for R&D, QC, scien
tists, engineers, sample 
preparation for analysis 
and pilot plant production, 
these batch processors 
are used for mixing light 
to heavy viscosity matter, 
powders, liquids with 
solids or powders.
Rugged 1/2 to 15 HP 
motors provide mixing, 
blending, homogenizing 
and emulsification in a 
controlled environment 
vessel. Size reduction 
can be achieved during 
the mixing cycle. Mixing 
and size reduction can be 
achieved independently 
or simultaneously. Some 
benchtop models can 
also be converted to 
continuous feed for size 
reduction.
For more information 
contact Robert Hughes, 
800-824-1646 or 
FAX 601-956-5758.
CIRCLE 63 ON READER SERVICE CARD
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For Your Information

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

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

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

AOAC—AFDO Cooperative 
Program Initiated with QA Short 
Course

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

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

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

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

AOAC Research Institute 
Board of Directors Meeting

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

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

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

Program Initiation.—See “Update: 
AOAC Research Institute” in the Febru

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

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

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

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

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

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

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

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

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

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

Food Safety Assessment. Edited by 
John W. Finley, Susan F. Robinson, and 
David Jon Armstrong. Published by the 
American Chemical Society, 1155 16th

H a z le t o n - -T h e  L e a d e r  in
N u t r ie n t A n a ly s is

N u t r i t i o n  L a b e l i n g A n i m a l  a n d  H u m a n  S t u d i e s

• M a c r o - N u tr ie n ts • A n im a l  F e e d in g  S tu d ie s

• V i ta m in  T e s t in g • T o x ic o lo g y

• M in e r a l  T e s t in g • M e ta b o l i s m

• L ip id  A n a ly s is • H u m a n  C l in ic a l  T r ia ls

• C a r b o h y d r a te  A n a ly s is

• A m in o  A c id  A n a ly s is S p e c i a l  S e r v i c e s

R e s i d u e  A n a l y s i s • P r o d u c t  C h e m is t r y

• P a c k a g in g  S tu d ie s

• P e s t i c id e  R e s id u e  A n a ly s is

• H e a v y  M e ta l  A n a ly s is
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T e l e p h o n e  6 0 8 - 2 4 1 - 4 4 7 1

P O S T  O F F I C E  B O X  7 5 4 5  
M A D I S  O N ;  W I S C O N S I N  :: 5 3 7 0 7 a C O R N IN G  Laboratory Services Company
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Books in Brief

St, NW, Washington, DC 20036, 1992. 
478 pp. Price: U.S. & Export $99.95. 
ISBN 0-8412-2198-7.

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

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

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

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

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

A O A C  W ants to Pub lish  Your Books
D o  y o u  h a v e  a n  i d e a  f o r  a  b o o k  o n  a  s u b j e c t  i n  t h e  a n a l y t i c a l  s c i e n c e s ?

D o  y o u  h a v e  a  m a n u s c r i p t  b u t  n o  o t h e r  p u b l i s h e r  c o m m i t t e d  t o  p u b l i s h i n g  i t ?

A r e  y o u  p r e p a r i n g  a  w o r k s h o p ,  s y m p o s i u m ,  o r  t r a i n i n g  c o u r s e  a n d  w a n t  t o  
p u b l i s h  t h e  p r o c e e d i n g s  o r  w o r k  w i t h  A O A C  t o  d e v e l o p  a  m a n u a l ?

I f  y o u  h a v e  a n s w e r e d  “ Y e s ” to  a n y  
o f  t h e  q u e s t i o n s  w e ’v e  p o s e d ,  p l e a s e  
c a l l  o r  f a x :

K r y s t y n a  M c l v e r  
D i r e c t o r  o f  P u b l i c a t i o n s  
A O A C  I n t e r n a t i o n a l  
+  1 (7 0 3 )  5 2 2 -3 0 3 2  o r  
f a x  + 1  (7 0 3 )  5 2 2 -5 4 6 8

T h e  P u b l i c a t i o n s  D e p a r t m e n t  o f  
A O A C  I n t e r n a t i o n a l  is  s e e k i n g  p r o 
p o s a l s  f r o m  a u t h o r s  f o r  b o o k s  to  b e  
p u b l i s h e d  b y  A O A C .

A O A C  o f f e r s  c o m p e t i t i v e  c o n t r a c t  
t e r m s ,  r o y a l t i e s ,  a n d  c o m p r e h e n s i v e  
m a r k e t i n g .  P r o m o t i o n a l  c a m p a i g n  e f 
f o r ts  a r e  d e s ig n e d  to  p r o v id e  t h e  w i d e s t  
a p p r o p r i a t e  e x p o s u r e  t h r o u g h  t h e  u s e  
o f  s p a c e  a d s ,  e x c h a n g e  a d  p r o g r a m s ,  
c o n f e r e n c e  d i s p l a y s ,  a n d  t a r g e t e d  
m a i l i n g s .  A O A C  p u b l i c a t i o n s  r e a c h  a  
w o r ld w id e  a u d i e n c e  o f  a n a ly t i c a l  c h e m 
i s t s ,  m ic r o b i o l o g i s t s ,  
a n d  o t h e r  b io lo g is t s  
a n d  a d m i n i s t r a t o r s  
i n  i n d u s t r y ,  g o v e r n 
m e n t ,  a n d  a c a d e m ia .

M U
A O A C
I N T E R N A T I O N A L
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N e w  Products

Ion Chromatography Standards

A new line of ion chromatography cali
bration standards are manufactured 
from high purity raw materials (typi
cally 99.999% or h ig h er) and are 
checked against the corresponding Na
tional Institute of Standards and Tech
nology SRMs. This new product line 
includes single ion concentrates at 1000 
ug/mL concentration, a selection of 8 
stock mixed ion standards and custom 
single or mixed ion solutions, made to 
specification. All IC standards are sup
plied in 100 mLbottles with a full NIST- 
traceable certificate of analysis and a 
guarantee of customer satisfaction. 
VHG Labs, Inc.
Circle No. 325 on reader service card.

Four Channel Portable Gas 
Detector

The Triple Plus is a 4 channel unit that 
can simultaneously monitor the atmo
sphere for flammable gases, toxic gases, 
and oxygen levels. Alarms are triggered 
if a dangerous concentration of gas is de
tected. The detector can be fitted with 
any combination of up to 4 catalytic, 
thermal conductivity, or electrochemical 
sensors such as hydrogen sulfide, hy
drogen cyanide, hydrogen chloride, car
bon monoxide, chlorine, sulfur dioxide, 
o r nitrogen dioxide. Gases can be 
monitored instantaneously or as time 
weighted averages by a single sensor. 
CEA Instruments, Inc.
Circle No. 326 on reader service card.

High-Pressure Liquid 
Chromatograph Pump Seals

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

as low as 0.1 mL/min to as high as 
32 mL/min. The seal is composed of a 
UHMW-PE blend, the only material 
registered with the U.S. Food and Drug 
Administration for use in clinical pro
cesses. This polymer blend is highly 
friction-resistant, which extends seal 
life, and is impervious to degradation 
from the materials under test, which pre
vents system contamination during 
pump operations. Advanced Prod
ucts Co.
Circle No. 327 on reader service card.

Moisture Determination Balance 
for Routine or Advanced 
Analysis

The Ohaus MB200 is designed for 
quick, automatic determination of dry 
weight or moisture content of processed 
foods, adhesives, grains, chemicals, 
pharmaceuticals, and many more mate
rials. With all functions user-selectable 
from the front panel, the MB200 com
bines many features including an auto
dry mode and a reliable digital timer to 
signal when a test cycle has ended with 
locked in results. A multi-temperature 
feature allows programming of up to 3 
different temperatures during a single 
cycle. Ohaus Corp.
Circle No. 328 on reader service card.

NIST/EPA/NIH Mass Spectral 
Database—PC Version

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

hits screen and with each individual 
spectrum and can be printed separately. 
HD Science Ltd.
Circle No. 329 on reader service card.

Fully Integrated System for 
Cyanide Distillation

The Lab-Crest Midi cyanide system is a 
fully integrated system for cyanide dis
tillation. The system permits 10 simulta
neous distillations in as little as l/5th the 
space needed by conventional distilla
tion apparatus. The system conforms to 
the U.S. Environmental Protection 
Agency Method 335.2 CLP-M. Fully 
self-contained, the system is easy to han
dle, clean, store, and set up. It signifi
cantly reduces the amount of reagents 
used. The borosilicate glass distillation 
apparatus is integrated with a heater, 
timer, glassware holder, water and vac
uum manifolds, controls, tubing, and 
quick-disconnect couplings for a com
pact, complete setup that saves valuable 
bench space and technician time. The 
10-position aluminum heat block is 
coated with Teflon and the aluminum 
case is coated with a baked epoxy finish 
for corrosion resistance. Andrews 
Glass Co.
Circle No. 330 on reader service card.

Ph Monitoring System Features 
Hach One Technology

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

clog, free electrolyte flow is assured and 
the electrode lasts longer because it can
not become fouled. Hach Co.
Circle No. 331 on reader service card.

HPLC Sample Injectors

Bio-Rad’s sample injectors are 6-port 
rotary valves with external sample 
loops, which operate at pressures up to 
7000 psi. The injectors use a polished 
flat stainless steel stator with drilled 
flow passages and threaded ports for 
tubing connections. The Model 7010 
sample injector injects sample volumes 
of 10 liL or larger with a sample loop. 
This injector provides superior volumet
ric reproducibility by completely filling 
the sample loop, and is ideal for routine 
analysis. For applications in which only 
small quantities of sample are available, 
the Model 7012 loop filler port permits 
loading the sample loop by conventional 
microliter syringes to minimize sample 
waste. The Model 7125 syringe loading 
sample injector is a modification of the 
Model 7010 sample injector in which 
loading of the loop is accomplished with 
a syringe through a needle port in the 
valve rotor. This design allows 2 injec
tion methods: complete loop filling for 
reproducibility, as in the Model 7010 
sample injector; or partial loop filling for 
no sample loss, using a special syringe. 
The Model 7125 injector is suitable for 
routine assays, as well as for methods 
development. Both injectors are sup
plied with a 10 pL sample loop. Other 
sample loop sizes are available. Bio-Rad 
Laboratories.
Circle No. 332 on reader service card.

20-Bit, Fast, Cost Effective 
Chromatography Board

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

lary zone electrophoresis, and liquid 
chromatography applications. One inte
grator with 4 time-base independent in
puts can sample 4 different detectors 
from up to 4 chromatographs. Com
mand-driven microprocessor design 
supports background operation. An RS- 
232 interface permits operation from a 
remote host. GLOBAL LAB Data Ac
quisition Library, a Windows-compati
ble DLL, is available free with the 
board. Support is also available from in
dustry-standard application software. 
Data Translation.
Circle No. 333 on reader service card.

Micro-Robotic Sample Processor

A new micro-robotic sample processor, 
the AS3000, is optimized for microliter 
sample preparation procedures and in
jection onto an HPLC. This new au
tosam pler product line provides 
automated micro-volume sample prepa
ration that significantly reduces solvent 
waste and eliminates handling of toxic 
solvents. The complete automation of 
sample preparation also increases sam
ple throughput and improves accuracy 
and precision, especially when working 
with microliter volumes. The AS3000 is 
designed with a patented built-in vortex 
mixer/heater. This vortex mixer/heater 
replicates the function of normal labora
tory vortex mixers/heaters, thus opening 
opportunities for the automation of new 
procedures. Spectra-Physics.
Circle No. 334 on reader service cards.

Buffered Listeria Enrichment 
Broth

A selective enrichment medium for the 
detection of Listeria monocytogenes has 
been introduced by Unipath. The Oxoid 
Buffered Listeria Enrichment Broth is 
intended for use with samples of fer
mented products, and as an alternate

method for the enrichment of environ
mental samples. The addition of buffers 
(potassium dihydrogen orthophosphate 
and disodium hydrogen orthophos
phate) enhances the enrichment of Liste
ria species when used with fermented 
products. The Buffered Listeria Enrich
ment Broth base is available in 500 gm 
containers and the Listeria Selective En
richment Supplement package is suffi
cient to supplement 5 L of medium. 
Unipath Co.
Circle No. 335 on reader service card.

TracePur Plus High Purity Acids

TracePur Plus acids were created to 
meet the growing demand in environ
mental analysis for acids with impurity 
levels in the ppb range. They offer ace
tic, nitric, hydrochloric, sulfuric acids, 
and ammonium hydroxide in 500 mL 
and 2.5 L sizes. They are available in 
glass containers as well as PVC-coated 
glass containers for extra safety, and are 
tested for selenium and 37 trace metals. 
EM Science.
Circle No. 336 on reader service card.

Leak-Free Filtration for Small 
Volume Samples

Iso-Disc syringe tip filter units are ideal 
for small water-based, gaseous, or or
ganic solvent-based samples. They con
sist of solvent-resistant, autoclavable, 3 
and 25 mm diameter, 0.20 and 0.45 pm 
membranes (nylon for aqueous solvents, 
PTFE for organic solvents or gases) in a 
seamless housing that cannot fail under 
pressure. A patented membrane encap
sulation process ensures samples cannot 
bypass the membrane. ALuer fitting en
sures secure connection. Iso-Disc units 
offer extractable-free construction. 
Supelco, Inc.
Circle No. 337 on reader service card.
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D ISCU SS IO N S IN ANALYTICAL CHEMISTRY

A n a l y t i c a l  S u p e r c r i t i c a l  F l u i d  E x t r a c t i o n :  

C u r r e n t  T r e n d s  a n d  F u t u r e  V i s t a s

J er r y  W. K in g
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M a rvin  L. H o p p e r
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C u r r e n t  T r e n d s

S upercritical fluids have been used as unique solvents in a 
number of analytical techniques (1 ), such as nuclear 
magnetic resonance spectroscopy (2 ), thin-layer chroma

tography (TLC) (3), and field flow fractionation (4). The ana
lytical chemist, however, normally associates the prefix 
“supercritical fluid” with chromatographic or extraction meth
odologies that have been extensively developed within the past 
15 years. The “renaissance” of supercritical fluid chromatogra
phy (SFC) occurred in the mid-1970s, largely as a result of 
improvements in injection and pumping devices, enhanced 
column efficiencies, and the refinement of transport mecha
nisms to deliver the separated solutes to modified gas (GC) and 
liquid chromatographic (LC) detectors (5). By contrast, super
critical fluid extraction (SFE), despite a long history as a phys
icochemical phenomenon (6 ) and a recent plethora of 
applications in chemical engineering (7), has developed as an 
analytical technique only since the mid-1980s and is presently 
in an “evolutionary” state.

Despite the early pioneering research of Stahl in coupling 
SFE with TLC (8 ), activity in “analytical” SFE remained lim
ited until it was introduced as a pendant technique coupled to 
SFC. However, this tandem methodology severely limited the 
sample size that could be extracted with these dense fluids and 
placed a dual burden on the analyst to optimize both SFE and 
SFC simultaneously. Because the future of SFC was unknown 
at the time, commercial instrument manufacturers opted to 
scale extraction cells to be compatible with the fluid volume 
and delivery rate capabilities of the syringe pumps used in SFC. 
Indeed, many of the early extraction cells consisted of modified 
LC guard cartridges, which were eventually replaced by cell 
designs that could be “finger-tightened” to withstand extrac
tion pressures up to 1 0  0 0 0  psi.

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

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

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

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

To date, carbon dioxide has been by far the supercritical 
fluid of choice for analytical SFE (11). The selection of C0 2  

was initially based on its widespread use in SFC, its low critical 
temperature (31°C), and the high degree of nonideality that 
the gas exhibits even at relatively low levels of compression. 
Moreover, recent concerns over environmental pollution, the 
exposure of laboratory workers to noxious solvents, and the 
disposal costs associated with organic solvents have placed an
alytical SFE using C0 2  in a different light. The suggested use 
of such an innocuous solvent as a substitute for organic sol
vents has been met with skepticism from some scientists. How
ever, supercritical carbon dioxide (SC-C02) has proved to be a 
convenient solvent, whether used as a medium for conducting 
“Soxhlet-type” extractions of lipid material in various sample 
matrixes (1 2 ) or for extracting ultralow level trace analytes, 
such as pesticide or drug moieties, from an assortment of sam
ple types (13).

In general, SC-C0 2  mimics the solvent behavior of nonpo
lar to moderately polar solvents (14). The dissolution power of 
a supercritical fluid is exponentially proportional to its fluid 
density; therefore, rapid and exhaustive extractions are best
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handled by conducting the extractions at high pressures. Ex
traction selectivity for a particular species in SFE is achieved 
by operating at a lower extraction pressure, but usually at the 
expense of solute solubility. However, with respect to trace 
analysis, many analytes, even extremely polar moieties, can be 
readily dissolved in SC-C0 2  at the ppm or ppb level. Neat SC- 
C0 2  should not be perceived as a “magic solvent,” capable of 
extracting only the desired target analytes. Coextractives will 
frequently dissolve in supercritical fluid solvents, just as in liq
uid solvent extraction. Selectivity can be enhanced for an 
analyte, or a particular class of analytes (15), by incorporat
ing adsorbents, either in situ or after the initial extraction 
stage (16).

SFE has been clearly demonstrated to efficiently extract 
many pesticides and specific drug moieties. Much of the evi
dence supporting this conclusion has come from extractions 
performed on spiked sample matrixes (17). However, recent 
reports of results obtained on samples containing incurred res
idues (18,19) confirm the efficacy of SC-C0 2  as an extraction 
solvent for these analytes. Polar analytes, such as antibiotics, 
remain a challenge to the analyst because of their lower solu
bility in SC-C0 2  and their partitioning equilibria, which favor 
an aqueous medium. However, a number of extraction options 
remain to be explored with respect to these polar solutes, in
cluding the addition of low levels of organic cosolvents or spe
cial additives to the supercritical fluid. An impressive range of 
solubility enhancements for polar solutes in these additive/co- 
solvent-supercritical fluid systems was recorded (2 0 ), and the 
amount of cosolvent required is still considerably below the 
volumes required in conventional liquid-based extractions.

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

Current trends in analytical SFE are diverse and worthy of 
comment. The recent introduction of instrumentation capable 
of performing extractions on larger and more representative 
samples is one current trend. As a result, instrumentation man
ufacturers have had to consider the design of supercritical fluid 
delivery systems with respect to higher fluid flow rates and 
extraction pressures. Likewise, the development of multi-sam
ple extractors (2 1 , 2 2 ) for the simultaneous processing of large 
numbers of samples has further catalyzed the creation of new 
instrumentation. One specialized application of analytical SFE, 
the determination of fat levels in food products, requires instru

mentation capable of producing very high extraction pressures 
and fluid flow rates. Optimization of the extraction conditions 
for removing lipid moieties (23) results in the efficient and 
rapid removal of fats by SC-C02  in 15-20 min (24).

The purity level of extraction fluid such as C0 2  has always 
been suspect, particularly when SFE in either the off- or on-line 
mode is used in conjunction with ultrasensitive, element-spe
cific detectors. To cite a specific example, the use of off-line 
SFE in conjunction with electron capture detection, using im
pure grades of C02, will limit the detectability of organochlo- 
rine pesticides below the sub-ppm level. Commercial gas 
manufacturers have recently responded to such needs by pro
ducing ultrahigh purity C0 2  in which the total impurity level is 
in the range of 1 0  ppt as determined by an electron capture 
detector (25, 26). These grades of extraction fluids can be ex
pensive for use of exhaustive, high pressure SFE with large 
samples, suggesting that sorbent-based gas purification 
systems attached to the extractor modules will need to be 
developed in the near future. Hence, even industrial grades of 
C0 2  will have a place in analytical SFE, particularly in the rou
tine determination of the fat content of samples.

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

Future Vistas

What does the future hold for analytical SFE? We believe 
that the optimal SFE system has yet to be created. Extraction 
systems need to be developed that offer the flexibility of oper
ating at both higher and lower pressure ranges. Current instru
mentation has reached the 1 0  0 0 0  psi level, but theory suggests 
that many useful extractions can be conducted at higher tem
peratures and pressures. These conditions will certainly in
crease the potential molecular weight range of nonthermally 
labile solutes that can be extracted, but instrumentation must be 
constructed that is capable of maintaining the proper fluid den
sities at elevated temperatures. Likewise, SFE is an excellent 
technique for examining volatile components because the ex
tractions can be conducted at relatively low temperatures and 
in a nonoxidative environment. These target analytes can best 
be extracted at pressures that are very low by conventional SFE 
standards. However, to date most extraction systems offer 
limited control at the lower extraction pressures required for 
analysis of volatiles. Certainly, SFE is a viable alternative to 
headspace techniques, which depend on thermal energy to vol
atilize analytes; hence, the authors can envisage a bright future 
for SFE in sensory analysis problems.

Postextraction fractionation will play an increasingly im
portant role in the future of SFE. As alluded to earlier, target
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analytes such as pesticides and drugs can be selectively frac
tionated from unwanted coextractives by using selective sor
bents packed in the extraction vessel or in individual vessels 
downstream from the extraction stage. Such crude fraction
ations may be viewed as a simple form of normal-phase chro
matography when SC-C0 2  is used as the eluant. As such, the 
analyst should be able to apply LC principles to design the most 
appropriate supercritical fractionation system. Extraction of 
unwanted materials by SFE, a form of “inverse” SFE, falls 
within the context of supercritical fluid fractionations. This 
form of sample cleanup was already demonstrated on an engi
neering scale (31) and offers the possibility of isolating an
alytes from interfering components.

The advantages and disadvantages of coupling SFE with 
other analytical techniques have already been noted. Several 
detection and identification schemes coupling mass spectrom
etry (MS) and Fourier-transform infrared spectroscopy (FTIR) 
were published (32, 33), but thus far have not found wide
spread use by the analytical community. Undoubtedly, further 
research will result in the adoption of some of these hybrid 
techniques by the analytical chemist. To date, most of the cou
pled technologies have used rather sophisticated instruments or 
detectors with SFE. However, a relatively untouched area is the 
coupling of SFE with simple chemical tests or techniques. One 
tandem method that was recently explored is the coupling of 
SFE with immunoassays (33) for the rapid assessment of pes
ticide contamination in meat products. Such a method offers 
the possibility of implementation on-site, at a processing plant 
or inspection station. The method can be made to work with a 
“pumpless” SFE system and introduces only benign SC-C02  

and water into the environment. Such simplified SFE systems, 
along with field portable instrumentation, constitute a wave of 
the future in analytical SFE.

C o n c lu s io n

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

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

and EPA laboratories in the hope of ascertaining the reproduc
ibility of the technique between laboratories. ARS and FDA 
laboratories now have multi-sample extraction equipment, and 
commercial counterparts are available. SFE in the laboratories 
of ARS and FDA was shown to yield both complete and repro
ducible extractions for pesticide residues down to the 0.5 ppb 
level. A rough analysis of the savings afforded by using SC- 
C02 as the extraction solvent in place of conventional organic 
solvents used in the PAM procedures indicates a cost savings 
of 94-97% (34,35). This does not include the disposal costs of 
the organic solvents. However, governmental and industrial 
laboratories must make their needs known to instrumentation 
companies if the technique is to remain viable.
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A n  I o n - e x c h a n g e  l iq u id  c h r o m a t o g r a p h i c  m e t h o d  
f o r  t h e  d e t e r m i n a t i o n  o f  g l y c e r o l  in  w i n e ,  w h i t e  
g r a p e  J u ic e ,  a n d  p i n k  g r a p e  J u i c e  w a s  c o l -  
l a b o r a t i v e l y  s t u d i e d  b y  8  l a b o r a t o r i e s .  E ig h t  w i n e  
t y p e s  a n d  1 2  J u i c e  s a m p l e s  w e r e  p r o v i d e d  t o  e a c h  
c o l l a b o r a t o r .  U s in g  a  s t r o n g  c a t i o n  c o l u m n ,  b l in d  
d u p l i c a t e s  a n d  s t a n d a r d s  w e r e  a n a l y z e d  b y  a n  e x 
t e r n a l  s t a n d a r d  m e t h o d .  S e p a r a t e  s t a t i s t i c a l  e v a l u a 
t i o n s  w e r e  r u n  o n  w i n e ,  w h i t e  g r a p e  J u ic e ,  a n d  p i n k  
g r a p e  J u i c e  d a t a .  T h e  a v e r a g e s  o f  t h e  r e l a t i v e  s t a n 
d a r d  d e v i a t i o n s  f o r  r e p e a t a b i l i t y ,  e x c l u d i n g  o u t l y i n g  
r e s u l t s ,  w e r e  1 .2 5 %  f o r  t h e  w i n e  s a m p l e s ,  7 .3 2 %  f o r  
t h e  w h i t e  g r a p e  J u i c e  s a m p l e s ,  a n d  8 .6 3 %  f o r  t h e  
p i n k  g r a p e  J u i c e  s a m p l e s .  T h e  a v e r a g e s  o f  t h e  r e l a 
t i v e  s t a n d a r d  d e v i a t i o n s  f o r  r e p r o d u c i b i l i t y ,  e x c l u d 
in g  o u t l y i n g  r e s u l t s ,  w e r e  2 .7 9 %  f o r  t h e  w i n e  
s a m p l e s ,  1 6 .9 7 %  f o r  t h e  w h i t e  g r a p e  J u i c e  s a m p l e s ,  
a n d  1 9 .1 0 %  f o r  t h e  p i n k  g r a p e  J u i c e  s a m p l e s .
T h e  m e t h o d  h a s  b e e n  a d o p t e d  f i r s t  a c t i o n  b y  
A O A C  I n t e r n a t i o n a l .

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

reliable method for the determination of glycerol in wine and 
grape juice is desired.

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

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

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

Submitted for publication June 17,1991.
The report was evaluated and approved by the General Referee, 

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

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

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

C o l l a b o r a t i v e  S t u d y

Eight laboratories participated in the collaborative study. 
Each collaborator was supplied with sterile-filtered, blind du
plicate samples and standards. Although collaborators could 
detect differences in color in the samples, there should have 
been no bias because there is no established glycerol content 
for each wine or juice type. The 8  wines (16 samples) were 
analyzed as a group with an external standard of 7500 mg/L 
glycerol. The 12 juices (24 samples) were analyzed with a 
1000 mg/L glycerol external standard. The white and pink 
grape juice data were evaluated separately. A  linearity range of 
glycerol standards (Figure 1) was established using 0, 100, 
200,500,1000,2000,5000,7500, and 10 000 ppm glycerol (in 
deionized water).

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

F igu re  1. M e thod  linearity .

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

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

9 9 1 .4 6  G l y c e r o l  In  W in e  a n d  G r a p e  J u i c e — L iq u id  
C h r o m a t o g r a p h i c  M e t h o d

F i r s t  A c t io n  1 9 9 1

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

Method Performance: (Analyte range, 25-10 000 mg/L)
Wine
sr = 57.96; sR = 143.69; RSDr = 1.25%; RSDr = 2.79%
White grape juice
sr = 19.29; sR = 52.55; RSDr = 7.32%; RSDr = 16.97%
Pink grape juice
sr = 31.02; sR = 55.14; RSDr = 8.63%; RSDr = 19.10%

A. Principle
The sample is prepared by membrane filtration. Glycerol in 

sample is determined by LC, using strong cation column with 
refractive index detector and integrator, and external standard.

B. Apparatus

(a) L iq u id  c h r o m a to g r a p h .— With injector, column heater, 
refractive index detector, and integrator. Operating conditions: 
flow rate 0.5 ±0.05 mL/min (glycerol should elute 2 :1 2 . 0  min); 
injection volume 10 pL; column temperature 65°C.

(A)

25.16'

:5 « M P L £ 416 1 5 • 4 6 APR. 15 i9!36

(B)

8,68'

18.86'

26.88-

CPL . METHOD «4
SF PR

.100000B+01 .1000000+01 .10000010+01
NAME RT A OR W MK CONC
GL YC 15 .910 4r!50 9&l ,?A09

TOTAL 4T:509€'l <53 83 .7409

F igu re  2. S am p le  ch rom a to g ram s: A , rea l tim e; 
B, re ca lcu la ted  ch rom a tog ram .

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

(c) G u a r d  c o lu m n .— Deashing system, to remove inorgan
ics (strong cation resin H+; strong anion resin OH”). If LC 
system (guard and LC column) tailing factor for glycerol >1.5, 
replace guard column. (Bio-Rad, number 125-0118, or equiv
alent).

(d) M e m b r a n e  f i l t e r s .— Disposable, mini-filters with Luer- 
Lok hub, 0.45 pm (3 cm diam.), attached to 5 mL glass or plas
tic syringe.

C. R e a g e n t s

(a) G ly c e r o l.— 99.5%.
(b ) S ta n d a r d  so lu tio n  f o r  w in e .— 7500 mg/L glycerol (ex

ternal standard concentrate) in distilled, deionized H20.
(c) S ta n d a r d  s o lu t io n  f o r  g r a p e  ju ic e .— 1000 mg/L glyc

erol (external standard concentrate) in distilled, deionized H20.
(d) M o b i l e  p h a s e .— H20, LC grade (or filter deionized 

H20 through 0.45 pm membrane filter), degas by boiling or 
helium sparging.

D. S a m p l e  P r e p a r a t io n

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

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

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

Glycerol, mg/L = (A C /A C ') x C '

where AC and A C '  = peak area for sample and standard, respec
tively; and C ' = glycerol concentration in standard.

Ref.: JAOAC 75, May/June issue (1992)
CAS-56-81-5 (glycerol)

Results

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

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

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

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

Recommendation

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

I n t e r l a b o r a t o r y  S t u d y  o f  D e c r e a s in g  t h e  N u m b e r  o f  S t a n d a r d  

P o i n t s  i n  t h e  O f f i c i a l  I r o n  S t a n d a r d  C u r v e

J ames I. M artin and A .M . Soliman

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

Collaborators: J. Bagwell; T.W. Brueggermeyer; K.H. Cook; R.R. Eitenmiller;
K.O. Furgason; C. Gaston; E.C. Phifer; W.E. Rayford

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

T his study was conducted with the goal of reducing the 
number of points required to prepare the standard curve 
for iron in foods, O fficial M ethods o f  A nalysis (1990) 

15th Ed., sec. 944.02B (1). The method was established in 
1945. Iron (Fe) concentrations were measured by using a 2 in. 
cell in the neutral wedge photometer (2). With today’s modem 
state-of-the-art spectrophotometers, fewer standard points are 
required to obtain a linear curve, as demonstrated by extensive 
observations reported in an in-house publication (3).

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

Interlaboratory Study

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

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

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

The method used in this study is described in O fficial M eth 
ods o f  A nalysis (1990) 15th Ed., secs 944.02-944.02C(a), with 
the following changes: (1) a 5.0 g sample was used, instead of 
the stated 10.0 g; (2) the first dilution was filtered, if necessary, 
through ashless filter paper and the first 15-20 mL filtrate was 
discarded; and (3) after the addition of the hydroxylamine HQ 
reagent, there was a 5 min wait before the acetate buffer solu
tion (944.02C) was added.

The analysts were instructed to prepare the iron solution for 
the standard curve according to sec. 944.02A (c)(1); use the
o-phenanthroline, hydroxylamine HC1, and iron wire provided 
to them; analyze the designated samples on separate days; in
crease the dilution if a sample absorbance reading exceeded the 
highest standard point and maintain the required HC1 concen
tration as well as the amounts of reagents in the rediluted sam
ple solution; and finally, enter the raw data for each sample, 
standard, and blank reading on the data sheets provided.

Results and Discussion

The sample data were statistically evaluated according to 
the G uidelines fo r  C ollaborative P rocedures (4) and the SAS 
analysis of variance (5). The data were treated by using the 
Day I and Day II values as replicates for all samples except 
enriched macaroni and enriched egg noodles, which were rep
licated on the same day. The day-to-day variability for a given 
sample was not differentiated from variability between same- 
day replicates of a sample. Table 1 summarizes the performance



M artin &  Sol im a n : Jo u rn al  Of  A O A C  International  V o l . 75, N o . 3 ,1 9 9 2  385

Table 1. Comparison of the performance parameters of Iron content between the 5-point and 10-polnt versions

Product
Standard curve 

version
Mean, 

ng Fe/100 g ®r* SR RSDr RSDr

Milk-based infant formula6 5 1.48 0.13 0.21 8.48 14.20
10 1.47 0.13 0.19 8.96 13.21

Soy-based infant formula0 5 9.64 0.43 0.59 4.43 6.13
10 9.62 0.44 0.58 4.61 5.99

Nonfortified cereal 5 5.95 0.18 0.26 3.08 4.41
10 5.95 0.19 0.25 3.20 4.23

Fortified cereal 5 22.30 1.24 1.24 5.55 5.55
10 22.34 1.18 1.18 5.29 5.29

Enriched bread 5 5.25 0.64 0.64 12.14 12.14
10 5.25 0.63 0.63 12.09 12.09

Whole wheat flour 5 4.77 0.16 0.40 3.43 8.39
10 4.76 0.15 0.39 3.21 8.18

Enriched macaroni 5 4.54 0.12 0.27 2.71 5.96
10 4.53 0.14 0.27 3.10 5.87

Enriched egg noodles 5 4.10 0.08 0.15 2.05 3.54
10 4.10 0.09 0.13 2.10 3.24

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

6 Powder-iow Fe. 
c Powder-Fe-fortified.

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

Recommendation

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

The following changes and additions to the method are sug
gested: (i) In the Determination, 944.02C(a), paragraph 3, line 2, 
replace “in few min” with “let stand 5 min.” (2) Insert a statement 
concerning the importance of maintaining the HC1 concentration 
throughout the entire dilution scheme, because proper color de
velopment is pH-dependent; for example, “If further dilution is 
required to maintain the sample absorbance reading below the 
highest standard point on the curve, pipet a smaller aliquot 
into a 25.0 mL flask, dilute to 10.0 mLwith 2%  HC1 solution, 
and continue as described in sec. 944.02C, para. 3.”
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CHEMICAL CONTAMINANTS MONITORING

T o t a l  D i e t  S t u d y  o f  L e a d  a n d  C a d m i u m  i n  F o o d  C o m p o s i t e s :  

P r e l i m i n a r y  I n v e s t i g a t i o n s

R obert W . D abeka an d  A rthur D. M cK enzie

Health and Welfare Canada, Bureau of Chemical Safety, Food Research Division, Food Directorate, 
Health Protection Branch, Ottawa, ON K1A 0L2, Canada

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

T otal diet surveys are used to analyze a variety of chemi
cal compounds in foods prepared for consumption. 
These surveys estimate intakes of compounds via the 

food supply and pinpoint those products that contain higher 
than average background levels or are nutritionally deficient. 
As a result of these estimations, the relative safety of the food 
supply can be assessed, and steps can be taken to improve 
food quality.
In 1985, the Canadian Health Protection Branch (HPB), as 

part of an ongoing total diet program, initiated a new survey in 
which 105 food composites were chosen to represent foods 
consumed in Canada (1). As part of the preliminary trial for the 
survey, foods were collected in the summer of 1985 in the Na
tional Capital Region. These were processed and combined 
into 105 composites (Set 1) (1). Asecondsetwas then prepared 
from foods collected in the late fall of 1985 from the same geo
graphic region. The composites were analyzed for selected nu
trients, pesticide residues, and contaminants.
Numerous factors go into planning total diet surveys, including 

what types of products are chosen, how products are prepared, and 
how closely products represent actual consumption patterns by 
different age and sex groups (1). In addition to general considera
tions, however, special attention must be given to the individual 
nutrients or contaminants scheduled for analysis. To embark on 
any survey of this scope, the expertise of analytical chemists, nu-

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

tritionists, and others must be included in the preliminary plan
ning stages. For example, when foods are stored, they must not 
be subject to contamination or lose their nutrient value before 
they are analyzed. Thus, care must be taken during sample col
lection and processing, proper containers must be used, and the 
appropriate temperature and duration of storage must be cho
sen. Also, subdivision of some food composites into constitu
ent foods can be planned to better estimate the contribution 
from suspected sources of contamination.
Lead and cadmium were among the contaminants deter

mined in foods prepared during this trial. This paper describes 
how the total diet survey was designed to include lead and cad
mium in the survey and presents the analytical results.

Experimental

S a m p le  c h o ic e.— Canned and/or raw (fresh or frozen) 
foods, purchased at the retail level in Ottawa, were prepared for 
consumption as they would be in a home setting. The prepared 
foods were then combined into 105 composites, homogenized, 
and frozen until analysis. The whole process was repeated 
again after 6 months.
In some cases, to obtain information regarding the effects of 

processing, cooking, etc., samples of the unprepared foods 
were also analyzed. For example, both raw and cooked meats 
were analyzed, although the food composites included only the 
cooked meats. Also, the canned constituents of some compos
ites were analyzed separately to determine the potential contri
bution of lead-soldered cans to the lead level.

S a m p le  p r o c e s s in g.— Stainless steel utensils and blenders 
with glass containers were used throughout to avoid contami
nating the foods with lead and cadmium. Instructions were 
given to avoid powdered cleansers, gloves with talcum pow
der, and apparatus in which lead-soldered parts might contact 
the foods. Bench tops, tables, and cutting boards were washed 
thoroughly with tap water between samples to avoid 
cross contamination.
Facilities were not available for preparing large quantities of 

deionized water, and a decision was made to use laboratory 
(community) tap water for washing and processing the foods. 
Previous analyses of this water revealed lead levels usually 
below 2 ng/mL, with a maximum concentration of 5 ng/mL. 
Because no detergents were used (to avoid contamination of
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T able 1 . Q u a lity  c o n tr o l r e s u lt s  fo r  c a d m iu m

Blank spike rec., %* Sample spike rec., %a Detection limit, ng/g

Analyzed batch Set 16 Set 2 Set1 Set 2 Set 1 Set 2

1c 105 101 95 78 0.38 0.36
2 104 95 59 94 0.43 0.28
3 104 89 108 90 0.33 0.66
4 97 87 124 88 0.08 0.61
5 87 99 80 99 0.37 0.16
6 92 94 72 94 0.20 0.17
7 93 94 — 68 0.33 0.07
8 94 94 — 96 0.07 0.07
9 94 86 92 82 0.01 0.14

10 99 92 99 91 0.05 0.06
11 91 — 94 — 0.03 —
Av. 96 93 91 88 0.21 0.26
Av„ both sets 94 90 0.23

a 50 ng cadmium was spiked before digestion.
b In this and all subsequent tables, the samples collected in the summer of 1985 are designated as Set 1. Those collected in the late fall 

are designated as Set 2.
0 The summer samples were analyzed In 11 batches and the fall samples In 10 batches.

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

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

Sam ple sto rage .—Foods designated for trace element anal
ysis were stored in high-density, large-mouth, polyethylene

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

A n alytica l reagents.—Deionized water (ASTM Type III) 
was used wherever water was specified.

For lead and cadmium determinations, nitric and perchloric 
acids were purified by sub-boiling distillation in a quartz still. 
Lead nitrate (NIST SRM No. 928) and high-purity cadmium 
metal (m6N, No. 00062, Alfa Products, Danvers, MA 01923) 
were stock materials used for preparation of standards. Ammo-

Table 2. Quality control results for lead
Blank spike rec., %a Sample spike rec., %a Detection limit, ng/g

Analyzed batch Set 1 Set 2 Set 1 Set 2 Set 1 Set 2

1 103 101 106 99 0.3 4.6
2 98 92 93 106 0.8 1.1
3 100 92 109 91 0.3 1.9
4 93 88 96 88 0.6 2.8
5 89 94 85 95 1.3 2.4
6 92 93 89 91 1.7 1.0
7 92 87 87 86 1.3 1.7
8 97 95 — 110 1.0 0.7
9 95 96 — 95 1.6 1.9

10 94 101 86 103 3.2 1.0

11 90 — 88 — 0.1 —
Av. 95 94 93 96 1.1 1.9

Av„ both sets 94 95 1.5

a 500 ng lead was spiked before digestion.
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Table 3. Cadmium and lead levels In individual composites
Cd, ng/g Pb, ng/g

Composite Category and food Seti Set 2 Seti Set 2

Milk and dairy products

1 Milk, whole 0.37 0.40 1.4 2.5
2 Milk, 2% B.F. 0.11 0.22 1.5 1.9
3 Milk, skim 0.16 0.52 1.0 3.3
4 Instant breakfast prepd. 4.13 0.98 8.0 4.7
4A Instant breakfast dry 50.13 — 48.6 —
5 Cream 0.33 0.23 1.8 2.7
6 Ice cream, mixed 0.84 1.98 12.3 5.2
6A Ice cream, chocolate — — — 9.9
7 Yogurt, mixed 0.61 0.30 0.7 4.8
7A Yogurt, plain 0.53 0.31 1.8 3.4
8 Cheese 6.04 0.14 1.7 16.2
9 Cottage cheese 0.21 0.67 0.4 6.5

10 Cheese, processed 24.19 0.27 24.2 17.6
11 Butter 0.68 1.04 <0.3 6.5

Meat and poultry

12 Beef steak, cooked 14.02 0.41 11.4 10.2
12A Beef steak, raw 26.62 2.84 68.8 16.2
13 Roast beef 2.50 1.97 10.5 16.6
14 Ground beef, cooked 5.68 0.76 41.6 12.4
14A Ground beef, raw 2.80 0.62 17.1 7.8
15 Pork, cooked 6.37 2.70 273.3 5.3
15A Pork, raw 4.75 0.41 15.8 4.0
16 Pork, cured 3.13 3.09 156.3 22.5
17 Veal, cooked 1.86 0.97 25.8 7.6
17A Veal, raw 3.85 2.47 13.3 24.4
18 Lamb, cooked 6.92 1.47 21.2 8.2
18A Lamb, raw 8.25 0.61 15.2 5.7
19 Poultry, cooked 1.22 1.34 18.6 3.0
19A Poultry, raw 2.01 1.93 8.8 22.1
20 Eggs 0.89 0.36 3.3 3.5
21 Meat organs 70.65 44,34 76.7 47.9
22 Cold cuts luncheon meats 2.78 1.97 14.2 48.5
23 Luncheon meat, canned 3.06 2.95 47.7 66.8

Fish

24 Marine fish, cooked 2.64 4.46 44.7 13.5
24A Marine fish, raw 79.40 7.56 10.8 12.9
25 Freshwater fish, cooked 7.68 1.24 8.1 4.7
25A Freshwater fish, raw 1.51 3.72 7.7 20.9
26 Fish, canned 13.78 9.13 168.9 34.1
27 Shellfish 297.40 165.50 298.4 41.0

Soups

28 Soups, meat, canned 3.89 1.93 20.2 25.3
29 Soups, pea, canned 8.40 7.98 25.3 42.0
30 Tomato soup, canned 9.42 11.09 39.3 34.2
31 Soups, dehydrated 5.92 1.94 10.4 3.7
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Table 3. C o n t in u e d

Composite Category and food

Cd, ng/g Pb, ng/g

Seti Set 2 Seti Set 2

Bakery goods and cereals

32 White bread, all 15.68 14.66 30.5 36.7
32A White bread, no raisins 17.93 14.72 22.4 14.4
33 Bread, whole wheat and rye 18.12 16.20 34.1 20.2
34 Bread rolls and biscuits 14.01 12.38 15.4 14.5
34A Rolls and buns only — 12.76 — 13.9
35 Wheat flour 19.83 17.09 5.0 1.6
36 Cake & muffins with raisins 12.17 10.37 36.2 18.9
36A Cake and muffins 14,06 11.91 21.6 26.2
37 Cookies, all 17.23 15.73 23.1 16.3
37A Cookies, oatmeal, arrowroot 16.97 11.08 31.8 14.4
37B Cookies, chocolate chip 23.16 21.41 23.2 21.7
38 Danish and donuts 10.62 8.66 13.3 18.9
39 Crackers 23.36 21.43 14.1 23.1
40 Waffles and pancakes 9.20 9.13 18.6 21.1
41 Cooked wheat cereal 6.03 25.40 4.3 1.7
41A Cream of wheat, dry 32.11 7.70 3.5 8.6
42 Oatmeal cereal 2.20 3.79 5.1 6.7
42A Oatmeal cereal, dry 12.43 18.59 9.6 3.1
43 Corn cereal 4.73 3.67 136.9 6.4
44 Wheat and bran cereals 68.50 99.28 92.0 20.0
45 Rice cereal, cooked 20.19 11.47 11.8 9.5
45A Rice cereal, dry 64.02 22.99 9.5 5.3
46 Apple pie 9.99 7.47 26.2 13.1
47 Pie, others, mix 11.77 7.16 180.8 37.3
47A Pie, no raisins 5.17 7.99 7.7 19.6
47B Raisin pie 50.38 8.99 488.2 247.4
48 Pizza 25.38 14.26 31.2 18.9
49 Pasta, canned 16.64 11.31 34.2 7.9
50 Pasta, plain, cooked 41.60 33.59 26.1 14.1

Vegetables

51 Corn, raw & canned, cooked 8.02 1.20 36.8 51.8
51A Corn, raw 2.43 1.86 40.3 181.5
51B Corn, kernel, canned 10.25 2.85 4.7 5.7
52 Potatoes, raw 46.20 34.52 21.9 7.8
53 Potatoes, baked 94.35 38.43 2547.0 40.6
54 Potatoes, boiled, skins 60.69 31.77 11.5 4.0
55 Potatoes, peeled, boiled 57.67 26.16 3.6 3.8
56 French fries 55.98 52.76 3.3 5.1
57 Potato chips 123.90 122.50 15.1 12.0
58 Cabbage, cooked & coleslaw 7.51 2.55 1137.0 4.6
59 Celery 45.13 64.52 29.9 44.9
60 Peppers, green & red 13.43 9.52 54.7 8.7
61 Lettuce 13.81 39.73 1025.0 2.3
62 Cauliflower, raw & cooked 13.94 9.02 21.1 63.7

62A Cauliflower, raw — 9.88 — 1.9
63 Broccoli, raw and cooked 11.29 30.06 35.6 16.0
64 Beans, raw & canned, cooked 7.29 1.72 1689.0 72.6

64A Beans, raw 4.01 1.90 34.3 13.3
64 B Beans, canned 4.05 0.80 735.7 120.2

65 Peas, raw & canned, cooked 5.83 2.24 32.3 14.7

65A Peas, raw 11.13 6.26 13.2 9.6
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Table 3. Continued

Composite Category and food

Cd, ng/g Pb, ng/g

Seti Set 2 Seti Set 2

65B Peas, canned 11.65 3.19 2371.0 23.9
66 Carrots, raw & canned, cooked 19.68 17.45 50.1 9.7
66A Carrots, raw and canned 14.05 — 8.0 —
66B Carrots, raw 11.54 17.79 12.2 9.1
66C Carrots, canned 9.58 — 115.9 —
67 Onions, cooked and raw 39.34 12.58 7.5 8.1
67A Onions, raw — 16.72 — 9.4
68 Turnips, parsnips — 18.85 — 15.6
69 Tomatoes, raw and cooked 18.79 4.93 2165.0 2.5
69A Tomatoes, cooked 25.08 6.03 2547.0 1.4
69 B Tomatoes, raw 20.51 5.92 914.1 2.0
70 Tomato juice, canned 6.87 16.77 338.9 24.0
71 Tomatoes, canned 14.72 52.42 935.3 109.4
72 Mushrooms, raw & canned, cooked 11.89 13.12 67.3 44.6
72A Mushrooms, canned 55.45 14.52 13.5 70.9
72B Mushrooms, raw 107.60 14.07 59.6 52.9
73 Cucumber, raw, pickled 7.47 5.35 228.2 8.3
73A Cucumber, raw 7.95 2.98 458.2 8.1

Fruit and fruit juices

74 Citrus fruit, raw 0.57 0.18 7.2 18.3
75 Citrus fruit, canned 0.19 <0.07 165.8 407.4
76 Citrus juice 0.52 <0.07 5.9 19.7
77 Citrus juice, canned 0.08 <0.07 82.1 17.8
78 Apples 0.78 0.44 12.8 18.2
79 Apple juice, canned & bottled 0.79 0.55 14.1 24,9
79A Apple juice, bottled 0.95 2.75 19.9 10.4
79 B Apple juice, canned 0.43 0.57 9.8 23.3
80 Apple sauce, canned & bottled 0.30 0.14 34.4 48.2
80A Apple sauce, bottled 0.09 <0.07 5.7 12.7
80B Apple sauce, canned 0.08 8.43 56.3 102.3
81 Bananas 0.86 0.15 <1.6 <1.9
82 Grapes 1.31 — 6.9 —
83 Grape juice, bottled 2.62 0.84 24.7 21.5
84 Peaches, canned and raw 1.45 1.39 177.7 119.7
84A Peaches, raw 2.95 — 19.8 —
85 Pears, raw and canned 0.80 1.20 140.8 97.6
85A Pears, canned 1.05 — 162.1 —

85 B Pears, raw 2.22 2.63 15.0 8.6
86 Plums, prunes, dried & canned 6.02 0.82 355.7 206.7
87 Cherries, raw and canned 0.48 — 12.9 —

87A Cherries, canned 0.57 5.66 88.6 203.8
88 Melons 6.35 14.20 6.7 1.9
89 Strawberries 11.12 17.10 11.4 7.6
90 Blueberries 1.27 0.39 47.2 21.2
91 Pineapple, raw and canned 1.30 1.10 4.1 15.8
91A Pineapple, fresh 1.68 1.31 <0.6 15.2
91B Pineapple, canned — 0.51 — 31.3

Fats and oils

92 Cooking fats & salad oils 0.91 0.66 9.9 3.1
93 Margarine 3.66 0.65 <0.2 6.0
94 Peanut butter 39.23 48.63 24.5 15.2
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T able  3 . C o n t i n u e d

Cd, ng/g Pb, ng/g

Composite Category and food Seti Set 2 Seti Set 2

Sugar and candies

95 Sugar 0.37 5.03 52.2 <1.9
96 Syrup 2.96 1.48 132.8 69.0
97 Jams and jellies 5.75 5.63 176.9 19.2
98 Honey 0.69 0.83 22.3 41.8
99 Pudding, canned, mixed, powder, prepared 2.44 0.70 13.3 8.8
99B Pudding, chocolate powder and canned 3.91 4.48 9.3 30.3

100 Candy, chocolate bars 28.29 16.81 51.6 40.2
101 Candy, other 3.52 0.61 79.4 51.5

Beverages

102 Coffee 0.64 0.10 4.1 5.2
103 Tea 0.50 0.45 7.1 9.2
104 Soft drinks 0.57 0.19 2.7 5.1
105 Wine and beer, cans and bottles 1.47 0.62 16.0 76.9
105A Wine 0.97 0.64 28.5 140.6

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

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

L e a d  a n d  cadm iu m  m eth o d o lo g y .— After a nitric-perchlo
ric acid digestion, the ammonium pyrrolidine dithiocarbamate 
complexes were coprecipitated with copper and iron carriers 
and dissolved in nitric acid containing ammonium dihydrogen 
phosphate modifier (2). The final concentration of ammonium 
dihydrogen phosphate was 0.1%, a modification of the origi
nal method.

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

C a lcu la tio n s a n d  d ie ta ry  in take estim a tio n s.— To estimate 
means, medians, and ranges of concentrations, samples with 
concentrations less than the detection limit of the batch were 
reported as being at the detection limit. In those instances in 
which both the constituents of a composite and the composite

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

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

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

Results and Discussion

L e a d  a n d  cadm iu m  q u a lity  co n tro l resu lts .— Set 1 compos
ites were analyzed in 11 analytical batches, and Set 2 compos
ites were analyzed in 10 batches. The average recoveries of 
cadmium and lead from spiked blanks (duplicates) and samples 
(duplicates) are listed in Tables 1 and 2 for each analytical 
batch in both sets.

The recovery of 500 ng lead added to the reagent blanks 
before digestion averaged 94% and ranged from 87 to 103%. 
Sample spike recoveries averaged 95% and ranged from 85 to 
110%. The spiking level was equivalent to a sample concentra
tion of about 25-500 ng/g, depending on the actual sample 
weight taken.
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Table 4. Cadmium levels In food categories

Category Description Set n Mean, ng/g Median, ng/g Range, ng/g

1 Milk and dairy products 1 13 6.79 0.61 0.11-50
2 12 0.59 0.40 0.14-2.0

II Meat and poultry 1 18 9.30 3.85 0.89-70.7
2 18 3.96 1.93 0.36-44.3

III Fish 1 6 67.07 7.68 1.51-297
2 6 31.94 4.46 1.24-166

IV Soups 1 4 6.91 5.92 3.89-9.4
2 4 5.74 1.94 1.93-11.1

V Bakery goods and cereals 1 28 20.84 16.97 2.2-69
2 29 16.59 12.76 3.7-99

VI Vegetables 1 36 27.20 13.81 2.4-124
2 37 19.27 13.12 0.8-123

VII Fruit and fruit juices 1 27 1.73 0.95 0.08-11.12
2 24 2.53 0.82 <0.07-17.1

VIII Fats and oils 1 3 14.60 3.66 0.91-39.2
2 3 16.65 0.66 0.65-48.6

IX Sugar and candies 1 8 5.99 2.96 0.37-28.3
2 8 4.45 1.48 0.61-16.8

X Beverages 1 5 0.83 0.64 0.5-1.47
2 5 0.40 0.45 0.1-0.64

All composites 1 +2 294 13.69 5.35 < 0.07-297
1 148 16.16 6.35 0.8-297
2 146 11.20 3.67 <0.07-166

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

The detection limits o f  the method were defined as 3 times 
the standard deviation o f the replicate blanks within each ana
lytical batch divided by the average sample weight. Detection 
limits averaged 1.5 ng/g (range 0 .1 -4 .6  ng/g) for lead and
0.23 ng/g (range 0 .01-0.66 ng/g) for cadmium.

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

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

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

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

Lead survey results.— Analysis of the individual compos
ites revealed several peculiarities (Tables 3 and 5). Some o f the 
samples in Set 1 (No. 15, 53 ,58 , 61, 6 4 ,6 5 ,6 9 , 69A, 69B, 73, 
73A) had unusually high lead levels (Table 5). This was attrib
uted to “in house” contamination for 2 reasons: First, a second 
set of samples from Ottawa (Set 2), as well as similar samples 
from 2 other cities (Sets 3 and 4), had consistently lower lead 
levels. Second, in the case of pork, beans, and peas, there was
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T able  5 . A p p a ren t lea d  c o n ta m in a tio n  o f  S e t  1 s a m p le s

No. Food sample
Content In 
composite

Ottawa
Seti

Ottawa 
Set 2

Halifax 
Set 3

Toronto 
Set 4

15 Pork, baked8 _ 273.3 5.3 15.8 <3.0
15A Pork, raw 100% 15.8 4.0 7.6 <4.2

52 Potatoes, raw8 — 21.9 7.8 8.7 8.9
53 Potatoes, baked8 — 2547.0 40.6 15.7 3.5
54 Potatoes, boiled with skins8 — 11.5 4.0 18.3 3.0

58 Cabbage, cooked & coleslaw8 — 1137.0 4.6 10.1 20.0

61 Lettuce8 — 1025.0 2.3 7.9 18.2

64 Beans, raw & canned, cooked8 — 1689.0 72.6 45.7 38.0
64A Beans, raw 50% 34.3 13.3 39.8 27.1
64 B Beans, canned 50% 735.7 120.2 140.5 38.0

65 Peas, raw & canned, cooked8 — 32.3 14.7 57.0 16.2
65A Peas, raw 50% 13.2 9.6 11.0 7.7
65 B Peas, canned 50% 2371.0 23.9 58.6 12.8

69 Tomatoes, raw and cooked8 — 2165.0 2.5 3.5 _
69A Tomatoes, cooked 50% 2547.0 1.4 — 8.4
69 B Tomatoes, raw 50% 914.1 2.0 2.8 <3.2

73 Cucumber, raw and pickled8 — 228.2 8.3 7.4 < 4.6
73A Cucumber, raw 50% 458.2 8.1 8.2 <2.4

8 Composite.

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

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

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

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

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

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

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

The mean, median, and ranges of lead levels over all sam
ples were 154, 21.6, and <0.2-2547 ng/g for Set 1, and 30,
14.7, and 1.4-407 ng/g for Set 2. The mean level of 30 ng/g for
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Table 6. Lead levels in food categories

Category Description Set n Mean, ng/g Median, ng/g Range, ng/g

I Milk and dairy products 1 13 7.98 1.7 0.28-48.6
2 13 6.56 4.8 1.94-17.6

II Meat and poultry 1 18 46.6 18.6 3.25-273
2 18 18.5 12.4 3.03-67

III Fish 1 6 89.8 10.8 7.70-298
2 6 21.2 13.5 4.73-41.0

IV Soups 1 4 23.8 20.2 10.4-39.3
2 4 26.3 25.3 3.74-42.0

V Bakery goods and cereals 1 28 48.4 23.1 3.49-488
2 29 23.5 16.3 1.58-247

VI Vegetables 1 36 494 50.1 3.31-2547
2 37 29.3 12.0 1.42-182

VII Fruit and fruit juices 1 27 55.2 19.8 < 0.6-356
2 24 60.7 21.2 1.85-407

VIII Fats and oils 1 3 11.5 9.9 < 0.2-24.5
2 3 8.1 6.0 3.11-15.2

IX Sugar and candies 1 8 67,2 51.6 9.3-177
2 8 32.8 30.3 < 1.9-69.0

X Beverages 1 5 11.7 7.1 2.71-28.5
2 5 47.4 9.2 5.13-141

All composites 1 + 2 295 92.3 16.3 < 0.2-2547
1 148 154.3 21.6 < 0.2-2547
2 147 29.9 14.7 1.42-407

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

On the basis of lead concentrations found for Set 2, the es
timated dietary ingestion of lead by all segments of the popu
lation w as 36 .4  pg/day, equivalent to 0 .61 pg/kg body  
weight/day for a 60 kg adult. This was lower than the 54 pg/day 
reported in a Canadian 24 h duplicate diet study (3), and was 
well below the FAO/WHO provisional tolerable weekly intake 
of lead from all sources (7.1 pg/kg on a daily basis).

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

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

Additional quality control was desirable from an analytical 
viewpoint, and the decision was made to include a laboratory 
reference material in each analytical batch.
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A joint AOAC/AACC (American Association of Ce
real Chemists) collaborative study of methods for 
the determination of soluble, insoluble, and total di
etary fiber (SDF, IDF, and TDF) was conducted with 
11 participating laboratories. The assay is based on 
a modification of the AOAC TDF method 985.29 
and the SDF/IDF method collaboratively studied re
cently by AOAC. The principles of the method are 
the same as those for the AOAC dietary fiber meth
ods 985.29 and 991.42, including the use of the 
same 3 enzymes (heat-stable a-amylase, protease, 
and amyloglucosidase) and similar enzyme incuba
tion conditions. In the modification, minor changes 
have been made to reduce analysis time and to im
prove assay precision: (1) MES-TRIS buffer re
places phosphate buffer; (2) one pH adjustment 
step is eliminated; and (3) total volumes of reaction 
mixture and filtration are reduced. Eleven collabora
tors were sent 20 analytical samples (4 cereal and 
grain products, 3 fruits, and 3 vegetables) for dupli
cate blind analysis. The SDF, IDF, and TDF content 
of the foods tested ranged from 0.53 to 7.17,0.59 to 
60.53, and 1.12 to 67.56 g/100 g, respectively. The 
respective average RSDr values for SDF, IDF, and 
TDF determinations by direct measurements were 
13.1,5.2, and 4.5%. The TDF values calculated by 
summing SDF and IDF were In excellent agreement 
with the TDF values measured independently. The
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modification did not alter the method performance 
with regard to mean dietary fiber values, yet it gen
erated lower assay variability compared with the 
unmodified methods. The method for SDF, IDF, and 
TDF (by summing SDF and IDF) has been adopted 
first action by AOAC international.

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

(1-3). These findings have led to an increasing awareness of 
the importance o f consuming foods rich in dietary fiber and the 
necessity of reliable methodology to determine DF content in 
foods and food products. Dietary fiber was initially defined as 
plant cell wall remnants that are resistant to hydrolysis by 
human alimentary enzymes (4). The definition has been ex
tended to include all the polysaccharides and lignin in the diet 
that are resistant to the endogenous secretions o f the human 
digestive tract (5). Accordingly, the term dietary fiber refers to 
nonstarch polysaccharides, resistant starch, and lignin; the 
AOAC total dietary fiber (TDF) method has evolved on this 
basis. This rapid enzymatic-gravimetric method was chosen by 
AOAC because it is simple and inexpensive for routine use in 
both quality control and research laboratories. The TDF 
method has passed several international interlaboratory studies 
(6-8) and was adopted final action by AOAC in 1986 (9), with 
a method change in 1988 (8). Subsequently, the AOAC TDF 
method, 985.29 (10), was adopted by government agencies in 
many countries, including the United States, Canada, Australia, 
Japan, Switzerland, Germany, and the Nordic countries.

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

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

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

Collaborative Study

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

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

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

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

Preparation o f Analytical Samples

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

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

Statistical Methods

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

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

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

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

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

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

First Action 1991

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

Method Performance:
See Table 991.43A for method performance data.

A. Principle

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

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

B. Apparatus

(a) B ea k ers.— 400 or 600 mL tall form.
(b) F ilte r in g  cru cib le .— With fritted disk, coarse, ASTM  

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

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

(d) S haking  w a te r  ba th s.— (1) Capable o f maintaining 98 
±2°, with automatic on-and-off timer. (2) Constant tempera
ture, adjustable to 60°.

(e) B a la n ce .— Analytical, sensitivity ±0.1 mg.
(f) M uffle fu rn a ce .— Capable of maintaining 525 ±5°.
(g) O ven .— Capable of maintaining 105 and 130 ±3°.
(h) D e sic c a to r .— With S i0 2 or equivalent desiccant. Bi

weekly, dry desiccant overnight at 130°.
(i) p H  m e te r .— Temperature compensated, standardized 

with pH 4.0 ,7 .0 , and 10.0 buffer solutions.
(j) P ip e tte rs .— With disposable tips, 50-300  pL and 5 mL 

capacity.
(k) D isp en sers .— Capable of dispensing 15 ±0.5 mL for 

78% EtOH, 95% EtOH, and acetone; 40 ±0.5 mLfor buffer.
(l) M a g n e tic  s tirrers  a n d  s t ir  bars.

C. Reagents

Use deionized water throughout.
(a) E th a n o l so lu tio n s.— (1) 85%. Place 895 mL 95% etha

nol into 1 L volumetric flask, dilute to volume with H20 . (2) 
78%. Place 821 mL 95% ethanol into 1 L volumetric flask, di
lute to volume with H20 .

(b) H e a t-s ta b le  a -a m y la se  so lu tio n .— Cat. No. A  3306, 
Sigma Chemical Co., St. Louis, MO 63178, or Termamyl 
300L, Cat. No. 361-6282, Novo-Nordisk, Bagsvaerd, Den
mark, or equivalent. Store at 0-5°C.

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

(d) A m y lo g lu c o s id a se  so lu tion .— Cat. No. AMG A9913, 
Sigma Chemical Co., or equivalent. Store at 0-5°.

(e) D ia to m a c e o u s  earth .— Acid washed (Celite 545 AW, 
No. C8656, Sigma Chemical Co., or equivalent).

(f) C lea n in g  so lu tion .— Liquid surfactant-type laboratory 
cleaner, designed for critical cleaning (Micro®, International
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Table 991.43A. Method performance for 991.43, dietary fiber in food s

Food Mean, g/100 g S, SR RSDr, % RSDr , %

Total dietary fiber (TDF)

Barley 12.25 0.36 0.85 2.88 6.89
High fiber cereal 33.73 0.70 0.94 2.08 2.79
Oat bran 16.92 1.06 2.06 6.26 12.17
Soy bran 67.14 1.01 1.06 1.50 1.58
Apricots 1.12 0.01 0.01 0.89 0.89
Prunes 9.29 0.13 0.40 1.40 4.31
Raisins 3.13 0.09 0.15 2.88 4.79
Carrots 3.93 0.13 0.13 3.31 3.31
Green beans 2.89 0.07 0.07 2.42 2.42
Parsley 2.66 0.07 0.14 2.63 5.26

Soluble dietary fiber (SDF)

Barley 5.02 0.40 0.62 8.01 12.29
High fiber cereal 2.78 0.44 0.56 15.83 20.14
Oat bran 7.17 0.72 1.14 10.04 15.90
Soy bran 6.90 0.30 0.60 4.35 8.70
Apricots 0.53 0.02 0.02 3.77 3.77
Prunes 5.07 0.11 0.31 2.17 6.11
Raisins 0.73 0.05 0.16 6.85 21.92
Carrots 1.10 0.07 0.18 6.36 16.36
Green beans 1.02 0.08 0.11 7.84 10.78
Parsley 0.64 0.03 0.10 4.69 15.63

Insoluble dietary fiber (IDF)

Barley 7.05 0.61 0.61 8.62 8.62
High fiber cereal 30.52 0.44 0.71 1.44 2.33
Oat bran 9.73 0.85 1.17 8.74 12.02
Soy bran 60.53 0.70 0.70 1.16 1.16
Apricots 0.59 0.02 0.02 3.39 3.39
Prunes 4.17 0.07 0.09 1.68 2.16
Raisins 2.37 0.04 0.07 1.69 2.95
Carrots 2.81 0.09 0.16 3.20 5.69
Green beans 2.01 0.08 0.08 3.98 3.98
Parsley 2.37 0.12 0.24 5.06 10.13

Total dietary fiber (SDF + IDF)

Barley 12.14 0.39 0.70 3.21 5.77
High fiber cereal 33.30 0.63 0.90 1.89 2.70
Oat bran 16.90 0.99 1.49 5.86 8.82
Soy bran 67.56 0.56 0.94 0.83 1.39
Apricots 1.12 0.02 0.02 1.79 1.79
Prunes 9.37 0.12 0.30 1.28 3.20
Raisins 3.10 0.05 0.18 1.61 5.81
Carrots 3.92 0.11 0.13 2.81 3.32
Green beans 3.03 0.09 0.12 2.97 3.96
Parsley 3.01 0.12 0.23 3.99 7.64
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Products Corp., Trenton, NJ 08016, or equivalent). Prepare 2% 
solution in H20 .

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

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

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

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

D. Enzyme Purity

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

E Sample Preparation and Digestion

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

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

Weigh duplicate 1.000 ±0.005 g samples (Mj and M 2), ac
curate to 0.1 mg, into 400 mL (or 600 mL) tall form beakers. 
Add 40 mL MES/TRIS buffer solution, pH 8.2, to each. Stir on 
magnetic stirrer until sample is completely dispersed (to pre
vent lump formation, which would make test material inacces
sible to enzymes). Add 50 pL heat-stable a-amylase solution, 
stirring at low speed. Cover beakers with A l foil, and incubate 
in 95-100° H20  bath 15 min with continuous agitation. Start 
timing once bath temperature reaches 95° (total o f 35 min is 
normally sufficient).

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

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

Remove foil. Dispense 5 mL 0.561N  HC1 into beakers 
while stirring. Adjust pH to 4 .0-4 .7  at 60°, by adding IN  NaOH 
solution or IN  HC1 solution. (Note: It is important to check and 
adjust pH while solutions are 60° because pH will increase at 
lower temperatures.) (Most cereal, grain, and vegetable prod
ucts do not require pH adjustment. Once verified for each lab
oratory, pH check in g  procedure can be om itted. A s a 
precaution, check pH of blank routinely; if  outside desirable 
range, check samples also.)

Add 300 pL am yloglucosidase solution while stirring. 
Cover with A l foil, and incubate 30 min at 60° ±1° with constant 
agitation. Start timing once bath reaches 60°.

F. Determination o f Total Dietary Fiber

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

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

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

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

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

G. Determination o f Insoluble Dietary Fiber

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

Table 991.43B. Enzyme purity

Standard Activity tested Wt of Std, g Expected rec„ %

Citrus pectin Pectinase 0.1-0.2 95-100
Arabinogalactan Hemicellulase 0.1-0.2 95-100
p-Glucan p-Glucanase 0.1-0.2 95-100
Wheat starch a-Amylase + AMG 1.0 0-1
Corn starch a-Amylase + AMG 1.0 0-1
Casein Protease 0.3 0-1
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Filter enzyme digestate, from £, through crucible into filtra
tion flask. Rinse beaker, and then wash residue 2 times with 
10 mL70° H20 .  Combine filtrate and water washings, transfer 
to pretared 600 mLtall form beaker, and reserve for determina
tion o f soluble dietary fiber, H.

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

Use duplicates to determine protein and ash as in F.

H. Determination of Soluble Dietary Fiber

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

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

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

I. Calculations

Blank (B, mg) determination:

B = [(BR1 + BR2) /2 \ -P b - A b

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

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

DF = {[(Rl + R2)!2] - P - A -  B}/[(Ml + M2)l2] x 100

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

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

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

R e s u lt s  a n d  D is c u s s io n

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

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

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

Results reported by each participating laboratory are pre
sented in Table 1, where blind duplicate results have been 
paired for each food material. The tested foods covered a 
wide range o f dietary fiber concentrations (Tables 1 -5 ). 
Total dietary fiber content (g/100 g) on an as-is basis ranged 
from 1.12 for apricots to 67.14 for soy bran (13 .10-71 .80  on 
dry weight basis). Soluble dietary fiber content (g /100  g) 
ranged from 0.53 for apricot to 7 .17 for oat bran (2 .8 6 -
31 .4 2  on a dried basis). Insoluble dietary fiber content 
(g /100 g) ranged from 0.59 for apricots to 60.53 for soy  
bran (7 .5 4 -6 4 .7 4  on a dried basis).

The AOAC statistical parameters for both repeatability and 
reproducibility for each food are summarized in Tables 1 -5  for 
soluble, insoluble, and total dietary fiber determination. All the 
dietary fiber determinations by direct measurement showed ex
cellent precision. For TDF determination, the RSDr ranged 
from 0.89% for apricots to 12.17% for oat bran, with an aver
age of 4.44%. The sR of TDF values (g/100 g) was in the range 
of 0.01 for apricots and 2.06 for oat bran on an as-is basis and 
0.77 for apricots/green beans and 2.38 for raisins on a dried 
basis. The RSDr of SDF determinations ranged from 3.77% for 
apricots to 21.92% for raisins; the mean RSDr for all 10 prod-
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Tab le  1. C o lla b o ra t iv e  re su lts  o f  d ie ta ry  f ib e r de te rm ina tion  In b lin d  d u p lic a te s  b y  the  A O A C  D F  m ethod  991 .43s

Direct measurement Calculation

Laboratory TDF SDF IDF
C-TDF 

(SDF + IDF)
C-SDF 

(TDF-IDF)
C-IDF

(TDF -  SDF)

Barley, g DF/100 g

1 12.74 4.88 7.88 12.76 4.86 7.86
12.69 5.58 7.14 12.72 5.55 7.11

2 12.96 5.14 7.47 12.61 5.49 7.82
12.64 5.41 7.46 12.87 5.18 7.23

3 12.45 6.98 6.82 13.80 5.63 5.47
12.29 5.92 8.44 14.36 3.85 6.37

4 13.32 4.96 8.496 13.45 4.83 8.36
12.97 5.07 8.096 13.16 4.88 7.90

5 12.05 5.92 8.58 14.50° 3.47 6.13
11.82 4.74 6.55 11.29° 5.27 7.08

6 14.49 6.46 7.38 13.84 7.11 8.03
14.82 6.06 7.82 13.88 7.00 8.76

7 12.98 4.82 7.52 12.34 5.46 8.16
13.64 4.31 7.Q8 11.39 6.56 9.33

8 12.14 4.94 7.29 12.23 4.83 7.20
12.29 5.04 7.56 12.60 4.73 7.25

9 — 4.95 7.54 12.49 — —
NAd 5.21 7.59 12.80 — —

10 14.43 5.88 7.97 13.85 6.46 8.55
13.28 5.91 7.35 13.26 5.93 7.37

11 14.38 5.33 7.92 13.25 6.46 9.05
13.57 4.63 7.36 11.99 6.21 8.94

X 13.10 5.37 7.54 12.98 5.49 7.70
Sr 0.38 0.43 0.65 0.42 0.65 0.55
SR 0.91 0.66 0.65 0.75 0.98 1.03
RSDr, % 2.90 8.01 8.62 3.24 11.85 7.14
RSDr , % 6.95 12.29 8.62 5.78 17.97 13.38

High-fiber cereal, g DF/100 g

1 33.58 3.27 31.37 34.64 2.21 30.31
34.88 3.23 30.68 33.91 4.20 31.65

2 34.25 1.96 31.60 33.56 2.65 32.29
33.35 2.03 31.80 33.83 1.55 31.32

3 34.37 3.43 32.55 35.98 1.82 30.94
33.14 1.96 33.15 35.11 -0.01 31.18

4 34.39 2.48 31.21 33.69 3.18 31.91
34.87 2.42 31.05 33.47 3.82 32.45

5 34.93 3.65 31.74 35.39 3.19 31.28
34.84 3.53 31.31 34.75 3.44 31.22

6 36.94 3.47 30,84 34.31 6.10 33.47
35.51 3.38 30.95 34.33 4.56 32.13

7 35.96 3.29 32.26 35.55 3.70 32.67
35.73 2.57 31.52 34.09 4.21 33.16

8 34.75 2.70 30.47 33.17 4.28 32.05
33.19 3.26 31.52 34.78 1.67 29.93

9 NAd 2.53 30.04 32.57 — —
— 2.23 30,89 33.12 — —

10 35.34 3.71 31.81 35.52 3.53 31.63
34.09 2.54 31.61 34.15 2.48 31.59
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Tab le  1. C o n t i n u e d

Laboratory

Direct measurement Calculation

TDF SDF IDF
C-TDF 

(SDF + IDF)
C-SDF 

(TDF -  IDF)
C-IDF

(TDF -  SDF)

11 34.64 2.67 30.40 33.07 4.24 31.97
34.70 2.54 31.35 33.89 3.35 32.16

X 34.67 2.86 31.37 34.22 3.21 31.76
S, 0.72 0.45 0.45 0.65 1.01 0.70
SR 0.97 0.58 0.73 0.93 1.36 0.87
RSDr, % 2.08 15.73 1.43 1.90 31.46 2.20
RSDr, % 2.80 20.28 2.33 2.72 42.37 2.74

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

1 19.95 7.72 12.53 20.25 7.42 12.23
21.11 8.44 12.16 20.60 8.95 12.67

2 17.25 8.98 9.35 18.33 7.90 8.29
18.46 8.82 9.72 18.54 8.74 9.64

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

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

5 12.51 4.68 11.79 16.47 0.72 7.83
15.30 6.77 10.11 16.89 5.19 8.53

6 17.52 8.15 10.11 18.34 7.33 9.37
17.54 7.70 9.89 17.59 7.65 9.84

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

8 19.09 8.17 12.52 20.69 6.57 10.92
16.07 7.78 9.66 17.44 6.41 8.29
17.86 8.65 11.23 19.88 6.63 9.21
18.04 8.65 11.98 20.63 6.06 9.39

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

10 18.99 8.37 9.47 17.84 9.52 10.62
18.73 7.21 11.21 18.42 7.52 11.52

11 21.81 7.79 10.55 18.34 11.26 14.02
18.60 8.30 12.64 20.94 5.96 10.30

X 18.25 7.73 10.50 18.23 7.75 10.52
s, 1.14 0.78 0.92 1.07 1.54 1.10
sn 2.22 1.23 1.26 1.61 2.28 2.50
RSDr, % 6.25 10.09 8.76 5.87 19.87 10.46
RSDr, % 12.16 15.91 12.00 8.83 29.42 23.76

Soy bran, g DF/100 g

71.02 7.60 64.70 72.30 6.32 63.42
71.13 7.78 64.06 71.84 7.37 63.65
71.68 7.02 65.63 72.65 6.05 64.66
70.41 6.61 64.81 71.42 5.60 63.80
70.88 7.81 64.16 71.97 6.72 63.07
71.27 6.85 65.64 72.49 5.63 64.42
72.96 7.79 64.73 72.52 8.23 65.17
70.38 7.61 64.59 72.20 5.79 62.77
71.39 7.58 64.92 72.50 6.47 63.81
71.82 7.96 64.68 72.64 7.14 63.86

5



Lee  Et  Al .: Jo u rn al  Of  AO AC International  V o l . 75, N o. 3 ,1 9 9 2  403

Tab le 1. C o n t i n u e d

Laboratory

Direct measurement Calculation

TDF SDF IDF
C-TDF 

(SDF + IDF)
C-SDF 

(TDF-IDF)
C-IDF

(TDF -  SDF)

6 74.61 7.30 65.31 72.61 9.30 67.31
71.11 7.87 64.78 72.65 6.33 63.24

7 73.23 7.62 65.10 71.72 8.13 65.61
73.89 7.32 63.97 71.29 9.92 66.57

8 72.20 7.04 67.01* 74.05 5.19 65.16
72.41 6.97 66.31* 73.28 6.10 65.44

9 NA* 6.04 64.37 70.41 — —
— 6.50 64.07 70.57 — —

10 71.97 8.82 63.93 72.75 8.04 63.15
71.30 8.28 66.18 74.46 5.12 63.02

11 70.57 6.86 64.04 70.90 6.53 63.71
71.71 7.18 65.16 72.34 6.55 64.53

X 71.80 7.38 64.74 72.25 6.83 64.32
Sr 1.08 0.32 0.75 0.60 1.23 1.15
SR 1.14 0.64 0.75 1.00 1.32 1.24
RSDr, % 1.50 4.34 1.16 0.83 18.01 1.79
RSDr , % 1.59 8.67 1.16 1.38 19.33 1.93

Apricots, g DF/100 g

1 67.78 31.04 34.55 65.59 33.23 36.74
67.10 31.38 36.86 68.24 30.24 35.72

2 66.51 32.14 35.06 67.20 31.45 34.37
67.38 30.65 36.60 67.25 30.78 36.73

3 66.36 31.59 36.72 68.31 29.64 34.77
67.96 33.33 35.62 68.95 32.34 34.63

4 65.63 31.83 34.43 66.26 31.20 33.80
66.16 31.25 34.82 66.07 31.34 34.91

5 67.68 31.44 35.45 66.89 32.23 36.24
67.15 30.99 34.64 65.63 32.51 36.16

6 66.47 32.21 33.79 66.00 32.68 34.26
66.09 31.42 35.47 66.89 30.62 34.67

7 71.24* 30.36 36.05 66.41 35.19 40.88
70.19* 31.26 35.06 66.30 34.53 38.93

8 67.38 32.63 35.00 67.63 32.38 34.75
67.81 30,08 36.14 66.22 31.67 37.73

9 NA* 27.45* 35.76 63.21* — —
— 29.05* 35.71 64.76* — —

10 66.82 31.65 35.44 67.09 31.38 35.17
65.66 30.40 33.52 63.92 32.14 35.26

11 65.91 27.24* 33.99 61.23* 31.92 38.67
66.56 23.26* 33.18 56.44* 33.38 43.30

X 66.80 31.42 35.20 66.75 31.73 36.38
Sr 0.60 0.92 0.91 1.11 1.16 1.45

SR 0.77 0.93 1.02 1.17 1.16 2.49
RSDr, % 0.90 2.93 2.59 1.66 3.66 3.99
RSDr , % 1.15 2.96 2.90 1.75 3.66 6.84

Prunes (pretrial sample), g DF/100 g

1 29.59 16.92 13.50 30.42 16.09 12.67
30.36 17.33 13.59 30.92 16.77 13.03
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Tab le 1. C o n t i n u e d

Direct measurement Calculation

Laboratory TDF SDF IDF
C-TDF 

(SDF + IDF)
C-SDF 

(TDF -  IDF)
C-IDF

(TDF -  SDF)

2 28.84 15.92 13.58 29.50 15.26 12.92
29.27 16.78 13.05 29.83 16.22 12.49

3 32.14 18.33 13.28 31.61 18.86 13.81
32.07 17.94 13.67 31.61 18.40 14.13

4 29.85 16.04 14.24 30.28 15.61 13.81
30.82 15.83 13.63 29.46 17.19 14.99

5 28.15 16.20 13.28 29.48 14.87 11.95
28.11 17.09 13.41 30.50 14.70 11.02

6 30.54 17.17 13.78 30.95 16.76 13.37
30.95 17.74 13.85 31.59 17.10 13,21

7 32.50 14.33 15.51e 29.84 16.99 18.17
31.70 14.70 14.33e 29.03 17.37 17.00

8 30.94 16.10 15.63* 31.73 15.31 14.84
30.45 16.24 15.46* 31.70 14.99 14.21
30.63 16.88 15.07* 31.95 15.66 13.75
29.82 16.01 15.35* 31.36 14.47 13.81

9 29.04 15.97 13.46 29.43 15.58 13.07
28.62 15.95 13.62 29.57 15.00 12.67

10 30.91e 17.67 13.16 30.83 17.75 13.24
28.11e 17.21 13.21 30.42 14.90 10.90

11 29.60 15.52 13.62 29.14 15.98 14.08
29.47 15.56 13.77 29.33 15.70 13.91

X 30.16 16.48 13.54 30.43 16.14 13.63
Sr 0.41 0.37 0.22 0.38 0.74 0.66
Sr 1.30 1.02 0.28 0.98 1.23 1.63
RSDr, % 1.36 2.25 1.62 1.25 4.58 4.84
RSDr , % 4.31 6.19 2.07 3.22 7.62 11.96

Raisins, g DF/100 g

1 44.99 9.45 36.02 45.47 8.97 35.54
44.23 10.06 36.39 46.45 7.84 34.17

2 45.27 — 35.60 — 9.67 —
43.73 8.03 35.84 43.90 7.89 35.70

3 48.83 14.23 36.47 50.70 12.36 34.60
49.35 12.08 37.19 49.27 12.16 37.27

4 46.36 10.64 35.41 46.05 10.95 35.72
45.67 9.29 35.63 44.92 10.04 36.38

5 47.06 13.87 36.30 50.17 10.76 33.19
47.27 14.74 35.69 50.43 11.58 32.53

6 50.73 11.85 36.64 48.49 14.09 38.88
49.04 11.26 35.94 47.20 13.10 37.78

7 50.84 8.60 36.30 44.90 14.54 42.24
49.33 8.38 37.94 46.32 11.39 40.95

8 51.62 11.65 42.48e 54.13e 9.14 39.97
46.50 10.76 37.74e 48.50e 8.76 35.74

9 NA* 11.88 36.49 48.37 — —
— 11.45 36.13 47.58 — —

10 48.82 14.36 33.36 47.72 15.46 34.46
46.72 13.65 33.43 48.08 12.29 33.07

11 44.98 7.79 34.62 42.41 10.36 37.19
45.53 6.86 34.20 41.06 11.33 38.67
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Tab le 1. C o n t i n u e d

Laboratory

Direct measurement Calculation

TDF SDF IDF
C-TDF 

(SDF + IDF)
C-SDF 

(TDF-IDF)
C-IDF

(TDF -  SDF)

X 47.34 10.99 35.83 46.81 11.13 36.53
Sr 1.41 0.72 0.54 0.77 1.18 1.39
sn 2.38 2.39 1.08 2.70 2.18 2.76
RSDr, % 2.98 6.55 1.51 1.64 10.60 3.81
RSDn, % 5.03 21.75 3.01 5.77 19.59 7.56

Carrots, g DF/100 g

1 43.22 11.35 32.18 43.53 11.04 31.87
45.50 11.48 33.18 44.66 12.32 34.02

2 43.28 10.03 32.96 42.99 10.32 33.25
42.17 9.90 32.86 42.76 9.31 32.27

3 45.38 15.16 29.32 44.48 15.96 30.12
42.16 14.28 31.42 45.70 10.74 27.88

4 44.01 12.78 30.84 43.62 13.17 31.23
43.56 11.45 31.66 43.11 11.90 32.11

5 43.51 12.16 34.69 46.85 8.82 31.35
46.19 12.83 31.83 44.66 14.36 33.36

6 45.10 12.68 30.68 43.36 14.42 32.42
42.49 14.05 30.07 44.12 12.42 28.44

7 44.66 10.85 32.05 42.90 12.61 33.81
46.14 11.54 32.30 43.84 13.84 34.60

8 43.79 10.47 32.39 42.86 11.40 33.32
45.39 12.97 34.39 47.36 11.00 32.42

10 45.01 16.25 28.31 44.62 16.64 28.76
44.61 16.61 27.89 44.50 16.72 28.00

11 44.76 10.32 32.27 42.59 12.49 34.44
42.49 10.81 30.89 41.70 11.60 31.68

X 44.17 12.40 31.61 44.01 12.55 31.77
Sr 1.42 0.77 1.02 1.23 1.85 1.43
SR 1.42 2.04 1.79 1.42 2.25 2.15
RSDr, % 3.21 6.21 3.23 2.79 14.74 4.50
RSDr , % 3.21 16.45 5.66 3.23 17.93 6.77

Green beans, g DF/100 g

1 29.75 11.52 20.54 32.06 9.21 18.23
30.33 11.32 21.16 32.48 9.17 19.01

2 30.56 10.48 20.47 30.95 10.09 20.08
30.00 10.44 20.60 31.04 9.40 19.56

3 30.61 12.20 20.72 32.92 9.89 18.41
29.44 11.25 21.08 32.33 8.36 18.19

4 30.22 11.13 20.07 31.20 10.15 19.09
29.92 8.82 22.19 31.01 7.33 20.70

5 29.13 10.96 22.04 33.00 7.09 18.17
30.79 10.96 — — 19.83

6 30.95 10.63 21.70 32.33 9.23 20.30
30.88 10.37 21.41 31.78 9.47 20.51

7 32.18 9.09 22.81 31.90 9.37 23.09
31.61 11.08 20.68 31.76 10.93 20.53

8 30.89 12.06 20.83 32.89 10.06 18.83
29.01 10.79 20.44 31.23 8.57 18.22
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Tab le 1. C o n t i n u e d

Laboratory

Direct measurement Calculation

TDF SDF IDF
C-TDF 

(SDF + IDF)
C-SDF 

(TDF-IDF)
C-IDF

(TDF -  SDF)

9 NAd 9.21 21.40 30.60 — —
— 8.95 20.66 29.61 — —

10 30.64 11.55 20.39 31.94 10.25 19.09
29.93 12.00 20.12 32.12 9.81 17.93

11 30.23 9.63 21.33 30.96 8.90 20.60
30.62 8.52 19.06 27.58 11.56 22.10

X 30.10 10.59 20.94 31.51 9.41 19.62
Sr 0.77 0.78 0.88 0.90 1.12 0.92
SR 0.77 1.12 0.88 1.25 1.12 1.41
RSDr, % 2.56 7.37 4.20 2.86 11.90 4.69
RSDr , % 2.56 10.58 4.20 3.97 11.90 7.19

Parsley, g DF/100g

1 28.59 7.31 28.23 35.54 0.36 21.28
26.92 6.59 32.90 39.49 5.98 20.33

2 27.09 5.36 29.06 34.42 1.97 21.73
28.10 5.20 27.46 32.66 0.64 22.90

3 27.81 7.37 25.77 33.14 2.04 20.44
28.49 7.59 27.06 34.65 1.43 20.90

4 28.51 6.83 26.18 33.01 2.33 21.68
27.90 6.57 26.24 32.81 1.66 21.33

5 28.43 7.85 24.96 32.81 3.47 20.58
27.93 6.69 22.72 29.41 5.21 21.24

6 30.81 7.44 25.11 32.55 5.70 23.37
29.49 7.75 23.33 31.08 6.16 21.74

7 31.61 7.24 26.41 33.65 5.20 24.37
31.63 7.69 25.68 33.37 5.95 23.94

8 28.51 7.38 21.13 28.51 7.38 21.13
27.04 7.62 21.40 29.02 5.64 19.42

9 NAd 5.67 24.06 29.73 — —
— 5.65 24.19 29.84 — —

10 31.21 8.70 26.03 34.73 5.18 22.51
30.14 8.97 24.51 33.48 5.63 21.17

11 29.73 6.40 26.78 33.18 2.95 23.33
29.09 5.62 26.50 32.12 2.59 23.47

X 28.95 6.98 25.71 32.69 3.08 21.84
Sr 0.72 0.37 1.30 1.31 1.66 0.73
sr 1.15 1.05 2.62 2.53 3.29 1.36
RSDr, % 2.49 5.30 5.06 4.01 53.90 3.34
RSDh, % 3.97 15.04 10.19 7.74 106.82 6.23

a Dry weight basis (except prunes, 4.4% water); as-analyzed. 
b Grubbs tests outlier. 
c Cochran test outlier. 
d NA = not analyzed.

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

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

Precision of SDF, IDF, and TDF determinations by direct 
measurements is considered excellent. The sR of SDF determi-
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Tab le 2. M e a su re s  o f p re c is io n  fo r  d e te rm in ing  to ta l d ie ta ry  f ib e r by  in dependen t a n a ly s is 8

Max. toi. diff., g/100 g

Food Mean, g/100 g Sr SR RSDr, % RSDr, % r R

Cereal products

Barley 12.25 0.36 0.85 2.88 6.89 0.99 2.38
High-fiber cereal 33.73 0.70 0.94 2.08 2.79 1.96 2.63
Oat bran (pretrial) 16.92 1.06 2.06 6.26 12.17 2.97 5.77
Soy bran 67.14 1.01 1.06 1.50 1.58 2.83 2.97

Fruit and vegetables

Apricots 1.12 0.01 0.01 0.89 0.89 0.03 0.03
Prunes (pretrial) 9.29 0.13 0.40 1.40 4.31 0.36 1.12
Raisins 3.13 0.09 0.15 2.88 4.79 0.25 0.42
Carrots 3.93 0.13 0.13 3.31 3.31 0.36 0.36
Green beans 2.89 0.07 0.07 2.42 2.42 0.20 0.20
Parsley 2.66 0.07 0.14 2.63 5.26 0.20 0.39

a As-is (fresh weight basis).

nation (0.02-1.14 g/100 g) is equal to or lower than those of 
IDF (0.02-1.17 g/100 g) and TDF (0.01-2.06 g/100 g) deter
minations, even though the RSDr was higher for SDF values 
(13 .2  vs 4 .4-5 .2% ). B ecause m ost foods contain lower 
amounts of SDF than of IDF, obtaining natural foods contain
ing more than 8 g SDF/100 g for use in this study was difficult.

Tables 1-9  and Figures 1-6  compare the dietary fiber values 
obtained by direct measurement and by calculation, with re
spect to mean dietary fiber values and their variation. The mea
sured TDF values by independent analysis and the calculated 
TDF (C-TDF) values by summing SDF and EDF (C-SDF and 
C-IDF) were in excellent agreement (Tables 1 ,2 ,5 , and 6; Fig
ure 1). The equation expressing the agreement between the 2 
values was C-TDF = 1.003 x TDF, measured, and the correla
tion coefficient, r2 of the 2 methods was 0.997 (Figure 1). The

assay variabilities o f the 2 methods, which were estimated by 
sr and sR, RSDr, and RSDr , were comparable (Tables 1 ,2 , and
5). Both methods showed the mean RSDr of 4.4-4.5%  and 
demonstrated similar cumulative RSDr distribution curves 
(Figure 4). The SDF values also showed good correlation be
tween the calculation and direct measurement methods (Tables 
1, 3, and 7; Figure 2). The correlation equation was C-SDF = 
0.960 x measured SDF, and r2 was 0.864 (Figure 2).

The IDF values generated by direct measurement and by 
calculation also show excellent agreement (Tables 1 ,4,  and 8; 
Figure 3). The equation was C-EDF = 0.995 x measured IDF, 
and r2 was 0.997 (Figure 3). Calculated SDF and IDF values 
tend to show higher variability than do measured SDF and IDF 
values (Figures 5 and 6). The overall respective RSDr and 
RSDr of SDF determinations increased from 7.0 and 13.1% by

Tab le 3. M ea su re s  o f p re c is io n  fo r  s o lu b le  d ie ta ry  f ib e r de te rm in a tio n8

Food Mean, g/100 g Sr SR RSDr, % RSDr, %

Max. toi. diff., g/100 g 

r R

Cereal products

Barley 5.02 0.40 0.62 8.01 12.29 1.12 1.73
High-fiber cereal 2.78 0.44 0.56 15.83 20.14 1.23 1.57
Oat bran (pretrial) 7.17 0.72 1.14 10.04 15.90 2.02 3.19
Soy bran 6.90 0.30 0.60 4.35 8.70 0.84 1.68

Fruits and vegetables

Apricots 0.53 0.02 0.02 3.77 3.77 0.06 0.06
Prunes (pretrial) 5.07 0.11 0.31 2.17 6.11 0.31 0.87
Raisins 0.73 0.05 0.16 6.85 21.92 0.14 0.45
Carrots 1.10 0.07 0.18 6.36 16.36 0.20 0.50
Green beans 1.02 0.08 0.11 7.84 10.78 0.22 0.31
Parsley 0.64 0.03 0.10 4.69 15.63 0.08 0.28

As-is (fresh weight) basis.
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Tab le  4. M e a su re s  o f  p re c is io n  fo r  In so lub le  d ie ta ry  f ib e r de te rm ina tion*

Food Mean, g/100g Sr Sr RSDr, % RSDr, %

Max. toi. diff., g/100 g 

r R

Cereal products

Barley 7.05 0.61 0.61 8.62 8.62 1.70 1.70
High-fiber cereal 30.52 0.44 0.71 1.44 2.33 1.23 1.99
Oat bran (pretrial) 9.73 0.85 1.17 8.74 12.02 2.38 3.28
Soy bran 60.53 0.70 0.70 1.16 1.16 1.96 1.96

Fruits and vegetables

Apricots 0.59 0.02 0.02 3.39 3.39 0.06 0.06
Prunes (pretrial) 4.17 0.07 0.09 1.68 2.16 0.20 0.25
Raisins 2.37 0.04 0.07 1.69 2.95 0.11 0.20
Carrots 2.81 0.09 0.16 3.20 5.69 0.25 0.45
Green beans 2.01 0.08 0.08 3.98 3.98 0.22 0.22
Parsley 2.37 0.12 0.24 5.06 10.13 0.34 0.67

a As-is (fresh weight) basis.

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

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

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

This study shows that the sR for dietary fiber determination 
on a dry weight basis is relatively constant. Approximately 
80% of the sR values are in the range of 0.5-1.5 g/100 g  across 
the products. Each food group tended toward its own relatively 
constant sR when calculated on an as-is basis. The sR values for 
SDF, IDF, and TDF determinations are 0.02-0.31, 0.02-0.24, 
and 0 .01-0 .40 , respectively, for fruits and vegetables, and 
0.56-0.62, 0.62-0.71, and 0.85-1.06, respectively, for cereal 
and grain products except oat bran. Thus, changing the basis

Tab le  5. M ea su re s  o f  p re c is io n  fo r  d e te rm in in g  to ta l d ie ta ry  f ib e r a s  a su m  o f S D F  and  IDF*

Max. tol. diff., g/100g

Food Mean, g/100 g Sr SR RSD„ % RSDr, % r R

Cereal products

Barley 12.14 0.39 0.70 3.21 5.77 1.10 1.96
High-fiber cereal 33.30 0.63 0.90 1.89 2.70 1.76 2.52
Oat bran (pretrial) 16.90 0.99 1.49 5.86 8.82 2.77 4.17
Soy bran 67.56 0.56 0.94 0.83 1.39 1.57 2.63

Fruit and vegetables
Apricots 1.12 0.02 0.02 1.79 1.79 0.06 0.06
Prunes (pretrial) 9.37 0.12 0.30 1.28 3.20 0.34 0.84
Raisins 3.10 0.05 0.18 1.61 5.81 0.14 0.50
Carrots 3.92 0.11 0.13 2.81 3.32 0.31 0.36
Green beans 3.03 0.09 0.12 2.97 3.96 0.25 0.34
Parsley 3.01 0.12 0.23 3.99 7.64 0.34 0.64

As-is (fresh weight) basis.
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T a b le  6 . C o m p a r i s o n  o f  m e a s u r e d  a n d  c a lc u la te d  T D F
(g  D F /100  g ) a

Food Measured TDF6
Calculated TDF 

(SDF + IDF)C

Cereal products

Barley 12.25 12.14
Hlgh-fiber cereal 33.73 33.30
Oat bran 16.92 16.90
Soy bran 67.14 67.56

Fruits and vegetables

Apricots 1.12 1.12
Prunes 9.29 9.37
Raisins 3.13 3.10
Carrots 3.93 3.92
Green beans 2.89 3.03
Parsley 2.66 3.01

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

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

Oat bran showed a higher sR than did the other grains. Col
laborator 5 reported averages o f 5.72,10.95, and 13.90 g/100 g 
for SDF, IDF, and TDF, respectively, the first time he used this 
modification. He reported similar averages (5.53, 9.77, and
14.08 g/100 g, respectively) a week later when he used the 
method of Li and Andrews (23). One month later, however, the 
laboratory repeated the analysis by this modified method and 
obtained 16.34 g/100 g for TDF. The values reported the first 
time were used in the statistical evaluation of the data. The high 
time-to-time variability difference in values by these methods

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

Overall, the findings in this study show that this dietary fiber 
determination method is highly compatible with soluble, insol
uble, and total dietary fiber labeling on cereal, fruit, and vege
table products. In the case o f fruits and vegetables, the method 
showed excellent performance on products containing dietary 
fiber as low as 0.53 g/100 g (Table 3). For example, the R value 
(“maximum tolerable differences”) o f SDF values for apricot, 
calculated by 2.8 x sR, was 0.06 when the mean SDF value was 
0.53 g/100 g. This finding indicates that 2 values from different 
laboratories are expected to disagree with each other by no 
more than R g/100 g, 0.06 g/100 g for apricot, and that 95% of 
the SDF values may fall into a range o f  0 .50-0.56 g/100 g. In 
the case o f IDF values for apricot, the R value (g/100 g) was 
0.06 when the mean IDF value was 0.59 (Table 4), indicating 
that 95% of the IDF values might be in the range o f 0.56-0.62. 
The TDF values for apricot (g/100 g) showed even better pre
cision; the R value o f 0.06 and the mean TDF value of 1.12 
(Table 5) indicated that 19 times in 20 the TDF values might 
fall into the 1.09-1.15 g range.

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

Table 7. Measures of precision for C-SDF determination by difference between TDF and IDFa

Food Mean, g/100 g Sr SR RSDr, % RSDr , %

Cereal products

Barley 5.13 0.61b 0.92c 11.84 17.85
Hlgh-fiber cereal 3.12 0.98c 1.32c 31.41 42.31
Oat bran (pretrial) 7.19 1.43c 2 .11c 19.89 29.35
Soy bran 6.38 1.15e 1.23e 18.03 19.28

Fruits and vegetables

Apricots 0.53 0.02 0.02 3.77 3.77
Prunes 4.97 0.23c 0.38e 4.63 7.65
Raisins 0.74 0.08b 0.14 10.81 18.92
Carrots 1.12 0.16C 0.20 14.29 17.86
Green beans 0.90 0.11 0.11 12.22 12.22

Parsley 0.28 0.15C 0.30e 53.57 107.14

a As-ls (fresh weight) basis.
b The C-SDF values showed significantly higher variance than did the measured values (P< 0.10). 
c The variance of the C-SDF values was significantly higher than that of the measured SDF values at P < 0.05.
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Table 8. Measures of precision for C-IDF determination by difference between TDF and SDF8

Food Mean, g/100 g sr SR RSDr, % RSDr, %

Cereal products

Barley 7.20 0.51 0.96b 7.08 13.33
High-fiber cereal 30.90 0 .68° 0.85 2.20 2.75
Oat bran (pretrial) 9.75 1.02 2.32b 10.46 23.79
Soy bran 60.14 1.08c 1.16* 1.80 1.93

Fruits and vegetables

Apricots 0.61 0 .02° 0.04b 3.28 6.56
Prunes 4.20 0 .20b 0.50 4.76 11.90
Raisins 2.42 0.09b 0.18b 3.72 7.44
Carrots 2.83 0.13 0.19 4.59 6.71
Green beans 1.88 0.09 0.13b 4.79 6.91
Parsley 2.01 0.07b 0 .12b 3.48 5.97

8 As-is (fresh weight) basis.
b The variance of the C-IDF values was significantly higher than that of the measured IDF values at P 
c The variance of the C-IDF values was significantly higher than that of the measured IDF values at P

< 0.05. 
<0.10.

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

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

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

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

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

Table 9. Summary of statistical parameters for dietary fiber determination8

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

SDF Direct measurement 0.53-7.2 13.16 3.8-21.9
Calculation (TDF -  IDF) 0.28-7.2 18.81b 7.6—42.4

(27.67) (7.6-107.1)

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

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

8 As-is (fresh weight) basis.
b The average RSDr without parsley data. The number in parentheses includes parsley data.
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N ta iu re d  (g  DP/100 g)

F igu re  1. C o rre la t io n  o f  m easu red  and  ca lcu la te d  T D F  va lue s .

(g  D f/1 0 0  g)

F ig u re  2. C o rre la t io n  o f m easu red  and  ca lcu la te d  S D F  v a lue s .
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Measured (g D F / 1 0 0  g)

F igu re  3. C o rre la t io n  o f  m easu red  and  ca lcu la te d  IDF va lu e s .

0 5 10 15 20 25 30
RSDR, %

F igu re  4. C o m p a r is o n  o f  cu m u la t iv e  R D S r  fo r  T D F  de te rm ina tio n s: a, b y  d ire c t m easu rem en ts  ■ ; b, b y  d iffe re n ce  
CTDF-IDF) A .
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RSDR , %
F igu re  5. C o m p a r is o n  o f  cu m u la t iv e  R S D r  fo r  S D F  de te rm ina tions: a, b y  d ire c t m easu rem en ts  ■ ; b, b y  d iffe ren ce  
(T D F -S D F ) A .

F ig u re  6. C o m p a r is o n  o f  cu m u la t iv e  R S D r  fo r  IDF de te rm ina tion s: a, b y  d ire c t m easu rem en ts  ■ ; b, b y  sum m ation  
(S D F  + IDF) A .
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Table 10. Method performance of 2 dietary fiber determination methods8

SDF IDF TDF (SDF + IDF)

Statistic Unmod.b Mod.c Unmod. Mod. Unmod. Mod.

Dry weight basis (as-analyzed)

Soy bran

X  g/100 g 7.08 7.38 65.24 64.74 72.68 72.25
sR, g/100 g 1.04 0.64 2.40 0.75 1.78 1.00

Carrots

X  g/100 g 11.02 12.40 32.29 31.61 44.10 44.01
sR, g/100 g 1.74 2.04 3.68 1.79 2.62 1.42

As-is (fresh weight) basis

Soy bran

X  g/100 g 6.62 6.90 61.00 60.53 67.62 67.56
sR, g/100 g 0.97 0.60 2.24 0.70 1.66 0.94
RSDr , % 14.66 8.70 3.68 1.16 2.45 1.39

Carrots

X  g/100 g 0.98 1.10 2.88 2.81 3.86 3.92
sR, g/100 g 0.16 0.18 0.33 0.16 0.23 0.13
RSDr , % 15.76 16.36 11.39 5.69 5.94 3.32

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

6 Unmodified method. 
c Modified method.

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

C o n c lu s io n s

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

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

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

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

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

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

C o l la b o r a t o r s ’ C o m m e n t s

General comments by the collaborators confirmed that the 
method was simpler and less time-consuming than the unmod
ified AOAC method. Many laboratories encountered filtration 
difficulties with desugared fruits (prunes, raisins, and apricots). 
Some difficulty was encountered with carrots. When the ana
lytical portion size was reduced from 1.0 to 0.5 g, suspensions 
of these foods could be filtered faster. Collaborators in research 
laboratories preferred to use Celite Analytical Filter Aid  
(CAFA), instead of Celite 545 AW, because CAFA allowed a 
minimum loss during filtration. However, most o f the labora
tories in which a multitude of test samples are analyzed daily 
supported the use of Celite 545 AW because of its fast filtration 
rate compared to that for CAFA.
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Tab le  11. sr  (g/100 g) o f 2 d ie ta ry  f ib e r de te rm ina tion  m e th od s4

SDF IDF C-TDF (SDF + IDF)

Food Unmod.0 Mod.c Unmod. Mod. Unmod. Mod.

Dry weight basis (as-analyzed)

Barley 1.37 0.66 0.62 0.65 1.87 0.75
High-fiber cereal 0.65 0.58 1.31 0.73 1.53 0.93
Oat bran 1.25 1.23 2.06 1.26 2.46 1.61
Apricots 4.31 0.93 3.69 1.02 4.82 1.17
Prunes 9.53 1.02 8.98 0.28 2.99 0.98
Raisins 6.02 2.39 9.49 1.08 7.22 2.70
Parsley 2.92 1.05 4.69 2.62 2.61 2.53

As-is (fresh weight) basis

Barley 1.21 0.62 0.55 0.62 1.65 0.70
High-fiber cereal 0.65 0.56 1.27 0.71 1.49 0.90
Oat bran 1.15 1.14 1.90 1.17 2.26 1.49
Apricots 0.25 0.02 0.19 0.02 0.28 0.02
Prunes 2.08 0.31 1.96 0.09 0.65 0.30
Raisins 0.40 0.16 0.63 0.07 0.48 0.18
Parsley 0.34 0.10 0.55 0.24 0.31 0.23

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

study (11), oat bran data were from the 1989 AACC study (14), and all other data were from the 1989 AOAC study (8). 
c Modified method.

Recommendations

We recommend that the methods for the determination of 
soluble, insoluble, and total dietary fiber (by independent anal
ysis and by summing SDF and IDF) be adopted first action. 
Specifically, w e recommend that total dietary fiber values be 
determined either by summing soluble and insoluble dietary 
fiber values, or by independent analysis.
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D R U G  F O R M U L A T I O N S

*H  N M R  Spectroscopic M ethod w ith  C h ira l E u (III)
Shift Reagent fo r the Determ ination of the Enantiom eric  
Composition o f Naproxen
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C esar A. L a u -C a m
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A simple method based on the use of 1H NMR spec
troscopy with chiral Eu(lll) shift reagent Is de
scribed for the determination of (S)-(+)- and 
(fl)-(-)-naproxen In the presence of each other. To 
enhance the coordinating affinity of the substrate 
for the lanthanide ion, the sample was first 
derivatized to a mixture of methyl esters, which in 
the presence of Eu(hfc)3 formed short-lived 
dlastereomeric complexes with sufficient non
equivalency in the 1H NMR spectrum. Optimum 
complexlng conditions corresponded to concentra
tions of substrate and Eu(hfc)3 of 0.1 M each In 
CDCI3 . In this matter, the enantiomeric ester-methyl 
protons and a-methyl protons yielded weli-re- 
solved resonance signals of utility In the measure
ment of enantiomeric compositions. Recovery 
studies demonstrated that the proposed method 
is quantitative.

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

acute and chronic rheumatoid arthritis, osteoarthritis, juvenile ar
thritis, and acute gout (1-3). The presence of a chiral carbon adja
cent to its carboxyl functional group permits this compound to 
exist as both rectus (R) and sinister (S) enantiomers (4). Like other 
arylacetic acid derivatives, the pharmacological potencies of the 
optical antipodes o f naproxen are known to be different and to 
reside mostly in the (S)-(+)-enantiomer (1, 3 -7). Thus, (S)-(+)- 
naproxen has shown a much greater activity than the (7?)-(-)- 
antipode on both  p la te le t aggregation  and prostaglandin 
(thromboxane B2) synthesis from collagen-stimulated human 
platelets (4) and on laboratory models of inflammation (1,3).

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

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

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

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

Experimental

Apparatus and Reagents
(a) Spectrometer.— All XH NMR spectra were recorded on 

a 90 MHz Varian EM-390 spectrometer (Varian Instruments, 
Palo Alto, CA) operating at a probe temperature o f 35 ± l ’C.

(b) Reference standard.— Tetramethylsilane (TMS, A l
drich Chemical Co., Milwaukee, WI), washed first with con-
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Table 1 . Determination of the enantiom eric com position of synthetic mixtures of (S)-(+)- and (fl)-(-)-naproxen  
by 1H NMR sp ectroscop y  with Eu(hfc)3*

Sample
(fl)-(-)-

enantiomer, mg
(S)-(+)-

enantlomer, mg

(S)-(+)-enantiomer, %

-c-ch3 -co2ch3

Added Found Rec., %b Found Rec., %

1 113.31 2.22 1.92 1.88 97.92 1.89 98.44
2 9.11 2.35 20.51 20.35 99.22 20.41 99.51
3 7.93 3.55 30.92 30.81 99.64 30.88 99.87
4 6.75 4.78 41.46 41.75 100.70 41.65 100.46
5 6.10 5.39 46.19 46.63 99.40 46.72 99.59
6 4.55 6.95 60.43 60.33 99.83 60.21 99.64
7 4.08 7.45 64.61 64.85 100.37 64.42 99.71
8 3.01 8.53 73.92 73.39 99.28 73.29 99.15
9 2.27 9.25 80.30 80.01 99.63 80.07 99.71

10 1.62 9.93 85.97 84.15 97.88 84.39 98.16

Mean 99.39 99.42
SD 0.92 0.68

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

taken.

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

(c) D e u t e r a t e d  c h lo r o f o r m  ( C D C l3) .— Isotopic purity, 
+99.5% (Aldrich Chemical Co.), distilled before use, and 
stored over type 4A  molecular sieves.

(d) C h ir a l  sh if t  r e a g e n t  [E u (h fc )3] . — Tris[3-heptafluoro- 
propylhydroxymethylene)-(+)-camphorato]europium(III) (Al
drich Chem ical Co.), stored over P20 5 in an evacuated  
desiccator (or under dry nitrogen). A ll experiments with 
Eu(hfc)3 were conducted under conditions that would mini
mize the possibility o f contamination by ambiental moisture or 
air, i.e., within a glove box and under dry nitrogen.

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

Preparation o f Sam ples

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

(a) R e f lu x in g  m e th o d .— The sam ple w as d issolved  in 
40 mL methanol, mixed with 2 mL 12M hydrochloric acid, and 
refluxed 1 h. The reaction mixture was evaporated to a small 
volume under reduced pressure, transferred to a separatory fun
nel, and extracted with three 15 mL portions o f ether. The ethe
real extracts were combined, the solvent was evaporated to 
dryness under a stream o f dry nitrogen, and the residue was 
dried at 50°C in  v a c u o .

(b) D ia z o m e th a n e  t r e a tm e n t— The sample was allowed to 
react with 3 mL freshly prepared 0.25M  ethereal diazomethane 
for 5 min at room temperature. Then, the solution was evapo
rated to dryness under a stream o f dry nitrogen, and the residue 
was dried at 50°C in  v a c u o . Solutions for JH NMR studies were 
prepared by dissolving the residue o f methyl esters in CDC13 

containing 1% (v /v ) TM S. T hese solutions w ere stored 
immediately in glass vials that were crimper-sealed with Tef
lon-coated rubber septa and aluminum seals. Samples for anal
ysis were withdrawn through the septa by means o f a fixed 
needle, liquid-tight, dry microliter syringe.

NMR Studies of Lanthanide-Induced Shifts

The required changes in lanthanide shift reagent to substrate 
(L/S) molar ratios were obtained by first adding the shift re
agent to a dry NMR tube and then adding the appropriate ali
quot o f substrate stock solution (the exact amount having been 
determined gravimetrically). The NMR tube was capped im
mediately, and its contents were mixed by inversion, allowed 
to stand 1 0  min, and then placed in the spectrometer for record
ing the *H NMR spectrum. A  second aliquot o f  the substrate 
stock solution was added to the same tube, and the spectrum 
was recorded once more. The additions and spectral recordings 
were repeated until an appropriate number of spectra were 
available for properly defining the effects o f the molar ratio o f 
L/S on the enantiomeric spectral lines.

Determination o f Enantiomeric Purities

An accurately weighed quantity o f naproxen sample (ca
11.5 mg) was converted to the methyl ester as described under 
P r e p a r a t io n  o f  S a m p le s . The dry residue was dissolved in 
0.5 mL CDC13 containing 1% (v/v) TMS, and the solution was
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Figure 1. 1H NMR spectrum  of a mixture of (fl)-(-)- and (S)-(+)-naproxen methyl esters In CDCI3 .

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

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

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

R e su lts  an d  D is c u s s io n

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

chloric acid or ethereal diazomethane was rapid and quantita
tive and afforded a product o f such purity that it did not require 
purification (23, 24). Ester groups demonstrate enhanced coor
dinating ability by virtue of their appreciable Lewis basicity 
and their minimal steric hindrance (22, 25, 26). The *H NMR 
spectra o f (S)-(+)- and (R)-(-)-naproxen methyl esters in 
CDCI3 shown in Figure 1 displayed the following resonances:
(a) a doublet at 1.53 ppm (a-methyl proton); (b) a singlet at
3.62 ppm (ester methyl protons); (c) a quartet centered at 3.77 
ppm (a-methine proton); (d) a singlet at 3.87 ppm (methoxy 
protons); and (e) multiplets in the region 7 .0-7 .8  ppm (2,6-di- 
substituted naphthalene).

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

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

ship becomes nonlinear at L/S ratios higher than about 0.5. This 
would suggest that although other than a 1 : 1  equilibrium may 
be involved, 1 : 1  complexes are the predominant ones, because 
a bend in the curve occurred at an L/S ratio o f 1.0. The slopes 
of the curves differed at low lanthanide reagent concentrations 
for different substrate concentrations despite equal L/S ratios
(21). The optimal substrate concentration at which the chiral 
lanthanide reagent did not produce any line broadening was 
about 0 .1 M.

The differences in induced chemical shifts (AA8) for the 2 
enantiomers after complexation with the chiral lanthanide shift 
reagent might arise from at least 2 , probably mutually depen
dent, interactions: the differences in equilibrium constants for 
formation of the various possible diastereomeric complexes 
between enantiomeric substrates and the chiral lanthanide re
agent and the distinct geometries o f the resulting complexes. 
The data presented in Table 2 provide qualitative support for 
the contributions of these 2  types of interactions to the observed 
AA8 values. Additionally, the magnitudes of AA8 varied with 
the changes in L/S molar ratios, as seen from the plot o f the 
AA6 values for the a-methyl and ester-methyl protons vs the 
L/S ratios shown in Figure 4. Interestingly, the signal for the 
a-methyl protons of the (5)-(+)-enantiomer was shifted to a 
greater extent than that of the (i?)-(-)-enantiomer, whereas the 
reverse situation was noted for the enantiomeric ester methyl 
signals. Such differences in the sense of nonequivalence are 
probably a reflection of differences in the geometries o f the 
complexes formed. They clearly demonstrate that the AA8 val
ues are not simply the result of differences in equilibrium con
stants but also o f differing structural and conformational 
features for each of the enantiomer-shift chelate complexes. 
However, in light of the present results, it is not possible to 
establish their relative contributions to enantiomeric shift dif
ferences.

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

MOLAR RATIO

Figure 3. Plot of induced chem ical sh ifts (A6) for the -CCH3 and -CO2CH3 protons of (fl)-(-)- and (S)-(+)-naproxen 
methyl esters v s  Eu(hfc)3 to  substrate molar ratios.
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Table 2, Shift data (ppm) of the -CCH3 and -CO2CH3  protons of (S)-(+)- and (fl)-(-)-naproxen methyl e sters  after 
com plexation with various molar equivalents of Eu(hfc)3

-C-CH3 -CO2CH3I
(SH+) m ~ )

AAÔ

(S)-(+) («)-(-)

AA6
Eu(hfc)3: 
substrate ratio 6 AS 6 AÔ 6 AS 6 AS

1.179 6.10 4.57 5.90 4.38 0.19 9.32 5.70 9.48 5.86 0.16
1.094 5.92 4.39 5.73 4.20 0.19 9.09 5.47 9.25 5.61 0.16
1.019 5.87 4.34 5.67 4.14 0.20 9.03 5.41 9.21 5.59 0.18
0.962 5.75 4.22 5.57 4.04 0.18 8.83 5.24 8.98 5.36 0.15
0.906 5.48 3.95 5.32 3.79 0.16 8.57 4.95 8.72 5.10 0.15
0.849 5.28 3.75 5.13 3.60 0.15 8.31 4.69 8.45 4.83 0.14
0.811 5.12 3.59 4.97 3.44 0.15 8.08 4.46 8.22 4.60 0.14
0.764 4.91 3.88 4.77 3.24 0.14 7.85 4.23 7.97 4.35 0.12
0.726 4.78 3.25 4.64 3.11 0.14 7.68 4.06 7.79 4.17 0.11
0.698 4.67 3.14 4.52 2.99 0.13 7.51 3.89 7.62 4.00 0.11
0.670 4.51 2.98 4.38 2.85 0.13 7.32 3.70 7.43 3.81 0.11
0.642 4.35 2.82 4.22 2.69 0.13 7.12 3.50 7.22 3.60 0.10
0.613 4.30 2.77 4.17 2.64 0.13 7.06 3.44 7.16 3.54 0.10
0.594 4.22 2.69 4.10 2.57 0.12 6.46 3.34 7.05 3.43 0.09
0.568 4.12 2.59 4.00 2.47 0.12 6.85 3.23 6.94 3.32 0.09
0.548 4.10 2.57 3.99 2.46 0.11 6.82 3.20 6.91 3.29 0.09
0.528 4.00 2.47 3.88 2.35 0.10 6.69 3.07 6.71 3.15 0.08
0.511 3.88 2.35 3.78 2.25 0.10 6.53 2.91 6.61 2.99 0.08
0.494 3.83 2.30 3.73 2.20 0.10 6.47 2.85 6.55 2.93 0.08
0.479 3.78 2.25 3.67 2.14 0.09 6.41 2.79 6.49 2.87 0.08
0.464 3.62 2.09 3.53 2.00 0.09 6.20 2.58 6.27 2.65 0.07
0.451 3.47 1.94 3.40 1.87 0.07 6.05 2.43 6.11 2.49 0.06
0.438 3.24 1.71 3.17 1.64 0.07 5.75 2.12 5.80 2.18 0.05

0.24

0.20

0.16

A AS 0.12

0.08 

0.04 

0.00
0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

MOLAR RATIO
Figure 4. Plot of chem ical shift differences (AA8) for the -CCH3 and -CO2CH3  protons of (fl)-(-)- and (S)-(+)-naproxen 
methyl esters v s  Eu(hfc)3 to  substrate molar ratios.

t------------ 1------------ r
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CH3I

Figure 5 . 1H NMR spectrum  of a mixture of (fl)-(-)- and (S)-(+)-naproxen methyl esters, 0.1 M In CDCb, 
after com plexation with 1 .0 M equivalents of Eu(hfc)a.

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

To confirm its validity, the proposed NMR method was 
used to assay a set o f 10 synthetic mixtures of (S)-(+)- and 
(i?)-(-)-naproxen made in the proportions shown in Table 1. 
The results o f the assays were found to be in close agreement 
with the known weights o f the individual enantiomers in the 
sample mixtures whether they were based on the integrals of 
the a-m ethyl or ester-methyl proton signals. At the same 
time, they were indicative of the good accuracy o f the method. 
The mean ± SD recovery values were 99.39 ± 0.92% and
99.42 ± 0.68% of (S)-(+)-naproxen, depending on whether 
the quantitation is based on the a-m ethyl or ester-methyl 
proton signals, respectively.
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D R U G  FO R M U LA TIO N S

L i q u i d  C h r o m a t o g r a p h i c  a n d  S p e c t r a l  A n a l y s i s  

o f  t h e  S t e r e o i s o m e r s  o f  D i m e t h y l a m i n o r e x

F. Taylor Noggle, Jr

Alabama Department of Forensic Sciences, Wire Rd, Auburn, AL 36830
C. Randall Clark and Jack DeR uiter

Auburn University, School o f Pharmacy, Department of Pharmacal Sciences, Auburn, A L 36849

T he individual e n a n tio m e r s  o f  c /s -  an d  trans-3,4-d i- 
m eth y lam in orex  w ere  prepared  by treating e p h e -  
d rin es or p se u d o e p h e d r in e s  w ith c y a n o g e n  
brom ide. T h e se  c o m p o u n d s  rep resen t potentia l d e 
s ig n e r  drug m o d ific a tio n s  o f  a m in o rex  an d  4- 
m eth y lam in orex , w h ich  h a v e  ap p ea red  recen tly  in 
th e  c la n d e s t in e  drug m arket. T he UV sp e c tr a  for 
t h e s e  c o m p o u n d s  are typ ica l o f p h en eth y lam in e-  
ty p e  c o m p o u n d s , and FTIR sp e c tr a  a llow  for differ
en tia tion  o f  c /s -  and fra n s-iso m ers . T he m a s s  
sp e c tr a  for th e  d im eth y la m in o rex  s te r e o is o m e r s  
s h o w  ch a ra c ter istic  fr a g m e n ts  at m /z  5 7 ,1 1 8 , and  
190. T he c /s -  an d  trans- iso m e r s  w ere  sep a r a te d  in a 
r e v e r se d -p h a se  liquid ch ro m a to g ra p h ic  s y s te m  on  
a C 18 sta tio n a ry  p h a se , w ith th e  c /s - iso m e r  d isp la y 
ing th e  h igh er  c a p a c ity  factor.

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

reports (4 ,5) described the anorectic activity of a large series of 
these compounds as potential substitutes for the amphetamine- 
type anorectics. The original reports on 2-amino-5-phenyl-2-oxa- 
zoline (aminorex) described it as a potent anorectic with

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

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

The methyl derivative of aminorex, 4-methylaminorex or 2- 
amino-4-methyl-5-phenyl-2-oxazoline, was shown (4) to possess 
considerable anorectic activity in rats, having a slightly higher 
ED50 than aminorex and activity comparable to racemic amphet
amine. The addition of a methyl group at the 4-position introduces 
geometric (cis-trans) isomerism into these compounds. The ano
rectic properties o f  the racem ic cis- and ra cem ic  trans- 
methylaminorex, as well as the (+)-frans-methylaminorex, were 
essentially equipotent.

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

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

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

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

E xperim ental

Instrumentation

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

Scheme 1
Schem e 1. Synthesis of the stereoisom ers  
of 3,4-dimethylaminorex.

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

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

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

Liquid Chromatographic Procedures

The analytical column was 30 cm x 3.9 mm id packed with 
pBondapak C18 (Waters Associates). The analytical column 
was preceded by a 7 cm x 2.1 mm id guard column packed with 
COrPell ODS (Whatman). The derivatives were dissolved in 
LC-grade acetonitrile or methanol (1.0 mg/mL) and chromato
graphed with a mobile phase of pH 3.0 phosphate buffer and 
methanol (5 + 1). The phosphate buffer was prepared by dis
solving 9.2 g monobasic sodium phosphate (NaH2P0 4 ) in 1 L 
double-distilled water and adjusting the pH to 3.0 with H3P04. 
The mobile phase flow rate was 1.5 mL/min, and the detector 
was operated at 0.2 AUFS. A 10 pL aliquot of sample solution 
was injected into the liquid chromatograph.

R e su lts  an d  D is c u ss io n

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

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

»108.00 T

mw.ee t_________ __________ __________ __________________________________________________________________

4606 3506 3600 3560 2606 150» 1660 C ll- l 506

»iee.ee t

1116= 6,69  T_________________________________________________________________ ___________________________________

4066 3560 3600 2506 3060 1506 1600 CM-1 560

Figure 2. Infrared spectra of isom ers of
3,4-dimethylamlnorex. A = cls-(S,fl)-dlmethylamlnorex,
B = c/s-(fl,S)-dlmethylamlnorex, C = 
ffans-(/?,/i)-dim ethylam lnorex, and D = 
trans-(S,S)-dim ethylam inorex.

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

Proton cis-(AS ,5 R) Cis-(AR,5S) trans-(AS,5S) trans-(AR,5R)

2-N-H 4.72 s 4.65 s 4.25 s 4.25 s

3-CH3 2.84 s 2.85 s 2.82 s 2.82 s
4-H 3.92 p (J = 7 Hz) 3.90 p (J = 7 Hz) 3.40 m 3.38 m
4 -CH3 0.71 d (J=  7 Hz) 0.73 d (J=  7 Hz) 1.25 d (J = 7 Hz) 1.22 d (J = 7 Hz)
5-H 5.49 d (J=  8  Hz) 5.47 d (J = 8 Hz) 4.82 d (J = 9 Hz) 4.80 d (J = 9 Hz)
5-Ar-H 7.35 s 7.33 s 7.38 s 7.35 s

a All NMR spectra were determined in CDCI3 with tetramethylsilane as an internal standard. Signal multiplicities are designated as follows: 
s = singlet, d = doublet, m = multiplet, and p = pentet.

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

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

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

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

Figure 3. Mass spectrum of cis-(S,fl)-dimethylaminorex.

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

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

r-
C0 N

r-i 7-'

F ig u re  4 . R e v e r s e d - p h a s e  liq u id  c h r o m a to g r a p h ic
s e p a r a t i o n  o f  f r a n s -d im e th y la m in o re x  (1 1 .8 6  m in ) a n d
c /s -d im e th y la m in o re x  (1 4 .7 7  m in ).
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Scheme 2
Schem e 2. M a s s  spectral fragm entation schem e for the 
stereoisom ers of 3,4-dlmethylaminorex.

isomers is not observed in the spectrum of methylaminorex and 
likely is the phenylpropane skeleton, CgHjo (Scheme 2). The base 
peak in the dimethylaminorex spectra occurs at m /z 57 and likely 
results from a retro-Diels-Alder-type fragmentation to yield 
C3H7N by splitting out the C-N, rings positions 4 and 3, re
spectively, and the accompanying methyl substituents. Ac
cording to data from Klein et al. (1), the most abundant ion at 
m!z 43 in the EI-MS of methylaminorex has the elemental 
composition QjHsN. This ion possibly originates from the
2-imino tautomer by the loss of the N-3 and C-4 with its 
methyl substituent (CH3-CH=NH). The analogous reaction 
with dimethylaminorex, which is locked in the 2-imino tau
tomeric form, would yield the m /z 57 ion due to the additional 
methyl group present on N-3.

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

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

In summary, the 3,4-dimethylaminorex isomers can be pre
pared from cyanogen bromide cyclization of ephedrine or 
pseudoephedrine. These compounds represent potential de
signer drug modifications of the 2-amino-5-phenyl-2-oxazol- 
ine (aminorex) system. These dimethyl derivatives contain the 
exocyclic imino (C=NH) double bond due to the additional N - 
methyl substituent at the 3-position of the oxazoline ring. These 
compounds are low-melting solids that show UV absorption 
properties characteristic of phenethylamine-type compounds. 
The cis- and fraas-isomers can be separated by liquid chroma
tography with a reversed-phase system, and the trans-isomer 
displays the lower capacity factor. The cis- and frans-isomers 
can be differentiated on the basis of their infrared absorption 
spectra, and the EI-MS for all isomers show characteristic frag
ments at m lz 57 (base peak), 118, and 190 (molecular ion).
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DRUG RESIDUES IN ANIMAL TISSUES

M a t r i x  S o l i d - P h a s e  D i s p e r s i o n  I s o l a t i o n  a n d  L i q u i d  

C h r o m a t o g r a p h i c  D e t e r m i n a t i o n  o f  O x o l i n i c  A c i d  i n  C h a n n e l  

C a t f i s h  (Ictalurus punctatus)  M u s c l e  T i s s u e

H erman H. J arboe and K evin M. K leinow

Louisiana State University, School of Veterinary Medicine, Department of Veterinary Physiology, Pharmacology, and 
Toxicology, Baton Rouge, LA 70803

Matrix solid-phase dispersion Isolation and liquid 
chromatographic techniques were developed to 
quantify oxolinic acid (OA) and OA-related metabo
lites in channel catfish ( Ic ta lu ru s  p u n c ta tu s ) mus
cle tissue and bile. Mean percent recovery, 
correlation coefficient, and inter- and intra-assay 
variabilities were 82.8 ±15.0%, 0.996 ±0.004,12.5 
±8.9%, and 1.22%, respectively, for OA isolated 
from fortified muscle tissue. Using the methodolo
gies described in the current study, incurred OA in 
muscle tissue and 4 OA-related metabolites were 
isolated In the bile of dosed catfish.

M anagement of an economically successful aquacul
ture facility requires that fish number be maintained 
at high production levels. Fish health under such con

ditions is often compromised by deteriorating water quality and 
ensuing bacterial epizootics. Antibiotic therapy, when used, 
may result in drug residues that are of significance to drug ef
ficacy and health considerations for the human consumer.
Oxolinic acid (OA), 5-ethyl-5,8-dihydro-8-oxo-l,3-diox- 

olo[4,5-g]quinoline-7-carboxylic acid, is a quinolone antibiotic 
efficacious against gram-negative bacterial fish pathogens (1,
2). Characterization of OA distribution, metabolism, and reten
tion in fish requires methods for quantitation in biological ma
trixes. Many of the current isolation techniques for OA in fish 
tissue are time-consuming, involve multiple steps, and require 
large solvent volumes (3-7). New strategies for drug isolation 
that use blending of a sample matrix with an octadecylsilyl- 
derivatized solid support were developed (8-18). These isola
tion techniques, known as matrix solid-phase dispersion 
(MSPD), were successfully used to isolate 2 antibiotics from 
fortified fish muscle tissue, oxytetracycline (OTC) (17) and 
sulfadimethoxine (SDM) (18). Currently, few studies are avail
able that demonstrate the utility of this method with incurred 
residues of any compound.

Received May 30,1991. Accepted November 19,1991.

The intent of the present study was to develop MSPD and 
liquid chromatography (LC) techniques suitable for use with 
OA and its respective metabolites, and to determine percent 
recovery, standard curve correlation coefficients, and inter- and 
intra-assay variabilities of OAfrom fortified fish tissue.

Experimental

R eag en ts  an d  A pparatus

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

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

(c) O xolinic ac id  (OA).—Argent Chemical Laboratories, 
Inc., Redmond, WA.

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

(e) Sodium hydroxide.—EM Science, Cherry Hill, NJ.
(f) G lacia l acetic acid  (GAA).—Mallinckrodt, Inc., Paris, 

KY.
(g) Column m aterial.—Bulk C18, 40 pm, 18% load, end- 

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

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

(i) Stock p irom idic  ac id  solution.—0.16 mg/mL. PA was 
partially dissolved in methanol, and 100 pL 1.0N NaOH was 
added to bring PA completely into solution. Methanol was 
added to bring the final volume to 100 mL.

(j) Stock solutions fo r  standard curves.—Prepared by add
ing pure methanol to 37.5 (750 pg/mL), 25.0 (500 pg/mL),
12.5 (250 pg/mL), 2.5 (50 pg/mL), 1.25 (25 pg/mL), and 
0.25 mL (5 pg/mL) stock OA to make a 100 mL final volume. 
A 780 pLvolume of 0.05M GAA-100% MeOH (1 + 1), 10 pL
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OA standard, and 10 pL PA internal standard were mixed in an 
LC vial to serve as standards.

(k) Sam ple extraction colum ns.—Syringe barrels (12 mL); 
washed in hot soapy water, rinsed with experimental water, and 
air-dried before use.

S am ple  Preparation  a n d  Extraction P rocedure

Channel catfish (Ictalurus punctatus) used in this study were 
obtained from the Ben Hur Aquaculture Research Unit, Louisiana 
State University, Baton Rouge, LA Fish were maintained at least 
3 weeks before experimentation under flow-through conditions in 
carbon-filtered, pH, and hardness adjusted water (pH 8.3, hard
ness 21 mg/L as CaC03, alkalinity 171 mg/L as CaC03, 
and 24°C).

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

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

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

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

vortexed 30 s, and filtered through a 0.22 pm nylon 13 mm 
polypropylene encased syringe filter (Alltech Associates Inc., 
Deerfield, IL 60015). An 800 pL aliquot of sample was ana
lyzed by LC.

Liquid C hrom atographic Analysis

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

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

D ata  Analysis

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

Results

OA percent recoveries ranged from 63.0 ±19.8 to 100.2 
±3.9, and percent recovery increased with OA concentration
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Table 1. Concentration range, m ean (±1 SD ) percent 
recoveries, standard  curve correlation coefficient, and 
Inter- and Intra-assay variabilities of oxollnic acid  
isolated from oxolln ic acid-fortified channel catfish  
{Ictalurus punctatus) m usc le  tissue

Oxolinic acid concn, ng/g tissue
Mean (±1 SD) 

rec., %

0.1 63.0 ± 19.8
0.5 65.8 ± 5.7
1.0 90.5 ± 7.5
5.0 85.9 ± 8.3

10.0 91.7 ± 12.1
15.0 100.2 ± 3.9
Mean recovery 82.8 ± 15.0
Correlation coefficient 0.996 ± 0.004
Interassay variability, % 12.5 ±8.9
Intra-assay variability, % 1.22

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

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

Discussion

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

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

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

0  3 0  6 0

TIME (min)
Figure 1. Representative liquid ch rom atogram s of (A) 
M SPD-extracted m uscle  tissue  b lank contain ing 3.2 pg/g  
plrom idic acid (Peak 2), (B) 5.0 pg/g oxolin ic acid  
(Peak 1) and 3.2 pg/g plrom idic acid (Peak 2) Isolated  
from fortified channel catfish m uscle  tissue, and (C) 
Incurred oxolin ic acid (Peak 1) and plrom idic acid  
(Peak 2) isolated from  m uscle  tissu e  of d osed  channel 
catfish.

tions of 1 or 2 pg/g (2, 5-7). Using MSPD, OArecovery within 
a comparable range of concentrations was greater than 90.0%.

The current study indicates MSPD coupled with LC can be 
used to quantify O A either as incurred residue or from fortified 
muscle tissue. The isolation of incurred residues can provide 
important metabolic information for ascertaining risk and effi
cacy. MSPD was also used to isolate OTC and SDM (17,18). 
Even though percent recoveries of these compounds from for
tified tissue were 82.0 and 101.7% for OTC (17) and SDM
(18), respectively, these studies did not attempt to demonstrate 
the use of MSPD to extract the incurred antibiotic residues.

Initially, a slow gradient (3%/min) was used to determine 
the presence of 3H-OA-related metabolites in tissue. This gra-
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45

TIME (min)
Figure 2. Liquid chrom atogram  of 40 pL channel catfish  bile sam ple extracted using M SPD . Peaks 1-5 were those  
Identified a s  contain ing radioactivity.

dient proved adequate for the muscle tissue because metabo
lites were not detected and the peak for OA was well-resolved; 
however, to completely resolve all metabolites in the bile, the 
gradient has to be reduced to 2%/min over 35 min. Under these 
chromatographic conditions, 5 radioactive peaks were fully re
solved. Before the current study, OA metabolites had not been 
isolated from channel catfish.
To optimize chromatographic conditions and isolation 

methodologies for parent OA, LC run time may be shortened 
by stepping the gradient to 6%/min, which results in an OA 
retention time of about 16 min. Increasing the gradient to this 
rate will provide good peak resolution of both parent OA and 
internal standard; however, metabolites will elute with the sol
vent front.
Using the chromatographic system of the current study, the 

proven limit of detection for OA was 0.05 pg/g. Limits of de
tection for OAin fish tissue ranging from 5.0 to 100 pg/g were 
reported using other isolation techniques and chromatographic 
systems (19-21). Sensitivity can be increased for the parame
ters investigated in this study by increasing injection volume, 
extracting greater amounts of tissue, or by further concentrat
ing the sample before LC analysis.
The current research presents an MSPD technique for the 

isolation of OAfrom fortified channel catfish muscle tissue and 
incurred residue. The method yields an average percent recov
ery of 83.0%. Additionally, the LC conditions described in the 
present study can be used effectively to resolve both parent OA 
and metabolite residue from catfish muscle tissue and bile.
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DRUGS IN FEEDS

L i q u i d  C h r o m a t o g r a p h i c  D e t e r m i n a t i o n  o f  G e n t i a n  V i o l e t  

i n  P o u l t r y  F e e d

J osé E. R oybal, R obert K. M unns, David C. H olland, R oger G. Burkepile, and J effrey A. H urlbut

U.S. Food and Drag Administration, Animal Drag Research Center, Denver Federal Center, PO Box 25087, 
Denver, CO 80225-0087

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

T ypical approaches for determining gentian violet (GV) 
have involved the use of spectrophotometry, thin-layer 
chromatography, and liquid chromatography (LC) with 

measurement of absorbance at 588 nm (VIS) (1-7). In 1980, 
Rushing and Bowman (8) reported an LC/VIS method for de
termining GV in animal feed, human urine, and wastewater. 
The analysis of feed by that method involves extraction with 
methanol-lN HC1 (99 + 1), followed by isolation and cleanup 
on a Sephadex column with benzene-methanol before LC/VIS 
determination. In 1987, Cambridge Products, Ltd, documented 
a method for the determination of GV in premixes and fortified 
animal feeds (9). The method was based on the work of Rush
ing and Bowman in which they used a toluene-methanol sol
vent mixture in the Sephadex column. Martinez and Shimoda
(10) modified the Rushing and Bowman procedure by substi
tuting the less hazardous solvent combination of methanol and 
water in the Sephadex column step. Although these procedures 
appear to be satisfactory, the use of the Sephadex column adds 
a long and labor-intensive step to the analysis.

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

1991, at Sioux Falls, SD.

In a recent publication, LC conditions were reported for the 
electrochemical detection (ED) of GV (11). The method pre
sented here incorporates the use of ED in the determination of 
GV in poultry feed at a feeding level of 4-8 ppm. This method 
eliminates the use of the Sephadex column and the evaporation 
steps. In addition to decreasing analytical time and increasing 
sample throughput, it reduces the volume of hazardous waste 
generated. This procedure is also very well suited for detection 
in the visible range if the UV/VIS spectrophotometric detector 
passes a simple sensitivity test.

METHOD

A pparatus

(a) Syringes.— Microliter, 25 pL (No. 802, Hamilton Co., 
Reno, NV 89502); glass, 5 mL (Becton Dickinson Microbiol
ogy Systems, Cockeysville, MD 21030).
(b) Pasteurpipet.— Disposable, 5.75 in. (14.6 cm).
(c) Centrifuge bottle.—500 mLwith glass stopper, T 29/26 

(K-322000-0022, Kontes Co., Vineland, NJ 08360).
(d) Centrifuge tube.— 15 mL, graduated, with glass stop

per, No. 13 (Cat. No. 45153-A, Kimble Division, Owens- 
Illinois, Inc., Toledo, OH 43666).
(e) Feed grinder.— Microjet 10-ZM 1, equipped with 

1 mm screen (Micro Materials Corp., Westbury, NY 11590).
(f) Mechanical shaker.— 3D floor shaker, Model VS55202 

with variable movement control (Glas-Col Apparatus Co., 
Terre Haute, IN 47802).
(g) Liquid chromatograph.— Waters Model 6000-A LC 

pump and Model U6K universal LC injector (Waters Associ
ates, Milford, MA 01757). Operating conditions: chart speed, 
0.25 cm/min; mobile phase flow, 1.0 mL/min; column temper
ature, ambient; column pressure, 2500 psi; injection volume, 
20 pL.
(h) Detectors.—Electrochemical detector.— BAS Model 

LC-4B single electrode detector (Bioanalytical Systems, Inc., 
Purdue Industrial Research Park, West Lafayette, IN 47906) 
with glassy carbon electrode, Ag/AgCl reference; working po
tential +1.000 V; current range, 5 or 10 nAFSD. UV/VIS detec
tor.— Shimadzu ultraviolet-visible spectrophotometric 
detector, SPD-6AV module for LC (Shimadzu Corp., Analyti
cal Instruments Division, Kyoto, Japan); cell volume, 8 pL;
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Table 1. Recovery of GV from spiked control chicken 
feed (5% tallow) by LC/ED

Detn Added, ppm Rec., ppm Rec., %

1 2.53 2.55 101
2 2.53 2.73 108
3 2.53 2.60 103
4 2.53 2.75 109
5 2.53 2.78 110
6 5.06 5.46 108
7 5.06 5.56 110
8 5.06 4.99 98.6
9 5.06 5.35 106

10 5.06 5.30 105
11 10.1 9.98 98.8
12 10.1 10.5 104
13 10.1 9.88 97.8
14 10.1 8.58 85.0
15 10.1 9.88 97.8

X 103
SD 6.6
CV, % 6.4

light source, tungsten iodide (WI) lamp (370-700 nm); absorb
ance range, 0.005 AUFS.

( i )  LC column.— Alltech, CN (cyano), 5 pm particle size, 
250 x 4.6 mm id (Cat. No. 605CN (new Cat. No. 60138), 
Alltech Associates/Applied Science, Deerfield, IL 60015), 
or equivalent.

(j) Recorder.— Dual channel SE-120 strip chart recorder 
set at 10 mV (BBC-Metrawatt/Goerz, Broomfield, CO 80020).
(k) Filter.— Millipore, disposable, 5 pm polytetrafluoro- 

ethylene (PTFE) membrane (Cat. No. SLSR 025 NB, 
Millipore Corp., Bedford, MA 01730).

R eagents

(a) Solvents.— Distilled-in-glass, pesticide grade methanol 
and UV spectro-grade acetonitrile (Burdick & Jackson Labo
ratories, Inc., Muskegon, MI 49442), or equivalent.
(b) Water.— LC grade (Fisher Scientific, Fair Lawn, NJ 

07410) or deionized, glass-distilled.
(c) Acetic acid.— ACS grade, glacial, aldehyde-free.
(d) Sodium acetate.— ACS grade, anhydrous.
(e) Extracting solution.— Methanol-IN HC1 (99 + 1).
(f) Acetate buffer.— Prepare by adjusting 0.1M sodium ac

etate solution (8.2 g sodium acetate/1000 mL water) to pH 4.5 
with acetic acid (ca 8 mL). Use to prepare mobile phase, (g).
(g) Mobile phase.— Acetonitrile-acetate buffer (60 + 40).
(h) Reference standards.-—Gentian violet.— USP, crystal 

violet 96%. Stock standard (100  \xg/mL).— Accurately weigh
10.0 mg reference standard into 100 mL volumetric flask, di
lute to volume with methanol, and mix. Intermediate standard 
(1 .0 pglmL).— Pipet 1.0 mL stock solution into 100 mL volu
metric flask, dilute to volume with methanol, and mix. LC/ED 
working standard (0 .1 pg/mL).— Pipet 1.0 mL intermediate

Table 2. LC/ED determination of GV In premix0

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

1.0042 99.6
0.9948 92.0
1.0022 101
1.0052 96.9
1.0033 103

X 98.5
SD 4.3
CV, % 4.3

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

standard into 15 mL centrifuge tube, dilute to 10.0 mL with 
mobile phase, and mix. Prepare weekly or as needed.

S am ple  Preparation

Grind feed to pass 1 mm sieve. Mix ground feed and store 
in quart glass jar. Keep in cool, dry place. (See Results and Dis
cussion.)

Extraction

Accurately weigh 20 g ground feed into 500 mL centrifuge 
bottle. Add 200.0 mLmethanol-lN HC1 (99 + 1) and shake 1 h 
on mechanical shaker with vigorous motion. Let stand over
night.

Cleanup

Dilute appropriate aliquot of supernatant into 15 mL centri
fuge tube, according to the following schedule (GV level 
(ppm), aliquot (mL)): 10 ppm, 1.00 mL; 5 ppm, 2.00 mL; and
2.5 ppm, 4 mL; if GV level is unknown, use 4 mL aliquot. Di
lute aliquot to 10.0 mL with mobile phase and mix. Transfer 
solution to syringe fitted with PTFE filter, (k). Filter solution 
into 25 mL g/s Erlenmeyer flask.

Liquid C hrom atography

Inject 20 pL filtered solution into liquid chromatograph. 
Bracket injections for each set of filtered solutions with 20 pL 
injections of GV working standard (0.1 pg/mL). Calculate con
centration (ppm) of GV in feed as follows:

p p m = (P /S ) x ( C / W) x ( D)

where P  = peak height (mm) obtained from inj ection of filtered 
solution, S = average peak height (mm) obtained from injec
tion of standard, C = concentration (ug/mL) of injected stan
dard, D  = final volume (mL) of filtered solution, and W  = 
initial weight (g) of feed sample taken for analysis.
Results and Discussion

In our laboratory, the electrochemical detector has proved to 
be a very effective tool for selective residue analyses because 
of its sensitivity and selectivity. Our intent in this project was
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Table 3. Recovery o f G V  from  fortified feeds by LC /ED

Analyzed as received Analyzed after grindinĝ

Feed®

GV
added,
ppm6

GV
found,
ppmc Rec., % CV, %

GV
found,
ppm® Rec., % CV, %

A-11 4 4.1® 102 10.4 _ _ _
A-12 8 9.6® 120 11.7 7.9 99 4.2
A-13 0 0 — — 0 — —
B—11 8 6.6 82 33.5 7.6 95 8.5
B-12 0 0 — — 0 — —
B-13 4 3.4 85 29.6 — — —
A-21 8 8.0 100 13.5 7.1 89 14.1
A-22 0 0 — — 0 — —
A-23 4 4.4 110 26.3 3.0 75 10.4
B-21 0 0 — — 0 — —
B-22 4 3.7 92 26.4 3.3 82 11.2
B-23 8 7.1 89 9.9 7.5 94 16.1

X 98 89
S D 13 9.0
CV,% 13.3 10.1

® A = chicken feed (5% tallow); B = turkey feed (1 % tallow). 
b Fortified feeds received from CVM, Beltsville, MD. 
c Average of 8 determinations except where noted. 
d To pass 1 mm sieve.
® Average of 6 determinations.

to simplify the determination of gentian violet in poultry feeds. 
In addition, we wanted to minimize hazardous waste genera
tion. The method described is easier and more solvent-efficient 
than previously published methods (8-10).

Control and fortified feeds were furnished by the U.S. Food 
and Drag Administration’s Center for Veterinary Medicine 
(CVM) in Beltsville, MD. The first shipment of feeds consisted 
of 2 types: chicken and turkey containing 5 and 1% tallow, 
respectively. Each type of fortified feed contained GV at 4 and 
8 ppm. CVM later supplied a second shipment of fortified 
feeds, consisting of chick basal diet containing GV at 0,2,4,6, 
8, and 10 ppm.
The extraction method used was that of Rushing and Bow

man (8), who determined that a methanol-lN HC1 (99 + 1) 
extraction solution produced the cleanest extract and con
sequently good recoveries of GV. Mechanically shaking the 
extraction mixture for 1 h resulted in an 86% recovery of GV. 
The control chicken feed furnished by CVM was spiked and 
used for recovery analyses. Table 1 shows the overall recovery 
of GV added at ca 2.5,5, and 10 ppm to control chicken feed 
(5% tallow). Recoveries for the individual levels were 107% 
(2.5 ppm, standard deviation (SD) = 4, coefficient of variation 
(CV) = 3.7%); 106% (5 ppm, SD = 4, CV = 3.8%); and 97% 
(10 ppm, SD = 7, CV = 7.2%). The premix used by CVM to 
prepare the fortified feeds was also analyzed and found to con
tain GV at 98.5% of the label declaration (Table 2).
Data previously obtained indicated that the developed 

method is capable of producing reasonable CVs (Table 1). 
Sample uniformity and extraction efficiency appear to be the 2 
major determining factors of this method. The original analy
sis, which was performed on well-mixed “as received” fortified 
feed, resulted in large CVs. Preparing feeds that are homoge
neous is very difficult for GV-medicated feeds. Although 
grinding the feed improves the CVs, the heat and moisture gen 
erated tend to lower the recoveries by causing the GV to irre-

Tl M E l minutes I
Figure 1. Typical chrom atogram s from LC /ED  determination of G V  in fortified feeds: (A) gentian violet standard, 0.1 
pg/mL, 20 pL  in|ection (2 ng GV); (B) control chicken feed (5% tallow), 0.04 g  feed/mL, 20 pL Injection (0.8 m g  feed);
(C) chicken feed, A-21 (8 ppm), 0.01 g  feed/mL, 20 pL  injection (0.2 m g feed); (D) chicken feed, A-23 (4 ppm), 0.02 g  
feed/mL, 20 pL Injection (0.4 m g  feed); (E) turkey feed (1% tallow), B-22 (4 ppm), 0.02 g  feed/mL, 20 pL Injection (0.4 m g  

feed); (F) turkey feed, B-23 (8 ppm), 0.01 g  feed/mL, 20 pL Injection (0.2 m g feed).
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F igu re  2. T yp ica l ch ro m a to g ram s  from  LC /ED  de te rm ina tion  o f G V  In fo rt if ie d  c h ic k  b a sa l d ie t (CBD ): (A) g en tian  
v io le t  s tanda rd , 0.1 pg/m L, 20 p L  ln |ection  (2 ng GV); (B) co n tro l C B D  feed, 0.04 g feed/m L, 20 p L  In jection  (0.8 m g 
feed); (C) sp ik e d  C B D , 2 ppm , 0.04 g feed/m L, 20 p L  in je c tion  (0.8 m g feed); (D) sp ik e d  C B D , 4 ppm , 0.02 g  feed/m L, 20 
p L  in je c t ion  (0.4 m g feed); (E) sp ik e d  C B D , 6 ppm , 0.02 g feed/m L, 20 p L  In jection  (0.4 m g feed); (F) sp ik e d  C B D ,
8 ppm , 0.01 g  feed/m L, 20 p L  in je c t ion  (0.2 m g feed); (G) sp ik e d  C B D , 10 ppm , 0.01 g feed/m L, 20 p L  in je c t io n  (0.2 m g 
feed).

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

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

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

t i m e  ( m i n u t e s  I
F ig u re  3. T y p ic a l c h ro m a to g ra m s  fro m  LC /V IS  d e te rm in a t io n  o f G V  In fo r t if ie d  c h ic k  b a s a l d ie t  (C BD ):
(A) g en t ia n  v io le t  s ta n d a rd , 0.1 pg/m L, 20  p L  in je c t io n  (2 ng  GV); (B) c o n tro l C B D , 0.04 g feed /m L , 20  p L  In je c tio n  
(0.8 m g feed); (C) s p ik e d  C B D , 2 ppm , 0.04 g feed /m L, 20 p L  In je c tio n  (0.8 m g feed); (D) s p ik e d  C B D , 4 ppm , 0.02 g 
feed /m L , 20 p L  in je c t io n  (0.4 m g feed); (E) s p ik e d  C B D , 6 ppm , 0.02 g  feed /m L, 20  p L  In je c tio n  (0.4 m g feed);
(F) s p ik e d  C B D , 8 ppm , 0.01 g  feed /m L , 20 p L  in je c t io n  (0.2 m g feed); (G) s p ik e d  C B D , 10 ppm , 0.01 g fe ed /m L , 20 
p L  in je c t io n  (0.2 m g  feed).
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Tab le  4. R e co ve ry  o f  G V  from  fo rtified  c h ic k  b a sa l d iet*

Rec., %b CV, %

Fortification level, ppm LC/ED LC/VIS LC/ED LC/VIS

o
2 86 94 7.1 6.0
4 81 90 8.4 8.0
6 86 95 11.2 6.1
8 90 96 11.1 10.7

10 89 95 6.6 4.7
Overall mean rec., % 86 94
Overall CV, % 3.8 2.7

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

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

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

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

S o l i d - P h a s e  E x t r a c t i o n  M e t h o d  f o r  V o l a t i l e  V - N i t r o s a m i n e s  

i n  H a m s  P r o c e s s e d  w i t h  E l a s t i c  R u b b e r  N e t t i n g

J o h n  W. P en saben e , W a l t e r  F id d l e r , and R o b e r t  A. G ates

U.S. Department of Agriculture, Agricultural Research Service, Eastern Regional Research Center, 
600 E. Mermaid Lane, Philadelphia, PA 19118

A method w as developed for the determ ination of vol
atile W-nitrosamines in ham s p rocessed  in elastic rub
ber nettings. The m ethod w as based  on a 
modification of a solid-phase extraction (SPE) proce
dure used in the past to determ ine selected  nitrosa- 
m ines in different types of cured m eat products. The 
nitrosam ines detected in ham m ost likely originate 
from the am ine precursors in rubber and from the ni
trite com m only used in the m eat curing process. The 
m ethod w as com pared with 2 established proce
dures for AAnitrosodibutylamine (NDBA) analysis in 
cured m eat products: the mineral oil distillation pro
cedure (MOD) and the low tem perature vacuum  distil
lation procedure (LTVD). All 3 m ethods used  the 
sam e g as  chrom atographic/chem ilum inescent detec
tion conditions and system . No significant difference 
w as found between the MOD and LTVD m ethods. 
These m ethods were found to yield significantly 
higher NDBA levels than the SPE procedure. When
2 ,6-dimethyl morpholine w as added to  the sam ple be
fore analysis in the  MOD and LTVD procedures, arti- 
factual nitrosam ines were formed. No artifactual 
formation w as noted in the SPE method. We propose 
that the new SPE m ethod replace the current m eth
ods being used  for analysis of netted, cured 
m eat products.

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

of nitrosamines in the precursors used in the production of 
natural and synthetic rubber (2, 3) and in the finished products 
themselves. The source of these nitrosamines was attributed 
to rubber vulcanization accelerators, which contain a dialkyla- 
mine or acyclic amino group. The nitrosamines found range 
f rom s imple  di alkyl s  such as A-nitrosodimethylamine 
(NDMA), A-nitrosodiethylamine (NDEA), and A-nitrosodi-

Received July 16, 1991. Accepted November 1,1991.
Mention of brand or firm names does not constitute an endorsement by 

the U.S. Department of Agriculture over others of a similar nature not 
mentioned.

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

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

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

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

Reagents

(a) C elite 5 4 5 .— Not acid-washed (Fisher Scientific Co.). 
Test reagent blank before starting sample analysis, particularly 
if  new lot o f Celite is used. If interfering chromatographic 
peaks are noted, prewash twice with dichloromethane (DCM), 
filter, then dry 4 h in 120°C vacuum oven before use.

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

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

(d) P ropyl galla te.— Aldrich Chemical Co.
(e) M orpholine.— Aldrich Chemical Co., doubly distilled 

before use to remove traces o f NMOR.
(f) 2,6-D im ethylm orpholine.— A ld rich  C h em ica l C o., 

checked for nitrosamine contamination before use.
(g) D ichlorom ethane (DCM ), pentane, ethyl ether.— LC 

grade (Burdick and Jackson).
(h) N -N itrosodipropylam ine (NDPA)  internal standard so

lution.— 0.10 pg/mLin DCM.
(i) G a s ch rom atograph y w ork ing  s tan dard  so lu tion .— 

N D M A ,  JV-nitrosomethylethylamine (NM EA), NDEA, 
NDPA, iV-nitrosoazetidine (NAZET), NDBA, NPIP, NPYR, 
NM O R, and N-nitrosohexamethyleneimine (NHMI), each 
0.10 pg/mL in DCM. These nitrosamines were either pur
chased or synthesized from their corresponding amines and so
dium nitrite according to general procedure published  
previously (15). N-Nitroso-2,6-dimethylmorpholine was also 
synthesized as above.

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

Apparatus

(a) M o rta r  an d  p e s tle .— Glass, 473 mL (16 oz., A.H. 
Thomas).

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

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

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

(e) G as chrom atograph-Therm al E nergy A n alyzer (GC- 
TEA).— Shim adzu gas chrom atograph M odel G C -14A  
equipped with AOC-14 auto-injector or equivalent, interfaced 
to Thermal Energy Analyzer Model 502A (Thermedics, Inc.). 
Operating conditions: 2.7 m x 2.6 mm glass column packed 
with 15% Carbowax 20M-TPAon 60-80 mesh Gas Chrom P;

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

Determination

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

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

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

Recovery, %

N-NItroso compound Range Mean (n = 12) SD CV

Dimethylamine 67.8-96.0 81.7 8.7 10.7
Methylethylamlne 67.0-91.0 77.9 6.4 8.3
Dlethylamine 68.9-90.5 77.8 6.9 8.9
Dlpropylamlne 71.4-108.2 89.6 10.5 11.7
Azetidlne 77.5-105.4 91.7 8.6 9.4
Dlbutylamlne 72.0-102.4 87.7 11.2 12.8
Piperidine 85.8-105.6 96.0 6.7 7.0
Pyrrolidine 83.3-109.1 97.5 9.1 9.3
Morpholine 81.2-102.4 94.8 7.4 7.8
Hexamethylenelmine 85.6-109.5 99.5 7.6 7.7

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

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

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

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

R esults and D iscussion

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

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

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

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

Sample NaN02, ppm

SPEa LTVDa MOD*

NDPA, % NDBA, ppb6 NDPA, % NDBA, ppb6 NDPA, % NDBA, ppb6

A NDe 83.7 15.8 87.8 19.6 106.0 18.7
B 1.0 87.9 22.2 89.8 28.8 101.3 33.0
C 1.5 104.6 41.8 84.6 53.6 83.1 55.3
D 1.6 86.3 14.4 95.1 26.6 112.9 24.5
E 1.9 95.9 19.9 88.5 23.6 83.4 23.4
F 2.1 80.5 49.9 97.5 50.9 97.3 37.3
G 2.5 85.3 26.3 85.6 30.2 95.6 32.1
H 3.5 94.5 17.8 88.1 15.8 97.2 17.9
1 5.1 90.0 10.8 81.4 10.7 98.8 10.6
J 7.6 93.9 22.5 87,5 22.9 102.6 26.0
K 10.1 84.3 50.1 83.4 43.5 98.7 54.6
L 12.1 95.7 22.4 85.0 28.6 89.0 30.7
M 12.7 83.1 18.2 92.0 15.3 104.6 18.2
N 13.4 89.6 11.1 91.7 9.8 97.4 10.4
O 16.0 83.9 14.0 101.3 16.6 92.5 15.0

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

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

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

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

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

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

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

n SPE LTVD MOD

Mean 30 21,23a 23.546 26.12
Mean (Corr.) 30 23.80s 26.436 27.196

a Not significant y different (P< 0.05) from each other. 
6 Not significantly different (P < 0.05) from each other.
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In conclusion, the newly developed SPE procedure is distil
lation-free, offers an opportunity to perform more analyses 
than the current methods, and gives good recoveries for a wide 
variety of volatile nitrosamines. It is not susceptible to artifac- 
tual nitrosamine formation, as might occur when the sample 
contains either high levels of residual nitrite or a nitrosamine 
precursor. Therefore, we propose that this SPE procedure rep
resents a reliable alternative to the MOD and LTVD methods 
for determining nitrosamines in cured meat products processed 
in elastic rubber nettings.
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FOOD COMPOSITION

D e t e r m i n a t i o n  o f  M o n o -  a n d  D i s a c c h a r i d e s  i n  F o o d s  

b y  I n t e r l a b o r a t o r y  S t u d y :  Q u a n t i t a t i o n  o f  B i a s  C o m p o n e n t s  

f o r  L i q u i d  C h r o m a t o g r a p h y

Emmanuel Bugner and Max Feinberg
Centre Informatique sur la Qualité des Aliments, 16, rue Claude Bernard, 75231 Paris Cedex 05, France

In 1988, a  g roup  of French food m anufactu rers d e 
cided  to  validate th e  m eth o d s u sed  to  determ ine 
m ono- and d isacch arid es  in fo o d s (fructose, glu
cose , su c ro se , m altose, and  lactose) b ased  on liq
uid chrom atography  with refractive index 
detection. Twenty laboratories analyzed 12 prod
ucts. The reproducibilities ob ta ined  exceeded  
Horwitz’s  criteria but w ere still accep tab le  b ec au se  
laboratories u sed  different equ ipm ent and the  sam 
ple m atrixes w ere com plex. Six different so u rc e s  of 
variation w ere characterized  b ec au se  of a  m ore 
com plex experim ental design . The m ethod for cal
culating concentration , In particular, had co n sid er
able im pact on th e  final p recision; the  choice 
betw een peak  a rea  and  peak  height m ust be 
strictly considered .

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

give very consistent nutrient data and make it difficult to eval
uate food contents precisely. A  recent publication on food nu
trition labeling discussed the precision of analytical methods 
used to determine the major nutrients. The present procedures 
for the analysis of mono- and disaccharides in foods were 
shown to be not really adapted for this determination (2). For 
example, the precision of liquid chromatographic (LC) deter
mination of sugars in cereal products for concentrations below 
30 g/100 g was unacceptable. It was suggested that the hetero
geneity of solid test samples induced an important variability.

In 1988, a group of French food manufacturers decided to 
evaluate the present carbohydrate consumption of French con
sumers. As a preliminary step, it appeared necessary to validate 
the methods used to determine mono- and disaccharides in 
foods. The next step consisted of collecting composition data 
on various foods and performing a consumption survey. Thus, 
5 sugars were selected (fructose, glucose, sucrose, maltose, and 
lactose) according to their industrial and nutritional import-

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

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

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

Experim ental

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

Apparatus

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

Reagents

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

Sugar Food Method Reference

Sucrose Cordials, liqueurs Polarization, reduction 940.11

Reducing sugars Beer Layne-Eynon, Munson-Walker 920.51
Reducing sugars Wine Munson-Walker 920.64

Sucrose Wine Polarization, reduction 920.65

Commercial glucose Wine Polarization 920.66
Glucose and fructose Wine Enzymatic 985.09
Sucrose Nonalcoholic beverage Polarization, reduction 950.29
Reducing sugars Nonalcoholic beverage Reduction 950.30
Fructose, a  p glucose, sorbitol, sucrose Fruits, juice Gas chromatography 971.18
Sucrose Fruits Polarization, reduction 925.35

Sugars Roasted coffee Reduction, titration 925.15
Lactose Milk chocolate Titration 933.04
Fructose, glucose, maltose, sucrose, lactose Milk chocolate Liquid chromatography 980.13
Sucrose Cacao products Polarization 920.82
Glucose Cacao products Zerban-Sattler 938.18

Slchert-Bleyer 936.06

Sugars Flour Titration 939.03
Glucose, fructose Presweetened cereals Liquid chromatography 982.14
Sucrose and maltose reducing sugars Bread Munson-Walker 975.14
Lactose Bread Titration 952.05

Lactose Milk Polarization 896.01
Gravimetry 930.28
Near infrared 972.16
Enzymatic 984.15

Lactose Meat Benedict solution 927.07

Reducing sugars Honey Layne-Eynon, Munson-Walker 920.183
Fructose, glucose, sucrose Charcoal column chromatography 954.11
Fructose, glucose, sucrose Liquid chromatography 977.20

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

Sample Preparation

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

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

(b) C e r e a ls  a n d  c h o c o la te  a n d  c o n fe c tio n e r y .— The whole 
sample was homogenized (size ranged from 100 g for candy to

1 kg for heterogeneous cake). Sticky samples, such as jam or 
caramel, had to be frozen before grinding. Samples ranging 
from 5 g for a biscuit to 2 g for confectionery were accurately 
weighed in a 50 mL flask. About 30 mL hot water (ca 40°C) 
was added, and the solution was heated 15 min in a water bath 
at 60°C. The flask was continuously swirled while adding 2 mL 
of each Carrez solution. The solution was then cooled to room 
temperature, diluted to volume with water, and filtered through 
a 0.47 pm membrane.

Chromatographic Conditions

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

Design o f Interlaboratory Studies

Four interlaboratory studies were organized from 1988 to 
1990, in which 20 laboratories participated. Results of the first
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Table 2. Products and sugars analyzed

1. Soft drinks 2. Cereal products 3. Chocolate, confectionery

D1: Lemon soft drink 
D2: Cola drink 
D3: Orange juice, 20% 
D4: Pure orange juice 
D5: Orange syrup

C1 : Crispbread 
C2: Sweet biscuit 
C3: Chocolate biscuit

S1: Nougat-filled chocolate 
S2: Sweet 
S3: Rocher cream 
S4: Chocolate bars

Sugars

fr: Fructose 
ma: Maltose

gl: Glucose 
la: Lactose

su: Sucrose

Table 3. Apparatus of participating laboratories

Laboratory Pump Automatic sampler Detector Integrator Acquisition program

Study No. 1. Soft drinks

1 Varian 5000 none Varían RI-3 Varían Vista 402 none
2 Gilson 302 none Varían RI-4 SP 4290 none
3 Bischoff 2220 none Bischoff Rl 8100 Shimadzu CR3A yes
4 Waters 510 Waters WIPS Waters 410 Waters 740 none
5a Varian 2010 Varian 8085 Varían RI-3 Varian Vista 402 none
5b Varian 2010 Varian 8085 Varian RI-3 Varían Vista 402 none
6 SP 8800 yes Knauer Rl SP 4290 yes
7a Waters 510 SP 8875 Waters R 401 Merck D 2000 none
7b Waters 510 SP 8875 Waters R 401 Merck D 2000 none
8 SP SEDERE SP Shimadzu CR3A none
9 Waters 501 none SOPARES 7510 Shimadzu CR3A none

Study No. 2. Cereal products

3 Bischoff 2220 none Bischoff RI 8100 Shimadzu CR3A STACQ
6 SP 8810 none Knauer Rl SP 4290 WINNER
9 Waters 501 none SOPARES 7510 Shimadzu CR3A none
10 Waters M-600 none Shimadzu RID-6A SEFRAM Servotrace none
11 SP 8800 SP 8775 SP 8490 SP 4290 WINNER
12 Waters M 510 none Waters Rl 410 SP 4290 LNT
14 Shimadzu LC6A none Shimadzu RID-6A Shimadzu CR3A none

Study No. 3. Chocolate-confectionery products

3 Bischoff 2220 none Bischoff Rl 8100 Shimadzu CR3A STACQ
4 Waters 510 WIPS Waters Rl 410 Data Module 740 none
6 SP 8800 Gilson 231 Knauer Rl SP 4290 WINNER
9 Waters 6000A none SOPARES 7510 Shimadzu CR3A none
11 SP 8800 SP 8775 SP 8490 SP 4290 WINNER
12 Waters M 510 none Waters Rl 410 SP 4290 LABNET
15 Varian 2510 none Waters Rl 401 Varian 4290 none
16 SP 8700 none Spectra 6040 XR Spectra 4270 WINNER
17 Perk Elmer S2 none Rl ERC 7512 HP 3390 A none
18 SP 8770 none Shodex Rl SE61 SP 4290 none
19 Waters 510 none Waters Rl Waters 410 none
20 Waters 510 none Waters Rl 410 Waters 740 none
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Tab le  4. C h ro m a to g rap h ic  c o n d it io n s

Laboratory Column Loop, pL CH3CN-H20 Flow, mL/mln Length, m Internal standard

Study No. 1. Soft drinks

1 Beckman NH2 5 urn 10 75 + 25 1 13 none
2 NH2 8 urn 20 70 + 30 1.5 10 rhamnose
3 Bioblock NH2 5 urn 20 75 + 25 1 25 xylose
4 Interchim L7 NH2-25 F 20 75 + 25 1.5 12 none
5a CHO 620 10 0 + 100 0.3 30 mannitol
5b NH2 10 urn 10 75 + 25 1.3 15 rhamnose
6 Lichrosorb NH2 5 urn 10 80 + 20 1 16 none
7a Sugar Pak I 10 0+100 + Ce 0.5 16 none
7b Merck D 2000 SFCC NH2 5 um 10 75 + 25 1 20 none
8 Chrompack NH2 10 pm 10 75 + 25 1 27 none
9 Lichrosorb NH2 5 pm 10 75 + 25 1 16 none

Study No. 2. Cereal products

3 Bloblock NH2 5 pm 20 75 + 25 1 25 none
6 Lichrosorb NH2 5 pm 10 75 + 25 1 20 none
9 Lichrosorb NH2 5 pm 20 70 + 30 1 14 none
10 Touzart Matignon NH2 5 pm 20 75 + 25 1.2 25 none
11 Nucleosil SFCC NH2 5 pm 20 75 + 25 1 20 none
12 Lichrosorb Merck NH2 5 pm 10 75 + 25 1.5 10 xylose, 2 g/L
14 Lichrosorb NH2 5 pm 20 75 + 25 1 17 none

Study No. 3. Chocolate-confectionery products

3 Interchim NH2 7 pm 20 85 + 15 1 30 xylose, 2 g/L
4 Interchim NH2 7 pm — 85 + 15 1.5 25 none
6 Lichrosorb Merck NH2 5 pm 20 75 + 25 0.9 30 xylose
9 Merck NH2 5 pm 5 70 + 30 0.7 13 none
11 Nucleosil SFCC NH2 5 pm 20 75 + 25 1 16 none
12 Lichrosorb Merck NH2 7 pm 20 78 + 22 1.5 13 xylose, 2 g/L
15 Spherisorb NH2 5 pm 10 75 + 25 1.5 15 xylose, 1 g/L
16 Spherisorb NH2 5 pm 10 70 + 30 1 30 none
17 Spherisorb NH2 5 pm 20 82.5+ 17.5 1.5 20 none
18 Lichrosorb Merck NH2 5 pm 10 75 + 25 1 15 xylose, 1 g/L
19 Lichrosorb Merck NH2 5 pm 20 75 + 25 1 15 none
20 YCN NH2 20 75 + 25 2.0 15 none

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

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

was performed but injected 3 times. Thus, the number o f repli
cates was 3 or 4.

Statistical Treatment o f Outliers

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

However, the experimental design o f the study gave 3 or 4 
replicates for each cell; thus, it was necessary to add a prelim
inary step for the rejection o f outlying replicates. The Dixon 
test was preferred because it is generally considered more pow
erful with a small number of degrees o f freedom. However, it 
has 2 important drawbacks that may lead to the detection of
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Table 5. Raw data (g/IOOg) for lemon soft drink (D1) Table 6. Raw data (g/100 g) for cola drink (D2)

Laboratory Area Height Laboratory Area Height
Fructose Fructose

1 0.90 0.92 0.86 0.89 0.92 0.89 1 0.68 0.72 0.82 0.71 0.71 0.75
2 1.06 1.18 — 1.31 1.42 — 2 1.05 1.05 — 1.35s 1.45 —
3 0.99 1.06 0.86 1.01 1.09 0.96 3 0.76 0.79 0.72 0.82 0.78 0.79
4 1.04 1.07 — 1.16 1.17 — 4 0.82 0.74 — 0.90 0.86 —
5a 0.80 0.83 0.91 — — — 5a 0.84 0.88 0.82 — — —
5b 0.66 0.68 0.68 0.73 0.70 0.72 5b 0.64 0.70 0.65 0.66 0.73 0.66
6 0.71 0.65 0.65 0.75 0.71 0.72 6 0.45 0.59 0.57 0.54 0.63 0.62
7a 0.96 0.95 0.90 0.96 0.97 0.95 7a 0.77 0.78 0.76 0.79 0.80 0.76
7b 0.87 1.16 0.89 0.94 1.01 0.92 7b 0.75 0.77 0.74 0.74 0.73 0.78
8 0.82 0.80 0.82 0.79 0.79 0.80 8 0.74 0.69 0.67 0.68 0.67 0.66
9 0.93 1.04 1.11 0.97 1.00 1.00 9 0.64 0.75 0.82 0.75 0.79 0.77

Glucose Glucose

1 1.86 2.14 1.88 2.01 2.13 2.05 1* 1.75 1.95 2.26 1.98 2.10 2.23
2 1.86 2.00 — 1.99 2.15 — 2 1.86 1.94 — 2.10 2.17 —

3 2.24 2.08 2.45 2.19 2.03 2.34 3 2.58 2.73 2.54 2.29 2.35 2.43
4 2.22 2.35 — 2.48 2.52 — 4 2.22 2.13 — 2.43 2.43 —
5a 1.98 2.06 2.29 — — — 5a 2.24 2.38 2.16 — — —
5b 1.80 1.87 1.86 1.94 1.96 1.93 5b 2.02 2.07 2.0 2.09 2.15 2.11
6 1.92 1.98 2.01 1.91 1.92 1.96 6 1.93 2.09 2.06 1.97 2.07 2.01
7a 2.09 2.10 2.06 2.09 2.09 2.08 7a 2.15 2.16 2.13 2.16 2.17 2.04
7b 2.02 2.20 1.85 2.07 2.07 1.98 7b 2.01 1.99 2.04 2.00 2.08 2.04
8 1.94 1.96 1.98 2.00 2.00 2.02 8 2.15 2.09 2.06 2.10 2.10 2.09
9 2.45 2.36 2.75 2.38 2.33 2.34 9 2.12 2.41 2.25 2.21 2.39 2.22

Sucrose Sucrose

1 4.39 4.19 4.10 3.90 3.93 3.88 1 5.66 5.80 5.62 5.21 5.28 5.23
2 4.32 4.30 — 4.45 4.75 — 2 6.08 5.85 — 6.23 5.97 —

3 4.90 4.87 4.63 5.21 5.06 5.03 3 6.21 6.34 5.94 6.37 6.40 6.59
4 4.00 4.09 — 4.76 4.80 — 4 5.54 5.56 — 6.38 6.43 —

5a 5.78 5.77 5.85 — — — 5a 7.04 6.74 6.80 — — —

5b 5.68 5.35 5.75 5.46 6.39 5.60 5b 6.82 6.54 6.77 6.64 6.54 6.67
6 4.73 4.57 4.63 4.81 4.78 4.78 6 6.04 6.02 5.96 6.11 6.13 6.08
7a 5.10 5.13 5.10 4.93 4.93 4.28 7a 6.67 6.67 6.58 6.44 6.44 6.34
7b 4.56 4.73 4.31 4.57 4.57 4.48 7b 5.84 6.41 5.73 5.84 6.00 5.85
8 4.90 5.02 4.94 4.94 4.91 4.94 8 6.22 6.29 6.21 6.25 6.21 6.20
9 4.87 4.75 4.44 4.67 4.78 4.54 9 6.60 6.25 5.98 6.00 6.35 6.03

Maltose Maltose

1 0.50 0.26 0.33 0.51 0.30 0.35 1 0.63 0.67 0.48 0.60 0.63 0.56

3* 0.72 0.55 1.45 0.52 0.50 1.196 3 0.54 0.86 — 0.72 0.56 —

4
5a
5b
6

0.58 0.62 — 0.64 0.64 — 4
5a
5b
6

0.71 0.68 — 0.77 0.76 —

0.37 0.59 0.42 0.46 0.37 0.50 0.43 0.67 0.47 0.49 0.61 0.50

7a
7b 0.52 0.55 0.46 0.53 0.63 0.64

7a
7b 0.71 0.66 0.33 0.68 0.72 0.49

8 0.38 0.57 0.46 0.50 0.46 0.48 8 0.69 0.66 0.61 0.59 0.59 0.57
9 0.29 0.56 0.40 0.34 0.48 0.38 9 0.57 0.59 0.47 0.57 0.57 0.52

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

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

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

Results and Discussion

Results o f the Interlaboratory Studies

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

For each analyte, precision values, presented in Tables 1 7 -  
21 , were computed from either raw data or corrected data, after 
outlier rejection. The following parameters are given: M, refer
ence value (global mean of all the laboratories); s,, repeatability 
standard deviation (intralaboratory variance); r, repeatability at 
the 95% confidence level (2.83 s,); RSDr, repeatability relative 
standard deviation (100 Sp/M); sR, reproducibility standard 
deviation (total variance); R, reproducibility at the 95% confi
dence level (2.83 Sr ); and RSDr, reproducibility relative stan
dard deviation (100 sR/M).

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

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

Lower curve: 2^ “ °-5,°s(M))

Upper curve: 2̂ 2 ~ °-5los(M))

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

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

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

Role o f the Calculation Method

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

Table 7. Raw data (g/100 g) for orange juice 20% (D3)

Laboratory Area Height

Fructose

1 2.76 2.60 2.80 2.41 2.40 2.46
2* 2.62 2.13 — 2.42 2.39 —
3 2.71 2.67 2.82 2.72 2.68 2.77
4 3.03 2.90 — 3.30 3.24 —
5a 2.91 2.91 2.82 — — —
5b 2.86 2.72 2.84 2.93 2.92 2.88
6 2.81 2.75 2.66 2.73 2.72 2.71
7a 2.62 2.57 2.65 2.42 2.63 2.68
7b 2.53 2.43 2.64 2.64 2.61 2.67
8 2.88 2.87 2.90 2.85 2.85 2.86
9 3.09 3.29 2.96 3.14 3.30 3.05

Glucose

1 3.23 2.75 3.22 2.69 2.60 2.70
2 2.52 2.70 — 2.46 2.50 —
3 2.72 2.91 2.89 2.77 2.85 2.88
4 3.36 3.10 — 3.49 3.39 —
5a 2.77 2.93 2.81 — — —
5b 2.78 2.73 2.77 2.88 2.89 2.88
6 2.76 2.66 2.62 2.89 2.85 2.80
7a 2.51 2.49 2.56 2.21 2.50 2.54
7b 2.54 2.38s 2.54 2.55 2.43 2.57
8 2.84 2.84 2.85 2.85 2.85 2.91
9 3.08 3.40s 3.09 3.07 3.37 3.08

Sucrose

1 3.27 3.41 3.06 2.96 3.03 2.89
2C 8.10 7.60 — 6.32c 6.02 —
3 3.29 3.48 3.66 3.48 3.49 3.67
4 3.26 3.19 — 3.65 3.62 —

5a 3.80 4.00 3.85 — — —

5b 4.19 4.03 4.12 4.17 4.18 4.17
6 3.73 3.65 3.75 3.75 3.70 3.73
7a 4.06 4.07 4.09 4.05 4.12 4.14
7ba 4.62 3.79 4.12 4.17 3.97 4.05
8 3.60 3.62 3.71 3.65 3.68 3.64
9 3.61 3.69 3.37 3.50 3.67 3.43

a Outlying variance (Cochran test). 
b Outlier flagged for a replicate. 
c Outlying mean (Grubbs test).
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Table 8. Raw data (g/100 g) for pure orange juice (D4) Table 9. Raw data (g/100 g) for orange syrup (D5)

Laboratory Area Height Laboratory Area Height

Fructose Fructose

1 2.69 2.57 2.81 2.34 2.31 2.44 1 21.07 21.24 21.24 18.60 18.85 19.19
2 2.81 2.78 — 2.62 2.67 — 2 17.30 16.60 — 19.15 18.05 —
3 2.87 2.85 2.92 2.87 2.86 2.90 3 18.76 17.95 18.06 18.59 18.06 17.75
4 2.90 2.90 — 3.52 3.51 — 4 22.57 22.09 — 25.48 26.11 —
5a 2.90 3.17 3.07 — — — 5a 19.77 20.58 20.46 — — —
5b 2.89 2.77 2.73 2.92 2.88 2.85 5b 22.56 22.38 24.14 19.80 19.85 20.08
6s 4.43 4.26 4.39 4.43 4.26 4.39 6 28.64 29.50 29.30 33.17* 33.66 33.30
7a 3.05 3.02 3.02 2.88 2.88 2.88 7a 19.85 20.50 20.14 20.28 20.59 20.45
7b 2.51 2.55 2.57 2.74 2.78 2.74 7b 21.26 22.14 19.23 21.18 21.66 20.84
8 2.81 2.78 2.82 2.74 2.76 2.74 8 21.03 20.90 20.75 21.79 21.64 21.75
96 7.77 9.69 3.10 4.426 5.24 3.53 9 19.98 20.88 20.50 21.10 21.79 20.71

Glucose Glucose

1 3.04 2.81 3.26 2.65 2.50 2.68 1 25.16 27.72 29.17 24.57 25.76 26.53
2 2.49 2.58 — 2.57 2.64 — 2 25.50 25.57 — 21.95 23.80 —
3 3.03 3.11 3.17 3.11 3.22 3.21 3 23.89 23.81 26.93 21.94 23.39 22.46
4 2.87 2.83 — 3.61 3.63 — 4 30.95 28.45 — 34.22 33.29 —
5a 2.71 2.79 3.05 — — — 5a 24.12 25.36 25.39 — — —
5b 2.95 2.82 2.52 2.74 2.82 2.73 5b 28.01 28.25 30.68 23.60 23.62 24.11
6 3.41 3.29 3.27 3.29 3.27 3.41 6 28.06 28.54 28.46 36.09 36.52 36.26
7a 2.74 2.74 2.79 2.67 2.66 2.68 7a 24.83 24.87 24.44 24.55 24.62 24.45
7b 2.39 2.69 2.68 2.59 2.74 2.67 7b 22.35 30.206 22.14 23.90 25.54 23.81
8 2.71 2.66 2.68 2.68 2.70 2.69 8 25.03 25.13 25.05 26.20 26.04 26.15
9* 4.71 5.77 3.11 3.776 4.55 3.26 9 25.319 28.43 24.83 27.75 25.35 —

Sucrose Sucrose

1 2.55 2.46 2.65 2.44 2.43 2.57 1 1.28 1.28 __ 1.19 1.28 _
2 3.05 2.61 — 2.90 2.81 — 2 0.35 — — 0.70 — —
3 3.47 3.08 3.51 3.42 3.29 3.45 3C 1.74 0.97 0.58 1.60 0.73 0.81
4 2.81 2.34 — 3.66 3.60 — 4 0.61 0.99 — 0.76 0.91 —
5a 2.96 2.69 3.08 — — — 5a — — — — — —
5b 3.32 3.18 3.20 3.18 3.21 3.11 5b 0.65 0.65 0.93 0.63 0.61 1.11
6 4.34 4.30 4.20 4.34 4.30 4.20 6 0.62 0.69 0.59 1.04 1.10 1.00
7a 2.86 2.82 2.86 2.89 2.86 2.89 7a — — — — — —
7b 2.60 2.53 2.38 2.73 2.65 2.62 7bc 8.17 1.83 4.73 1.87c 1.52 1.97
8 3.04 2.97 3.03 2.97 3.00 3.00 8 1.22 0.79 0.70 0.85 0.73 0.78
9 3.18 3.24 3.33 3.56 3.77 3.68 9 C.79 0.86 0.68 0.96 0.98 0.88

Maltose Maltose

1 0.19 0.10 0.11 0.15 0.16 0.15 1 3.07 3.58 6.82 3.67 3.75 5.80
2 — — — — — — 2 3.55 4.65 — 3.07 4.05 —
3 0.60 0.41 0.50 0.44 0.51 0.42 3 5.12 3.44 5.26 3.79 3.65 4.77
4 0.45 0.44 — 0.62 0.62 — 4 5.64 6.19 — 6.43 6.85 —
5a — — — — — — 5a 5.66 5.91 6.71 — — —
5b 0.17 0.16 0.15 0.19 0.19 0.18 5b 3.78 3.84 5.39 3.74 3.77 3.7
6 — — — — — — 6 5.21 5.37 5.35 6.62 6.73 6.64
7a — — — — — — 7a 5.79 5.72 5.66 5.14 5.10 5.22
7b 0.31 0.41 0.27 0.38 0.32 0.40 7b 10.78 8.16 5.69 7.60 6.07 6.12
8 0.35 0.29 0.29 0.32 0.30 0.31 8 4.84 4.63 4.59 4.71 4.65 4.70
9 — — — — — — 9 5.04 5.14 3.65 5.47 5.54 4.44

* Outlying mean (Grubbs test).
6 Outlying variance (Cochran test).

8 Outlying mean (Grubbs test). 
b Outlier flagged for a replicate. 
c Outlying variance (Cochran test).
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Area Height

Laboratory Sample preparation No. 1 Sample preparation No. 2 Sample preparation No. 1 Sample preparation No. 2

Fructose

T a b le  1 0 . R a w  d a t a  (g /1 0 0  g ) fo r  c r l s p b r e a d  (C 1)

3 2.19 1.83 1.96 1.91 2.47s 2.48 2.63 2.77
6 2.13 2.02 2.10 2.15 2.11 2.02 2.09 2.10
9 2.406 2.228 2.409 2.298 2.256 2.195 2.301 2.215
10 — — — — 2.45 2.45 2.33 2.42
11 2.27 2.25 2.20 2.17 2.29 2.28 2.23 2.22
12 2.90 2.90 2.70 2.90 — — — —
13 1.73 1.73 — — — — — —
14 2.03 2.02 2.11 2.09 2.01 1.97 2.01 2.00

Glucose

3 1.11 1.11 1.14 1.17 1.18 1.23 1.31 1.27
6 1.19 1.07 1.20 1.20 1.18 1.02 1.17 1.15
9 1.327 1.353 1.429 1.265 1.306 1.289 1.362 1.278
10 — — — — 1.20 1.20 1.20 1.2
11 1.27 1.24 1.22 1.24 1.31 1.31 1.33 1.36
12 1.50 1.40 1.20 1.40 — — — —
13* 0.66 0.55 — — — — — —
14 0.95 1.12 1.13 1.02 1.05 1.14 1.14 1.07

Maltose

3s 3.69 2.85 3.60 3.20 3.12s 2.98 3.60 3.15
6 3.32 3.34 3.28 3.43 3.02 2.98 2.99 3.06
9 3.289 3.502 3.35 3.648 3.286 3.248 3.339 3.312
10 — — — — 3.27 3.27 3.14 3.14
11 3.44 3.42 3.43 3.42 3.43 3.44 3.52 3.53
12s 3.20 4.10 2.90 3.50 — — — —
13 3.76 3.68 — — — — — —
14 3.59 3.75 3.84 3.75 3.40 3.46 3.53 3.52

s Outlying variance (Cochran test). 
* Outlying mean (Grubbs test).

tration. A ll available data com paring both m ethods are 
displayed in Figure 2. The magnitude of some differences is 
surprisingly high; for instance, the results for glucose determi
nation in orange syrup vary by a factor of 2 between calibra
tions using peak height or surface. Nevertheless, no systematic 
difference was observed. This raises the question: when and 
why does area give a better precision than height, and when are 
observed differences statistically significant?

(a) Influence on repeatability.—A  significant difference 
between repeatability from peak area or peak surface can be 
demonstrated by comparing repeatability variances s2ra and s2rh 
computed from both data sets. It was established by comparing 
the ratio Fobs = s2rh/s2ra to a Fisher variable in which degrees of 
freedom are equal to the numbers of results minus the number 
of laboratories for each data set.

Peak height repeatability is significantly better for the 18 
analyses (55%) flagged by an arrow on Figure 2 (level = 5%). 
Repeatability using peak area is better for only 1 analysis (fructose

in Sweet), where an unknown overlapping peak made peak 
identification difficult. The influence o f the calculation method 
is particularly important for maltose (5 significant differences 
for 6 results).

(b) Influence on reproducibility.— The same study for re
peatability was performed for reproducibility using the ratio 
Fobs = s2Ra/s2Rh, with both degrees of freedom equal to the num
ber of results minus 1. In this case, peak height gives as many 
significant results as peak area; the peak area method improves 
fructose and glucose reproducibility for 3 identical products, 
whereas peak height is generally better for sucrose, maltose, 
and lactose. The chromatograms presented in Figure 3 illus
trate the analytical complications encountered; area calculation 
gives better precision when peaks are poorly separated (fruc
tose and glucose at high concentration levels), but baseline 
detection influences the height estimation. Conversely, height 
calculation leads to better precision for small, flat peaks, such 
as maltose or lactose, at low concentration levels.
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T a b le  11. R a w  d a ta  (g /1 0 0  g )  fo r  s w e e t  c a k e  (C2)

Area Height

Laboratory Sample preparation No. 1 Sample preparation No. 2 Sample preparation No. 1 Sample preparation No. 2

Fructose

3 0.76 0.59 0.58 0.65 0.86 0.75 0.67 0.70
6 0.80 0.79 0.79 0.77 0.72 0.71 0.73 0.73
9 0.771 0.712 0.828 0.73 0.742 0.723 0.766 0.736
10 — — — — 0.66 0.63 0.78 0.78
11 0.79 0.79 0.81 0.81 0.81 0.81 0.83 0.83
12 0.80 0.80 0.80 0.80 — — — —
13s 0.48 0.71 — — — — — —
14 0.63 0.70 0.59 0.73 0.66 0.69 0.64 0.74

Glucose

3
6
9
10 
11 
12s 
136 
14

0.66
0.68
0.769

0.75
0.60
0.36
0.48

0.54
0.69
0.798

0.77
0.90

0.55

0.55
0.67
0.781

0.79
0.80

0.47

0.60
0.67
0.717

0.79
0.60

0.62

0.59s
0.61s
0.713
0.60
0.78

0.53s

0.64
0.62
0.683
0.60
0.79

0.58

0.61
0.62
0.72
0.64
0.80

0.53

0.58
0.64
0.681
0.64
0.81

0.66

Sucrose

3 18.63° 15.06 14.82 15.38 20.12 17.99 17.22 16.71
6 14.60 14.46 13.87 14.29 14.99 14.84 15.32 15.17
9 15.917 16.029 16.404 20.471 ° 17.848 16.233 17.152 17.056
10 — — — — 15.68 14.67 16.85 16.77
11 16.55 16.51 17.52 17.68 16.91 16.99 18.47 18.52
12 15.20 15.20 15.90 15.00 — — — —

13 16.17 15.97 — — — — — —

14 16.05 15.64 15.95 15.34 16.12 16.00 16.04 15.77

Maltose

3 0.44 0.37 0.26 0.25 0.47 0.51 0.42 0.39
b
9 0.244 0.331 0.234 0.319 0.295 0.318 0.30 0.317
10 — — — — 0.14 0.28 0.20 0.27
11 0.28 0.25 0.25 0.30 0.28 0.27 0.29 0.32
12 0.20 0.20 0.20 0.20 — — — —

13s 0.62 0.95 — — — — — —

14 0.77 0.61 0.63 0.76 0.84 0.60 0.75 0.84

Lactose

3 3.28 2.70 2.61 2.52 3.05 2.73 2.43 2.54
6 2.03 2.13 1.94 2.01 2.09 2.07 2.14 2.12
9 2.425 2.301 2.38 2.421 2.532 2.445 2.54 2.499
10 — — — — 2.33 2.18 2.31 2.39
11 3.36 3.28 3.66 3.84 3.29 3.26 3.72 3.79
12 2.50 2.40 2.50 2.50 — — — —

13 2.16 2.40 — — — — — —

14 2.20 2.10 1.94 2.09 2.47 2.37 2.22 2.41

a Outlying variance (Cochran test). 
b Outlying mean (Grubbs test).
0 Outlier flagged for a replicate.
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Table 12. Raw data (g/100 g) for chocolate cake (C3)

Area Height

Laboratory Sample preparation No. 1 Sample preparation No. 2 Sample preparation No. 1 Sample preparation No. 2

Fructose

3 0.13 0.12 0.15 0.13 0.13 0.14 0.18 0.20
6* 0.11 0.22 0.23 0.26 0.13 0.18 0.19 0.18
9 0.219 0.168 0.251 0.204 0.183 0.17 0.191 0.182
10 — — — — 0.12 0.12 0.17 0.11
11 0.27 0.26 0.24 0.24 0.27 0.27 0.25 0.25
12 0.30 0.30 0.30 0.30 — — — —
13 — — — — — — — —
14 — — — — — — — —

Glucose

3
6
9
10 
11 
12s
13
14

0.11
0.046
0.241

0.43
0.30

0.11
0.20
0.147

0.44
0.40

0.10
0.21
0.306

0.40
0.20

0.11
0.19
0.23

0.41
0.30

0.16
0.09b
0.222
0.16
0.44

0.11
0.17
0.167
0.16
0.44

0.12
0.16
0.242
0.17
0.42

0.17
0.16
0.192
0.17
0.43

Sucrose

3 30.43 30.41 30.50 29.38 31.50* 30.91 27.05 43.05
6 29.02 27.33 28.43 28.54 26.90 26.26 26.82 27.25
9 34.70 33.775 33.426 32.478 35.688 34.845 34.47 35.00
10 — — — — 35.23 33.71 34.74 34.74
11 36.64 36.52 36.16 35.50 37.40 37.44 38.03 37.94
12 34.00 34.00 33.10 33.50 — — — —
13 33.97 34.18 — — — — — —

14 33.96 32.47 32.60 32.20 34.08 33.62 33.82 33.73

Lactose

3 0.10 0.15 0.21 _ 0.276 0.41 0.41 _
6 0.15 0.09 0.13 0.15 0.23 0.19 0.24 0.24
9 0.358 0.347 0.33 0.30 0.407 0.38 0.378 0.363
10 — — — — 0.37 0.30 0.31 0.31
11 0.38 0.44 0.41 0.38 0.44 0.46 0.46 0.45
12 0.40 0.40 0.40 0.40 — — — —
13* 0.32 0.66 — — — — — —
14 — — — — — — — —

* Outlying variance (Cochran test). 
b Outlier flagged for a replicate.

Role o f the Laboratory Bias Components

Repeatability and reproducibility are 2 estimates of preci
sion based on the intra- and interlaboratory variances obtained 
from the classical ISO model. This explains the total sum of 
squares SST as the sum of 2 sums of squares: (7) the squared 
deviations caused by the laboratory biases and generally de
noted S Si, and (2) the squared deviations from residual random 
effect, denoted SSr

ISO model:

X  = m + L  + e

where m = general mean, L  = laboratory bias, and e = residual 
effect.

SS j  — SSl + SSr

The experimental design used in this study allowed for con
trol of 2 components included in the laboratory bias: the sample
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T a b le  13. R a w  d a ta  (g /1 0 0  g ) fo r  n o u g a t- f i l le d  c h o c o la te  (S1)

Area Height

Laboratory Sample preparation No. 1 Sample preparation No. 2 Sample preparation No. 1 Sample preparation No. 2

Fructose

3s 4.84 3.83 4.05 3.48 1.46 1.66 1.67 2.18
4 2.69 2.43 2.21 2.35 2.62 2.67 2.24 2.26
6 2.62 2.68 2.69 2.66 2.76 2.77 2.70 2.66
9 2.64 2.67 2.69 2.63 2.685 2.665 2.74 2.70
11 1.71 1.70 — — 1.68 1.65 — —
12 2.05 2.05 2.05 2.05 2.10 2.05 2.10 2.05
15
16

2.35 2.13 2.15 2.25 2.36 2.23 2.19 2.32

17
18 2.80 2.90 2.60 2.50 2.40 2.40 2.30 2.30
19 1.40 1.20 1.80 1.80 1.40 1.40 1.80 1.80
20 — — — — 3.00 2.90 3.10 3.20

Glucose

3a 13.40 12.96 7.10 5.84 2.47 2.07 1.58 2.22
4 2.17 1.72 1.45 1.50 2.88 2.70 2.27 2.25
6 3.26 3.28 3.47 3.10 3.03 3.05 3.11 2.96
9 3.08 3.01 2.99 2.94 3.26 3.23 3.32 3.23
11 1.79 1.90 — — 1.83 1.85 — —
12 2.20 2.25 2.35 2.40 2.30 2.25 2.25 2.30
15
16

2.43 2.37 2.41 2.45 2.41 2.54 2.42 2.49

17
18 3.30 4.10 3.00 2.80 3.00 3.00 2.90 2.80
19 1.60 1.60 2.80 2.10 1.90 1.70 2.40 2.20
20 — — — — 4.50 4.50 4.60 4.90

Sucrose

3 43.04 43.33 43.52 43.82 37.73 44.10b 43.94 44.64
4 40.12 40.74 39.52 40.39 37.60a 37.63 34.34 34.69
6 39.29 39.49 40.93 40.75 40.45 39.67 40.27 39.74
9a 38.39 37.96 43.63 41.02 37.05a 36.935 40.72 40.20
11 42.48 42.61 — — 42.50 42.69 — —
12 40.40 40.65 40.75 40.25 41.05 41.10 40.90 40.60
15
16

42.50 42.38 42.60 42.90 42.65 42.64 42.44 42.92

17
18 39.30 39.60 40.30 40.20 39.20 39.70 39.90 40.60
19 43.00 42.80 42.50 44.10 42.50 42.30 42.90 43.80
20 — — — — 38.50 39.00 38.40 39.20

Lactose

3 4.33 3.87 7.16 6.49 3.88 4.93 6.13 6.03
4 10.33 11.39 7.17 9.27 8.78 8.00 6.57 6.96
6 5.99 6.04 6.16 6.25 6.26 6.22 6.25 6.21
9 5.87 5.92 6.445 6.13 6.22 6.25 6.94 6.60
11 6.31 6.47 — — 6.63 6.86 — —
12 8.25 7.50 7.30 7.25 7.35 7.05 6.95 6.85
15 5.50 5.73 5.63 5.48 4.72 6.40 6.58 5.71
16 — — — — — — — —
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Table 13. C o n t in u e d

Area Height

Laboratory Sample preparation No. 1 Sample preparation No. 2 Sample preparation No. 1 Sample preparation No. 2

17 — — — — — — — —
18 6.80 7.40 6.50 6.00 6.30 6.60 6.40 6.30
19 5.60 6.40 6.80 6.50 6.20 6.60 6.70 6.80
20 — — — — 5.80 6.10 — 6.10

a Outlying variance (Cochran test). 
b Outlier flagged for a replicate.

preparation effect and the calculation method effect. The cal
culation method effect is fixed and takes 2 values: area and 
height. The sample preparation effect is random; the levels 
were the extraction number (1 and 2). Thus, the following 
mixed model can be used to separate the laboratory bias from 
other effects:
Extended model:

X  = m  + L  + c + E  + cL + E L + e
where m = general mean, L = “pure” laboratory bias, c = cal
culation method effect, E  = sample preparation effect, cL = in
teraction laboratory * calculation, E L = interaction laboratory
* sample preparation, and e = random effect.
The interaction between sample preparation and calculation 

method was ignored, and the remaining effects were estimated 
by means of a 3-way analysis of variance. Finally, the total sum 
of squares was broken down into the following equation:
S S j  ~ SS , + S S C + SSg + SScL + S S el "t *SSce + *SSLcE + S S r

* negligible
Without any assumption about data distribution, it is possi

ble to express SSL, SSC, SSE, SScL, SSEL) and SSr as a percent
age of SST. Figure 4 represents the 45 available results on a 
cumulative bar chart. Each bar gives, for each analysis, the por
tion of variability explained by these 6 sums of squares. The 
pattern is observed to be quite different from one analysis to 
another, and several conclusions can be drawn.
The SScL and SSEE sums of square are greater than the main 

factorial sums SSC and SSE. This demonstrates that the sample 
preparation step and the calculation method depend upon the 
laboratory. A nested model would even be better adapted, as 
the sums of squares explaining the calculation method and the 
sample preparation are expressed as:

SScale -  S S C + S S d

SSprep = SSE + S S el

Moreover, 4 groups of pattern are visible in Figure 4. Group 
I, in which 100 SSl/SSx is above 66%, has the most expected 
pattern, when no specific problem occurs and the main vari
ability source comes from the differences between apparatus, 
standardization curves, operators, etc. Group II contains 
interlaboratory analyses in which sample preparation was par
ticularly important; it groups heterogeneous products, such as 
nougat-filled chocolate and chocolate bar, that contain sticky

ingredients preventing a good mixing, and sweetened biscuit 
and “Rocher” cream, which are sensitive to sucrose inversion 
when heating time is poorly controlled. Group III contains the 
2 foods for which the calculation method was particularly im
portant, the orange syrup and nougat-filled chocolate. The last 
group, IV, groups analytes having a low level of concentration, 
close to the detection limit, which were analyzed by only a few 
laboratories. The maltose precision is often very poor because 
of its low response factor and its proximity to the sucrose peak.
Altogether, for 45 results, the average 100 SS^SSr is equal 

to 10.5%. This percentage is very near to that obtained for sample 
preparation. Therefore, the variability introduced by the calcula
tion method has the same importance as sample preparation.

Conclusion

This interlaboratory study demonstrated that LC can present 
an acceptable precision for most mono- and disaccharide anal
yses in foods, even when laboratories have variable equip
ment and sample matrixes are complex. For a concentration 
range varying from 1 to 30 g/100 g, the repeatability is gener
ally about 5% and the reproducibility about 10%.
Besides these satisfactory results, 6 different sources of vari

ation were characterized as the result of a more complex 
experimental design. This gives some clues for explaining the 
analytical difficulties encountered and indicates how they can 
be solved: by improvement of peak separation for analyte, such 
as maltose, by control of heat treatment for food products with 
high sucrose concentrations, etc.
The most striking result, however, consists in the impact of 

the method for calculating concentration on the final perfor
mance: the choice between peak area and peak height must be 
strictly considered. This must be emphasized, as it is generally 
neglected in many standards and official methods. Therefore, 
we consider that all methods based on chromatography that 
use computerized integrators must be checked, and guidelines 
must be issued to define which computation method is more 
suitable.
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T a b le  14 . R a w  d a ta  (g /1 0 0  g )  fo r  s w e e t  (S2)

A rea Height

Laboratory Sample preparation No. 1 Sample preparation No. 2 Sample preparation No. 1 Sample preparation No. 2

Fructose

3
4a 5.15 4.77 3.68 3.52 5.41s 5.19 4.25 4.13
6 0.40 0.38 0.40 0.38 0.46 0.47 0.43 0.45
9 0.47 0.58 0.48 0.62 0.47 0.51 0.52 0.55
11 0.60 0.59 — — 0.63 0.60 — —
12 0.75 0.75 0.60 0.60 0.80 0.80 0.65 0.65
15 0.85 0.90 0.90 0.91 0.44 0.59 0.60 0.52
16 0.66 0.60 0.63 0.57 0.94 0.58 0.82 0.72
17 0.52 0.54 0.57 0.51 0.47 0.44 0.45 0.49
18a 0.90 0.50 0.40 0.90 0.80 0.50 0.50 0.80
19 0.40 0.40 0.40 — 0.30 0.40 0.30 0.30
20 — — — — 7.30a 7.40 14.00 14.20

Glucose

3 2.75 2.58 2.17 2.21 2.88 2.93 2.46 2.40
4a 7.65 7.34 4.51 4.72 7.03* 6.79 6.08 6.12
6 2.87 2.96 2.84 2.64 3.05 3.14 3.08 2.96
9 3.23 3.11 3.23 3.16 3.44 3.36 3.50 3.455
11 3.23 3.04 — — 3.24 3.18 — —

12 3.50 3.65 3.65 3.70 3.55 3.55 3.30 3.45
15 3.90 3.92 3.63 3.23 2.99 3.04 3.26 3.31
16 3.92 4.39 4.36 4.27 4.53 4.77 5.10 4.86
17 3.06 3.03 3.37 3.00 3.14 3.05 3.20 3.06
18 3.20 2.80 3.00 4.10 3.30 3.00 3.00 3.50
19 3.70 4.00 3.20 2.50 3.30 3.50 3.20 2.70
20 — — — — 10.80a 10.60 17.30 17.60

Sucrose

3 49.57 49.43 49.63 48.65 45.12 45.87 45.96 44.05
4 42.19 43.04 43.64 43.22 40.38 40.58 41.34 41.43
6 49.53 51.02 50.01 51.03 53.42 54.41 54.38 54.50
9 54.65 56.62 56.04 55.62 52.17 51.58 51.665 52.34
11 50.97 50.65 — — 52.36 52.06 — —
12 48.15 47.20 48.00 47.60 51.10 50.00 50.40 49.95
15 54.12 54.50 52.30 54.70 54.77 54.39 53.02 53.08
16* 76.13 75.26 79.61 77.87 77.16* 77.39 79.20 78.73
17 53.08 52.22 52.69 52.97 51.23 50.87 51.62 51.84
18 51.40 54.90 56.70 53.50 51.60 53.50 53.00 52.70
19 54.70 54.80 54.50 54.70 51.70 53.70 54.50 53.10
20 — — — — 38.60a 38.50 25.40 25.30

Maltose

3 8.80 9.10 9.25 9.33 10.17 10.82 9.70 10.04
4a 10.16 14.36 11.33 12.94 9.20a 10.88 9.47 9.73
6 8.81 8.94 8.80 9.16 8.49 8.68 8.66 8.68
9 8.54 7.81 8.74 7.83 8.72 8.34 8.75 8.29

11 10.60 10.43 — — 9.42 9.33 — —
12 8.20 8.20 7.95 8.20 8.7C 8.70 8.55 8.80

15 8.22 8.38 7.93 9.06 8.46 8.29 7.96 8.58

16 12.04 12.17 12.24 11.78 12.23 12.06 12.64 12.41
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Table 14. C o n t in u e d

Area Height

Laboratory Sample preparation No. 1 Sample preparation No. 2 Sample preparation No. 1 Sample preparation No. 2

17 10.18 10.02 10.12 9.84 8.73 8.92 8.91 8.83
18 9.20 9.50 9.80 9.80 8.90 9.00 9.00 9.10
19 6.20 5.50 5.80 7.20 6.90 7.10 7.10 7.10
20 — — — — 10.00 9.80 9.40 9.30

s Outlying variance (Cochran test).
Outlying mean (Grubbs test).

Thumeries (France); Cacao Barry, Meulan (France); Centre de (France); Institut Français des Boissons de la Brasserie-
recherches Jean Thèves,BSN, Athis Mons (France); Centre Malterie, Vandoeuvre (France); Institut Scientifique d’Hygiène
Informatique sur la Qualité des Aliments, Paris (France); Alimentaire, Lonjumeau (France); Institut de Recherches des
Centre Technique de l’Union intersyndicale de la biscuiterie, Industries Sucrières,Villeneuve d’Ascq (France); Jacobs-
biscotterie et industries céréalières, Massy (France); DIEPAL- Suchard, Neuchâtel (Switzerland); Jocker, Macon (France); 
CREALIS, Brives (France); Générale Sucrière, FIT, Nassandre Laboratoire des Agriculteurs de France, Paris (France); Mars

Table 15. Raw data (g/100 g) for Rocher cream (S3)

Area Height

Laboratory Sample preparation No. 1 Sample preparation No. 2 Sample preparation No. 1 Sample preparation No. 2

Sucrose

3a 35.61 36.15 40.58 48.65 40.61a 41.78 41.15 44.05
4 42.05 40.84 40.76 42.35 38.55 38.12 38.44 38.44
6 39.04 39.76 39.80 39.91 40.43 41.52 41.92 41.76
9 39.05 37.60 37.47 38.54 41.46 40.90 41.13 41.29
11 41.91 40.73 — — 41.45 41.79 — —
12 36.85 37.65 38.40 37.80 38.50 38.75 39.05 39.00
15 42.21 41.89 42.04 42.30 42.09 41.46 42.36 42.08
16 42.65 41.74 41.35 41.43 42.57 42.24 42.19 42.20
17 41.92 41.97 41.36 41.30 41.67 41.81 40.88 41.17
18 46.60ù 42.40 42.40 42.20 42.90s 41.20 40.20 40.70
19 39.20 39.70 38.10 38.70 39.80 39.90 39.20 39.20
20 — — — — 40.90 41.10 40.40 40.80

Lactose

3 1.61 1.23 1.11 1.30 2.60a 2.10 1.60 0.60
4 3.75 3.71 2.81 2.45 3.67 3.21 3.26 2.65
6 2.43 2.47 2.36 2.26 2.31 2.36 2.36 2.32
9 2.75 2.24 2.84 2.28 2.54 2.34 2.60 2.54
11 1.87 1.82 — — 2.22 2.28 — —
12 2.40 2.55 2.45 2.20 2.40 2.55 2.50 2.30
15 2.38 2.70 2.68 2.72 3.15 3.01 2.82 2.92
16 2.32 2.34 2.43 2.22 2.62 2.51 2.33 2.28
17 2.16 2.12 2.29 2.17 2.35 2.31 2.42 2.21
18 3.10 3.10 2.80 2.60 2.60 2.60 2.50 2.40
19 2.20 2.70 3.30 2.00 2.20 2.90 3.10 2.60
20 — — — — 2.90 3.10 2.80 2.90

a Outlying variance (Cochran test). 
6 Outlier flagged for a replicate.



Bug ner  &  Feinb erg : Jo u rn al  Of A O A C  International  V o l . 75, N o. 3 ,1 9 9 2  457

Area Height

Laboratory Sample preparation No. 1 Sample preparation No. 2 Sample preparation No. 1 Sample preparation No. 2

T a b le  16. R a w  d a ta  (g /1 0 0  g) fo r  c h o c o la te  b a r  (S4)

Glucose

2 _ _ _ _ 7.40 7.50 7.40 7.40
3s 7.43 8.44 9.72 8.21 6.77 6.61 7.52 7.91
4 6.010 6.87 6.80 7.00 6.46 6.83 6.93 6.79
6 8.23 8.15 7.93 7.89 7.94 7.86 7.76 7.78
9 8.26 8.22 8.05 8.57 7.96 8.03 8.16 8.25
11 7.21 7.22 — — 7.38 7.42 — —
12s 7.70 8.10 8.10 8.60 7.90 7.90 7.50 7.75
15
16

8.08 8.30 8.10 8.50 8.57 8.85 8.52 8.01

17
18 7.90 7.20 8.00 7.40 6.60 6.40 7.60 7.60
19 8.50 7.20 9.50 10.40 7.30 7.10 8.60 8.70

Sucrose

2 — — — — 36.80 37.30 37.80 38.10
3 36.42 36.46 36.34 36.47 36.15 33.29 34.08 34.40
4 35.02 35.66 34.56 35.60 31.35b 34.83 34.77 34.65
6 37.22 37.28 36.92 36.74 38.66 37.86 37.77 37.86
9a 34.27 35.71 35.33 38.89 36.96 37.38 36.96 38.14
11 37.20 36.98 — — 37.57 37.69 — —
12 36.05 34.55 35.95 34.85 37.45 36.70 36.75 36.30
15
16

37.90 38.15 38.21 38.04 37.28 38.18 39.76 38.22

17
18 37.20 39.2 37.00 39.70 37.10 37.80 36.90 38.30
19 38.40 39.0 37.50 36.70 38.30 39.30 37.60 37.50

Maltose

2 — — — — 8.10 8.50 8.10 8.30
3 7.81 9.05 7.29 8.42 9.05 8.42 9.90 9.00
4s 8.52 9.26 11.37 12.20 7.65s 8.32 10.15 10.35
6 7.27 7.17 6.90 6.97 7.52 7.41 7.14 7.26
9 7.16 7.49 7.66 7.55 7.03 7.29 7.43 7.34
11 7.78 7.71 — — 7.63 7.66 — —
12 7.30 7.05 6.75 6.90 7.75 7.50 7.15 7.30
15 7.62 7.48 6.26 7.34 7.16 7.73 7.71 7.05

17 _ _ _ — — — — —

18 7.30 7.50 7.70 7.60 7.50 7.50 7.50 7.50
19 6.20 6.10 7.10 7.10 6.00 6.10 7.20 7.10

Lactose

2 _ 7.3C 7.70 7.40 7.40
3 6.82 7.72 7.14 7.27 6.62 6.10 7.53 7.06
4 9.48 10.40 14.756 10.07 7.67s 8.05 11.75 10.25

6 7.63 7.30 7.48 7.42 7.79 7.54 7.63 7.65

9 8.53 9.15 9.08 8.93 8.46 8.50 8.79 8.84

11 8.47 7.95 — — 8.2' 8.19 — —
12 8.20 7.80 7.65 7.75 8.25 8.00 7.85 7.90

15 8.05 8.20 7.53 7.89 7.84 7.95 8.90 8.10
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Tab le  16. C o n t i n u e d

Area Height

Laboratory Sample preparation No. 1 Sample preparation No. 2 Sample preparation No. 1 Sample preparation No. 2

16 _ _ _ — — — —

17 — — — — — — — —
18 8.00 8.40 8.40 8.40 7.90 8.10 8.00 8.10
19 8.20 7.90 6.80 7.50 8.10 7.80 7.00 7.60

a Outlying variance (Cochran test). 
b Outlier flagged for a replicate.

Tab le  17. S ta t is t ic a l re su lts  to r f ru c to se

Area

Product Unit D1 D2 D3 D4 D5 C1 C2 C3 S1 S2

Total laboratories 11 11 11 11 11 __ __ __ 9 10
Rejected laboratories 0 0 1 2 0 — — — 1 2

Mean (raw data) g/100g 0.893 0.745 2.770 3.349 21.317 — — — 2.490 0.994
Mean (without outliers) g/100 g — — 2.796 2.828 — — — — 2.282 0.585

sr (raw data) g/100g 0.073 0.051 0.113 1.049 0.638 — — — 0.247 0.285
r (raw data) g/100 g 0.206 0.143 0.321 2.969 1.805 — — — 0.699 0.806
RSCr (raw data) % 8.158 6.780 4.098 31.324 2.993 — — — 9.921 28.652
sR (raw data) g/100 g 0.153 0.122 0.214 1.536 3.106 — — — 0.759 1.241
R (raw data) g/100 g 0.434 0.345 0.607 4.347 8.789 — — — 2.148 3.511
RSDr (raw data) % 17.166 16.376 7.738 45.871 14.568 — — — 30.480 124.82

sr (without outliers) g/100 g 0.073 0.051 0.087 0.072 0.638 — — — 0.155 0.048
r (without outliers) g/100 g 0.206 0.143 0.246 0.203 1.805 — — — 0.438 0.136
RSDr (without outliers) % 8.158 6.780 3.103 2.532 2.993 — — — 6.790 8.194
sR (without outliers) g/100 g 0.153 0.122 0.182 0.171 3.106 — — — 0.455 0.169
R (without outliers) g/100 g 0.434 0.345 0.514 0.483 8.789 — — — 1.288 0.479
RSDr (without outliers) % 17.166 16.376 6.500 6.039 14.568 — — 19.954 28.959

Height

Total laboratories 10 10 10 10 10 8 8 6 10 11
Rejected laboratories 0 0 0 1 1 0 1 0 0 2

Mean (raw data) g/100 g 0.933 0.779 2.767 3.132 21.906 2.305 0.736 0.196 2.294 1.925
Mean (without outliers) g/100 g — — — 2.987 20.583 — 0.728 — — 0.557

sr (raw data) g/100 g 0.034 0.033 0.066 0.281 0.364 0.073 0.058 0.017 0.157 1.232
r (raw data) g/100 g 0.096 0.092 0.186 0.794 1.029 0.206 0.163 0.049 0.445 3.487
RSDr (raw data) % 3.640 4.174 2.376 8.951 1.660 3.157 7.843 8.934 6.860 64.023
sR (raw data) g/100 g 0.185 0.195 0.273 0.754 4.560 0.334 0.079 0.071 0.500 3.431
R (raw data) g/100 g 0.523 0.552 0.772 2.135 12.905 0.946 0.224 0.201 1.415 9.710
RSDr (raw data) % 19.817 25.047 9.854 24.086 20.816 14.508 10.727 36.377 21.799 178.27

sr (without outliers) g/100 g 0.034 0.033 0.066 0.043 0.375 0.073 0.047 0.017 0.157 0.092
r (without outliers) g/100 g 0.096 0.092 0.186 0.121 1.060 0.206 0.134 0.049 0.445 0.261
RSDr (without outliers) % 3.640 4.174 2.376 1.431 1.819 3.157 6.332 8.934 6.860 16.540
sR (without outliers) g/100 g 0.185 0.195 0.273 0.595 2.088 0.334 0.064 0.071 0.500 0.165
R (without outliers) g/100 g 0.523 0.552 0.772 1.684 5.908 0.946 0.180 0.201 1.415 0.467
RSDr (without outliers) % 19.817 25.047 9.854 9.922 10.143 14.508 8.504 36.377 21.799 29.594
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T a b le  18 . S ta t i s t i c a l  r e s u l t s  fo r  g lu c o s e

A rea

Product Unit D1 D2 D3 D4 D5 C1 C2 C3 S1 S2 S4

Total laboratories 11 11 11 11 11 _ _ _ 9 11 9
Rejected laboratories 0 1 0 1 1 — — — 1 1 2

Mean (raw data) g/l00g 2.081 2.141 2.819 3.012 26.304 — — — 3.386 3.555 7.994
Mean (without outliers) g/100g — 2.157 — 2.855 26.178 — — — 2.527 3.292 7.784

sr (raw data) g/100g 0.128 0.110 0.127 0.433 1.867 — — — 1.390 0.610 0.638
r (raw data) g/100g 0.361 0.310 0.358 1.224 5.284 — — — 3.934 1.726 1.805
RSDr (raw data) % 6.128 5.122 4.487 14.363 7.098 — — — 41.051 17.152 7.978
sR (raw data) g/100 g 0.222 0.213 0.262 0.662 2.342 — — — 2.829 1.108 0.865
R (raw data) g/100g 0.628 0.604 0.742 1.874 6.627 — — — 8.007 3.135 2.448
RSDr (raw data) % 10.660 9.963 9.305 21.986 8.903 — — — 83.566 31.154 10.820

sr (without outliers) g/100 g — — — — — — — — 0.329 0.336 0.307
r (without outliers) g/100 g 0.361 0.225 0.358 0.384 3.524 — — — 0.932 0.951 0.870
RSDr (without outliers) % 6.128 3.693 4.487 4.750 4.757 — — — 13.026 10.209 3.950
sR (without outliers) g/100 g 0.222 0.207 0.262 0.266 2.291 — — — 0.692 0.581 0.665
R (without outliers) g/100 g 0.628 0.587 0.742 0.753 6.484 — — — 1.957 1.643 1.882
RSDr (without outliers) % 10.660 9.621 9.305 9.315 8.753 — — — 27.360 17.637 8.545

Height

Total laboratories 10 10 10 10 10 8 8 6 10 12 10
Rejected laboratories 0 0 0 1 0 1 1 1 0 2 0

Mean (raw data) g/100 g 2.102 2.160 2.804 2.980 26.519 1 199 0.653 0.226 2.754 4.545 7.604
Mean (without outliers) g/100 g — — — 2.878 — 1 241 0.641 0.218 — 3.335 —

sr (raw data) g/100 g 0.064 0.067 0.092 0.033 0.734 0.065 0.064 0.039 0.205 1.181 0.430
r (raw data) g/100 g 0.181 0.191 0.260 0.092 2.077 0.183 0.180 0.111 0.580 3.341 1.217
RSDr (raw data) % 3.051 3.124 3.280 1.044 2.768 5.391 9.730 17.398 7.437 25.980 5.654
sR (raw data) g/100 g 0.177 0.141 0.302 0.746 4.488 0.204 0.111 0.125 0.829 3.409 0.651
R (raw data) g/100 g 0.501 0.398 0.855 2.111 12.701 0.578 0.315 0.355 2.345 9.648 1.843
RSDr (raw data) % 8.414 6.512 10.771 24.022 16.923 17.046 17.039 55.505 30.087 75.011 8.564

sr (without outliers) g/100 g 0.064 0.067 0.092 0.218 0.734 0.064 0.031 0.017 0.205 0.197 0.430
r (without outliers) g/100 g 0.181 0.191 0.260 0.616 2.077 0.181 0.087 0.047 0.580 0.557 1.217
RSDr (without outliers) % 3.051 3.124 3.280 7.301 2.768 5.150 4.821 7.559 7.437 5.899 5.654
sR (without outliers) g/100 g 0.177 0.141 0.302 0.488 4.488 0.117 0.104 0.130 0.829 0.605 0.651
R (without outliers) g/100 g 0.501 0.398 0.855 1.380 12.701 0.332 0.294 0.368 2.345 1.711 1.843
RSDr (without outliers) % 8.414 6.512 10.771 16.365 16.923 9.438 16.192 59.824 30.087 18.133 8.564
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T a b le  19. S ta t i s t i c a l  r e s u l t s  fo r  s u c r o s e

A rea

Product Unit D1 D2 D3 D4 D5 C2 C3 S1 S2 S3 S4

Total laboratories 11 11 11 11 10 — — 9 11 11 9
Rejected laboratories 0 0 2 0 3 — — 1 1 1 1

Mean (raw data) g/100 g 4.835 6.218 3.982 3.053 1.877 — — 41.331 53.741 40.547 36.808
Mean (without outliers) g/100 g — — 3.674 — 0.799 — — 41.475 51.269 40.415 36.909

sr (raw data) g/1 oo g 0.136 0.182 0.184 0.152 1.132 — — 1.028 1.083 2.062 0.969
r (raw data) g/1 oo g 0.386 0.516 0.520 0.429 3.203 — — 2.910 3.066 5.835 2.742
RSDr (raw data) % 2.822 2.932 4.618 4.965 60.294 — — 2.488 2.016 5.085 2.632
sR (raw data) g/1 oo g 0.542 0.427 1.107 0.520 2.267 — — 1.729 8.882 2.549 1.441
R (raw data) g/100 g 1.534 1.207 3.133 1.471 6.416 — — 4.894 25.136 7.213 4.078
RSDh (raw data) % 11.212 6.862 27.798 17.030 120.778 — — 4.184 16.528 6.286 3.915

sr (without outliers) g/100 g 0.136 0.182 0.136 0.152 0.174 — — 0.510 0.949 0.581 0.725
r (without outliers) g/100 g 0.386 0.516 0.386 0.429 0.492 — — 1.443 2.687 1.643 2.052
RSDr (without outliers) % 2.822 2.932 3.616 4.965 21.759 — — 1.230 1.852 1.437 1.964
sR (without outliers) g/100 g 0.542 0.427 0.445 0.520 0.263 — — 1.593 4.046 1.839 1.373
R (without outliers) g/100 g 1.534 1.207 1.259 1.471 0.744 — — 4.509 11.451 5.204 3.885
RSDr (without outliers) % 11.212 6.862 11.778 17.030 32.895 — — 3.841 7.892 4.550 3.719

Height

Total laboratories 10 10 10 10 9 8 8 10 12 12 10
Rejected laboratories 0 0 1 0 0 0 0 2 2 2 2

Mean (raw data) g/100 g 4.794 6.153 3.881 3.190 1.051 16.429 33.173 40.400 51.304 40.850 36.943
Mean (without outliers) g/100 g — — 3.711 — — — — 41.321 50.518 40.698 37.677

sr (raw data) g/100 g 0.216 0.096 0.085 0.065 0.247 0.807 0.447 1.430 2.374 0.657 0.900
r (raw data) g/100 g 0.611 0.271 0.240 0.183 0.699 2.285 1.266 4.048 6.718 1.858 2.546
RSDr (raw data) % 4.504 1.556 2.187 2.024 23.485 4.915 1.348 3.540 4.627 1.607 2.436
sR (raw data) g/100 g 0.519 0.398 0.753 0.549 0.381 1.309 3.442 2.569 11.131 1.411 1.753
R (raw data) g/100 g 1.469 1.127 2.131 1.555 1.077 3.705 9.740 7.271 31.501 3.994 4.962
RSDr (raw data) % 10.823 6.472 19.406 17.224 36.191 7.969 10.375 6.359 21.697 3.455 4.746

sr (without outliers) g/100 g 0.216 0.096 0.071 0.065 0.247 0.807 0.447 0.425 0.889 0.362 0.661
r (without outliers) g/100 g 0.611 0.271 0.202 0.183 0.699 2.285 1.266 1.202 2.517 1.024 1.871
RSDr (without outliers) % 4.504 1.556 1.924 2.024 23.485 4.915 1.348 1.028 1.753 0.889 1.754
sR (without outliers) g/100 g 0.519 0.398 0.380 0.549 0.381 1.309 3.442 1.895 6.081 1.410 0.769
R (without outliers) g/100 g 1.469 1.127 1.075 1.555 1.077 3.705 9.740 5.362 17.209 3.991 2.175
RSDr (without outliers) % 10.823 6.472 10.232 17.224 36.191 7.969 10.375 4.585 11.987 3.465 2.040
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T a b le  2 0 . S ta t i s t i c a l  r e s u l t s  fo r  m a l to s e

Area

Product Unit D1 D2 D4 D5 C1 C2 S2 S4

Total laboratories 7 7 6 10 ____ ____ 11 9
Rejected laboratories 1 0 0 0 — — 1 1

Mean (raw data) g/100g 0.531 0.627 0.305 5.193 — — 9.344 7.673
Mean (without outliers) g/100g 0.468 — — — — — 9.044 7.318

sr (raw data) g/100 g 0.204 0.154 0.055 1.195 — — 0.670 0.729
r (raw data) g/100 g 0.577 0.437 0.156 3.383 — — 1.896 2.063
RSDr (raw data) % 38.450 24.672 18.029 23.019 — — 7.168 9.499
sR (raw data) g/100 g 0.245 0.168 0.151 1.553 — — 1.882 1.287
R (raw data) g/100 g 0.693 0.475 0.428 4.395 — — 5.327 3.643
RSDr (raw data) % 46.164 26.803 49.580 29.906 — — 20.142 16.777

s, (without outliers) g/l00g 0.102 0.154 0.055 1.195 — — 0.367 0.441
r (without outliers) g/100g 0.289 0.437 0.156 3.383 — — 1.039 1.248
RSDr (without outliers) % 21.840 24.672 18.029 23.019 — — 4.060 6.028
sR (without outliers) g/100 g 0.112 0.168 0.151 1.553 — — 1.622 0.610
R (without outliers) g/100 g 0.317 0.475 0.428 4.395 — — 4.591 1.725
RSDr (without outliers) % 23.932 26.803 49.580 29.906 — — 17.936 8.328

Height

Total laboratories 7 7 6 10 8 7 12 10
Rejected laboratories 0 0 0 0 2 1 1 1

Mean (raw data) g/100 g 0.516 0.608 0.333 5.057 3.322 0.403 9.192 7.771
Mean (without outliers) g/100 g — — — — 3.323 0.371 9.132 7.613

sr (raw data) g/100 g 0.161 0.067 0.027 0.605 0.218 0.078 0.313 0.554
r (raw data) g/100 g 0.456 0.191 0.076 1.712 0.616 0.221 0.887 1.567
RSDr (raw data) % 31.210 11.134 8.029 11.964 6.557 19.411 3.410 7.123
sR (raw data) g/100 g 0.187 0.087 0.160 1.263 0.269 0.241 1.335 0.960
R (raw data) g/100 g 0.528 0.246 0.454 3.575 0.762 0.681 3.777 2.716
RSDr (raw data) % 36.134 14.331 48.225 24.986 8.109 59.781 14.518 12.349

s, (without outliers) g/100 g 0.161 0.067 0.027 0.605 0.050 0.059 0.234 0.358
r (without outliers) g/100 g 0.456 0.191 0.076 1.712 0.141 0.166 0.663 1.013
RSD, (without outliers) % 31.210 11.134 8.029 11.964 1.498 15.780 2.566 4.703
sR (without outliers) g/l00g 0.187 0.087 0.160 1.263 0.226 0.214 1.372 0.783
R (without outliers) g/l00g 0.528 0.246 0.454 3.575 0.640 0.607 3.883 2.215
RSDr (without outliers) % 36.134 14.331 48.225 24.986 6.810 57.831 15.025 10.281
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Tab le  21. S ta t is t ic a l re su lts  fo r la c to se

Area

Product Unit C2 C3 S1 S3 S4

Total laboratories __ __ 9 11 9
Rejected laboratories — — 0 0 1

Mean (raw data) g/100g — — 6.654 2.410 8.302
Mean (without outliers) g/100g — — — — 7.919

sr (raw data) g/100 g — — 0.900 0.316 0.894
r (raw data) g/iOOg — — 2.547 0.895 2.529
RSDr (raw data) % — — 13.526 13.123 10.763
sR (raw data) g/100 g — — 1.501 0.565 1.446
R (raw data) g/100 g — — 4.249 1.598 4.093
RSDr (raw data) % — — 22.565 23.426 17.421

sr (without outliers) g/100 g — — 0.900 0.316 0.336
r (without outliers) g/100 g — — 2.547 0.895 0.951
RSDr (without outliers) % — - 13.526 13.123 4.243
Sr (without outliers) g/100 g — — 1.501 0.565 0.621
R (without outliers) g/100 g — — 4.249 1.598 1.757
RSDr (without outliers) % — — 22.565 23.426 7.840

Height

Total laboratories 8 7 10 12 10
Rejected laboratories 0 1 0 1 1

Mean (raw data) g/100 g 2.546 0.368 6.412 2.540 8.001
Mean (without outliers) g/100 g — 0.361 — 2.618 7.826

sr (raw data) g/100 g 0.159 0.065 0.589 0.320 0.687
r (raw data) g/100 g 0.450 0.185 1.666 0.906 1.943
RSDr (raw data) % 6.249 17.768 9.180 12.606 8.582
sR (raw data) g/100 g 0.464 0.101 0.835 0.478 0.942
R (raw data) g/100 g 1.314 0.287 2.364 1.354 2.666
RSDr (raw data) % 18.232 27.551 13.029 18.841 11.775

sr (without outliers) g/100 g 0.159 0.019 0.589 0.205 0.336
r (without outliers) g/100 g 0.450 0.055 1.666 0.579 0.950
RSDr (without outliers) % 6.249 5.385 9.180 7.818 4.290
Sr (without outliers) g/100 g 0.464 0.085 0.835 0.352 0.608
R (without outliers) g/100 g 1.314 0.240 2.364 0.996 1.721
RSDr (without outliers) % 18.232 23.499 13.029 13.445 7.771
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Fourteen Nordic laboratories participated In an In- 
terlaboratory study of microorganisms In raw 
minced meat. After 2 preliminary collaborative eval
uations of 20 and 6 prepared direct epifluorescent 
filter technique (DEFT) slides, the equipment and 
the counting technique were adjusted and stan
dardized. In the following third and final trial, the 
laboratories examined 10 samples in duplicate. A 
special model was developed for homogenization, 
preservation, and transport of raw minced meat 
within 24 h. Test microorganisms were those pres
ent naturally In the meat. The participating labora
tories received Identical samples In duplicate at 10 
counting levels. The results indicated a coefficient 
of variation of 15% by Interlaboratory counting of 
26 prepared DEFT slides. By examining samples of 
raw minced meat for microorganisms showing any 
degree of orange fluorescence, the repeatability 
and the reproducibility were 0.41 and 0.78, respec
tively. The repeatability standard deviation (sr) was
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0.14, and the reproducibility standard deviation (s r )  

was 0.27. The study demonstrated that DEFT Is a 
dependable method for quantitation of microorga
nisms in raw minced meat. Precision of DEFT was 
in agreement with Nordic Committee on Food Anal
ysis standard deviation values used In the Nordic 
countries for plate-count quality control.

T he direct epifluorescent filter technique (DEFT) is a rapid 
method for the quantitation of microorganisms in foods 
such as milk, meat, poultry and poultry products, fish 

and fish products, fruit and vegetables, beer and wine, and ir
radiated foods and water. The method was used in an inter
laboratory study for examination of raw minced meat, and it 
provided information within 30 min.

Pettipher (1) developed the method especially for milk ex
amination. In the Nordic countries, DEFT was tested mostly on 
solid foods, especially raw minced meat. The Environmental 
and Food Control Unit (MLK) in Odense, Denmark, tested this 
technique by an in-house validation study (2). MLK elaborated 
a draft standard for the Nordic Committee on Food Analysis 
(NMKL) for detection of microorganisms in raw minced meat. 
Pettipher et al. (3) conducted a collaborative trial, and Neaves 
et al. (4) conducted an interlaboratory trial using milk samples 
to obtain information about repeatability and reproducibility of 
the method and the relationship between DEFT count and plate 
count. In these 2 studies, 6 and 8 laboratories participated, but 
no determination was made on meat samples.
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The purpose of the present study was to determine the re
peatability and the reproducibility of DEFT, with raw minced 
meat as test material, by collaborative testing with reference to 
an official NMKL standard (5) for quantitation of microorga
nisms in raw minced meat. NMKL is an independent agency 
that has been developing official chemical and microbiological 
methods that are widely used in the Nordic countries. It works 
in close cooperation with AOAC International. The study was 
designed according to International Standard ISO 5725 for pre
cision of test methods (6).

Collaborative Study

Different types of laboratories were invited and selected 
through personal contacts. Fourteen Nordic laboratories partic
ipated in this interlaboratory study: 3 each from Finland, Nor
way, and Sweden, and 5 from Denmark. Each laboratory had 
an operator and a study coordinator or supervisor. The General 
Referee and the Nordic panel familiar with the test method 
planned the experiment. The Associate Referee was responsi
ble for the following: selection of the method, organization of 
all facets of the study, sample preparation and distribution, con
duct of the collaborative study, evaluation of results, and prep
aration of the final report. The study was intended for 
international consideration.

Preparation o f Test Material

In a collaborative study, the participating laboratories must 
receive identical homogeneous test material. Thus, a special 
model for homogenization, preservation, and transportation of 
raw minced meat within 24 h was developed in a pilot study. 
Two collaborators took part in this pilot study. Test organisms 
used were those naturally present in the meat.

Because bacteria in raw minced meat are not uniformly dis
persed, 7 samples of a total of 3 kg were further minced and 
mixed twice for 10 min to investigate and attain the highest 
obtainable level of homogeneity. All of the 10 g samples (a 
total of 105) were examined by visual DEFT count, semiauto
matic DEFT count, and plate count. The 2 latter parameters 
were included only for development and evaluation of the ho
mogenization procedure in the preparation study. The model 
for homogenization of raw minced meat was tested 7 times at 
the laboratory of the Associate Referee before the collaborative 
study was performed. DEFT count of the meat samples was 
between 106 and 108/g.

Preservation, Packaging, and Transportation

Deep freezing at -20°C was chosen for preservation. No 
sample was stored for more than 10 weeks, and all parallel sam
ples were frozen in exactly the same period. Deep freezing did 
not affect total DEFT count, which was demonstrated when 
the preservation model was developed (data not shown). The 
purpose was to maintain the bacteria at identical levels in 
all samples from the homogenization stage to delivery at the 
participating laboratories. The freezing treatment did not affect 
DEFT assay, e.g., the acridine orange staining. This was dem

onstrated by the visual impression in the microscope field of 
view when 35 samples of meat were examined, first unfrozen 
and then after frozen storage.

The transportation model was developed after numerous ex
periments. The package consisted of a specially designed poly
styrene container containing 6 freezing elements. Thirty meat 
samples packed in homogenization bags and a tube containing 
glycol (for determining temperature at receiving time) were put 
into each container and the containers were closed. A prechilled 
thermometer was to be used when reading the temperature in 
the container on receipt.

The containers were delivered by the local postal service 
and the air delivery service within 26 h from the time they left 
the laboratory of the Associate Referee. All samples were re
ceived in frozen condition. Detailed instructions of the proce
dure for thawing and DEFT treatment were enclosed. Advance 
instructions emphasized that all laboratories must start the ex
aminations on the same day at 10 a.m.

Trial 1: Counting Prepared DEFT Slides

In Trial 1, 2 identical sets of 10 coded, prepared DEFT 
slides, together with a nonfluorescing microscopy oil, were cir
culated among the laboratories, which had been divided into 2 
groups. The first group, Laboratories 1-8, consisted of 8 
laboratories representing Denmark and Sweden, and the sec
ond group, Laboratories 9-14, consisted of 6 laboratories rep
resenting Norway and Finland. This part of the collaborative 
study was intended to familiarize the participants with the ma
terials and methods. The slides circulated were made with 
different bacterial levels. The purpose was to test whether the 
participating laboratories were able to obtain identical counts 
for orange fluorescing DEFT units in the same preparation.

Trial 2: Standardization o f Counting DEFT Units

The results of Trial 1 show that the laboratories did not per
form the counting exactly in the same way. The visual distinc
tion between orange, weak orange, and orange-yellow 
fluorescing bacteria was difficult when the laboratories were 
asked only to count orange fluorescing DEFT units. Therefore, 
a second trial including 6 coded, prepared DEFT slides was 
performed. The same material was circulated among all 13 
participating laboratories. One laboratory (No. 10) was omitted 
because of time constraints. In contrast to the first trial, 2 
groups of DEFT units were counted separately. One group con
sisted of orange fluorescing bacteria, the other of weak orange 
and orange-yellow fluorescing microorganisms. After that, 
the 2 separate DEFT counts were added, giving a total DEFT 
count. A nonfluorescing microscopy oil was sent, together with 
DEFT slides, to be used also in Trial 2. The results of the 2 
preliminary collaborative evaluations of a total of 26 prepared 
DEFT slides were used when the equipment and counting tech
niques were adjusted and standardized.

Trial 3: Examination o f Raw Minced Meat by DEFT

In the third and final trial, the Associate Referee sent 12 
laboratories (No. 12 had no filtration equipment) the test 
material, consisting of 10 coded samples of frozen minced
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meat (beef and pork) in triplicate (A, B, and C). Each sample 
was weighed (10 g) into double bags consisting of an outer 
stomacher bag and an inner nylon filter mesh bag. On receipt 
of the samples, each collaborator was instructed to examine 10 
samples of different bacterial levels in duplicate (A and B) (7). 
The 10 pairs of samples were selected so that there would be 
different numbers of DEFT units in the field of view. The av
erage levels were 34, 97,34,12,20,19,145,21, 8, and 27 per 
field. If an accident happened at any laboratory, the additional 
C sample was to be used (7). Blank DEFT slides for a negative 
control were included in the test. The laboratory of the Associ
ate Referee had extra complete sets of test samples. Collective 
weighing in double bags was chosen to assure homogeneous 
sample volumes and to prevent drip by thawing. If the number 
of DEFT units per field was higher than 100, collaborators 
were instructed not to return to the prefiltered sample and per
form a new dilution. In one sample, the counting level was 
selected to be higher than 100. To serve as a positive control, 
specially prepared DEFT slides from Trial 2 were used and a 
color picture with DEFT units was enclosed to serve as guide
lines for the counting. Each trial of the collaborative study was 
performed during a 1-month period for a total of 3 months.

Direct Rapid Epifluorescent Filter Method 
for Assessing the Quality of Raw, Minced Meat

Principle

A known volume of sample is pretreated with an enzyme, 
trypsin, and a surfactant, Triton X-100. The pretreated sample 
is filtered through a membrane filter with an underpressure not 
exceeding 25 mm Hg to concentrate the microorganism on the 
filter. These microorganisms are stained with a fluorochrome, 
acridine orange (AO), and counted in a fluorescence micro
scope. Microorganisms cause orange and orange-yellow flu
orescence under illumination with blue light at 450-490 nm 
because AO molecules are bound as a polymer to single chains 
of ribonucleic acid in actively dividing microorganisms but 
are bound as monomers to the double helix of deoxyribonu
cleic acid in inactive and dead microorganisms. The monomer 
shows green fluorescence. DEFT count per gram of minced 
meat is calculated by using the microscope factor. The total 
count of viable microorganisms (DEFT units) is defined as the 
total number of separate orange, weak orange, and orange- 
yellow fluorescing microorganisms together with chains and 
clumps of such microorganisms.

Apparatus and Glassware

(a) A ppara tus fo r  m em brane filtra tion  o f  suspensions.— 
Use filtration equipment of stainless steel or glass; bottom filter 
of sintered glass or stainless steel with a diameter of 25 mm; 
filter tower volume at least 10 mL.

(b) E quipm ent fo r  prefiltration  o f  sam ples.—Autoclavable 
filter holders, 25 mm diameter.

(c) E quipm ent fo r  sterile  filtration  o f  reagents.—Filter fun
nel with suitable suction flask.

(d) Membrane filters.—White polycarbonate filter, 25 mm 
diameter, 0.4 pm pore size.

(e) Prefilters.—Polypropylene, 25 mm diameter, 10 pm 
pore size.

(f) Filters for sterile filtration.—Cellulose ester filters, or 
equivalent, 30 and 47 mm diameter, 0.2 pm pore size.

(g) Microscope.—Fluorescence microscope with suitable 
filter combination.

(h) Optics.— lOOx oil-immersion objective and lOx ocular 
magnification.

(i) Slides.—Microscope slides, 76 x 26 mm.
(j) Slips.—Cover slips, 50 x 25 mm thickness, correspond

ing to requirements of objective.
(k) Immersion oil.—Nonfluorescing oil, refractive index 

1.515-1.518.
(l) Stage micrometer.—Micrometer slide for measuring di

ameter of the microscope field, 0.01 mm.
(m) Homogenization equipment.—Homogenizer of stom

acher type, with sterilized plastic homogenization bags con
taining prefiltration bags of polyamide, for example, with a 
mesh size of ca 1 mm2. The prefiltration bag should be 2 cm 
narrower and ca 10 cm longer than the plastic bag.

(a) Water bath.— Suitable for incubating samples at 50 
±1°C.

(o) Syringes with plastic tubes.—Disposable syringes, 
10 mL, supplied with a 15 cm plastic tube.

Reagents and Diluents

(a) Diluent.—Dissolve 8.5 g sodium chloride and 1.0 g 
peptone in 1000 mL water, pH 7.2 ±0.1 at 20°C, and autoclave 
15 min at 121 ±1°C.

(b) Buffer, pH 3.0.— 100 mL 0.1M citric acid and 54 mL 
0.1M sodium hydroxide, adjusted to pH 3.0 ±0.2 and then ster- 
ile-filtered.

(c) Buffer, pH 6.6.—35.5 mLO.lM citric acid and 100 mL 
0.1M sodium hydroxide, adjusted to pH 6.6 ±0.2.

(d) Acridine orange (AO) solution.—Dissolve 0.025 g AO 
in 100 mL buffer, pH 6.6, and filter. Concentrated AO solution 
is also commercially available (DEFT buffered acridine orange 
concentrate, Difco Laboratories, Detroit, MI 48232) and is rec
ommended because AO is regarded as a mutagenic substance.

(e) Enzyme.—Rehydrate desiccated tryptic enzyme (Bacto 
Trypsin, Difco) with 10 mL sterile distilled water and sterile- 
filter [tryptic activity equivalent to 5% trypsin solution (1 + 
250), Difco]. Dispense 0.5 mL portions in sterile, capped tubes 
and store in deep freeze if not used the same day.

(f) Surfactant.—Mix Triton X-100 (E. Merck, Darmstadt, 
Germany) with warm (80°C) distilled water in 3 concentra
tions: 0.1% (v/v) and 0.5% (v/v) as pretreatment reagents, and 
1% (v/v) as cleaning solution; sterile-filter.

(g) Distilled, sterile-filtered water.
(h) Isopropanol, 95% (v/v).

Pretreatment for DEFT Slide Preparation

Measure 90 mL diluent into bag containing 10 g meat and 
homogenize 30 s. Withdraw 20 mL sample suspension from 
aqueous phase between plastic bag and filter bag, using pipet,
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and centrifuge 30 s at 100 x g. Transfer supernatant to syringe 
supplied with plastic tube and further prefilter through 10 pm 
filter mounted in filter holder placed on syringe. Collect pre
filtered sample and examine further. Treat 2 mL sample with 
0.5 mL trypsin solution and 2 mL 0.5% Triton X-100 by mix
ing 5 s with Whirlmixer. Cap mixture immediately, and incu
bate 10 min in 50°C water bath. Use sterile-filtered water for 
control instead of sample.

Membrane Filtration

Clean polycarbonate membrane filtration equipment for 
sample suspensions by filtering 3 times with prewarmed, ster
ile-filtered 1% Triton X-100 and rinse by filtering 3 times with 
boiling water. Mount 0.4 pm white polycarbonate filter with 
shiny side up in filtration equipment. Rinse filtration tower and 
prewarm by filtering 5 mL warmed 0.1% Triton X-100 before 
filtering pretreated sample. Rinse emptied test tube with 5 mL 
prewarmed 0.1% Triton X-100 and filter this solution. Clean 
filtration columns between treatments of different samples.

Staining Membranes

Transfer 2 mL AO to filtration tower and leave on mem
brane 2 min. Apply vacuum and suck off staining solution. 
Maintain vacuum and immediately rinse membrane with 2 mL 
pH 3.0 buffer. Finally, rinse membrane by rapid filtration with 
2 mL isopropanol. Rinsing with isopropanol must be done rap
idly to avoid decolorizing microorganisms.

Mounting Membranes on Slides

Disconnect vacuum, remove membrane with pair of for
ceps, and dry in air. Place drop of immersion oil in middle of 
microscope slide. Place filter on center of oil drop with shiny 
side up, then place slightly smaller drop of immersion oil on 
membrane and put cover slip on oiled membrane. Reduce 
thickness of oil layer by pressing cover slip against slide. DEFT 
slide is now ready for examination. Slides can be stored at least 
2 months at room temperature in dark.

Criteria for Counting DEFT Units

(a) Visual counting.—Use cross-ruled ocular or an ocular 
divided into squares for visual counting.

(b) Microorganisms.—Do not count visually orange, weak 
orange, and orange-yellow fluorescing particles that cannot be 
identified as microorganisms.

(c) Green fluorescence.—Do not count green fluorescing 
DEFT units. If visual field is fluorescing green in preparation 
dominated by orange and orange-yellow DEFT units, do not 
count green fluorescing field.

(d) Membrane periphery.—Do not place objective too near 
outside of slide. Perform count inside membrane area exposed 
to filtered sample.

(e) Microscope field periphery.—Count DEFT units ap
pearing in periphery of microscope field only if either whole 
solitary microorganism or at least 1 microorganism as part of 
cluster or chain is visible.

(f) Fading.—To keep slides from fading, illuminate prepa
ration only for period needed for examination.

Counting DEFT Units

Examine preparations in fluorescence microscope with suit
able filter combination, using lOOx oil-immersion objective. 
Place droplet of immersion oil on cover slip. Count orange, 
weak orange, and orange-yellow fluorescing microorganisms 
(DEFT units) in randomly chosen microscope fields. Number 
of fields counted per preparation will vary due to different 
numbers of DEFT units in fields. For less than 20 units, count 
20 cells. If number of DEFT units in field varies from 20 to 100, 
count 10 fields. In this study, 1 sample containing more than 
100 DEFT units per field was counted. If, in routinely used 
DEFT procedure, the number of DEFT units is more than 100 
per field, prepare higher dilution of prefiltered sample and re
peat procedure.

Count each separate microorganism or group of microorga
nisms separated from one another by less than twice the small
est diameter of microorganisms as 1 DEFT unit. Count clumps 
and chains and separate microorganisms of different morphol
ogy as different DEFT units, even for microorganisms less than 
2 cell-diameters apart from each other.

Reporting Results

Calculate DEFT count (X)/g of raw minced meat by multi
plying mean number of DEFT units in microscope fields exam
ined (N/n) by dilution factor (DF) and microscope factor (MF):

X  = (N x MF  x DF)/n

where N  is sum of counted DEFT units in n microscope fields; 
n is number of microscope fields examined; MF is microscope 
factor=FA/(MF x V); FA is area of membrane filter; MA is area 
of microscope field of view; and V  is volume of sample.

Give result as DEFT count per gram of raw minced meat to 
2 significant figures; round off to nearest multiple of 10.

Results and Discussion

Microscope Factor

The objective of this study was to determine the repeatabil
ity and reproducibility of DEFT under routine laboratory con
ditions. Laboratories were responsible for purchasing their own 
equipment, and this resulted in different combinations of mi
croscopes, filter funnels, etc. However, 10 laboratories had the 
same brand of microscope. The microscope factor varied from 
40 000 to 75 000 in Trial 1 and from 40 000 to 60 000 in the 
second and final trials.

Preliminary Trials

In planning the collaborative study, we decided to perform 
a preliminary trial in which each participating laboratory was 
instructed to count 10 DEFT slides prepared in the Associate 
Referee’s laboratory. The purpose was to test the ability of the 
collaborators to obtain identical counts of orange fluorescing 
DEFT units in the same preparation. The results of Trial 1 
demonstrated that the laboratories did not perform the counting 
technique in exactly the same way. The visual distinction 
between orange, weak orange, and orange-yellow fluorescing
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DEFT units was especially difficult when the laboratories were 
asked only to count orange fluorescing DEFT units as viable 
bacteria. Green fluorescing DEFT units should not be counted, 
but in some fields of view, weak orange and orange-yellow 
fluorescing bacteria could occur together with orange fluoresc
ing bacteria.

For both of the 2 identically prepared sets in Trial 1, each 
with 10 DEFT slides, a statistical analysis of variation was 
made from data of DEFT counts to test the difference between 
average DEFT counts of the 2 laboratory groups. At a proba
bility level of 95%, an average DEFT count without significant 
difference was found for 7 of the sets of DEFT slides. For 3 sets, 
the average DEFT count was significantly lower for laboratory 
group 9-14 than for laboratory group 1-8 (data not shown).

On the basis of results of Trial 1, a second trial was con
ducted in which all collaborators counted the same 6 prepared 
DEFT slides. In Trial 2, the participants were instructed to 
count orange fluorescing DEFT units separately from weak or
ange and orange-yellow DEFT units. In addition, the instruc
tion for counting DEFT units was further defined. More 
uniform results were obtained by the collaborators when the 2 
separate counts were added together.

Stability Test o f DEFT Slides

To evaluate the stability of the prepared DEFT slides, the set 
circulated among Laboratories 1-8 was counted visually in the 
Associate Referee’s laboratory both before and after it was cir
culated among the collaborators. This investigation showed 
that the prepared slides did not change during circulation.

Homogenization Model

In Trial 3, the samples of minced meat were homogenized 
to disperse the microorganisms uniformly. The samples were 
minced and mixed twice and were examined 5 times after each 
preparation. By following this procedure and repeating it many 
times, we found that the difference between maximum and 
minimum DEFT count could not be improved beyond log 0.22 
when the same sample was examined 5 times in the Associate 
Referee’s laboratory, using repeatability conditions of ISO 
5725 (6). The result can be estimated as good for naturally con
taminated minced meat samples (data not presented).

Pretreatment

In this study, several pretreatment steps were used to pre
pare DEFT slides with high fluorescence signal from microor
ganisms and minimum noise from fluorescing meat particles. 
The purpose of the pretreatment was to transfer all microorga
nisms of the meat sample to an aqueous solution suitable for 
membrane filtration. After the homogenization, 20 mL sample 
suspension was withdrawn with a pipet, but the elimination of 
clogging problems from food debris was not possible. To solve 
these problems, the Associate Referee devised a new double 
bag method (2) consisting of an outer stomacher plastic bag 
and an inner filter bag made of fine-meshed polyamide. This 
double bag was used in the collaborative study to improve the 
pretreatment. Before the meat sample was weighed, the sterile 
prefiltration polyamide bag was placed inside the stomacher

plastic bag. The subsequent 30 s homogenization achieved the 
effect of a “tea bag,” retaining the solid meat components in the 
filter bag and at the same time washing out the microorganisms 
in the aqueous dilution phase between the filter bag and the 
plastic bag. The withdraw of the desired 20 mL sample suspen
sion from the aqueous phase into a test tube was simplified. The 
test tube was centrifuged briefly so that the coarsest meat 
particles were deposited. (This centrifugation is very helpful 
for the further membrane prefiltration through the 10 pm 
filter.) Finally, surfactant and enzyme were used, followed by 
polycarbonate membrane filtration, AO-staining, and rinsing, 
resulting in DEFT slides of good quality, i.e., without any or 
with only a few autofluorescing particles.

Used as described above, the combined pretreatment steps 
are an improvement of DEFT for examining raw minced meat, 
and they give better repeatability and reproducibility. DEFT 
slides of good quality are a prerequisite for the counting tech
nique, both visual and semiautomated. In this study, both 
counting techniques were used in the Associate Referee’s lab
oratory when the homogenization model was developed, 
whereas the participating laboratories used only the visual 
DEFT count in Trial 3. All collaborators were asked to perform 
semiautomatic DEFT counts if they had the required equip
ment, but only 5 laboratories had an image analyzer system. 
Therefore, semiautomatic DEFT counts were excluded from 
this study. Results demonstrated, however, that the semiauto
mated counting technique is suitable for DEFT slides used in 
the study, which were made by the combined pretreatment pro
cedure (data not presented).

Final Trial

Results from all participating laboratories were reported 
to the Associate Referee on a standard report form giving vis
ually counted DEFT units, microscope factor, DEFT count, 
and details of collaborators and any deviation from the pre
scribed method.

To compare Trials 1, 2, and 3, the coefficient of variation 
was computed; it averaged 15% in Trials 1 and 2 and 38% in 
the final trial. This sort of increase in variation is common when 
all sources of within-laboratory and between-laboratories vari
ation are considered.

In Trial 3, the difference between maximum and minimum 
DEFT counts was calculated for every minced meat sample. 
By counting the orange fluorescing DEFT units separately 
from the group of orange, weak orange, and orange-yellow flu
orescing DEFT units, the overall average difference between 
maximum and minimum DEFT counts in A-samples decreased 
from 1.46 to 0.93. When the matched B-samples were exam
ined, the decrease was from 1.01 to 0.86. This indicates greater 
assurance in counting the total amount of orange, weak orange, 
and orange-yellow microorganisms than in counting only or
ange microorganisms.

Figure 1 presents results for the determination of DEFT 
count (log10 count/g) in matched pairs of meat Samples 1-5 A 
and 1-5 B. Similarly, results for the determination of DEFT 
count (log10 count/g) in matched pairs of meat Samples 6-10 A 
and 6-10 B are shown in Figure 2. The horizontal line in each
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Figure 1. Determination of DEFT count (logio count/g) In 5 matched pairs (Sample 1-5 A and Sample 1-5  B) of 
raw minced meat: x = Laboratory, y = logio DEFT count/g, V //X  = orange DEFT units, w m  = weak orange and 
orange-yellow DEFT units.

figure represents the average DEFT count for all participating 
laboratories. Laboratories 10 and 12 did not participate in the 
final trial. DEFT counts were converted to log10 count/g before 
statistical analysis. We assumed that the log10 counts would be 
normally distributed and of homogeneous variance.

For the determination of the precision of DEFT in this study, 
a statistical analysis (6) was applied using Cochran’s outlier 
test in which repeatability, reproducibility, repeatability stan
dard deviation, and reproducibility standard deviation of the 
final trial were determined. Because the exact values of the
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Figure 2. Determination of DEFT count (logio count/g) in 5 matched pairs (Sample 6-10 A and Sample 6-10 B) of raw 
minced meat: x = Laboratory, y = logio DEFT count/g, [7 7 7 7 1 =  orange DEFT units, ■ ■  = weak orange and orange-yellow 
DEFT units.

repeatability standard deviation and the reproducibility stan
dard deviation are not known in practice, they are replaced by 
their estimates (s), leading to the following formulas used in 
the study:

These data cf the statistical analysis of DEFT counts (log10 
count/g) are reported in Tables 1 and 2. Not more than 1 result 
in 12 (8.3%) was deleted from each parallel sample as a result 
of the outlier test. This is well below the IUPAC recommended 
maximum of 22.2% (8). When only orange fluorescing bacte-r = 2.83 x sr, and R = 2.83 x sR.



Tab le  1. S ta t is t ic a l a n a ly s is  o f da ta  from  D E FT  co u n ts  (log io  count/g) In 10 m atched  p a irs  (A  and  B) o f  raw  m in ced  
m eat s a m p le s  w hen  o n ly  o ran ge  f lu o re s c in g  D E F T  u n its  w ere  coun ted

Sample No.

472  B o ise n  Et  A l .: J o u r n a l  O f  A O A C  In t e r n a t io n a l  V o l . 75, N o . 3 ,1 9 9 2

Parameter 1 2 3 4 5 6 7 8 9 1 0

No. of laboratories after eliminating outliers 1 1 1 2 1 1 1 2 1 2 1 1 1 1 1 2 1 1 1 2

No. of outlying laboratories removed 1 0 1 0 0 1 1 0 0 0

Mean (log1 0  DEFT count/g) 6 . 1 2 7.17 7.08 5.53 5.76 6.67 6.57 6.89 6.46 6.94
Repeatability SD (sr) 0.18 0.63 0.13 0.27 0 . 2 2 0.26 0.16 0 . 2 1 0 . 1 2 0.25
Repeatability rel.SD (RSDr) 2.94 8.78 1.83 4.88 3.81 3.89 2.43 3.04 1.85 3.60
Repeatability value, r (2.83 x sr) 0.52 1.79 0.39 0.78 0.64 0.75 0.46 0.60 0.34 0.71
Reproducibility SD (sR) 0.27 0.80 0.36 0.38 0.31 0.46 0.41 0.37 0.33 0.44
Reproducibility rel.SD (RSDr) 4.41 11.15 5.08 4.88 5.38 6.89 6.24 5.37 5.10 6.34
Reproducibility value, R (2.83 x Sp) 0.79 2.28 1.04 1.08 0 . 8 8 1.33 1.17 1.07 0.96 1.26

Overall repeatability SD (sr) 0.24
Overall repeatability value (r) 0.69
Overall reproducibility SD (sR) 0.41
Overall reproducibility value (R) 1.18

ria were counted, the overall average repeatability value (r) 
was 0.69, and the overall average reproducibility value (R) 
was 1.18. The corresponding values when orange, weak or
ange, and orange-yellow microorganisms were counted were 
0.41 and 0.78, respectively. The precision for DEFT applied to 
raw minced meat was better in the latter examination, which 
did not require differentiation between shades of orange. At the 
95% confidence interval, the standard deviation was 0.14 for 
the overall average repeatability (s,) and 0.27 for the overall 
average reproducibility (s r ).

In a NMKL report (9), Sj values of 0.10-0.15 and sR values 
of 0.20-0.25 were given for plate count quality control. In our 
study, DEFT showed precision in agreement with these values.

The method is entirely adequate for use in a quality control 
system for raw minced meat.

R ecom m endation

On the basis o f the results o f this collaborative study, DEFT 
has demonstrated its practical value for the quantitation of 
microorganisms in raw minced meat. DEFT can be used in pub
lic food control as w ell as in the food industry for control 
of production quality and quality assurance of raw material. Also, 
it can be used as a convenient monitoring tool for semiman
ufactured products when applying the Hazard Analysis Critical 
Control Point concept. The result is obtained within 30 min.

Tab le 2. S ta t is t ic a l a n a ly s is  o f data from  D E FT  co u n ts  (logm  count/g) In 10 m atched  p a irs  (A  and  B) o f  raw  m in ced  
m eat s a m p le s  w hen  o range , w eak  orange , and  o range -ye llow  f lu o re s c in g  D E FT  u n its  w ere  coun ted

Sample No.
Parameter

No. of laboratories after eliminating outliers 
No. of outlying laboratories removed

Mean (log1 0  DEFT count/g)
Repeatability SD (sr)
Repeatability rel.SD (RSDr)
Repeatability value, r (2.83 x sr) 
Reproducibility SD (sR)
Reproducibility rel.SD (RSDr) 
Reproducibility value, R (2.83 x sR)

Overall repeatability SD (sr)
Overall repeatability value (r)
Overall reproducibility SD (sR)
Overall reproducibility value (R)

1 2 3 4 5 6

1 1 1 2 1 2 1 1 1 1 1 1

1 0 0 1 1 1

6.25 7.56 7.23 5.68 5.88 6.94
0 . 1 0 0.09 0.18 0.14 0.09 0.14
1.60 1.19 2.48 2.46 1.53 2 . 0 1

0.30 0.27 0.53 0.42 0.26 0.40
0 . 2 2 0.24 0.26 0.31 0 . 2 1 0.24
3.52 3.17 3.59 5.45 3.57 3.45
0.63 0 . 6 8 0.75 0.90 0.62 0.69

7 8  9 10 1-10

1 2 1 1 1 1 1 2

0 1 1 0

6.58 7.06 6 . 6 6 7.06
0 . 2 2 0 . 1 1 0 . 1 0 0.23
3.34 1.55 1.50 3.25
0.64 0.33 0.29 0 . 6 6

0.40 0.27 0 . 2 0 0.36
6.07 3.82 3.00 5.09
1.16 0.79 0.58 1 . 0 2

0.14
0.41
0.27
0.78
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MYCOTOXINS

B i o a s s a y ,  E x t r a c t i o n ,  a n d  P u r i f i c a t i o n  P r o c e d u r e s  

f o r  W o r t m a n n i n ,  t h e  H e m o r r h a g i c  F a c t o r  P r o d u c e d  

b y  F u s a r i u m  o x y s p o r u m  N 1 7 B  G r o w n  o n  R i c e

H amed K .  A bbas and  C hester J . M irocha

University o f Minnesota, Department o f Plant Pathology, St. Paul, MN 55108  
W. T homas Shier

University o f  Minnesota, Department o f Medicinal Chemistry, St. Paul, MN 55108  
R oland G unther

University o f Minnesota, Department of Laboratory Medicine and Pathology, St. Paul, MN 55108

R ats and cultured cells w ere trea ted  with purified 
w ortm annin toxin, crude fungal ex tracts, and  par
tially purified p rep ara tio n s for periods of 5 -96  h. A 
sing le d o se  of th e  toxic fractions contain ing the  
equivalent of 2.5 g fungus-in fested  rice resu lted  in 
death , hem aturia, and  hem orrhage In the  urinary 
bladder, intestine, s tom ach , heart, and  thym us of 
rats. Purified w ortm annin p roduced  the  sam e ef
fec ts  at 4 mg/kg. F ractions th a t w ere toxic in vivo 
also  had cytotoxic p roperties  with various cultured 
cell lines at co n cen tra tio n s ranging from 1.2 to  
>50 m g equ ivalen ts of fungus-infested  rice ex- 
tracted/m L. Purified w ortm annin w as cytotoxic at 
50 pg/mL.

■ ■  , usarium oxysporum Schlecht. emend. Snyder & Han- 
sen is commonly found on various commodities and in 

JL  soil samples (1-3). Of the compounds responsible for 
toxicity in animals, the only ones that have been evaluated are 
diacetoxyscirpenol (DAS), T-2 toxin, zearalenone (ZEA) (4—
7), m on iliform in , and fusaric acid (8 ). G hosal et al. (9) 
reported that isolates o f F. oxysporum caused skin necrosis 
in rats; among the toxins produced were trichothecenes, 2  of 
which were identified as DAS and T-2 toxin. One of 38 isolates 
ofF. oxysporum fromBaccharis spp. originating in Brazil pro
duced congestion and hemorrhage of tissues and death when 
fed to rats (10). Yang et al. (11) reported a correlation between 
Kashin-Beck disease and the presence of F. oxysporum in cer
tain grains in endemic areas of China.

Various physical assays (2 ,1 2 -1 4 ) and bioassays using 
animal species (2 ,1 5 -2 1 ) or cultured cell types (2 ,14 , 22, 23) 
have been developed to study mycotoxins from Fusarium spp. 
Because food materials infested with species of Fusarium may 
contain substances that produce animal and human toxicides

Received July 9,1991. Accepted September 30,1991.

(2, 24—27), we have developed procedures for the bioassay, ex
traction, and purification of the major hemorrhagic factor pro
duced by an isolate o f F. oxysporum (N17B).

Experim ental

Fungus Culture
Species were identified in the laboratory of T. Kommedahl, 

Department of Plant Pathology, University of Minnesota, by 
the method o f  N elson et al. (28). Stock cultures of this iso
late were maintained in moist, autoclaved soil stored at -15°C.
F. oxysporum N17B was grown on rice medium as described 
by Abbas and Mirocha (2).

Preparation of Extracts of F. oxysporum
N17B-lnfested Rice
Crude extracts o f F. oxysporum N17B-infested rice medium 

were prepared with 1 0  different solvents: methylene dichlo
ride, chloroform, acetonitrile, acetone, ethyl acetate, 50% ethyl 
acetate in acetonitrile, methanol, water, 50% m ethanol in 
water, and 50% acetonitrile in water. Ground, dried 50 g sam
ples of medium moistened with 25 mL water were extracted 
with one o f the test solvents (3 tim es for 1 h at 24°C; total 
of 300 mL). The combined extracts were prepared for toxicity 
testing by filtering through Whatman No. 4 filter paper, evap
orating to dryness in a rotary evaporator at 35°C, and dissolving 
the residues in 10 mL 40% aqueous (v/v) ethanol. The 50 sam
ples of extracted fungus-infested rice medium were prepared 
for feeding studies by air-drying for 3 days in a ventilated hood, 
grinding, and mixing with complete rat diet.

Purification of Wortmannin from F. oxysporum
N17B-lnfested Rice
The scheme for the extraction and purification o f wort

mannin is shown in Figure 1. A  50  g sam ple o f  air-dried, 
fungus-infested rice medium was ground to the consistency of 
flour and moistened with 25 mL distilled water. Wortmannin 
was extracted from the sample by shaking 3 times with ethyl
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Fraction 1 (75 mL)
I--------------1

Portion 1 Portion 2
(37.5 mL) (37.5 mL)

(TLC)

Sample (50 g powdered 
fungus-infested rice) (RT)

Moisten with 25 mL distilled water; shake with ethyl acetate 
(total 325 mL) 3 times for 1 n; combine and filter

Filtrate (RT & TC)
I------------------------------------------------------- ,

Back-extract with distilled H2 O Residue (RT)
I

(Total 150 mL) 3 times for 1 min
I-------------------------------------------------------,

Evaporate to dryness H2 O Layer (RT & TC)

Redissolve in 100 mL acetonitrile
I

De-fat with pet. ether 
(total 200 mL) 2 times for 1 min

|------------------------------------------------------- ,
Evaporate to dryness Pet. ether layer (RT & TC)

Redissolve with 20 mL 
chloroform-methanol (CM, 9 + 1)

I------------------------------------------------------- ,
50 g Florisil column 4 mL CM, 9 + 1 (RT & TC)
(add with CM, 9 + 1)

I
Elute with 300 mL CM, 9 + 1

Fraction 2 (75 mL) Fraction 3 (75 mL) Fraction 4 (75 mL)
1

Portion 1 Portion 2
I

Portion 1
1

Portion 2 Portion 1
1
Portion 2

(37.5 mL) (37.5 mL) (37.5 mL) (37.5 mL) (37.5 mL) (37.5 mL)

___ I______
(TLC)

______ I______
(TLC)

______I
(TLC)

Evaporate to dryness

Redissolve with 40% absolute 
ethanol (RT and TC)

F igu re  1. B lo a n a ly t lc a l m ethod  fo r h em o rrh ag ic  fac to r(s) in  F u s a r l u m - in fested  r ice . RT  = rat in tuba t ion  test; 
T C  = t is s u e  cu ltu re  c y to to x ic ity  test; C M  = ch lo ro fo rm -m e th an o l;  and  T L C  = th in - laye r ch rom a tog raphy .

acetate for 1 h (total volume, 300 mL) in a 500 mL flask, using 
a wrist-action shaker at room temperature (24°C). The com
bined extracts were filtered through Whatman No. 4 filter 
paper and back-extracted with distilled water 3 times for 1 min 
(total volume, 150 mL) in a 1000 mL separatory funnel. The 
water layers were combined, evaporated to dryness under re
duced pressure on a rotary evaporator at 35°C, and saved 
for bioassays. The ethyl acetate layer, which contained the 
crude wortmannin, was also evaporated to dryness under re
duced pressure on a rotary evaporator at 35°C.

The residue was redissolved in 20 mL chloroform-metha
nol (9 + 1, v/v), and a 4 mL aliquot (equivalent to 10 g fungus- 
infested rice) was retained for bioassays. The remainder was 
applied to a 2.5 x 100 cm column containing 50 g Florisil 
packed in the same solvent and topped with a guard layer 
of Na2S 0 4 (29). The material was eluted with 300 mL chlo
roform-methanol (9 + 1) collected as four 75 mL fractions in

300 mL round-bottomed flasks. The fractions were evaporated 
to near dryness on a rotary evaporator at 35°C, and each frac
tion was subjected to toxicity testing and physical studies.

Wortmannin was present in the second (yellow) fraction, 
which was applied to 20  x 20  cm thin-layer chromatography 
(TLC) plates coated with a layer o f  silica gel 60,0.25 mm thick, 
without fluorescent indicator (E. Merck, Darmstadt, Germany) 
and developed with chloroform-methanol (97 + 3, v/v). Bands 
were detected in guide strips broken from the edges of the 
plates, sprayed with 2 0 % (v/v) aqueous sulfuric acid or freshly 
prepared acidic p-anisaldehyde (30), and heated to 60-70°C  
until the bands appeared. The TLC sheet was divided into 10 
horizontal bands of adsorbent, 0 .5-0 .7  cm wide, which were 
individually scraped from the glass sheet, packed into columns, 
and eluted with absolute alcohol. The solvent was removed 
from each eluate under vacuum, and solutions for bioassay 
were prepared by dissolving the residues in 40% aqueous eth
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anol at concentrations equivalent to 5 g Fusarium-Mested rice 
medium/mL extract. Wortmannin was present as a readily vis
ible yellow component in Band 9.

Crystallization of Wortmannin
Enough wortmannin for crystallization and analysis was ob

tained by performing the procedure described above on 20  in
dividual 50 g samples of dried F. oxysporum N17B-infested 
rice medium. The yellow bands from TLC plates were eluted 
together, and the eluates were evaporated to dryness and dis
solved in a minimum o f methanol. Crystals o f  wortmannin 
formed on standing at 20°C. Additional crystals formed on 
standing at 4°C for 5 -6  h, then overnight at -15°C. The crystals 
were collected by filtration and recrystallized 3 times from 
methanol to yield 52 mg o f white fluffy crystals per kg of dried 
rice medium extracted, m.p. 222-223°C. Other physical and 
spectral properties were described previously (2 ).

Oral Toxicity Testing in Rats
Rat oral toxicity tests were performed as described by 

Abbas and Mirocha (2) on groups of 8 individually housed 
Sprague-Dawley rats (20-day-old virgin females, 38 -46  g, 
Bio-Labs, St. Paul, MN). In feeding studies, rats were fed Fu- 
sarium-infested rice medium mixed with complete rat diet (1:3, 
1:1, and 3:1). Controls received ground noninfected rice me
dium mixed with complete rat diet (1:1). Extracts or fractions 
were administered by gastric intubation in 0.5 mL 40% aque
ous ethanol containing 2.5 g equivalents o f fungus-infested 
rice per rat per day. Control rats were administered solvent in 
the same manner. Treated rats were observed frequently for 
24 h, and major toxic symptoms (hematuria, congestion, and 
hemorrhage in intestines, heart, and stomach; spleen and thy
mus size; diarrhea; weight loss) and death were recorded. The 
rats were necropsied at death and examined for pathological 
changes in tissues.

Cytotoxicity Determinations in Cultured Mammalian 
Cells
Materials were obtained as follows: 3T3 Swiss mouse fibro

blasts from R.H. Holley, Salk Institute, La Jolla, CA; GM498 
human diploid fibroblast line from Institute for Medical Re
search, Camden, NJ; and HeLa S3 human cervical epitheli
oid carcinoma cells from American Type Culture Collection, 
Rockville, MD. Unless otherwise indicated, all components 
of the medium were obtained from Sigma Chemical Co., 
St Louis, MO. Cell lines were cultured in 10% (v/v) calf serum 
(Hyclone Laboratories, Ogden, UT) in Dulbecco’s modified 
Eagle’s medium, supplemented with 500 units penicillin/mL 
and 100 pg streptomycin/mL, in a 37°C incubator with humid
ified atmosphere containing 12% C 0 2. Cell lines were main
tained by subculturing, using detachment by 0.05% (w/v) 
trypsin in medium, or by storage in liquid nitrogen in medium 
containing 1 0 % (v/v) dimethylsulfoxide and 2 0 % (v/v) calf 
serum. Primary neonatal rat beating heart cell cultures were 
established from  litters o f  approxim ately ten 2 -day-old 
Sprague-Dawley rat pups (Bio Labs) by the method of Blondel

et al. (31), using trypsin dispersion of the tissue and a 3 h pre
plating period to remove mesenchyme cells. The cells were 
cultured as described above for 2  days before use, except for 
Eagle’s minimum essential medium in a 5% (v/v) C 0 2 atmo
sphere.

Cytotoxicity assays are performed essentially as described 
previously (2 ,14). Samples in 40% aqueous ethanol were di
luted into sterile medium so that the final concentration o f eth
anol in the culture medium was always <1% (v/v). Serial 
dilutions were made in triplicate in the wells o f sterile 96-well 
culture trays (Falcon Products No. 3072, Oxnard, CA) with 
sterile medium as diluent. Triplicate control wells received 
similar dilutions of the solvent. For cytotoxicity determinations 
with permanent cell lines, each culture well received 100 pL 
medium containing the diluted sample and then an additional 
100 pL medium containing 20% (v/v) calf serum and a suspen
sion of the test cells removed from stock culture dishes with the 
aid o f trypsin and counted in a hemocytometer. For determin
ing toxicity with primary cultures o f neonatal rat beating heart 
cells, cultures were established in 96-well culture trays, incu
bated 2 days, washed 3 times with sterile medium, and cultured 
with 200 pL aliquots o f diluted test samples in sterile Eagle’s 
minimal essential medium containing 1 0 % (v/v) calf serum.

Cells were cultured in the trays for 3 -4  days or until control 
cultures reached confluency. The cells were washed on the well 
bottoms with serum-free medium and fixed in ca 200 pL for
mal saline [10% (v/v) formalin (37%, w/v, aqueous formalde
hyde), NaCl (5 g/L), and Na2S 0 4 (15 g/L)] for at least 20 min. 
The fixative was decanted, and the cells were rinsed with water 
and stained 30 min with ca 200 pL freshly diluted Giemsa stain 
[prepared as a 1 + 20 dilution o f 8 mg/mL in methanol-glyc
erol (1 + 1)]. The wells were washed with water to remove 
excess stain. The approximate LC50 (the approximate concen
tration that results in one-half the number of cells surviving in 
control wells) was estimated visually. An additional evaluation 
of toxicity was possible with rat beating heart cells by examin
ing cultures under an inverted-phase microscope for inhibition 
of spontaneous beating activity after 24 h of incubation with 
toxic preparations.

R esults

Toxicity of F. oxysporum N17B to Rats Fed Different 
Ratios of Infested Rice
As an approach to developing a model o f foodborne myco- 

toxicosis by F. oxysporum, 4 groups of rats were fed either a 
control diet consisting of a 1 : 1  mixture of autoclaved non
infected rice and complete rat diet or various mixtures o f com
plete rat diet and rice inoculated with F. oxysporum N17B. No 
deaths occurred among the rats in the control group, whereas 
the weight gains of rats fed fungus-infested rice in their diet 
were substantially decreased, and the majority died by the 4th 
or 5 th day of feeding (Table 1). Presumably, part of the reduced 
weight gain reflects food refusal-inducing activity in the fun
gus-infested rice. Rats consuming fungus-infested rice showed 
definite toxic effects, including hematuria in both surviving
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Table 1. Toxicity of Fusarlum oxysporum  N17B-lnfested rice medium fed to rats at 3 concentrations

Preparations and ratios fed* Av. wt. change6

Av. wt. food 
consumed, g6 Mortality, % Toxicity®

Uninfected rice:diet, 1:1 19.7 ±3.3 40.0 ± 2.5 0.0
Fungus-infested rice:diet, 1:3 -12.6 ±1.3 7.0 ±1.6 62.5 +, 6  H, 2 In, 1 S
Fungus-infested rice:diet, 1:1 -13.2 ±2.5 4.1 ± 0.3 85.9 +, 4 H, 1 In, 1 S
Fungus-infested rice:diet, 3:1 -16.5 ±0.6 3.3 ± 0.7 1 0 0 . 0 0 +, 6  H, 1 In, 2 S

* Uninfected rice = control autoclaved, dried, and ground uninfected rice; diet = complete rat diet; fungus-infested rice = autoclaved rice on 
which F. oxysporum  N17B was grown, then dried and ground. 

b Each value is the mean ± standard error of the mean for 8  rats.
c Abbreviations: -  = no toxic effect; + = definite toxic effect; H = hematuria; In = intestinal hemorrhage; S = stomach hemorrhage; 

and numbers = number of rats showing the indicated symptoms.

and dead rats as the major clinical symptom, with minimal 
hemorrhage in stomach and intestines of some rats.

Selection of Solvent to Extract Hemorrhagic Factor 
Wortmannin Produced by F. oxysporum
Because rat feeding studies consistently demonstrated that 

the isolate of it  oxysporum N17B was the most hemorrhagenic 
of isolates examined, it was studied further. Ten different sol
vent systems listed in Table 2 were examined for efficiency in 
extracting hemorrhagic activity from samples o f ground rice 
medium that had supported the growth o f  it  oxysporum N17B. 
Extracts prepared with methylene dichloride, chloroform, ace
tonitrile, acetone, ethyl acetate, and 50% ethyl acetate in ace
tonitrile administered daily by stomach intubation were highly 
toxic, as indicated by the ability of the samples to cause (i) 
death within 24-48  h, ( i t )  congestion and hemorrhage of stom
ach, intestine, thymus, and heart, and (Hi) hematuria (Figure 1). 
The controls and extracts prepared with methanol, water, 50% 
methanol in water, and 50% acetonitrile in water showed no 
toxic effects (Table 2). Similar feeding studies on 1:1 mixtures

o f normal diet with extraction residues o f fungus-infested rice 
samples indicated residual unextracted toxicity with all sol
vents except methylene dichloride, 50% acetonitrile in water, 
and ethyl acetate (Table 3). A ll test rats developed diarrhea 
and small spleens and thymuses. Because ethyl acetate was the 
least toxic o f the solvents that left minimal toxic residue, it was 
selected for routine use in the extraction o f the hemorrhagic 
factor (wortmannin).

Purification of Wortmannin
The ethyl acetate extract (Crude Extract 1) prepared from 

dried rice medium infested with it  oxysporum was highly toxic 
to rats as indicated by its ability to (i) cause death within less 
than 24 h in large doses and (ii) cause hemorrhage in bladder, 
stomach, intestine, thymus, and heart, and cause hematuria at 
lower doses (Table 4). Also, this crude extract induced cytotox
icity at low concentrations (LC50 values of 1.5 mg equivalents 
o f fungus-infested rice per milliliter in 3T3, 15 mg equiva- 
lents/mLin G M 498,1.5 mg equivalents/mLin HeLa cells, and
7.5 mg equivalents/mL in beating heart cells) (Table 4).

Table 2. Toxicity of extracts of Fusarlum oxysporum  N17B cultured on rice in rats after direct Intubation 
to the stomach

No. rats dead Congestion and hemorrhage*

Extracts fed to groups of 3 rats 24 h 48 h 72 h 96 h 120 h Stomach Bladder Heart Intestine

40% ethanol (Control 1) 0 0 0 0 0 _ _ _
Complete diet extracted with ethyl acetate (Control 2) 0 0 0 0 0 - - - -
Autoclaved rice-complete diet (1:1) extracted

with ethyl acetate (Control 3) 0 0 0 0 0 - - - -
Methylene chloride 3 — — — — + + + -
Chloroform 0 3 — — — - + + +
Ethyl acetate 3 — — — — + + + -
Acetone 2 0 1 — — + + + -
Acetonitrile 3 — — — — + + + +
Methanol 0 0 0 0 0 - - - -
Water 0 0 0 0 0 - - - -
50% ethyl acetate in acetonitrile 3 — — — — + + + +
50% acetonitrile in water 0 0 0 0 0 - - - -
50% methanol in water 0 0 0 0 0 - - - -

* -  = no detectable toxic effect; + = definite hemorrhage. All rats (average wt = 43.1 ± 0.7 g) received a daily dose equivalent to the 
extract of 2.5 g fungus-infested rice or the equivalent amount of control extract.
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Table 3. Toxicity of residues from extraction of Fusarlum oxysporum  N17B cultured on rice medium with various 
solvents in groups of 3 rats fed 1:1 mixture of residue and complete rat diet

Congestion and hemorrhage 
of tissues or death®

Residues from extraction with indicated solvent Weight gain, g Food consumption, g Stomach Bladder Death

Unextracted complete diet (Control 1) 29.7 ± 0.7 44.0 ± 2.1 - - -

Complete diet extracted with ethyl acetate (Control 2) 
Autoclaved rice-complete diet (1:1) extracted

15.3 ± 1.4 33.0 ± 3.2
" "

with ethyl acetate (Control 3) 13.7 ± 1.3 25.7 ± 2.4 - - “
Methylene chloride 1.34 ± 0.3 21.7 ±1.3 - - -
Chloroform 2.0 ± 1.2 18.0 ±5.1 + - -
Ethyl acetate -3.0 ±1.0 13.0 ± 1.5 - - -
Acetone -5.0 ± 0.6 21.3 ±3.5 + - -
Acetonitrile -6.0 ± 0.6 13.0 ±4.6 + - -
Methanol -7.3 ±1.2 20.0 ± 5.1 + + +
50% ethyl acetate in acetonitrile -2.0 ± 1.2 14.0 ±1.5 + - -
50% acetonitrile In water 2.7 ± 1.7 17.7 ±3.3 - - -
50% methanol in water -4.3 ± 2.3 22.0 ± 2.6 + + +

® -  = no detectable toxic effect; + = definite hemorrhage or death. All rats, except controls, had small thymuses, small spleens, and diarrhea.

Crude Extract 2 was prepared by back-extracting Crude Ex
tract 1  with distilled water, evaporating the ethyl acetate layer, 
and defatting an acetonitrile solution of the residue with petro
leum ether. It was highly toxic to rats, as indicated by the ability 
to cause death within less than 24 h after administration by 
gastric intubation and to cause hematuria and hemorrhage 
in bladder, intestine, stomach, and heart (Table 4). Crude Ex
tract 2  retained most of the cytotoxicity (LCS 0  values of 15 mg

equivalents/mL in 3T3, 35 mg equivalents/mL in GM498, 
15 mg equivalents/mL in HeLa cells, and 1.2 mg equiva
lents/mL in beating heart cells) (Table 4).

Crude Extract 2 was fractionated on a Florisil column to 
yield 4 fractions. Florisil column Fraction 2, which was yellow, 
caused death in rats in less than 24 h and hemorrhage in blad
der, intestine, stomach, and heart. However, it was generally 
less cytotoxic than the 2 crude culture extracts (LC5 0  values of

Table 4. Toxicity to rats and cultured cells of crude extracts of Fusarlum oxysporum  N17B grown on rice medium, 
solvent partition fractions, and florisil-column fractions

Cytotoxicity (LC50 In mg equlv. of fungus-infested rice 
extracted/mL)0

Extracts or fractions Oral toxicity in rats®
3T3 mouse 
fibroblasts

GM 498 
human 

fibroblasts HeLa cells
Rat beating 
heart cells

40% aqueous ethanol (Control 1) _ _ _ _ _
Ethyl acetate extract of rat diet (Control 2) - - - - -

Ethyl acetate extract of autoclaved rice-rat diet,
1:1 (Control 3) - - - - -

Crude Extract 1 +, 3 D, H, HB, HI.HS, HH, HT 1.5 15 1.5 7.5
Water fraction - - - - -

Petroleum ether fraction - - - - _

Crude Extract 2 +, 1 D, H, HB, HI, HS, HH 15 35 15 1.2
Florisil Fraction 1 - - - - _

Florisil Fraction 2 (yellow) +, 2 D, HB, HI, HS, HH 20 50 20 50
Florisil Fraction 3 - - _ _ _
Florisil Fraction 4 _ _ __ _

® Toxicity of extracts equivalent to 2.5 g fungus-infested rice dissolved In 0.5 mL 40% ethanol fed dally for 5 days to groups of 3 rats by gastric 
Intubation. Abbreviations: + = definite toxic effect; -  = no detectable toxic effect; D = death; number = number of dead rats; H = hematuria; 
HB = hemorrhage in bladder; HI = intestinal hemorrhage; HS = hemorrhage In stomach; HH = hemorrhage in heart; and HT = hemorrhage 
In thymus.

6 -  = cytotoxicity at > 50 mg equiv. of fungus-infested rice extracted/mL.
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Table 5. Toxicity to rats and cultured cells of TLC fractions from Florlsil column Fraction 2 of Fusarium 
oxysporum  N17B

Band No.8 Rf values8

Cytotoxicity (LCso in mg equiv. of fungus-infested rice extracted/mL)* * * * * 6

Rat oral toxicity6
3T3 mouse 
fibroblasts

GM 498 human 
fibroblasts HeLa cells

Rat beating 
heart cells

Control (40% ethanol) _ _ _ _ _

Bands 1-8 0.16-0.69 - - - - -

Band 9 (yellow) 0.76 +, 1 D, HI, HS, HH 35 50 35 50
Band 10 0.83 - - - - -

Purified wortmannin6 0.78 +, D, HI, HS, HH 50 - - -

8  TLC plates were developed in chloroform-methanol (97 + 3), and fractions were detected by spraying guide strips with 20% H2S04 in
methanol or with acidic p-anisaldehyde.

6 Toxicity of extracts 16 h after feeding the equivalent to 2.5 g fungus-infested rice dissolved in 0.5 mL 40% ethanol to groups of 3 rats by
gastric intubation. Abbreviations: + = definite toxic effect; -  = no detectable toxic effect; D = death; number = number of dead rats; HI =
intestinal hemorrhage; HS = hemorrhage in stomach; and HH = hemorrhage in heart.

6 -  = cytotoxicity > 50 mg equivalent of fungus-infested rice extracted/mL.
d Lethal dosages at 50, 25, and 4 mg/kg caused hemorrhage in tissues.

2 0  m g eq u ivalen ts/m L  in 3T 3, 5 0  m g eq u ivalen ts/m L  in 
G M 498, 20  m g equivalents/m L  in H eLa cells, and 50 m g  
equivalents/m L in beating heart ce lls) (Table 4).

Florisil colum n Fraction 2  w as further fractionated by TLC  
on s ilica  g e l to  y ie ld  10 fraction s based  on migration dis
tance. A ll o f the toxicity w as present in a ye llow  band (Band 9), 
w hich caused the major clinical sym ptom s o f toxicity to rats 
described a b o v e , in c lu d in g  d ea th  and h em o rrh a ge  in the 
intestine, stomach, and heart (Table 5). This fraction w as also 
cytotoxic at h igh  co n cen tration s (L C 50 va lu es o f 35 pg/m L  
in 3T3, 35 pg/m L  in H eLa cells, 50  pg/m L  in G M 498, and 
50  pg/m L  in neonatal rat beating heart cells).

Toxicity of Purified Wortmannin
Purified wortmannin w as obtained by crystallization o f  the 

yellow  material in TLC Band 9 from ethanol. A s reported pre
viously (2), the crystalline material w as demonstrated by phys-

Figure 2. Rat Intubated with toxic extract of rice 
medium on which Fusarlum oxysporum  N17B was 
grown. Note hemorrhage of stomach (S) and heart (H) 
and distension of urinary bladder (B) with bloody urine 
(hematuria), indicated by arrows.

ical and spectral properties to be wortmannin, w hich w as also 
reported to be produced by Penicillium wortmannii (3 2 ,3 3 ), 
Penicillium funiculosum (34), and Myrothecium roridum (35). 
Wortmannin caused death to rats at 25 and 50 m g/kg within 5 h 
o f administration by gastric intubation. Death w as accom pa
nied by hemorrhage in the intestine and stomach. At 4 mg/kg, 
it caused death within 20 h o f  administration accom panied by 
hemorrhage in the intestine, stomach, and heart (Table 5). A lso, 
wortmannin exhibited low  degrees o f  cytotoxic activity (L Q q 
values o f  50  pg/m L  in 3T3, and >50 pg/m L  in GM  498, HeLa 
cells, and neonatal rat beating heart cells).

D iscussion

The procedure outlined in Figure 1 provides an effective 
and relatively sim ple procedure for the detection and purifica
tion o f  the hemorrhagic factor wortmannin from  F. oxysporum 
grown on rice m edium. T hese techniques can be used to detect 
production o f  the hemorrhagic factor by other Fusarium spe
cies cultured in rice m edium  and perhaps in fie ld  samples. 
T he m eth od o logy  u ses in ex p en siv e  techn ology, including  
biological testing. It is relatively sensitive w hen compared to 
physical methods that do not differentiate betw een toxic and 
nontoxic components.

The procedure w as designed to incorporate several features 
that facilitate its routine use. The materials are inexpensive and 
readily available. N one o f  the steps requires the evaporation o f  
water. Ethyl acetate w as selected  as the extracting solvent 
because it efficiently rem oves the toxic material from the cul
ture substrate w ith  little or no residue rem aining, it is readily 
evaporated, and it constitutes m uch less o f  a disposal problem  
than chlorinated hydrocarbon solvents. The m ethod introduces 
the use o f  F lorisil colum n chrom atography in wortmannin  
analysis and p u rification . F lo r is il a llo w s  m uch better re
co very  o f  the toxic material than does silica gel colum n chro
matography (unpublished results). O v e ra ll, th e p roced u re  
y ie ld s  a highly purified (approximately 99% pure) crystalline 
product in good yield.
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Currently, m uch interest exists in developing cell culture 
system s for toxicity testing because they have a number o f  ad
vantages compared to w h ole animal testing. They are usually  
less expensive, use sm aller sam ple sizes, are more quantitative 
and rapid, and avoid ethical considerations associated with  
w hole animal testing. The cytotoxicity assays em ployed in this 
study possess these advantages, but it should be noted that the 
animal feeding or oral intubation studies provide different and 
complementary information (Figure 2). M any o f  the various 
toxic effects observed in w h ole animals (e.g., congestion and 
hemorrhaging o f  tissues) cannot be e ffective ly  m odeled  in 
cell culture. Ultimately, the final assessm ent o f  toxicity o f a 
fungal extract or any other agent must be performed in live 
intact animals.
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A  jo in t In te r la b o ra to ry  s tu d y  o f a  ra p id , so lv e n t-e f f i
c ie n t  liq u id  c h r o m a to g r a p h ic  m e th o d  fo r  d e te r m in a 
tio n  o f  o c h ra to x in  A  (OTA) In barley , c o rn , a n d  p o rk  
k id n e y  t i s s u e  w a s  c o n d u c te d  b y  A O A C , th e  In te rn a 
tio n a l U n io n  o f  P u re  a n d  A p p lie d  C h e m is try , a n d  
th e  N o rd ic  C o m m itte e  o n  F o o d  A n a ly s is  in 16 la b o 
r a to r ie s  in E u ro p e , C a n a d a ,  a n d  th e  U n ited  S ta te s .  
OTA w a s  a d d e d  to  b a r le y  a n d  c o r n  a t  1 0 ,2 0 ,  a n d  
50  n g /g  a n d  to  k id n e y  a t  5 ,1 0 ,  a n d  20  n g /g . D upli
c a te  t e s t  p o r t io n s  w e re  p r e p a re d  a t  2 0  n g /g  fo r  c o rn  
a n d  b a r le y  a n d  10 n g /g  fo r  k id n ey . M ean  r e c o v e r ie s  
o f OTA r a n g e d  f ro m  5 3  to  97% . W lth in - la b o ra to ry  
re la tiv e  s ta n d a r d  d e v ia t io n s  w e re  7 .9 ,2 0 .1 , a n d  
15.7%  fo r  b a rle y , c o rn , a n d  k id n e y  t i s s u e ,  r e s p e c 
tively . B e tw e e n - la b o ra to r ie s  re la tiv e  s ta n d a r d  d e v ia 
t io n s  w e re  2 0 .7 -3 1 .7 %  fo r  all c o n c e n t r a t io n s  o f OTA 
in b a r le y  a n d  c o rn  a n d  68 .0 , 41 .8 , a n d  32.7%  fo r  
OTA c o n c e n t r a t io n s  o f  5 ,1 0 ,  a n d  2 0  n g /g , r e s p e c 
tively , in k id n ey . OTA id e n tity  w a s  c o n f irm e d  b y  
m e th y l e s te r  d e r iv a tiz a tio n  fo llo w e d  b y  liq u id  c h r o 
m a to g ra p h y . T h e  m e th o d  h a s  b e e n  a d o p te d  f irs t  a c 
tio n  b y  A O A C  a s  q u a n ti ta t iv e  a t  th e  le v e ls  te s te d  
fo r  OTA d e te rm in a t io n  In c o rn  a n d  b arley .

Submitted for publication May 7,1991.
This report was presented at the 104th AOAC Annual International 

Meeting, September 10-13,1990, New Orleans, LA.
The recommendation was approved by the General Referee and the 

Committee on Foods I and was adopted by the Official Methods Board of 
the Association. See “Changes in Official Methods of Analysis” (1992)7. 
A O A C In t. 75,223-225.

1 Deceased.
This project was sponsored by the International Union of Pure and 

Applied Chemistry (IUPAC) Commission on Food Chemistry.

T he 2 current AOAC thin-layer chromatographic (TLC) 
methods (1) for ochratoxin A  (OTA), developed for the 
analysis o f barley and green coffee, have been widely 

used for more than 20 years and applied to many different prod
ucts, including animal tissue. Although many advances in tech
nique and methodology have been made over the years, and 
numerous new methods have been developed (2), none of these 
methods have been studied collaboratively.

Gradually greater significance has been accorded OTA as a 
potential health hazard because of increased awareness of its 
occurrence in fcod, feed, edible animal tissues and serum, and 
even human serum. OTA’s potential as a carcinogen led the 
International Agency for Research on Cancer (IARC) to in
clude methods of analysis for the mycotoxin in its monograph 
of methods for carcinogens (3). Also, in 1985 the Commission 
on Food Chemistry o f the International Union o f Pure and 
Applied Chemistry (IUPAC) initiated a joint project with the 
AOAC for the collaborative study of an improved TLC/liquid 
chromatographic (LC) method (4) for OTA in barley, com, and 
swine tissue. Advances in methodology, such as solid-phase 
extraction cleanup, and recognition of the need to combine 
rapid, economical, solvent-efficient procedures with quantita
tive LC or TLC led us to devise a new improved method. This 
method, which was applied to spiked barley, com, oats, soy
beans, and wheat before collaborative study, was validated 
independently in our laboratory by both LC and TLC, and in 
another laboratory by LC. Precision was adequate in all cases 
and recoveries ranged from 75 to 90%.

Barley, corn, and kidney were chosen for the collaborative 
study because OTA occurs naturally in all 3 materials. Among 
cold climate grains, barley contains the most background inter
ferences; com, a warm climate crop, contains intermediate lev
els o f background interferences; and kidney, the animal organ 
in which OTA accumulates, is the tissue that has received the 
most attention (5).

The method consists o f extraction o f OTA from grain or 
kidney with chloroform-O.lM phosphoric acid (9 + 1), parti
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tion into bicarbonate, solid-phase extraction onto a 0.5 g C18 
bonded silica matrix, acidification of the column, and elution 
with ethyl acetate-methanol-acetic acid (95 + 5 + 0.5). OTA is 
then determined by reversed-phase LC with fluorescence 
detection. Although TLC quantitation can also be used in the 
method, only LC was included in the collaborative study.

Invitations to collaborate were sent to 44 laboratories 
around the world that in the past had some involvement in OTA 
analysis. Of these, 19 agreed to participate, 11 in Europe (8 
countries), 2 in Canada, and 6 in the United States. Results from 
16 collaborators were returned. One collaborator withdrew be
cause o f insufficient time, and 2 others could not complete the 
study in time for this report. The results of the study are pre
sented here.

C o lla b o ra tiv e  S tu d y

Preparation o f Test Portions

We obtained barley and com from a local feed store and 
fresh pork kidneys from a meat market. These were ochratoxin- 
free as determined by repeated analyses using the method de
scribed below. Naturally contaminated grains and tissue were 
not available and were not used in this study. The kidneys were 
ground once in a Hobart meat grinder and blended by hand; 
50 g portions were weighed into 120 mL screw-cap, poly
ethylene specimen cups and frozen to -20°C. The kidney test 
portions and the whole grains were packed with dry ice and 
shipped overnight to Isomedix Operations, Inc., NJ, for radia
tion (1.5 Mrd) to inactivate the m icroorganism s. Boxes 
containing the tissue and grains were irradiated, returned 
unopened, and received on the third day after they had been 
shipped. The tissu e test portions w ere for the most part 
still frozen solid; however, some containers had been broken or 
cracked during shipment, and the tissue had to be transferred to 
new containers. Holes (3 -4  mm) were drilled in the test por
tions of frozen kidney and the OTA spiking solution (100 pL) 
was added with a microsyringe. The cups were kept upright and 
returned to the freezer to let the solvent evaporate (overnight).

After irradiation, the barley and com were ground in a rotary 
beater mill (Retch, SR-3) with a 1 mm screen and blended 30 
min in a Hobart paddle blender set at the slowest speed. Test 
portions (50 g) of grain were then weighed into 120 mL cups 
as above. A  small hole was made with a spatula, the OTA spik
ing solution (100 pL) was added, and the hole was closed after 
a short wait.

Preparation o f Spiking Solutions

Dried film quantities o f OTA, previously calibrated by UV  
spectrophotometry (UV) (dissolved in benzene-acetic acid (99 
+ 1)) according to AO AC [973.37C (i)] (1), were dissolved 
in chloroform-acetic acid (99 + 1) to ca 37 pg/mL and the 
OTA concentration was determined by UV at 333 nm [MW = 
403, e = 6192] (6). (The concentrations measured in the 2 
solvent mixtures were 36.8 and 37.5 pg/mL for chloroform- 
acetic acid and benzene-acetic acid, respectively.) Aliquots of

the chloroform-acetic acid solution were then diluted to the 
appropriate concentrations for spiking. The same volume (100 
pL) of spiking solution was used for each 50 g test portion at 
each spiking level (Table 1).

Study Protocol

The protocol for this study was approved by the General 
Referee, the AOAC Committee on Foods I, and the consulting 
statistician. The levels o f applicability were selected to comply 
with international regulatory limits and to meet requirements 
of surveys and programs for monitoring OTA in commodities 
and food products. Test portions were randomly numbered 
after they were spiked. A ll collaborators received identical sets 
of test portions; a set for each commodity consisted o f  a control, 
4 test portions spiked at 3 levels (the middle level in duplicate), 
and a practice test portion o f known concentration to be ana
lyzed first. A ll test portions were to be quantitatively removed 
from their containers with the extraction solvent. The collabo
rators were supplied with a vial o f  dry film  OTA standard 
(the same lot and preparation used for the spiking solutions); 
Supelclean L C -18,3 mL solid-phase extraction tubes; supple
mentary instmctions on using the tubes; instructions on han
dling the test portions; a report form; a packing list; and a copy 
of the m ethod. The test portions, packed w ith  20 kg dry 
ice, were shipped by overnight delivery by commercial carrier. 
Most arrived in frozen condition. However, because o f exces
sive delays at import terminals or in final delivery, test portions 
of kidney tissue in several of the European shipments could not 
be used. The collaborators were asked to confirm OTA identity 
by formation o f the methyl ester derivative followed by LC 
analysis o f 4 of the test portions, 1 o f each commodity and 1 of 
their own choosing.

9 91 .44  O c h ra to x ln  A  in C o rn  a n d  B a rley  
L iqu id  C h ro m a to g r a p h ic  M e th o d

F irs t A c tio n  1991

(Ochratoxin A  causes kidney and liver damage and is carci
nogenic in som e animals. Observe precautions given in in
troductory statement of this chapter, and see safety notes on 
solvents specified.)

(Quantitative for ochratoxin A  at a 10 ng/g in com and bar
ley.)

Method Performance:
Com, 10 ng ochratoxin A/g 
sR =1.7; RSDr = 20.7%
Com, 20 ng ochratoxin A/g
Sf = 3.3; sR = 4.6; RSDr = 20.1%; RSDr = 28.4%
Com, 50 ng ochratoxin A/g 
sR =12.2; RSDr = 31.7%
Barley, 10 ng ochratoxin A/g 
sR = 2.0; RSDr = 27.2%
Barley, 20 ng ochratoxin A/g
Sr = 1.1; sR = 3.8; RSDr = 7.9%; RSDr = 26.5%
Barley, 50 ng ochratoxin A/g  
sR = 10.2; RSDr = 27.6%
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Table 1. Collaborative resu lts (ng/g) for determination o f O TA  by L C  with fluorescence detection

Barley Corn Kidney

Coll. 0 10 20 20s 50 0 10 20 20* 8 50 0 5 10 108 20

1 1.0 10.6 20.0 20.3 47.8 1.8 11.1 21.1 21.1 50.7 _b _b _b _b _b
2 0 0.9 8.5C 17.5 42.0 4.5 9.0 10.0 15.0 41.0 _b _b _b _b _b
3 1.6 7.5 13.0 14.5 33.0 3.3 9.7 15.1 15.3 41.8 0.8 5.2 6.6 6.9 13.2
5 0 4.8 15.2 12.4 38.5 0 5.7 12.8 13.5 16.2 0 4.9 7.3 7.8 10.7
6 1.5 6.0 13.3 10.6 13.4 0.4 7.2 14.5 11.2 13.1 0d

•fcinÖ

0.3d

■oCOÖ

4.3d
7 3.6 10.0 16.4 17.6 45.7 0 6.9 20.2 15.2 38.5 0 2.2 5.9 4.8 10.2

10 0.4 4.3 7.2 7.4 21.3 0.5 6.8 14.4 11.8 _e _f _1 _f _ t _f
11 0 9.8 21.1 0C 48.3 0 7.4 25.8 25.4 37.4 0 11.2 7.7 11.2 15.5
12® 0 0 13.6 12.8 15.2 0 3.2 9.6 16.0 32.8 0 0 0 2.8 2.0
14 0 7.2 13.0 12.0 36.1 0 6.0 12.7 12.3 32.5 0 1.2 4.1 3.2 4.8
15 0 6.6 13.2 15.0 37.8 0 7.0 15.2 11.4 32.2 _b _b _b _b
16 0 8.9 19.3 20.7 48.0 0 9.8 18.9 20.4 42.7 _b _b _b _b _b
17 0 6.8 16.7 17.1 39.6 0 8.8 14.7 17.8 44.3 0 3.2 6.5 5.5 8.1
18 3.2 6.3 17.2 17.6 44.1 0.8 10.1 15.2 27.0 55.9 _b _b _b _b _b
19 0 8.0 10.9 11.8 26.9 0 7.2 8.4 17.7 40.0 0 5.9 13.5 11.8 11.4
20 0.2 4.6 9.7 12.5 32.9 0.4 10.0 17.9 18.0 52.1 _b _b _b _b _b

Mean 0.8 7.4 — 14.4 37.0 0.8 8.2 — 16.3 38.5 0.2 4.4 — 6.9 11.4
Mean rec., % — 74 — 72 74 — 82 — 82 77 — 97 — 73 53
Sr — — — 1.1 — — — — 3.3 — — — — 1.2 —
sr 1.4 2.0 — 3.8 10.2 1.6 1.7 — 4.6 12.2 0.7 3.3 — 3.1 3.5
RSDr, % — — — 7.9 — — — — 20.1 — — — — 15.7 —
RSDr , % — 27.2 — 26.5 27.6 — 20.7 — 28.4 31.7 — 68.0 — 41.8 32.7

8 Blind duplicate.
b Data submitted but considered invalid because tissue thawed in transit. 
c Excluded from statistical calculations as outlier based on Cochran and Grubbs tests. 
d Excluded from statistical calculations because 3 of 4 values were <1.0 ng/g; see text.
8 No determination because of temporary failure of liquid chromatograph.
1 Collaborator 10 did not analyze tissue because recovery was only 3.2% for practice test portion. 
® Data from Collaborator 12 excluded from statistical calculations; see text.

A. Principle

Ochratoxin A  is extracted from grains with chloroform-aq. 
phosphoric acid, and isolated by liquid-liquid partitioning into 
aq. bicarbonate solution. The extract is applied to C18 col
umn, and ochratoxin A  is eluted with ethyl acetate-methanol- 
acetic acid. Ochratoxin A  is identified by reversed-phase LC, 
and quantified by fluorescence. Chromatography of ochratoxin 
A  methyl ester derivative confirms identity.

B. Apparatus

(a) High-speed blender.— 1250 mL capacity jar with cover.
(b) Liquid chromatograph.— Pump, 0.5-5 mL/min, 3000 psi, 

flow reproducibility ±0.1%. Injection valve with 25 pL loop. 
For fluorescence detector with grating, set excitation at 333 nm 
and emission at 460 nm; for fluorescence detector with filter, 
use 420 nm cut-off filter. Use compatible recorder or integrator. 
Operating conditions: flow  rate 1.0 mL/min; sensitivity set 
for 4-8%  full scale response for 2.0 ng ochratoxin A  and <2% 
noise; retention time 10-13 min; injection volume 20-25 pL, 
use 50 pL to fill 25 pL loop.

(c) LC analytical column.— 250 x 4.6 mm id packed with 
5 pm C l 8 bonded silica gel (Supelco Inc., Bellafonte, PA 
16823, or equivalent).

(d) Adsorption column.— 500 mg 40 pm C l 8 in 3 mL 
polypropylene tube (Supelco Inc., or equivalent).

(e) Vacuum manifold.— 12-port, with stopcocks for each 
port for holding C l 8 columns.

(f) Glass fiber filters.— 0.33 mm thickness, 1.5 pm pore re
tention, 9.0 cm diam. (Whatman No. 934 AH, or equivalent).

(g) Microfilter.— 0.45 pm pore retention syringe filter (Gel- 
man acrodisc 3CR PTFE, or equivalent).

C. Reagents

(a) Solvents.— Chloroform, methylene chloride, ethyl ace
tate, benzene, and methanol, ACS grade, in glass. Acetonitrile, 
LC grade. (Caution: Benzene is toxic, tumor-producing agent. 
Use in hood.)

(b) Chemicals.— Phosphoric acid, sodium bicarbonate, 
acetic acid, ACS grade.

(c) Diatomaceous earth.— See 9 7 3 3 7 C (a ).
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(d) LC mobile phase.— Water-acetonitrile-acetic acid (99 
+ 99 + 2). Use LC grade water. Degas.

(e) Phosphoric acid solution.— 0.1M. Dilute 5.75 g 85% 
phosphoric acid to 500 mLwith water.

(f) Ochratoxin A standard solutions.— About 24 pg/mL in 
benzene-acetic acid (99 + 1). Determine concentration as in 
97337C (i). Dilute stock solution with benzene-acetic acid so
lution to obtain working standard solution (4 pg/mL).

(g) BF3-methanol solution.— 14% BF3. (Caution: Use in 
hood. Avoid contact with skin, eyes, and respiratory tract.)

D. Preparation o f Sample

Prepare sample as in 977.16.

E. Extraction

Weigh 50 g test portion into blender, add 25 mLO.lM  phos
phoric acid and 250 mL chloroform, and blend 3 min at 
medium speed. Near end of blending add 10 g (45 mL) diato- 
maceous earth. Filter extract through glass fiber paper covered 
with ca 10 g diatomaceous earth on 9 cm Buchner funnel (or by 
gravity through 32 cm fluted paper). Collect >50 mL filtrate.

F. Partition

Transfer 50 mL filtrate to separatory funnel. Add 10 mL3%  
sodium bicarbonate, and shake gently. Let phases separate. If 
emulsion forms, centrifuge 2 min at 2000 rpm. Collect upper 
(bicarbonate) phase for column extraction.

G. Column Preparation

Place C18 columns on vacuum manifold ports with 25 mL 
Erlenmeyer flasks or beakers inside manifold for collecting 
conditioning and wash solvents. Wash each column 2 times 
with ca 2 mL methanol, 2 mL water, and 2 mL 3% sodium bi
carbonate. To speed elutions, apply gentle suction (or apply 
pressure using 5 -1 0  mL syringe adapted to top of column). DO 
NOT LET COLUMN RUN DRY. Leave ca 2 mm solvent on 
top o f frit.

H. Column Extraction

Pipet 5 mL bicarbonate extract to C18 column, followed with 
2 mL 0.1M phosphoric acid, then 2 mL H20 .  Discard washes. 
Elute ochratoxin A  with 8 mL ethyl acetate-methanol-acetic acid 
(95 + 5 + 0.5) into 10 mL test tube or vial containing 2 mL 
water. Used C18 column may be regenerated by conditioning as 
described for new columns. Shake or stir eluate with glass rod to 
mix 2 phases. Pipet ochratoxin A  extract (upper phase) to 7 mL 
screw-cap vial. Rinse remaining upper phase from tube with 2 x 
1 mL ethyl acetate and add to ochratoxin A. Evaporate extract just 
to dryness on steam bath under N2.

I. LC Determination

(a) Standard curve.— Prepare standard curve at start of 
analysis and whenever chromatographic conditions change. 
Into separate 4 -5  mL Teflon-lined, screw-cap vials, use nL sy
ringes to dispense 25, 50 ,100 , and 200 pL working standard 
solution (4 ng/pL). Evaporate just to dryness under N2. Add

1.00 mL LC mobile phase to each vial for final ochratoxin A  
concentrations of 2.5, 5 ,1 0 , and 20 ng/25 pL.

Chromatograph each standard solution. Using the origin as 
a fixed point, plot peak heights or areas vs 2 .5 ,5 ,1 0 , and 20 ng 
ochratoxin A  for linearity. Calculate (normalize) response 
(Ri_4) o f 1 ng ochratoxin A  for each o f the 4 standard concen
trations (Cj_4). Calculate the average response (Rj) for 4 stan
dard concentrations, and determine percent deviation (D) of 
individual values from average as follows.

Ra = (RjICj + R2/C2 + R3/C3 + R4IC4)IA 

D = 100[(R/C) -  Ra]/Ra

Deviation should be s5%. If D >5, omit value and recalculate 
Ra using 3 standards. If 3 values do not agree, rechromatograph 
standard solutions or prepare new standard solutions.

(b) Sample.— Dissolve sample extract from H  in LC mo
bile phase (500 pL) and filter through 0.45 pm microfilter into 
5 mL screw-cap vial. Chromatograph sample. Identify ochra
toxin A  from retention time (must be same as that o f  standard 
ochratoxin A). If sample ochratoxin Aresponse is outside range 
of standard curve, adjust sample volume by concentrating or 
diluting sample solution. Reserve remaining sample solution 
for identity confirmation by formation o f methyl ester. Calcu
late ochratoxin A  concentration in sample as follows.

OTA (ng/g) = (Rs x VT)/(Ra xVI xW)  = (Rs x F)/Ra

where W = (50 g x 50 mL x 5 mL)/(250 mL x 10 mL) = 5 g 
(weight of test sample represented by final extract); Rs = re
sponse of test sample injected; Ra = calculated average normal
ized responses (response for 1 ng ochratoxin A ) o f the 4 
working standard solution concentrations; VT = final test sam
ple volume (500 pL); V, = test sample injected (25 pL); F = 4.

J. Confirmation o f Identity o f Ochratoxin A by Methyl 
Ester Formation

Quantitatively transfer remaining reserved sample, 1(b), to 
25 mL separatory funnel, using 3 x 1  mL methylene chloride to 
rinse vial. Shake and let layers separate. Collect lower layer 
into 5 mL vial and evaporate to dryness. Transfer 100 pL work
ing standard ochratoxin A  solution to another 5 mL vial and 
evaporate to dryness. Add 0.5 mL 14% BF3-methanol to each 
vial, cap, and heat 15 min in 50-60°C  water bath. Evaporate to 
dryness on steam bath under N2. If H20  is present, add 1 mL 
acetonitrile and continue evaporation to dryness. Cool and di
lute with LC mobile phase to same volume as used for LC anal
ysis. Chromatograph derivatized sample and standard. Positive 
confirmation is disappearance o f peak at Rt for ochratoxin A  
(10-12 min) and appearance o f new peak at same Rt as stan
dard methyl ester of ochratoxin A  (ca 15 min later). Careful 
quantitative preparation of ester can confirm quantitative anal
ysis o f ochratoxin A  in sample, and should agree ±5%.

Ref.: JAOAC 75, May/June issue (1992)
CAS-303-47-9 (ochratoxin A)
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Table 2. Confirm ation o f Identity o f OTA  
by collaborators

Coll.

Ochratoxin A concn, ng/g

Barley Com Pork kidney

1 10 20 10
3 0s 20 0a, 10
5 20 20 5,10
6 20, 50 20 —
7 20, 50 50 20

12 20, 50 50 20
16 10 20, 50 20
17 20 20,50 20
18 50 0a, 20 —
19 50 0a 5, 20
20 20, 20 10 —

8 See text for meaning of confirmation of identity for “zero” 
concentrations of OTA.

R e s u l ts  a n d  D is c u s s io n

Data were returned by 16 of the 19 collaborators and were 
statistically evaluated (Table 1). Average recoveries o f OTA 
ranged from 72 to 82% for the grains and from 53 to 97% for 
kidney. The ranges o f individual recoveries were barley 26 .8 -  
106%, com 26-135% , and tissue 24-224% . Values for within- 
laboratory precision, RSDn for blind duplicates (20 ng/g grain, 
10 ng/g tissue) were 7.9% for barley, 20.1% for corn, and 
15.7% for tissue. Values for between-laboratories precision, 
RSDr, were 20.7-31.7% for grains. For tissue, the RSDr values 
ranged from 32.7% for the 20 ng/g level to 68.0% for the 5 ng/g 
level. Six collaborators reported low levels of OTA in the barley 
and com controls, and 2 others reported a low level for either the 
barley or the com control for a total o f 14 false positives. The levels 
for the barley and com false positive controls ranged from 0.2 to
4.5 ng/g with a mean of 0.8 ng/g for all the grain controls. One 
false positive in 7 tissue controls was reported.

Because our own thorough studies determined that the con
trols were devoid o f any OTA, w e believe that those collabora
tors reporting non-zero values were incorrect. The 95% 
confidence limits for the estimates of the control concentra
tions were computed. The limits (95%) for the barley and com  
controls did not include zero. Therefore, for these 2 sets of 
controls, the true answer, zero, is not included within the 
confidence limits, and the discrepancies cannot be attributed to 
random fluctuations. Also, a Fisher’s Exact test was performed 
to compare the proportion of collaborators who actually found 
a false positive vs the proportion of collaborators expected to 
find a false positive (namely, 0%). All 3 statistical tests gave a 
signal of significance (p s  0.01). The finding of a significant 
difference in these tests (confidence interval test, equivalent to 
a i-test, and the Exact test for a proportion) means that the prob
ability o f  the results happening by chance alone is so im
probable as to be considered impossible. Therefore, something 
other than chance must be operative, such as intrinsic method 
bias or matrix interferences.

The statistics shown in Table 1 were obtained after the data 
from Collaborator 12 were removed. These data were excluded 
because o f low recoveries (0 and 30%, for 10 and 50 ng/g bar
ley, respectively, and 32% for 10 ng/g com, the 3 lowest recov
eries reported for grain, and 0 ,0 ,2 8 , and 10% for kidney) and 
because the chrcmatograms indicated that the LC conditions 
were uncontrolled.

OTA peaks were cleanly separated in some chromatograms, 
but appeared as shoulders on matrix peaks or were completely 
buried under background peaks in others. In addition, 1 of the 
replicate values reported by Collaborator 11 was identified as 
an outlier by the Cochran and Grubbs tests. No other values 
were excluded on the basis o f these tests. However, the kidney 
data of Collaborator 6 were excluded because o f  uniformly 
low recoveries (1 0 ,3 ,8 , and 22% for the 5 ,1 0 ,1 0 , and 20 ng/g 
levels, respectively).

Six o f the 11 European collaborators expressed reservation 
about the integrity o f the kidney test portions that they received. 
The tissue had thawed and the containers were leaking as a 
result o f delays in delivery, which took 1-10 days longer than 
the 4 -5  days expected. Therefore, Collaborator 20 did not an
alyze the kidney test portions, and the data reported by the other 
5 collaborators were omitted from this report. Collaborator 10 
did not analyze the kidney test portions because the recovery 
for the practice test portion was only 3.2%.

Confirmation o f OTA Identity

Eleven collaborators confirmed the identity o f  OTA in 4 
test extracts o f  their own choosing (Table 2). M ethyl ester 
derivatives were formed and chromatographed by LC. OTA 
identity was confirmed when a chromatogram o f the esterified 
extract exhibited no OTA peak and a new peak appeared at the 
retention time of the OTA methyl ester. The identity o f OTA 
was confirmed in test extracts that represented all spiking 
levels, with the largest number of confirmations occurring, as 
might be expected, for 20 ng/g, the OTA level in the blind 
duplicate test portions o f grain and the highest OTA level in 
kidney tissue.

The confirm ation procedure w as applied  to 4 control 
extracts. In 1 case, the collaborator applied the esterification 
procedure to the extract before determining the OTA concen
tration; no OTA was found. The other 3 cases are difficult to 
explain. One collaborator, who found 1.6 ng OTA/g in control 
barley, confirmed its identity and quantitated the methyl ester, 
finding the equivalent o f 0.82 ng OTA/g. This collaborator also 
confirmed the identity of the OTA found at 0.8 ng/g in control 
kidney. The same collaborator quantitated OTA as the methyl 
ester for the 20 ng/g com and 10 ng/g kidney test portions, 
finding the equivalent of 20.3 and 7.6 ng OTA/g, respectively. 
One collaborator did not perform confirmatory tests because 
the BF3-methanol solution was unavailable; 4 others elected 
not to do them. One collaborator quantified the OTA methyl 
ester in 3 test extracts from barley and corn spiked at 50 ng/g 
and barley spiked at 20 ng/g, determining the equivalent of 
51.2 ,52 , and 13.2 ng OTA/g, respectively. These values are in 
excellent agreement with the levels actually present and with
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Table 3. L C  co lum ns u sed  by  collaborators

Stationary phase Name Size, pm Length x id, mm Source

Uitrasphere ODS 5 250 4.6 Beckman, Fullerton, CA
pBondapak C18 10 150 3.9 Waters, Milford, MA
Dynamax C18 5 250 4.6 Rainln, Woburn, MA
Mlcrosorb ODS 2 5 250 4.6 Ralnin, Woburn, MA
Hypersil ODS 5 150 4.6 Shandon, Ashmoor, UK
Licrosorb RP 18 5 150 4.6 E. Merck, Darmstadt, -RG
Lichrosorb RP 18 5 250 4 E. Merck, Darmstadt, FRG
Lichrospher RP 18 5 250 5 E. Merck, Darmstadt, FRG
Lichrospher RP 18 5 150 4.6 E. Merck, Darmstadt, FRG
Spherisorb ODS 2 3 100 4.6 Phase Separations, Qjeensferry, UK
Spherisorb ODS 2 5 250 4.6 Phase Separations, Q jeensferry, UK
Spherisorb® ODS 1 5 150 4.6 Phase Separations, Queensferry, UK
Supelcosil DB C18 5 150 4.6 Supelco, Belieferte, PA
Ultrasphere PTH C18 5 250 4.6 Beckman, Fullerton, CA

® Non-end-capped C18 produced severe tailing of OTA peaks.

the results of the collaborator’s own analyses. Another collab
orator quantitated the OTA methyl ester for 1 of the spiked test 
portions (corn, 50 ng/g); the results were within ± 5% of the 
OTA values from the collaborator’s own analysis.

C o l la b o r a to rs ’ C o m m e n ts

One collaborator had difficulty in filtering tissue extracts; 2 
others had difficulty in filtering both tissue extracts and grain 
extracts. A ll collaborators found it necessary to centrifuge 
the bicarbonate extracts. Collaborators suggested that the bi
carbonate partition procedure specify gentle shaking for 30 s 
and that the 8 mL volu m e o f  eluant used for the solid- 
phase extraction be reduced to 2 -3  mL. Another collabora
tor suggested that the use o f an extraction solvent other than 
chloroform would be desirable. It was also pointed out that the 
use of closed stopcocks at the bottom of the solid-phase extrac
tion tubes prevented dripping and possible loss o f OTA.

L iqu id  C h r o m a to g ra p h y

The collaborators were asked to report the LC conditions 
they used. A  great variety of reversed-phase columns (Table 3) 
worked well with the solvent system specified, except for 1 in 
which the packing material was not end-capped (Spheri- 
sorb, ODS 1). It produced severe tailing of the OTA chroma
tographic peaks. Many different fluorescence detectors were 
used, including both filter and grating instruments. Several col
laborators pointed out that for fluorometers with filters, 418 nm 
cutoff filters should be used, whereas collaborators using grat
ing spectrofluorometers determined that the emission mono
chromator should be set at 460 nm for maximum response, not 
420 nm as was specified in the method sent to the collabora
tors. Six collaborators submitted their chromatograms. Except 
for those of Collaborator 12 as described above, all were clean 
chromatograms. Other collaborators commented that the chro
matographic system worked well. Several had instrument or

integrator problems and som e used peak height measurement 
for quantitation. Several collaborators recommended using 
gradient LC or increasing the acetonitrile concentration of the 
mobile phase. Changing the composition of acetonitrile-water 
in the mobile phase from (1 + 1) to (70 + 30) reduced the 
retention time o f the OTA methyl ester from 38 to 15 min 
(Spherisorb ODS 2).

Two collaborators calibrated the dry film OTA standard 
by UV spectrophotometry (dissolved in 4 mL mobile phase). 
Their results, 26 and 28.0 ug/m L are about 94 and 102%, re
spectively, o f the value obtained by the Associate Referee (27.6 
pg/mL). Two collaborators observed that OTA standard stored 
in the mobile phase degraded with time. Detector response de
creased about 5-10%  in 1 week for the 300 and 600 pg/mL 
standards. Changes were observed even if solutions were re
frigerated. However, for most of our work, we used an aceto
nitrile-phosphate buffer mobile phase and found OTA standard 
to be stable in this buffer for many months at rcom temperature. 
One would expect standard solutions containing acetic acid 
to be stable, but that question needs to be investigated further. 
Failure to calibrate standards and standard instability may ac
count for the variability of the recoveries obtained by collabo
rators in this study.

R e c o m m e n d a tio n

The Associate Referee recommends that the rapid solvent- 
efficient method evaluated in this collaborative study be 
adopted first action for determination of OTA at fc 10 ng/g bar
ley or com.
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OILS AND FATS

C a p i l l a r y  C o l u m n  G a s  C h r o m a t o g r a p h i c  M e t h o d  f o r  A n a l y s i s  

o f  E n c a p s u l a t e d  F i s h  O i l s  a n d  F i s h  O i l  E t h y l  E s t e r s :

C o l l a b o r a t i v e  S t u d y

J eanne D . J oseph and R obert G. A ckman1
U.S. Department o f Commerce, National Oceanic and Atmospheric Administration,
National Marine Fisheries Service, Charleston Laboratory, PO Box 12607, Charleston, SC 29422

Collaborators: PJ. Barlow; J. Beare-Rogers; E. Gauglitz; J.A. Guthrie; M. Guzman-Hardy; H. Hibino; T. Hudson; J. Hunsicker; 
J. Krzynowek; P.A. Larson; P.K. Lee; C. Marks; K. Meyer; D. Pocklington; G. Seaborn; L.M. Sidisky; G. Stewart; T. Tande;
A.M. Timmins; F. Volpe; M.P. Yurawecz

A g a s  c h r o m a to g r a p h ic  (GC) m e th o d  u s in g  a  c a p il
la ry  c o lu m n  fo r  a n a ly s i s  o f e n c a p s u la te d  f ish  o ils  
a n d  e th y l e s t e r s  w a s  s tu d ie d  c o l la b o ra t iv e ly  in  21 
la b o ra to r ie s .  E a c h  c o l la b o ra to r  a n a ly z e d  6  s o f t-g e l
a tin  e n c a p s u la te d  s a m p le s ;  5  w e re  tr la c y lg ly c e ro l 
o ils  (o n e  w a s  a  b lin d  d u p lic a te ) ,  a n d  o n e  w a s  a n  
e th y l e s te r  c o n c e n t r a te  o f  o m e g a -3  (n-3) p o ly u n s a t 
u r a te s .  C o n s t i tu e n t  fa t ty  a c id s  o f  th e  o ils  w e re  c o n 
v e r te d  to  m e th y l e s t e r s  b y  b a s e -c a ta ly z e d  
t r a n s e s te r i f ic a t io n  o f  th e  o ils ;  a n y  f re e  a c id s  In th e  
o ils  w e re  e s te r lf ie d  b y  s u b s e q u e n t  r e a c t io n  w ith  
BF3/C H 3OH. T h e  e th y l e s te r  c o n c e n t r a te  re q u ire d  
n o  f u r th e r  d e r iv a tiz a tlo n . R e s u l ts  w e re  r e p o r te d  a s  
a re a  p e r c e n ta g e s  o f  2 4  a n a ly te s  o f n u tr itio n a l o r  
b io c h e m ic a l In te re s t.  In a d d i tio n , w e ig h ts  (m g /g  
s a m p le )  o f  EPA  (a ll-c /s -5 ,8 ,1 1 ,1 4 ,1 7 -e lc o sa p e n -  
ta e n o lc  a c id  o r  2 0 :5n -3 ) a n d  DHA (all- c is -  

4 ,7 ,1 0 ,1 3 ,1 6 ,1 9 - d o c o s a h e x a e n o ic  a c id  o r  22 :6n-3 ) 
w e re  d e te rm in e d  th r o u g h  th e  u s e  o f  th e  In te rn a l 
s ta n d a r d s ,  re s p e c tiv e ly , m e th y l t r lc o s a n o a te  (23:0) 
a n d  e th y l 2 3 :0 , fo r  th e  m e th y l a n d  e th y l e s te r s .  T h e  
o n ly  in s t ru m e n ta t io n  s p e c if ic a lly  r e q u ire d  w a s  a  
f lex ib le  f u s e d  s i l ic a  c a p illa ry  G C  c o lu m n  c o a te d  
w ith  a  b o n d e d  p o ly g ly c o l s u c h  a s  C a rbow ax-20M , 
a n  o x y g e n  s c r u b b e r  In s ta l le d  In th e  c a r r ie r  g a s  s u p 
p ly  line , a n d  a  f la m e  Io n iz a tio n  d e te c to r  (FID). M ost 
o f  th e  c o l la b o r a to r s  e x p e r ie n c e d  little d ifficu lty  In 
a p p ly in g  th e  m e th o d , a n d , o f  2 5 2 6  v a lu e s  re p o r te d , 
o n ly  4.3%  w e re  id e n tif ie d  a s  o u tlie r  v a lu e s .  T h e  re 
p ro d u c ib ility  re la tiv e  s ta n d a r d  d e v ia t io n s  (R S D r) 
c o m p a r e d  f a v o ra b ly  in  m o s t  in s t a n c e s  w ith , o r  
w e re  s u b s ta n t ia l ly  b e t te r  th a n ,  th o s e  o f  2  e a r lie r  c o l
la b o ra tiv e  s tu d i e s  o f f ish  o ils . B e c a u s e  th e  v a r i
a n c e s  w e re  h o m o g e n e o u s ,  s ta n d a r d  d e v ia tio n s  
a n d  re la tiv e  s ta n d a r d  d e v ia t io n s  d e te rm in e d  o n  th e  
a r e a  p e r c e n t  a n a ly s e s  o f  th e  b lin d  d u p lic a te  o ils  
w e re  p o o le d  to  g iv e  th e  fo llo w in g  m e a n  v a lu e s :  s r =

0 .15 , RSD r = 4 .88% , Sr = 0 .41 , a n d  R S D r = 12.91% . 
A n a ly te s  th a t  ra re ly  o c c u r  a t  g r e a te r  th a n  0 .5%  in 
m a rin e  o ils  (2 2 :0 ,2 2 :4 n - 6 ,2 2 :5 n -6 ,2 4 :0 , a n d  24 :1 ) 
w e re  n o t  in c lu d e d  in t h e s e  c a lc u la t io n s .  T h e  
m e th o d  w a s  a d o p te d  f irs t  a c t io n  b y  A O A C  In te rn a 
tio n a l a s  a n  A m e r ic a n  Oil C h e m is t s ’ S o c ie ty  
(A O C S)-A O A C  m e th o d .

C urrent consumer interest in fish oils and related prepa
rations sold as over-the-counter nutritional supplements

(1) creates a need for accurate labeling of the products 
for the active ingredients, ostensibly EPA(all-cw-5,8,ll,14,17- 
e ico sa p en ta en o ic  acid or 2 0 :5 n -3 ) and D H A  (all-cis- 
4,7 ,10 ,13 ,16 ,19-d ocosah exaen oic  acid or 22:6n-3). The 
information needed for this labeling requires the application of 
the most appropriate fatty acid technology, given the complex 
chemical composition of fish oils and their derivatives.

Packed column gas chromatography (GC) is suitable for the 
analysis of most vegetable oils, but these columns lack the res
olution necessary to separate the 60-80  fatty acids commonly 
present in fish oils. Therefore, capillary column GC, which has 
been used in marine lipid research for 2 decades, was deemed 
more suitable for quality control o f commercial products. Im
proved separation o f all components by capillary column GC * Oil

Submitted for publication September 10,1991.
This report was presented at the 82nd Annual Meeting of the American

Oil Chemists’ Society, Chicago, 1L, May 12-15,1991.
The recommendation was approved by the General Referee and the 

Committee on Foods I and was adopted by the Official Methods Board of 
AOAC. See “Changes in Official Methods of Analysis” (1992)7. A O A C  
Int. 75, 223-225.

Mention of trade names, commercial firms, or specific products or 
instrumentation is for identification purposes only and does not constitute 
endorsement by the National Marine Fisheries Service.

*AOAC Associate Referee for Marine Oils. Present address: Technical 
University of Nova Scotia, Canadian Institute of Fisheries Technology, PO 
Box 1000, Halifax, NS B3J 2X4, Canada.
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simultaneously improves quantitation in area percentages of 
EPAand DH Aby the GC electronic integrator.

Although the results of GC analyses of fatty acid methyl 
esters are usually reported as area percentages of eluted com
ponents, the area percentages of EPA and DHA must be con
verted to absolute weights per gram of sample for informative 
labeling of nutritional supplements. This conversion requires 
the use of internal or external standards, and for accuracy, cor
rection factors for the flame ionization detector (FID) response 
must be applied.

The purpose of the present international collaborative study 
was 2-fold. The first was to assess the effectiveness of poly- 
glycol-coated capillary columns in separating fish oil fatty 
acids (as methyl and ethyl esters) o f major nutritional or bio
chemical importance. The second purpose was to test the suit
ability of methyl and ethyl 23:0 as internal standards in the 
calculation o f the absolute weights o f EPA and DHA in fish oils 
and ethyl esters derived from that source.

Collaborative Study

Twenty-one laboratories participated in the study. Each col
laborator received 3 capsules, each of 5 fish oils (including a 
blind duplicate of 1 oil) and 1 ethyl ester concentrate of n-3 
polyunsaturates. Methyl and ethyl 23:0 were supplied as inter
nal standards. The participants were instructed to use 2 cap
sules of each sample for analyst familiarization and instrument 
optimization and to submit results of a single analysis o f the 
third capsule o f each sample. Included with instructions, the 
study protocol, and the required calculations were 2 data report 
forms. The first provided space for a description of instrumen
tation, column dimensions and history, and operating parame
ters. The second was for listing the area percentages of 24 
analytes o f particular interest and the calculated weights (mg/g 
sample) of EPAand DHA in the 6 samples. A  chromatogram of 
methyl esters of commercially encapsulated cod liver oil was 
included as an aid to peak identification and as an indicator 
of the resolution that could be expected from a properly op
erated polyglycol capillary column. The resolution of methyl 
docosapentanoate (22:5n-3) and methyl DHA should be at 
least 4.

9 9 1 .39  F a tty  A c id s  In E n c a p s u la te d  F ish  O ils  a n d  
F ish  Oil M ethyl a n d  E thy l E s te r s — G a s  
C h ro m a to g r a p h ic  M e th o d

F irs t A c tio n  1991

AOCS-AOAC Method

Method Performance:
See Table 991.39 for method performance data.

A. Principle

Samples are weighed into Teflon-lined screw-cap glass 
tubes that contain appropriate internal standards. Fatty acids of 
oil samples are derivatized to methyl esters; ethyl ester samples 
require no derivatization. Prepared samples are analyzed by

GC instrument equipped with fused silica column coated with 
bonded polyglycol liquid phase, oxygen scrubber in carrier gas 
line, and flame ionization detector. Method determines area 
percentages of 24 fatty acids and absolute weights (mg/g sam
ple) o f EPA (all-c/s-5,8,ll,14,17-eicosapentaenoic acid or 
20:5n-3) and DHA (all-a's-4,7,10,13,16,19-docosahexaenoic 
acid or 22:6n-3).

B. Apparatus

(a) Gas chromatograph.— With flame ionization detector, 
capillary column injection system (split mode preferred at split 
ratio of 1:50), and suitable data processor. (Note: In fish oil 
analyses, samples are usually sufficient to permit operation in 
split mode.) Operating conditions: temperatures— injection 
port 250°; detector 270°; oven programmed from 170 to 225° 
at l°/min (no initial or final hold). Helium or hydrogen carrier 
gas (99.99% pure, or better) with oxygen scrubber in line.

(b) GC column.— Fused silica, 30 m x 0.25 mm (or 0.32 
mm) coated with bonded polyglycol, based on Carbowax-20M 
(e.g., SUPELCOWAX-10, or equivalent column that provides 
same elution pattern as that illustrated in Fig. 991.39 and base
line separation of 21:5n-3, 23:0, and 22:4n-6).

(c) Constant temperature water bath.— Maintained at 
100°. Dry heater block may be used.

(d) Glass tubes.— 16 x 125 mm. With leak-tight, Teflon- 
lined screw caps.

(e) Vials.— 2 mL, with screw cap or crimp cap (for au
tosampler).

(f) Analytical balance.— Accurate to ±0.0001 g.
(g) Dry nitrogen source.
(h) Glassware.— Volumetric flasks, 25 and 100 mL; volu

metric pipets, 1 and 2 mL; Pasteur pipets.

C. Reagents

(a) Boron trifluoride.— BF3, 12% in methanol. Two mL 
amber glass ampoules (Supelco, Inc., Cat. No. 3-3020, or 
equivalent reagent, sealed in amber glass ampoules for ex
tended shelf life). (Caution: BF3 in methanol is a corrosive re
agent and must be handled with care. Avoid eye and skin 
contact by use o f protective shield and rubber gloves. Use only 
in properly operating fume hood.)

(b) 23:0 Methyl and ethyl esters.— Reagents o f 99+% pu
rity as determined by TLC and GC analyses [Nu Chek Prep, 
Inc., Elysian, MN, Cat. No. N-23-M  (methyl ester) and Cat. 
No. N-23-E (ethyl ester), or equivalent]. [Note: On request, the 
Charleston Laboratory, Southeast Fisheries Center, National 
Marine Fisheries Service, PO Box 12607, Charleston, SC 
29422-0607, will provide capsules o f collaborative study Sam
ple 1 (steam-deodorized menhaden oil) for use in optimizing 
GC equipment.]

(c) Reagent grade chemicals.— Sodium hydroxide, metha
nol, isooctane, sodium chloride. (Caution: See safety notes 
on sodium hydroxide, methanol, and isooctane in Appendix, 
Official Methods of Analysis (1990) 15th Ed., AOAC, Ar
lington, VA.)
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Time (min)
Figure 991.39. Tem perature-program m ed G C  aeparation o f m enhaden oil fatty acid methyl e sters on  flexible fu sed  
silica co lum n coated with bonded C arbow ax 20M.

D. Preparation o f  Solutions

(a) Alcoholic sodium hydroxide.— 0.5N. Dissolve 2.0 g 
NaOH in methanol and dilute to 100 m Lwith methanol.

(b) Sodium chloride.— Saturated solution. Dissolve 36 g  
NaCl in 100 mL H20 .

E. Preparation o f Standards

Accurately weigh ca 25 mg (± 0.1 mg) o f  23:0 methyl or 
ethyl ester internal standard (IS) into 25 mL volumetric flask 
and dilute to volume with isooctane. Pipet 1.0 mL portions into 
screw-cap glass tubes and evaporate solvent in gentle stream of 
nitrogen. Store tubes in freezer if  not to be used immediately.

F. Sam ple Preparation and Analysis

(a) Oils.— (Note: “Oil” applies to all encapsulated materi
als, including nonesterified fatty acids, with exception o f  
ethyl esters.)

Accurately weigh ca 25 mg (±0.1 mg) oil into glass tube 
containing methyl ester IS, E. Add 1.5 mL 0.5N methanolic 
NaOH, blanket with nitrogen, cap, mix, and heat 5 min at 100°. 
Cool, add 2 m LBF3 in methanol, C(a), blanket with nitrogen, 
cap tightly, mix, and heat 30 min at 100°. Cool mixture to 3 0 -  
40°, add 1 mL isooctane, blanket with nitrogen, cap, and shake 
vigorously for 30 s while still warm.

Immediately add 5 mL saturated NaCl solution, blanket 
with nitrogen, cap, and agitate thoroughly. Cool to room tem
perature. When isooctane layer separates from aqueous lower 
phase, transfer isooctane layer to a clean glass tube, blanket 
with nitrogen, and cap.

Extract aqueous lower phase a second time with an addi
tional 1 mL isooctane. Combine isooctane extracts and concen
trate to ca 1 mL in stream of dry nitrogen.

Inject 1 -2  pL into GC system.
(b) Ethyl esters.— Accurately weigh s l 5  mg (±0.1 mg) 

ethyl ester (usually more concentrated) into glass tube contain

ing appropriate ester IS, E. Add 1 mL isooctane, blanket with 
nitrogen, cap, and mix thoroughly.

Inject 1 -2  pL into GC system. If peak height o f  IS is s0 .5  
that of EPA or DHA peak, repeat analysis, using 2.0 mL IS.

G. Calculations

(a) Area percentage.— Calculate area percentages o f  fatty 
acid methyl esters or ethyl esters as follows:

Area % fatty acidx  = [AX/(AT -  A 1S)] x 100

where Ax = area counts o f  methyl or ethyl ester X; AT = total 
area counts for chromatogram; and AIS = area counts o f  IS.

(b) Weight of EPA and DHA in oils.— Calculate EPA or 
DHA, mg/g oil, as follows:

EPA or DHA, mg/g = [(Ax  x Wls x CFx)/(AIS x Ws 
x 1.04)] x 1000

where Ax = area counts of EPA or DHA; AIS = area counts of 
internal standard; CFX = theoretical detector correction factor 
for EPA or DHA (0.99 for ERA 0.97 for DHA); WIS = weight 
of IS added to sample, mg; Ws = sample weight, mg; and 1.04 
is factor necessary to express result as mg fatty acid/g oil (rather 
than as methyl ester).

(c) Weight o f EPA and DHA in ethyl esters.— Calculate 
EPA or DHA, mg/g esters, as follows:

EPA or DHA, mg/g = [(Ax  x Wjs x CF^)/(Als x Ws 
x 1.08)] x 1000

where terms are same as in (b), except use 1.08, factor neces
sary to express result as mg fatty acid/g ethyl ester (rather than 
as ethyl ester).

Ref.: A O C S O fficia l M ethod Ce lb -8 9 . JAO AC 75, 
May/June issue (1992)
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Table 991.39. Method perform ance for 991.39, fatty a c id s  In encapsulated fish  o ils  and ethyl e sters8

Fatty acid Sr RSDr, % Sr RSDr, % Fatty acid Sr RSDr, %

Fish oils, area % Ethyl ester concentrate, area %

14:0 0.58-0.98 8.31-13.12 0.49 5.8 14:0 0.06 17.07
16:0 0.44-1.91 5.66-10.02 0.54 2.9 16:0 0.11 12.24
16:1 0.55-2.59 6.80-26.73 0.51 4.3 16:1 0.10 30.96
18:0 0.05-0.42 3.05-14.43 0.06 • 1.8 18:0 0.15 7.00
18:1 0.23-0.68 1.92-6.71 0.19 1.6 18:1 0.50 5.72
18:2n-6 0.05-0.13 2.37-10.69 0.01 1.2 18:2n-6 0.06 7.93
18:3n-3 0.04-0.17 3.86-23.14 0.04 5.6 18:3n-3 0.08 12.85
18:4n-3 0.07-0.24 2.43-6.30 0.04 1.5 18:4n-3 0.15 7.62
20:0 0.02-0.17 7.78-84.25 0.01 5.5 20:0 0.03 10.12
20:1 0.15-0.45 4.46-18.13 0.13 7.3 20:1 0.45 3.19
20:2n-6 0.01-0.08 10.29-25.77 0.01 8.6 20:2n-6 0.10 32.42
20:3n-6 0.03-0.07 16.08-67.73 0.03 17.4 20:3n-6 0.11 35.22
20:3n-3 0.04-0.07 27.47-47.93 0.01 3.1 20:3n-3 0.07 29.32
20:4n-6 0.07-0.19 8.86-43.83 0.02 2.5 20:4n-6 0.09 7.37
20:4n-3 0.06-0.15 4.91-13.77 0.04 3.5 20:4n-3 0.15 7.86
20:5n-3 0.43-2.06 5.48-9.78 0.25 1.9 20:5n-3 1.54 5.83
22:0 0.02-0.38 11.77-141.42 0.02 8.9 22:0 0.07 73.94
22:1 0.14-0.80 8.88-17.24 0.11 7.9 22:1 0.50 4.68
22:4n-6 0.08-0.17 38.29-93.55 0.06 26.3 22:4n-6 0.41 84.99
22:5n-6 0.04-0.08 13.14-50.60 0.03 18.6 22:5n-6 0.14 43.08
22:5n-3 0.10-0.32 8.84-16.20 0.13 6.7 22:5n-3 0.36 8.52
22:6n-3 0.69-1.44 7.50-16.09 0.29 3.7 22:6n-3 1.40 7.51
24:0 0.02-0.14 48.38-100.00 0.01 10.9 24:0 0.11 158.70
24:1 0.07-0.73 41.22-102.20 0.03 7.4 24:1 0.23 35.16

Fish oils, absolute weight (mg/g sample)
Ethyl ester concentrate, absolute weight 

(mg/g sample)

20:5n-3 2.98-31.10 5.38-19.75 7.17 5.9 20:5n-3 20.40 9.15
22:6n-3 2.60-13.27 4.24-12.60 3.68 5.3 22:6n-3 14.15 8.97

a sR and RSDr for fish oils are ranges of values obtained in the collaborative study of 4 different fish oils. RSDr values are elevated for 
analytes that rarely exceed 0.1-0.2% of total analytes (20:0,20:3n-6,22:0,22:4n-6,22:5n-6,24:0, and 24:1).

Results

Details o f equipment and some o f the operating parameters 
used by the collaborators are listed in Table 1. A ll o f the collab
orators used helium carrier gas, with one exception; Collabo
rator 18 used hydrogen. Most of the columns used had been in 
operation for 1-10  months before the study began, but a num
ber o f collaborators reported the use of new columns, and one, 
Collaborator 10, reported that the column had been in service 
for 5 years. A ll but Collaborators 10 ,15 ,16 , and 17 operated in 
split mode; split ratios varied from 1:50 to 1:100.

No restrictions were placed on the selection of GC instru
mentation by the study participants beyond the mandatory use 
of a flexible fused silica capillary column coated with a bonded 
polyglycol liquid phase, an oxygen scrubber in the carrier 
gas line to protect the column, and a flame ionization detec
tor. However, Collaborators 17 and 21 used columns coated 
with DB-225, which is not a polyglycol but is, rather, a liquid 
phase composed of 50% cyanopropylphenyl and 50% methyl

silicone. Consequently, these collaborators were considered to 
be “procedural deviates” (2), and their data were not used in the 
statistical calculations.

The raw data submitted by the collaborators for the 6 sam
ples and the statistical calculations o f reproducibility between 
laboratories are listed in Tables 2 -7 . Collaborator 14 submitted 
a typewritten table of results for the 6 samples. Reported area 
percentages for Sam ples 1 and 2 w ere virtually identical, 
although Sample 1 was steam-deodorized menhaden oil and 
Sample 2 was the ethyl ester n-3 concentrate. However, the 
calculated w eigh t data reported for EPA and D H A in Sam
ple 2 were almost twice as great as those reported for Sample
1. This indicates that Collaborator 14 did, in fact, properly an
alyze Sample 2 but inadvertently submitted erroneous area per
cent data for this sample. Despite 2 requests, no correct report 
on Sample 2 was received from this collaborator.

Collaborator 18 initially reported the weights o f EPA and 
D H A  as ranging from 0.06 to 0 .216 m g/g in the 6 sam
ples. When contacted and asked to verify these data, the collab-
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Lab Number in Order of Increasing Lab Average

F ig u re  1. G C  a n a l y s i s  o f  E PA  a n d  DH A  in  S a m p le s  1 (o) 
a n d  6  (A) (b lin d  d u p l ic a te ) :  c o n c e n t r a t io n  in a r e a  p e r c e n t  
v s  c o l l a b o r a to r  n u m b e r  In a s c e n d in g  o rd e r .

orator responded that the internal standard had been improperly 
prepared and requested that the data be disregarded. Collabo
rator 12 originally reported weights of EPA and DHA ranging 
from 2800 to 10 000 mg/g in the 6 samples, clearly reflecting 
errors in the calculations. Subsequently, recalculated values 
were submitted and are listed in Tables 2-7.

The results o f between-laboratory reproducibility (RSDr) 
and within-laboratory repeatability (RSDr) calculations de
rived from the analysis o f Sample 1 and its blind duplicate, 
Sample 6, are given in Table 8. The ranges and, hence, the vari
abilities in the determination of the area percentages of EPA 
and DHA are typified in Figure 1 and those for the absolute 
weights in Figure 2.

All calculations except the reproducibility values (R) and 
repeatability values (r) were performed by using the computer 
program FDACHEMIST, which was developed for the statis
tical analysis o f collaborative study data (2). The identities (but 
not the existence) o f Dixon and/or Grubbs between-laboratory 
outlier values were determined by visual inspection, referred to 
by Albert as the “ultimate outlier test” (3), and are indicated in 
Tables 2-7 . The Cochran test was used to calculate within-lab
oratory outlier values, also by using FDACHEMIST.

A  summary of the statistical performance of the method for 
all of the 26 analytes in the 5 oils and the ethyl ester concentrate 
is given in the method as Method Performance. Because of the

L ab  N u m b er in O rd e r o f In c re a s in g  L ab  A v e rag e  

F ig u re  2 . G C  a n a ly s i s  o f  E PA  a n d  DH A  in  S a m p le s  1 (o) 
a n d  6  (A) (b lin d  d u p l ic a te ) :  c o n c e n t r a t io n  in  m g /g  s a m p le  
v s  c o l l a b o r a to r  n u m b e r  in  a s c e n d in g  o rd e r .

large amount o f data generated in the analysis o f the oils, ranges 
for sR and RSD& rather than ind ividual va lu es, are listed 
for this matrix. Repeatability standard deviations (Sj and RSDr) 
could be calculated only for the analysis o f one oil and its 
blind duplicate.

Collaborators' Comments
Collaborator 6 noted that a labeled chromatogram of fish oil 

ethyl esters would have aided in identification of the compo
nents in Sample 2.

Using a DB-Wax column, Collaborator 11 observed coelu
tion of some sample components with the internal standard; 
correction was made for this coelution. This collaborator also 
commented that when their chromatographic system is “func
tioning properly” (phrase not defined), it gives response factors 
that are within ±1% of the theoretical response factors pub
lished by Craske and Bannon (4). When it is not functioning
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T a b le  9 . C o m p a r i s o n  o f  1 9 7 7  A O C S  S m a lle y , 1 9 7 9  A O A C , a n d  19 8 8  A O A C  c o l la b o ra t iv e  s t u d y  r e s u l t s

Fatty Acid 14:0 16:0 16:1 18:0 18:1 18:2 20:1 20:5 22:1 22:6

1977 AOCS

N 55 53 55 55 55 51 55 41 52 33
Mean, % 4.2 8.6 13.1 1.2 13.7 1.2 18.8 6.6 21.7 3.2
SD 0.60 0.60 1.28 0.51 0.67 0.63 1.25 0.66 2.87 0.42
CV, % 14.3 6.9 9.8 28.2 4.9 53.4 6.6 10.0 13.2 13.1

1979AOAC

N 15 14 14 15 15 15 14 13 13 14
Mean, % 4.1 8.7 13.2 1.9 13.9 0.9 18.7 7.0 21.5 3.5
SD 0.44 0.69 0.97 0.39 0.77 0.41 0.72 0.59 1.29 0.69
CV, % 10.7 7.9 7.4 20.6 5.6 45.1 3.9 8.5 6.0 19.9

1988 AOAC

Sample 1

N 19 18 19 17 17 18 17 18 17 19
Mean, % 8.3 18.7 12.1 3.1 11.9 1.2 1.8 13.8 1.4 7.9
SD 0.98 1.31 1.65 0.11 0.23 0.07 0.15 0.79 0.25 1.27
CV, % 11.7 7.0 13.6 3.6 1.9 5.6 8.0 5.8 17.2 16.1

Sample 2

N 17 17 15 17 17 17 17 18 17 18
Mean, % 0.4 0.9 0.3 2.1 8.7 0.8 14.2 26.4 10.6 18.7
SD 0.06 0.11 0.10 0.15 0.50 0.06 0.45 1.54 0.50 1.40
CV,% 17.1 12.2 31.0 7.0 5.7 7.9 3.2 5.8 4.7 7.5

Sample 3

N 19 18 18 18 18 18 17 18 19 18
Mean, % 5.7 13.3 8.8 2.3 18.0 2.0 10.0 7.8 9.0 7.0
SD 0.75 1.00 0.83 0.07 0.51 0.05 0.45 0.43 0.80 0.69
CV, % 13.1 7.5 9.4 3.1 2.8 2.4 4.5 5.5 8.9 9.9

Sample 4

N 18 19 18 19 19 18 17 19 19 19

Mean, % 7.0 15.0 8.1 2.9 14.1 1.2 3.3 17.0 2.4 12.3

SD 0.58 1.03 0.55 0.42 0.42 0.05 0.32 1.26 0.24 1.44

CV, % 8.3 6.9 6.9 14.4 3.0 4.7 9.7 7.4 10.1 11.7

Sample 5

N 17 18 19 17 19 18 19 19 18 18

Mean, % 5.4 7.8 9.7 0.8 10.1 1.2 1.3 27.5 1.0 12.5

SD 0.64 0.44 2.59 0.05 0.52 0.07 0.24 2.06 0.14 0.93

CV, % 12.0 5.7 26.7 5.6 5.2 6.0 18.1 7.5 13.4 7.5

Sample 6

N 18 19 19 17 17 19 19 19 18 19

Mean, % 8.3 19.1 11.9 3.1 11.9 1.2 1.8 13.4 1.4 7.8

SD 0.96 1.91 1.27 0.18 0.42 0.13 0.29 1.31 0.22 1.20

CV, % 11.6 10.0 10.6 5.7 3.6 10.7 16.2 9.8 16.1 15.5
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F ig u re  3 . R e p ro d u c ib i l i ty  re la tiv e  s t a n d a r d  d e v ia t io n  (R S D r) f o r  d e te r m in a t io n  o f  2 4  a n a ly t e s  In 5  e n c a p s u l a t e d  f is h  
o i ls  a n d  1 e th y l  e s t e r  c o n c e n t r a t e  a s  fu n c t io n  o f  m e a n  a r e a  p e r c e n t  c o m p o s i t io n .

properly, they find it almost impossible to obtain the theoretical 
factors. This occurred during the co llab orative  study for 
unknown reasons. They applied correction factors of 1.03 and
1.05 for EPA and DHA, respectively, to obtain the values re
ported for the study. This collaborator believes that one or more 
factors other than the column can affect the results of an anal
ysis, but these factors were not identified.

Collaborator 14 submitted a secondary table o f 16 addi
tional analytes in the samples, in addition to the 24 components 
designated on the data sheet. In his view, the methylation pro
cedure is unnecessarily complicated by the requirement for 
frequent nitrogen flushing because he believes the acids are 
unlikely to oxidize during their conversion to esters.

Collaborator 15 commented that the use of the suggested the
oretical detector correction factors of 0.99 and 0.97 for EPA and 
DHA, respectively, gives substantially low values of these mate
rials in fish oils and esters although these factors were used in 
preparing his report. This laboratory considers that more appro
priate correction factors, relative to the internal standard (23:0), 
would be 0.80 for EPA and 0.68 for DHA. Another comment con
cerned the small volume of sample solution obtained. This pre
sented a problem because this laboratory uses autosampler vials 
that require about 1.1 mL sample per injection.

Collaborator 17 raised 3 questions: ( i )  Why is there an ap
parent large difference between their area percent composition 
and their calculated weight composition? (2) Is 23:0 the most 
appropriate internal standard, given its relatively poor solubil
ity in many organic solvents? (3) What are the relative merits 
of on-column vs split injection?

Discussion

Conventional GC on packed columns measures the propor
tions of individual fatty acids after their conversion from 
triacylglycerol form to volatile methyl ester form (5). However, 
this approach has several shortcomings. Packed columns are 
capable of resolving about 12 major or biochemically interest
ing fatty acids of fish oils (6), but fish oils contain 60 or more 
constituent fatty acids (7, 8). This lim ited resolving power 
of the polar packed GC columns formerly in com m on use 
may result in coelution of other components with EPA and/or 
DHA, exaggerating their respective percentages. This problem 
of peak coincidence was addressed earlier by Ackman when he 
described the chain length overlap that is common with packed 
polar columns (9). As an example, methyl docosenoate (22:1) 
coelutes with methyl arachidonate (20:4n-6) on the most highly
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polar columns but with methyl EPA on less polar columns (6,
9). These particular GC problems can be overcome by the use 
of polar capillary colum ns, particularly the relatively low 
polarity polyglycol (Carbowax-20M) columns that have pro
vided for nearly 2 decades maximum resolution o f a large 
number o f methyl esters of fatty acids without chain length 
overlap (10 ,11). A  typical chromatogram o f menhaden oil 
fatty acid methyl esters on Carbowax-20M is illustrated in 
Figure 99139.

Another problem in the determination of EPA and DHA in 
marine oils arises from the complex nature of the sample it
self. In many analyses o f fats and oils, it is conventional to 
regard the area percentages of fatty acid methyl esters as repre
sentative of the mass of the fatty acids in the oil sample; the 
glycerol content is generally ignored. However, unrefined fish 
oils contain at least 0.5% free sterols, mostly cholesterol in all 
instances (12), and, depending on origin, may also contain bio
genic hydrocarbons, such as pristane or squalene (13), or fatty 
alcohols (14). Hexadecanol and docosenols are only 2 exam
ples of the latter, which may be present at as much as 1% of the 
total lipid content (15). Although some of the more volatile im
purities may be removed during steam deodorization, the final 
step in oil refining (16,17), this does not include stearyl esters 
or wax esters (14), also commonly found in marine oils. Unfor
tunately, during deodorization, the labile EPA and DHA may 
form either thermal artifacts (18) or nonvolatile oxidative poly
mers (19). M oreover, com panies producing encapsulated 
fish oils may add tocopherols and som etim es other mate
rials as antioxidants or stabilizers (20). Because polymers, 
or other nonvolatile materials, are not eluted during GC 
analysis, the apparent proportions of EPA and DHA are 
further inflated above the true values, unless properly ex
pressed as m g/g sample. The problems presented by the 
presence o f  naturally occurring nontriacylglycerol com po
nents or manufacturing additives in encapsulated fish oils 
require the use o f an internal standard. Tricosanoic acid 
(23:0) has been suggested (21, 22) and tested with both 
capillary and packed columns. A  concerted attack on the 
problem (23) showed that methyl 23:0 did not coelute with 
any of the fish oil fatty acid methyl esters when analyzed 
on a flexible fused silica column coated with a bonded liq
uid-phase based on the polyglycol, Carbowax-20M  (Fig
ure 99139). The option o f calibrating the EPA and DHA  
peaks against external standard esters must be mentioned, 
but it should be discouraged on the grounds o f the consid
erable expense of purified EPA and DHA and the known 
oxidative instability o f these 2 compounds once their con
tainers are opened for use (24 -26 ).

The final problem in the analysis of fish oil fatty acids lies 
in the need to apply corrections to the electronic response of the 
universally used flame ionization detector to equate peak areas 
with mass for the wide range of fatty acid chain lengths, C14-  
C24» present in fish oils. Although these theoretical detector 
correction factors (4, 27) are relatively unimportant in the anal
ysis o f those vegetable oils that are primarily made up of C16 
and Cig fatty acids (28), they are clearly necessary in the anal
ysis of fish oil fatty acids. Because only the theoretical detector

factors should be used, the importance o f instrument optimiza
tion cannot be overemphasized (4). Capsules o f Sample 1 for 
instrument optimization are available from the Charleston Lab
oratory, National Marine Fisheries Service, PO Box 12607, 
Charleston, SC 29422.

A  particular benefit of the polyglycols as a recommended 
liquid phase is that this material is homogeneous in chemical 
composition, and any bleed with use over time does not change 
the polarity. Experience indicates that the coating thickness 
may decrease with use, but the loss of fragments of long mol
ecules does not change the polarity of the balance of the coat
ing. The relative retention times (and resolution) of fatty acids 
of differing type, especially 21:5n-3 and 23:0, therefore, do not 
change even if the on-column load has to be slightly reduced 
with time. Overall, the stability of “bonded” polyglycol col
umns is such that 2 years of useful life can be expected and is 
often exceeded. A  chemically mixed phase may also lose parts 
of polymer chains without any effect on polarity, but, in the 
long run, it appears that a portion of one part, the phenyl groups 
of DB-225 for example, may be affected, redefining the chem
ical nature of the liquid phase and altering elution patterns. The 
only caveats for use of the readily available commercial poly
glycol columns are that neither 24:0 nor 24:1 coelutes with 
22:6n-3 and that 21:5n-3 be resolved from 23:0. The mono- 
trans artifacts of EPA (18) do not interfere with its determina
tion on polyglycols and, indeed, are an accurate measurement 
of sample abuse. Similar artifacts o f DHA have not been inves
tigated as thoroughly.

Some lipid chemists use antioxidants in solvents, but less 
trouble from contamination generally follows from the liberal 
use of an inert gas, usually nitrogen, to exclude atmospheric 
oxygen. Most polyunsaturated fatty acids have induction peri
ods before severe autoxidation begins (24, 25). Nevertheless, 
some sense of urgency should accompany all analyses o f fish 
oils, especially refined oils that have been removed from the 
natural matrix where carotenoids, squalene, etc., may be natu
ral antioxidants. The procedure described may take only 2 h 
to complete, but the increasing use o f autosamplers with de
layed overnight analysis reinforces the need to exclude oxygen 
at every step in the procedure.

Of 2964 potential values to be reported in this study, 2346 
area percent values and 180 weight values were received. Afew  
collaborators consistently failed to list values for 20:0,20:2n-6, 
20:3n-6, and 20:3n-3; other collaborators consistently listed 
these components as being present at 0.1-0.4% . It is probable 
that the first group o f collaborators operated their instru
ments at less than adequate sensitivity. Dixon and/or Grubbs 
tests identified a total of 109 outlier values among the 2526 
values submitted. Area percent outlier values were more com
mon in the reports o f Collaborators 15, 16, 18, and 20; each 
reported data containing outliers in 5 of the 6 analyses. Six 
collaborators reported no values that were outliers. Of the 12 
outlier values for weights of EPA and DHA, 10 were submitted by 
Collaborator 12, although none of the corresponding area percent
ages reported by this collaborator were outliers. In initially report
ing 2500-10 000 mg of EPAand DHA/g sample, Collaborator 12 
obviously made calculation errors. However, because no “correc
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tion” factor that would bring the second set o f  values more in 
line with those submitted by others is evident, this collabo
rator may not have completely redissolved the internal standard 
after addition of the samples and solvent.

The results of the analysis o f Samples 1-6  are summarized 
in Table 9 and compared with the results o f 2 prior collabora
tive studies that included fish oil as a sample (29). Reproduc
ibility relative standard deviations (RSDr) are listed in this 
table as coefficients o f variation (CV) for consistency with the 
previously published data. With few exceptions, the CVs of the 
current study were equivalent to, or substantially lower than, 
those of the 2 earlier studies.

In Figure 3, 144 mean area percent values (6 samples, 24 
analytes) are plotted against the respective RSDr values to 
illustrate the observed relationship between the 2 variables in 
this study. Almost half o f these mean values (67) were for fatty 
acids present at less than 1% of the total acids, and the RSDr 
values are elevated, with a cluster between about 25 and 
60. These elevated values may be anticipated for fatty acids 
such as 22:0, 22:4n-6, 22:5n-6, 24:0, and 24:1, which rarely 
exceed 0.5% in marine oils. The RSDr values decline to about 
10 for means of fatty acids present at 2% or greater. The highest 
mean observed (27.5%) had an RSDr of about 5.

The International Standards Organization has introduced the 
concepts of repeatability confidence value (r) and reproducibility 
confidence value (R) (3). As stated in the AOAC guidelines for 
collaborative study procedures, “...assuming normal distribution, 
when duplicate measurements are performed, the absolute 
difference between the results of each of these duplicate mea
surements is expected to be below r or R in 95% of the cases”
(30). Thus, these values represent the 95% confidence limits of 
the differences between 2 successive analyte concentration es
timates. In the analysis o f blind duplicate Samples 1 and 6 for 
area percentages o f EPA (r = 0.7) and DHA (r = 0.8), only 1 
collaborator reported replicated values of EPA that differed by 
more than 0.7; 2 collaborators obtained results with differences 
greater than 0.8 for DHA. These aberrant results are clearly 
seen in Figure 1.

Table 10 summarizes the precision of the capillary column 
analysis o f the more important fatty acids of fish oils, partic
ularly of the nutritionally important n-3 fatty acids. As noted 
above, the reproducibility for the major fatty acids equals, or is 
superior to, that obtained in a prior collaborative study of fish 
oils using packed GC columns.

Recommendation

We recommend that the capillary column GC method for 
determination o f fatty acids of fish oils and ethyl esters de
rived from that source, both as area percentages and in absolute 
weights through the use of 23:0 as internal standard, be adopted 
first action.
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OILS AND FATS

R a p id  a n d  S im p le  C o u lo m e t r ic  M e a s u r e m e n t s  o f  P e r o x id e  V a lu e  

i n  E d ib le  O i ls  a n d  F a t s
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A  rapid coulometric method was developed for the 
measurement of peroxide value in edible oils and 
fats. The sample size and reagents volumes in this 
method are considerably less than those in the 
American Oil Chem ists’ Society method. Iodine pro
duced by the reaction of the Iodide ion and perox
ide in the sample is electrochemically reduced at 
the carbon-felt electrode more rapidly than it is 
with iodometric titration. The present method is 
successfully applied to the measurements of edi
ble oils and fats, and the coulometric results ob
tained are consistent with those obtained 
by iodometry.

T he oxidation o f lipids in food affects the deterioration of 
food quality by producing rancidity and inviting food 
poisoning. Therefore, the oxidation of lipids in food must 

be investigated when addressing food sanitation.
Peroxide value (POV) was used as an effective indicator of 

the degree of the oxidation of lipid. The official method of the 
Japan Oil Chemists’ Society (1) and the American Oil Chemists’ 
Society (AOCS) (2) measure POV iodometrically. However, 
the determination o f low levels o f POV or POV in small sample 
sizes is uncertain because the iodometric titration endpoint, the 
disappearance o f the pale-violet color produced by the iodine 
and starch reaction, is difficult to discern.

A  coulometric method was developed to complete accurate 
measurements of low level POV (3). However, this method 
is time-consuming.

We developed a rapid, controlled potential coulometric pro
cedure that w as applied  to the determ ination of various 
substances such as L-ascorbate (4), residual chlorine (5), and 
hydrogen peroxide (6). We also measured the POV of linoleic

Received July 15,1991. Accepted September 30,1991.

acid by the rapid coulometric procedure (7). However, this 
method was not applicable to POV of fats such as lard or beef 
tallow because the solid-state sample at room temperature was 
not sufficiently diffused into the working electrode. Therefore, 
the coulometric analysis for the measurement of POV in oils 
and fats was improved by modifying the sample preparation of 
the AOCS method.

Experimental

Reagents

(a) Edible oils and fats.—Sesame, com, cottonseed, rape- 
seed, peanut, olive, and palm oil, lard and beef tallow (Yuro 
Chemical Co., Tokyo, Japan). Oxidized by incubation in the 
dark at 60°C.

(b) Acetic acid-chloroform solution (3 + 2).—Mix glacial 
acetic acid and chloroform.

(c) Saturated potassium iodide solution.—Dissolve potas
sium iodide in freshly boiled water.

(d) Electrolyte.—0.2M Sodium dihydrogenphosphate 
dihydrate including 1M potassium iodide (pH 3.0).

Apparatus

(a) Potentiostat.—Model HA-305 (Hokuto Denko Ltd, 
Tokyo, Japan).

(b) Integrator.—Model C-R2A(Shimadzu, Kyoto, Japan).
(c) Carbon-felt cell.—Mitsui Engineering & Ship-building 

Co., Ltd, Chiba, Japan.
(d) Automated repeating microsyringe.—Model MS-5SL 

(Ito Co., Ltd, Shizuoka, Japan).
(e) Personal centrifugal separator.—Model Chibi-tan 

(Nihon Millipore, Ltd, Tokyo, Japan).

Sample Preparation

Accurately weigh ca 20 mg sample into 0.5 mL disposable 
polypropylene centrifugal tube. Add 150 pL glacial acetic
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ELECTRODE POTENTIAL (V)
Figure 1. Effect of electrode potential on current 
efficiency of 1 x 10-3M fe.

ac id -ch lo ro fo rm  (3 +  2, v /v ) to dissolve sample, and add 2 p L  
saturated potassium iodide. A fte r occasional m ix in g  on vortex 
m ixe r fo r 1 m in , add 150 p L  d is t i lle d  w ater and shake v ig 
orously. Centrifuge m ix ture  10 s at 6400 rpm. D iscard low er 
ch lo ro fo rm  layer using disposable pipet. Use aqueous layer fo r 
test solution.

Measurement of POV
C onstruction  o f  the cou lo m e tric  c e ll presented here is the 

same as tha t used in  a p re v io u s  s tudy  (8 ), except fo r  the 
electrode size and the e lec tro ly te , w h ic h  is  changed to  0 .2 M  
s o d iu m  d ih y d ro g e n p h o s p h a te  d ih y d ra te  c o n ta in in g  1M  
potassium  iod ide.

Figure 2. Effect of light on the peroxide, potassium Iodide

Table 1. Variation of current efficiencies of 1 x 10-3M I2  

obtained by successive Injections*

No. of injection Charge, mC C.E., % CV, % E.T., s

1-5 0.993 102.8 0.46 9.5
6-10 0.992 102.7 0.47 10.8

11-15 0.989 102.4 0.13 9.7
16-20 0.987 102.2 0.49 11.8
21-25 0.987 102.2 0.49 10.7
26-30 0.986 102.1 0.67 11.8
31-35 0.977 101.1 0.33 10.8
36-40 0.980 101.4 0.67 13.4
41-45 0.976 101.0 0.86 15.0
46-50 0.972 100.6 0.86 15.4
51-55 0.961 99.5 0.87 15.7
56-60 0.948 98.1 2.25 16.3
61-65 0.941 97.4 2.42 17.9
66-70 0.892 92.3 3.02 17.5

* Average of 5 trials: Injection volume, 5 uL; C.E. = current 
efficiency; CV = coefficient of variation; and E.T. = electrolysis time.

In je c t tr ip lic a te  5 p L  vo lum es o f  test so lu tio n  and b lank 
solution w ith ou t lip id  onto the surface o f  the carbon-fe lt cell. 
M ean values o f  charges integrated du ring  e lectro lys is  were 
converted in to  POV.

R esu lts and D iscussion

Electrode Potential
In  contro lled potentia l coulom etry, the e lectroactive species 

m ust be com ple te ly  e lectro lyzed at the con tro lled  potentia l.

not shield the 1ight
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Figure 3. Effect of light on Iodide stability.

Table 2. Comparison of POV of edible oils and fats 
obtained by coulometry and lodometry*

Sample

Coulometry lodometry6

POV, meq/kg CV, % POV, meq/kg CV,%

Sesame oil 4.0 2.1 4.1 2.2
Corn oil 8.4 1.8 8.7 0.96
Cottonseed oil 13.8 3.3 14.5 2.7
Rapeseed oil 33.1 3.0 33.2 0.27
Peanut oil 29.2 1.9 30.5 0.18
Peanut oil 35.4 2.9 37.8 0.85
Olive oil 16.0 0.36 17.0 0.67
Olive oil 49.6 1.6 50.3 0.14
Palm oil 8.9 0.94 8.9 0.94
Beef tallow 2.5 7.8 2.5 1.8
Lard 35.0 0.82 34.6 0.72

* Average of 5 trials; CV = coefficient of variation. 
6 AOCS method (shield the light).

Current e ffic iency against applied potentia l was obtained by 
in jec ting  the iod ide solution (5 p L , 10-3M )  at d iffe rent elec
trode potentials. Current e ffic iency increased w ith  an increase 
in  w o rk in g  electrode potentia l, and e ffic iency reached a m ax i
m um  value at m ore than -0 .2 0  V  (F igure 1). However, the elec
tro-reductions o f  other electroactive species contained in  the 
sample were observed when the electrode potentia l exceeded 
-0 .3  V. Consequently, a -0 .25  V  electrode potential o f  the w ork
ing  electrode was selected.

Sample Load
The effect o f  successive in jections o f  1 x  10"3M  iod ine on 

current e ffic iency was studied. Data in  Table 1 show that more 
than 50 in je c tio n s  w ere  p e rm itte d . T he  increase o f  vo lu m e  
o f  e lec tro ly te  due to  successive in jec tio ns  poss ib ly  delayed 
the d if fu s io n  ra te o f  io d in e  in to  the  e lectrode , and th is  de
la y  m ay have resulted in  the lo w  current effic iency. Rapid and 
accurate sam pling was perform ed w ith  an automated repeat
ing  m icrosyringe.

Linearity and Detection Limit
The re lationship between charge and iod ine concentration 

was linear over the 2  x  1CT2 - l x  10~5M  range, w h ich  is equi
va len t to a P O V  o f  482-0 .28  m eq/kg, w ith  a corre lation coef
fic ie n t o f  0.9999. The detection lim it  o f  P O V  was defined as 3 
tim es the b lank run because the higher b lank run coeffic ients 
o f  varia tion  in fluence the sample coeffic ients o f  variation. The 
detection l im it  was about 0.8 meq/kg.

Effect of Light on POV
The effects o f  lig h t on P O V  du ring  and after the peroxide 

and potassium iod ide reaction are shown in  F igures 2 and 3, 
respectively. These results indicate that the libera tion  o f  iod ine 
was increased by  lig h t; however, th is  reaction  was completed 
w ith in  1 m in  by  sh ie ld ing  the ligh t. Therefore, the m ethod

should be perform ed w ith  lig h t shield ing. Because the P O V  o f 
the b lank solution is stable fo r  20 m in  after p roduction o f  io 
dine, in jections should be perform ed w ith in  this tim e period.

Application to Oils and Fats
The present m ethod was applied to P O V  measurements o f 

several o i ls  and fa ts , and the  re s u lts  w e re  compared to 
those fro m  the A O C S  m ethod (2) (Table 2). Except fo r  a few  
samples, cou lom etric  results were s ligh tly  lo w er than those ob-

B

lm in

Figure 4. Typical current v s time curves obtained 
from blank solution and oxidized lards: A, blank 
solution; B, lard (POV 17.9 meq/kg); and C, lard (POV
8.7 meq/kg).
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tained b y  the  A O C S  m ethod . T h is  in d ica tes  that iodine is 
extracted incom ple te ly  fro m  the organic phase to the aqueous 
phase. Typ ica l current vs tim e curves obtained fro m  oxid ized 
lard samples and b lan k  solutions are shown in  F igure 4. The 
electrochem ical reduction o f  each sample is com plete w ith in  
about 20 s.

The rapid coulom etric method was applied fo r measurement 
o f P O V  in  o il (7). In  th is  m ethod , the sam ple  solution con
ta in ing  o i l  was d ire c tly  in jec ted  in to  the w o rk in g  electrode; 
however, the so lid  sample at room  temperature was diffused 
incom plete ly  in to  the w o rk in g  electrode. In  the present study, 
m odifica tions o f the sample preparation, the e lectro ly tic  poten
tia l, o r the e le c tro ly t ic  s o lu t io n  m ade the d e tec tion  o f  P O V  
in  solid fa t samples possible. Therefore, the present m ethod is 
more applicable fo r  rap id and precise measurement o f  P O V  in  
various edib le o ils  and fats.
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PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES
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A critical review of m ultiresidue analytical m ethods 
w as perform ed to  develop  an ea sy  procedure  th a t 
can  be  applied with sligh t m odifications to  v eg e ta
ble and  anim al food sam p les . The m ultiresidue 
m ethod d escrib ed  Is applicable to  th e  quantitative 
determ ination of 28 o rg an o p h o sp h o ru s  p estic ides 
In fatty a s  well a s  nonfatty  foods. The foods are di
vided Into 4 g ro u p s  accord ing  to  extraction pro
c e s s  (acetone and  ace to n e -w a te r for sam p les  with 
m oisture con ten t <45%) and  c leanup  (on active car- 
bon-C elite, on  d isp o sab le  m inicolum ns of Kiesel- 
guhr-type m aterial, and  on  d isp o sab le  
m inicolum ns of b o n d ed -p h ase  silica, accord ing  to  
fat and  pigm ent content). A further fractionation on 
silica-gel m icrocolum ns can  be  Included in th e  pro
cedure. A w ide-bore colum n (SPB-5) with flam e 
photom etric detection  opera ted  in p h o sp h o ru s 
m ode (FPD-P) w as ch o se n  for g a s  chrom ato
graphic determ ination. R ecoveries from apples, 
olive oil, w hole milk, p asta , and  e g g s  a re  reported. 
Two packed  co lum ns (4% OV-101 and SP2250- 
SP2401) with FPD-P w ere te s ted  a s  confirm ation 
co lum ns. The m ethod  Is su itab le  for a  total 
diet study.

O rganophosphorus pesticides are the m ost w id e ly  used 
insecticides in  Ita ly : 19 053 tons o f  organophosphorus 
insecticides out o f  a to ta l 33 025 tons o f  organic insec

ticides were used fo r  agricu lture du ring  1987 (1).
The M in is try  o f  H ealth  comm issioned the H ygiene Institute 

o f  the U n ive rs ity  o f  Rom e to  pe rfo rm  a to ta l d iet study to de
term ine the organophosphorus pesticide intake.

The num ber o f  samples analyzed is an im portant determ i
nant o f  the re lia b ility  o f  a to ta l d iet study. Thus, the analytical 
procedure m ust be fast, easy, applicable w ith  s ligh t m od ifica 
tions to a num ber o f  d iffe rent sample classes, and su ffic ien tly  
sensitive and selective.

W e ll-know n  m ultiresidue methods were studied, checked, 
and integrated. The relevant aspects selected fro m  these pub-
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lished methods to be applied to the determ ination o f  organo
phosphorus pesticides in  foods are shown in  Table 1.

T he  m u ltire s id u e  a n a ly tic a l m e thod  se lected fo r  the de
term ination o f  28 organophosphorus insecticides in  ind iv idua l 
vegetable and anim al foods is described. I t  is based in  particu
la r on the w orks o f  A m brus et al. (2), B laha and Jackson (3), 
Luke  and Doose (4), and D i M ucc io  et al. (5). The insecticides 
were selected on the basis o f  the Ita lia n  regulations (6 ,7 )  and 
vo lum e and d is tribu tion  o f  use (1).

Experim ental

Apparatus and Reagents
(a) G a s chrom atographs.— (7) Varían M odel 3700 (Walnut 

Creek, C A ) equipped w ith : flam e photom etric  detector oper
ated in  p h o s p h o ru s  m od e  (F P D -P ), 52 6  n m  filte r. Operat
ing  conditions: in jec to r 220°C, detector 250°C; establish stable 
flam e at electrometer setting that w i l l  produce 40%  fu ll-scale 
de flection fo r  1 ng pa ra th ion -m e th y l; baseline noise should 
be <2% . Colum ns: (a) SPB-5 (Supelco, Belle fonte, PA), 30 m  
x  0.53 m m  id ; h o ld  at 1 4 0 °C  fo r  2 m in ,  in c re a se  to 240°C 
at 5°C /m in  and ho ld 2  m in ; N 2 carrier gas, 15 m L /m in ; N 2 
makeup, 15 m L /m in . (b) Glass, 2  m  x  3 m m  id , packed w ith  
4%  O V-101 on 80 -100  mesh Supelcoport (Supelco); 170°C, 
increase to 2 5 0 °C  at 5 ° C /m in  and  h o ld  2 m in ;  N 2 carrier 
gas, 45 m L /m in . (c) Glass, 2  m  x  3 m m  id , packed w ith  1.5% 
SP2250 + 1.95% S P 2401 on  1 0 0 -1 2 0  m esh S u p e lc o p o rt 
(Supelco), h o ld  at 1 7 5 °C  fo r  2  m in  and in c re a s e  to2 40°C  
at 5°C /m in  and ho ld  10 m in ; N 2 carrier gas, 45 m L /m in . (2) 
Hew lett-Packard M ode l H P  5890 (Palo A lto , C A ) equipped 
w ith : M S D  5970 B . O perating conditions: S IM  mode, E l 70 
eV, splitless in jec to r 220°C. C o lum n: U L T R A -2  (H P ), 25 m  x 
0.2 m m  id , 0.11 pm  f i lm  thickness; ho ld  at 80°C fo r  2  m in  and 
increase to 140°C at 20°C /m in , and then to  250°C  at 3°C /m in; 
H e carrier gas, 65 kPa.

(b) C hrom atograph ic c lea n u p  colum ns.— (i) Ready-to-use 
E xtre lu t-3  (Cat. N o . 15327, M erck , Darm stadt, Germ any); f ix  
needle (Lu e r-L ock  0.65/32) at co lum n end as f lo w  regulator.
(2 ) Glass, 30 cm  x 20 m m  id  w ith  glass septum (carbon-Ce- 
lite  cleanup). (3 ) Glass m icroco lum n, 30 cm  x  4.2 m m  id , w ith  
a 25 cm  x  20 m m  id  reservoir, jo ine d  at an a ir in le t, fo r  chro-



Ta
bl

e 
1.

 
Ex

tra
ct

io
n 

an
d 

cl
ea

nu
p 

pr
oc

ed
ur

es
 fr

om
 p

ub
lis

he
d 

m
et

ho
ds

 to
 d

et
er

m
in

e 
or

ga
no

ph
os

ph
or

us
 r

es
id

ue
s 

In
 fo

od

Cl
ea

nu
p

No
. o

f p
es

tic
id

es
Ty

pe
 o

f fo
od

Ex
tra

ct
io

n
So

lve
nt

 p
ar

tit
io

n
Fu

rth
er

 p
ro

ce
ss

in
g

an
al

yz
ed

Re
fe

re
nc

e

Dr
y 

cr
op

, l
ow

 fa
t c

on
te

nt
M

et
hy

len
e c

hl
or

id
e

Ac
et

on
e-

w
at

er
Al

um
in

a, 
si

lic
a g

el
36

(4
)

Dr
y v

eg
et

ab
le

s 
(<

10
%

 w
at

er
)

Ac
et

on
e-

w
at

er
 (6

5%
)

M
et

hy
le

ne
 c

hl
or

id
e-

ac
et

on
e,

 s
od

ium
 

ch
lo

rid
e

Ca
rb

on
-C

ei
ite

7
(6

)

Fa
tty

 fo
od

s
Ac

et
on

e-
be

nz
en

e-
su

lfu
ric

 a
cid

An
y

Fa
t p

re
cip

ita
tio

n 
at

 lo
w 

te
m

pe
ra

tu
re

19
(1

5)

Fa
tty

 an
d 

no
nf

at
ty

 fo
od

s
Ac

et
on

e, 
ac

et
on

e-
w

at
er

M
et

hy
le

ne
 c

hl
or

id
e-

he
xa

ne
, m

et
hy

len
e 

ch
lo

rid
e-

ac
et

on
e-

so
di

um
 c

hl
or

id
e

G
PC

17
(5

)

Fr
ui

ts
 a

nd
 v

eg
et

ab
le

s
Ac

et
on

e
M

et
hy

len
e 

ch
lo

rid
e

Al
um

in
a, 

sil
ica

 g
el

, m
ixe

d 
ad

so
rb

en
t

36
(4

)
M

et
hy

len
e 

ch
lo

rid
e-

pe
tro

le
um

 e
th

er
Fl

or
is

i
15

(1
2)

M
et

hy
len

e 
ch

lo
rid

e, 
he

xa
ne

An
y

46
(1

5)
M

et
hy

le
ne

 c
hl

or
id

e, 
he

xa
ne

Fl
or

is
i

16
(1

5)
M

et
hy

le
ne

 c
hl

or
id

e
Si

ic
a 

ge
l, 

ca
rb

on
43

(1
7)

M
ik

Ac
et

on
e

M
et

hy
le

ne
 c

hl
or

id
e

An
y

20
(1

1)

M
ik

 a
nd

 c
re

am
Ac

et
on

e-
he

xa
ne

An
y

Fl
or

is
i

1
(1

5)

No
nf

at
ty

 fo
od

s
Ac

et
on

itr
ile

, a
ce

to
ni

tri
le

-w
at

er
M

et
hy

le
ne

 c
hl

or
id

e
M

ixe
d 

ad
so

rb
en

t
41

(1
4)

O
liv

e 
oi

An
y

An
y

M
in

ico
lu

m
n 

Ki
es

et
gu

hr
-ty

pe
 m

at
er

ial
9

(7
)

Un
po

lis
he

d 
ric

e, 
w

he
at

,
Ac

et
on

e, 
be

nz
en

e,
 h

ex
an

e,
Ac

et
on

itr
ile

Ca
rb

on
11

bu
ck

wh
ea

t, 
dr

ied
 b

ea
ns

ac
et

on
e-

be
nz

en
e

(1
0)

W
at

er
M

et
hy

le
ne

 c
hl

or
id

e
An

y
Si

ic
a 

ge
l

19
(&

-*)

W
he

at
Et

hy
l e

th
er

-h
ex

an
e

An
y

An
y

15
_

a

8 
Le

vi,
 I.

, &
 N

ow
ick

i, T
.W

. (
19

74
) J

. A
ss

o
c.

 O
ff

. A
n

a
l. 

C
h

em
. 5

7,
92

4-
92

9.

512 Leoni Et  Al.: Journal Of AOAC International Vol. 75, No. 3,1992



Leo ni Et  A l .: Jo u rn al  Of  AO  A C  International  V o l . 75, N o. 3 ,1 9 9 2  513

Q.DC

o

c

a
I

?
Q.3s
o

iS

0

1

evi
JQ.«0

Q.3
eo

_ A Ì  A A
? ? ? ? • ?  P O O O o£  £  £  .c £o o o o u0 0 0 0 0
S S S S S">» ">% ">x ">s ■>%
1§ ^  Ü ©
5  2  2  2  2

© © © <D ©

8 2  UJ o

CM CM CM W  M  
V  A  A  A  V

A  A  A  V  V

_  « = >

m atography on silica gel (8, 9). (V) Ready-to-use Supelclean 
LC -18  (Supelco, Cat. No. 5-7012).

(c) Chopper, grinder.— D om estic machine.
(d) High-speed blender.— O m n i-m ix e r  (O m n i In te rna

tional, Waterbury, CT).
(e) Rotary vacuum evaporator.— O p e ra te  at 90 rp m  

(B uch i, Sw itzerland).
( f )  Reference standard materials.— Acephate, azinphos- 

ethyl, azinphos-m ethyl, brom ophos, ch lorfenvinphos E  and Z, 
ch lorpyriphos and ch lorpyriphos-m ethyl, dem eton-0 , deme- 
ton-S -m ethyl, dem eton-S-m ethylsu lfone, d iazinon, dim etho- 
ate , e th io n , fe n it r o th io n ,  h e p te n o p h o s , m a la o x o n  and 
m ala th ion, m etham idophos, m eth ida th ion , m onocrotophos, 
omethoate, paraoxon, paraoxon-m ethyl, parathion, parathion- 
m ethyl, phosalone, p irim iphos-m e thy l, tetrachlorvinphos, and 
vam ido th ion  (Società Ita liana C h im ic i S.p.A ., Ita ly ). Prepare 
in d iv id u a l standard solutions in  «-hexane at 100-300  p g /m L  
concentration, adding benzene (ca 1% ) , i f  so lub iliza tion  is d if
f ic u lt;  then prepare suitable d ilu tio n  w ith  «-hexane. Prepare 
standard cum ula tive  solutions ( fo r  recovery test) by m ix ing  
suitable volum es o f  in d iv idu a l standard solutions and d ilu tin g  
w ith  «-hexane.

(g) Solvents.— A cetone, ace ton itrile , benzene, d ich lo ro - 
methane, methanol, «-hexane, a ll pesticide grade (Carlo Erba, 
M ila n , Ita ly ). Handle solvents, pa rticu la rly  benzene, under a 
fum e hood, avo id ing inha lation and contact w ith  skin. Keep 
away from  sources o f  ign ition .

(h ) Anhydrous sodium sulfate.— Treated at 550°C fo r 16 h 
(C arlo  Erba).

(i) Silanized glass wool.— (A p p lie d  Science Laboratories, 
State College, PA).

( j)  Celite-545.— 0 .0 2 0 -0 .0 4 5  m m  (S e rv a , S e in b io n -  
chemica, Heidelberg, Germany, and N e w  Y ork, N Y ).

(k )  Active carbon.— Darco G -60 (Fisher, Fa irlaw n, NJ).
( l)  Sodium chloride.— (Carlo Erba).
(m ) Silica gel.— Davison 923, treated at 130°C fo r 2 h  and, 

after coo ling, deactivated by  6.5%  d is tille d  water (B D H  Ltd , 
Poole, England).

(n ) Cotton wool.— Washed w ith  acetone and «-hexane in 
Soxhlet and a ir dried.

Grouping of Food Samples
Foods are d iv ided in to  4 m ain groups according to m oisture 

and fa t content. T h is  subdiv is ion w ith  the adopted extraction 
process and cleanup fo r  each group is shown in  Table 2.

Extraction

(a) Groups I, II, ondila.— W eigh 50 g chopped sample in to  
high-speed b le n d e r ja r ,  add 10 0  m L  ace tone , b le n d  2  m in  
at high speed. F ilte r w ith  suction through Buchner funnel w ith  
glass septum, wash residue w ith  ca 50 m L  acetone. Collect 
w ashing and add to filtra te . B rin g  extract to an exact volum e 
(150 -200  m L ) w ith  acetone-water (2 + 1).

(b) Groups III (except oil) and IV.— W eigh 50 g chopped 
sample in to  high-speed blender ja r, add 50 m L  d is tille d  water, 
and proceed as fo r  Groups I  and II.
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Table 3. G C  retention tim es (min) o f o rganophospho ru s  
in se c tic id e s  re lative to  parath ion-m ethyl

Compound

Column

SPB-58 OV-101b
SP2250-
SP2401C

Acephate 0.26 _d _d

Azinphos-ethyl 2.29 3.14 2.91
Azinphos-methyl 2.16 2.83 2 . 6 6

Bromophos 1.24 1.41 1.07
Chlorfenvinphos E 1.31 1.47 1.24
Chlorfenvinphos Z 1.35 1.55 1.32
Chlorpyriphos 1.18 1.30 0.97
Chlorpyriphos-methyl 0.99 1 . 0 0 0.82
Demeton-0 0.48 0.45 0.60
Demeton-S-methyl 0.49 0.44 0.56
Demeton-S-methyisulfone 1.09 _ d 0.13
Diazinon 0.84 0.81 0.55
Dimethoate 0.69 0.64 0.89
Ethion 1.73 2.18 1.69
Fenitrothion 1 . 1 1 1.16 1.09
Heptenophos 0.42 0.39 0.46
Malaoxon 1.03 1.04 1.19
Malathion 1.16 1 . 2 2 1.09
Methamidophos 0.09 _d _d

Methidathion 1.40 1.69 1.46
Monocrotophos 0.64 0 . 6 6 1 . 1 2

Omethoate 0.48 0.52 0.90
Paraoxon 1.06 0.82 1 . 2 1

Paraoxon-methyl 0.85 0.84 1.08
Parathion 1.19 1.30 1.16
Parathion-methyl 1 ® 1 ' 1 «
Phosalone 2 . 2 0 2.90 2.45
Pirimiphos-methyl 1 . 1 1 1.58 0.92
Tetrachlorfenvinphos 1.45 1.19 1.46
Vamidothion 1.45 _d 1.87

8  Fused silica, 30 m x 0.53 mm id; hold at 140'C for 2 min, increase 
to 240*C at 5‘C/min and hold 2 min; N2  carrier gas, 15 mL/min.

6  Glass, 2 m x 3 mm id, packed with 4% OV-101 on 80-100 mesh 
Supelcoport; 170°C, increase to 250’C at 5'C/min and hold 2 min; 
N2  carrier gas, 45 mL/min.

0  Glass, 2 m x 3 mm id, packed with 1 .5% SP2250 + 1.95%
SP2401 on 100-120 mesh Supelcoport; hold at 175'C for 2 min, 
increase to 240°C at 5'C/min and hold 10 min; N2  carrier gas, 45 
mL/min.

d Compound is not revealed at these operating conditions.
8  9.20 min.
1 5.15 min.
9 8.25 min.

Partition
For all groups (except oil), place half the volume of food 

extract, equivalent to 25 g of sample (reserve second half) in a 
separatory funnel and add 100 mL dichloromethane, 100 mL 
acetone, and ca 7 g sodium chloride (to saturate aqueous solu
tion). Shake vigorously 1 min until most sodium chloride is 
dissolved, allow layers to separate, and transfer aqueous layer 
(lower layer) to a second separatory funnel. Dry organic layer

(upper layer) through sodium sulfate, about 50 g placed in a 
glass column 15 cm x 3.5 cm id, with a plug of cotton wool at 
the bottom. Add two 100 mL portions of dichloromethane 
to second separatory funnel and shake vigorously 1 min each 
time, and then dry each organic layer (lower layer) as above. 
Rinse sodium sulfate with ca 50 mL dichloromethane. Collect 
organic layers and washing and concentrate just to dryness in 
rotary evaporator (40-45°C water bath, reduced pressure). Add 
suitable solvent for chromatographic cleanup.

Column Chromatographic Cleanup
(a) G r o u p s  I  a n d  I V .— Fill glass column (2 cm id, glass sep

tum) with 2 g Celite followed by 4 g carbon-Celite (1 + 4) and 
top with glass-wool plug. Wash column with 20 mL benzene. 
Transfer sample quantitatively to column with small portion of 
benzene (ca 2 mL) and elute pesticides with 60 mL ace
tonitrile-benzene (1 + 1). Concentrate just to dryness in rotary 
evaporator (45-50°C water bath, reduced pressure). Add a suit
able volume (1 mL) of benzene and analyze by GC.

(b) G r o u p s  I I  a n d  II I  ( e x c e p t  o il).— Transfer sample quan
titatively to disposable Extrelut-3 minicolumn with ca 3 mL 
n-hexane. Allow solution to drain into filling material. Wait 
10 min to obtain even distribution, then elute 3 times with 5 mL 
acetonitrile equilibrated with «-hexane. Add 4 mL methanol to 
eluate and concentrate just to dryness in rotary evaporator (50- 
55°C water bath, reduced pressure). Add suitable volume 
(1 mL) of benzene and analyze by GC.

(c) G r o u p  I l a .— Perform cleanup as for Groups I and IV, 
then quantitatively transfer sample to Supelclean LC-18 with 
ca 2 mL acetonitrile and elute with 7 mL acetonitrile. Concen
trate to dryness in rotary evaporator (50-55°C water bath, re
duced pressure). Add suitable volume (1 mL) of benzene and 
analyze by GC.

(d) O liv e  o i l.— Dissolve and dilute olive oil or other vege
table oil (maximum volume 2.5 mL) to 3 mL with n-hexane. 
Quantitatively transfer lipid solution to disposable Extrelut-3 
minicolumn, and perform cleanup as for Groups II and III.

Determination
Check that GC systems are working properly by inject

ing mixed standard solutions. Retention times relative to para
thion-methyl, chosen as reference substance, are reported 
in Table 3 for SPB-5, OV-101, and SP2250-SP2401 columns. 
Figure 1 shows the chromatographic separation of mixed stan
dard solutions on the SPB-5 column. Inject 1 pL of cleaned 
extract (equivalent to 25 mg sample) into the SPB-5 column. 
Check that no peak is present in the retention window of para
thion-methyl, and add parathion-methyl to the sample as time 
reference compound. If there are some peaks, heptenophos 
can be used as time reference compound. Reinject sample and 
identify peaks by their relative retention times. Inject sample 
into SP2250-SP2401 column for confirmation and resolution 
of overlapping peaks, because this column displays a distinct 
elution sequence.

Quantify residues by height or by area measurement with a 
calibration graph obtained daily from solution of known con-
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Figure 1. Chromatograms of organophosphorus 
standard solutions under the following GC conditions: 
SPB-5 column, with FPD flame photometric detection 
operated In P-mode; held at 140°C for 2 min, increased 
to 240°C at 5°C/min and held 2 min. (1) Methamidophos,
(2) acephate, (3) heptenophos, (4) demeton-O,
(5) demeton-S-methyl, (6) omethoate,
(7) monocrotophos, (8) dimethoate, (9) dlazinon,
(10) paraoxon-methyl, (11) chlorpyrlphos-methyl,
(12) parathion-methyl, (13) malaoxon,
(14) demeton-S-methylsulfone, (15) paraoxon,
(16) fenltrothlon, (17) pirimiphos-methyl, (18) malathion,
(19) chlorpyrlphos, (20) parathion, (21) bromophos,
(22) chlorfenvlnphos E, (23) chlorfenvlnphos Z,
(24) methidathion, (25) tetrachlorvinphos,
(26) vamldothlon, (27) ethion, (28) azinphos-methyl,
(29) phosalone, (30) azinphos-ethyl.

centrations of the authentic compounds. Table 4 shows the 
detection limits of organophosphorus insecticides (signal-to- 
noise ratio = 3) on SPB-5 with FPD detection.

Table 4. Detection limits for organophosphorus 
insecticides8

Compound Detection limit, ng

Azinphos-ethyl 0.21
Azinphos-methyl 0,45
Bromophos 0.12
Chlorfenvinphos E 0.23
Chlorfenvinphos Z 0.18
Chlorpyriphos 0.13
Chlorpyriphos-methyl 0.10
Demeton-0 0.07
Demeton-S-methyl 0.09
Demeton-S-methylsulfone 1.18
Dlazinon 0.13
Dimethoate 0.21
Ethion 0.14
Fenitrothion 0.18
Heptenophos 0.09
Malaoxon 0.29
Malathion 0.18
Methidathion 0.17
Monocrotophos 0.55
Omethoate 0.10
Paraoxon 0.15
Paraoxon-methyl 0.21
Parathion 0.26
Parathion-methyl 0.12
Phosalone 0.31
Pirimiphos-methyl 0.11
Tetrachlorvinphos 0.20
Vamldothlon 1.31

a SPB-5 column with FPD-P (signal-to-noise ratio = 3; 1 ng 
parathion-methyl = 40% FSD).

Recovery Test
The foods selected for the recovery tests are apples, whole 

milk, eggs, olive oil, and pasta for Groups I, II, Ha, III, and IV, 
respectively. They were chosen because of their high consump
tion and to demonstrate the applicability of the procedure to 
different product matrixes. Chopped solid samples and olive 
oil and milk were spiked at the levels indicated in Table 5, after 
checking for the absence of organophosphorus. They were 
subjected to the whole procedure and determined by means of 
SPB-5 with GC/FPD. Each result (Table 5) is the average of 
3 tests.

R esults and D iscussion

Acetone and acetone-water blending is the most widely 
used (2, 3, 4, 10-13), simplest, and most efficient method 
to quantitatively remove the organic chemical residues from 
foodstuffs. We used acetone-water (2 + 1) for samples with a 
water content <45% to facilitate the partition step.

For the first purification step, we chose a simple partition 
with dichloromethane (2, 4,11,14). Solvent partitioning of or-
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F igu re  2. C h ro m a to g ram s  o f  a b read  ex tra c t (4 m L  fin a l 
vo lum e) unde r th e  fo llo w in g  G C  co n d it io n s : In jection  of
1 p L  on  S P B -5  w ith  F P D  ope ra ted  In P-m ode; he ld  at 
140°C fo r  2 m in , in c re a se d  to  240°C at 5°C/m ln and  he ld
2 m in. In jection  o f 5 p L  on 1.5% SP2250+1.95%  SP2401 
w ith  F P D  ope ra ted  in P-m ode; he ld  at 175°C fo r 2 m in  
and In creased  to  240°C a t 5°C/m in and  he ld  10 m in.
(1) C h lo rp y r ip h o s -m e th y l, (2) p ir im lpho s-m e thy l,
(3) m a la th ion , (a and  b) u n iden tified  peaks, and  (I.S.) 
h ep teno p ho s  a s  Internal s tanda rd .

ganophosphorus pesticides into 3 groups on the basis of polar
ity has been reported (3), but we did not adopt it because it 
worked poorly (i.e., incomplete separations, emulsion forma
tion problems, and so on) and it is too time-consuming, requir
ing 9 partition equilibrations and 3 injections for each sample.

A  further cleanup step has been included in the procedure 
because, even  if  the use o f  se lec tiv e  FPD detector mini
mizes interferences, repeated injections of samples with a large 
amount of coextractives are detrimental to GC columns, espe
cially to a wide-bore column.

Cleanup is the most difficult step, especially for fatty foods: 
Florisil is a good adsorbent to eliminate fat, but this does not 
ensure a good recovery of the most polar organophosphorus 
insecticides (i.e., those insecticides with mercapto functional
ity, oxygenated analogs, and dimethoate).

In the literature, several methods for fatty extract cleanup 
have been proposed: gel permeation (3), a procedure based 
on low-temperature precipitation of fat (15), and disposable

F ig u re  3. C h ro m a to g ra m s  o f  a  le ttu ce  e x tra c t (1 m L  
f in a l vo lu m e ) u n d e r th e  fo llo w in g  G C  c o n d it io n s :  
In je c tio n  o f 2 p L  on  S P B -5  w ith  F P D  op e ra te d  in  
P -m ode; h e ld  a t 140°C fo r  2 m in , In c re a sed  to  240°C at 
5°C /m in  and  h e ld  2 m in . In je c tio n  o f 5 p L  on  1.5% 
SP2250+ 1 .95% SP2401  w ith  F P D  o p e ra te d  in  P -m ode; 
h e ld  a t 175°C fo r  2 m in  a nd  in c re a s e d  to  240°C a t 
5°C /m ln  and  h e ld  10 m in . (1) O m e th oa te ,
(2) d im e th oa te , (3) c h lo rp y r ip h o s ,  (4) a z ln p h o s -m e th y l, 
(a, b, c , and  d) u n id e n t if ie d  p e a k s , a n d  (I.S.) 
p a ra th io n -m e th y l a s  in te rn a l s ta n d a rd .

minicolumns of Kieselguhr-type material (5). We chose the lat
ter procedure because in our preliminary tests, it proved very 
easy, fast, and efficient. Meat and eggs, however, require fur
ther cleanup on Supelclean LC18 (16).

To clean up nonfatty extracts from pigment coextractives, 
w e used the Celite-carbon system (2, 4 ,1 0 ,1 4 ,1 7 ) , eluting 
with acetonitrile-benzene (1 + 1) (14).

Fractionation of pesticides by means of silica gel deacti
vated with 6.5% water (8, 9) can be useful for confirmation, 
and it proved essential prior to GC/MS analyses, because many 
extracts still had too high a load of coextractives for the capil
lary GC/MS system.

The SPB-5 0.53 mm id column with FPD detection was 
chosen as the main system for determining the organophospho-
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rus residues in food, with the SP2250-SP2401 packed column 
as the confirmation column. In fact, the most frequent cases of 
closely eluting compounds on SPB-5 that w e can meet in 
food samples (e.g., chlorpyriphos and parathion, chlorpyriphos- 
methyl and parathion-methyl, fenitrothion and pirimiphos- 
methyl) are well-resolved by SP2250-SP2401, as shown in 
Table 3. OV-101 was tested as well, but the elution pattern is es
sentially equivalent to that of SPB-5, thus limiting its usefulness.

The chromatograms o f a bread extract and a lettuce ex
tract on both columns are reported in Figures 2 and 3, respec
tively. There are no large interferences, and the comparison 
of SPB-5 and SP2250-SP2401 chromatograms allowed the 
peak identification.

Average results o f recovery tests are to 81-85%  for apples, 
whole milk, pasta, and eggs and 89% for olive oil. These results 
have been affected by the particularly low recoveries o f deme- 
ton-0 and demeton-S-methyl in the apples, whole milk, and 
olive oil and monocrotophos in the pasta, which are consid
ered unacceptable.

Recoveries in the range 75-120%  were considered accept
able, and the analytical results were not corrected for recovery. 
In the few cases with recoveries in the range 50-75% , the cor
responding correction factor can be applied.

At the start o f this study, our purpose was to determine also 
acephate and its metabolite methamidophos. The saturation of 
the aqueous layer with sodium chloride in the partition step (4, 
12,13) and the use o f the carbon mixture without magnesium 
oxide (4) are 2 details included in the procedure to enhance 
acephate and methamidophos recovery (18). However, prob
lems arose during the GC determination step, because acephate 
and methamidophos are easily degraded upon contact with the 
hot surfaces o f the injection and/or column walls; cool on-col- 
umn injection is probably the only suitable technique for these 
compounds, but it was considered impractical for this study.

The practical determination limit for the whole method 
according to the detection limits in Table 4 is in the range 3 -  
50 ppb for a 25 g sample and a 1 pL injection out of a 1 mL 
final extract volume. In the case o f oil, a 2.5 g aliquot was used, 
so the determination limit is 10 times higher.

Obviously, final extract and injection volumes can be mod
ified. In particular, the injection volume can be increased up to 
4 pL on wide-bore columns and to 10 pL on packed columns.

As the analytical characteristics— number o f organophos- 
phorus residues considered, ease of applicability (with slight 
modifications) to many vegetable and animal foods, and good
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PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES

E n z y m e - L i n k e d  I m m u n o s o r b e n t  A s s a y  f o r  Q u a n t i t a t i o n  

o f  O r g a n o p h o s p h a t e  P e s t i c i d e s :  F e n i t r o t h i o n ,  

C h l o r p y r i f o s - m e t h y l ,  a n d  P i r i m i p h o s - m e t h y l  i n  W h e a t  G r a i n  

a n d  F l o u r - M i l l i n g  F r a c t i o n s

J ohn  H. Sk e r r itt , A m a n d a  S. H il l , H elen  L. B easley, Sim o n e  L. E dw ard , and D a v id  P. M cA d a m 1 
CSIRO Division of Plant Industry, Grain Quality Research Laboratory, PO Box 7,
North Ryde, New South Wales 2113, Australia

S im p le , c o m p e tit iv e  e n z y m e-lin k ed  im m u n o so r b 
en t a s s a y s  (ELISAs) h a v e  b e e n  d e v e lo p e d  for th e  
q u an tita tion  o f e a c h  o f  3  m ajor o r g a n o p h o sp h a te  
in se c t ic id e s :  fen itro th ion  (FN), ch lorp yr ifo s-m eth y l 
(CPM), an d  p ir im ip h o s-m eth y l (PIRM). Perfor
m a n c e  o f  t h e s e  a s s a y s  o n  w h e a t grain  an d  (for FN 
an d  CPM) o n  m illing fr a c tio n s  s u c h  a s  flour, w h e a t  
germ , an d  bran h a s  b e e n  a s s e s s e d .  E ach  a s s a y  is  
s p e c if ic  for th e  particu lar c o m p o u n d , i.e ., n o  s ig n if
ican t c r o s s -r e a c tio n  w ith  th e  o th er  2 p e s t ic id e s  is  
o b se r v e d . O nly  lim ited  r e a c t io n s  w ere  n o ted  w ith  
m ajor m e ta b o lite s  or a n a lo g s  o f  t h e s e  p e s t ic id e s .  
A s s a y  lim its o f  d e te c t io n  o f 0 .3  n g  FN, 0 .2  n g  CPM, 
and 0 .0 2  n g  PIRM, c o r r e sp o n d in g  to  lim its o f  d e te c 
tion  In w h o le  grain  o f  0 .0 8  ppm  FN, 0 .2  ppm  CPM, 
an d  0 .0 3  ppm  PIRM. E ach  c o m p o u n d  in grain and  
m illing fr a c tio n s  c o u ld  b e  ex tra cted  q u an tita tive ly  
b y  s im p le  sh a k in g  in n ea t m eth a n o l. M ultiresidue  
a n a ly s is  o f  th e  3  in s e c t ic id e s  w a s  p erform ed  b y  s i 
m u lta n e o u s ly  ad d in g  th e  cerea l ex tract (d iluted  in 
p h o sp h a te  buffer) to  se p a r a te  d u p lica te  
m ic r o w e lls  c o a te d  w ith  a n tib o d ie s  to  FN, CPM, 
an d  PIRM an d  a d d in g  ap p rop ria te  p e s t ic id e - h o r s e 
rad ish  p e r o x id a se  c o n ju g a te s . H igh co rre la tio n s  
b e tw e e n  g a s  c h r o m a to g ra p h y  an d  th e  ELISA m eth 
o d s  w ere  o b ta in e d  for  in se c t ic id e  le v e ls  in w h o le  
w h e a t an d  in m illing fr a c tio n s . In g en era l, th e  
ELISA a s s a y s  had p r e c is io n  sim ilar  to  th o s e  o f in
stru m en ta l p e s t ic id e  a n a ly s e s .

M ost contracts for domestic or international sale of 
wheat grain or grain products such as flour specify a 
“nil” tolerance for live  insect contamination (1). 

To meet this requirement in countries such as Australia, which 
store harvested grain for several months to years before domes-

R ec e iv e d  A u g u s t 1 2 ,1 9 9 1 . A c c e p te d  O c to b e r  2 3 ,1 9 9 1 . 
'G P O  Box 1600, C an b e rra , A C T  2 6 0 1 , A u stra lia .

tic use or export, chemical insecticides are added to grain 
following harvest (1-5). The most commonly used grain pro
tectants include organophosphates that have low mamma
lian toxicity, penetrate grain to a limited extent, and decompose 
slowly on storage. Residues o f these organophosphates persist 
in grain and grain fractions (such as wheat germ, bran, white 
flour, and whole meal) destined for human consumption. Max
imum residue limits in different products for each pesticide 
have been defined by the Codex Alimentarius Commission 
(6-8), but individual countries and particular companies com
monly prescribe lower or “nil” residue limits. In the latter case, 
these are usually understood to be <0.1 ppm.

The current method of determining these organophosphate 
residues in wheat grain and grain products is gas chromatogra
phy (GC) with nitrogen-phosphorus or flame-photometric de
tection (2, 9 -1 3 ), although som e laboratories use liquid 
chromatography (13 ,14) or thin-layer chromatography, some
times associated with detection by cholinesterase enzyme inhi
bition (13 ,15 ). Although these analyses are routine in the 
hands of skilled analysts in well-equipped laboratories, they are 
somewhat expensive if the objective is to screen out a few 
violating samples, and they are slow when large numbers of 
samples must be analyzed. Analysis o f  grain fractions may re
quire cleanup prior to GC, and GC equipment is often not avail
able in smaller or regional grain laboratories.

We have developed simple, quantitative enzyme-linked 
immunosorbent assays (ELISAs) for the 3 organophosphates 
most commonly used as grain protectants. Fenitrothion [0 ,0- 
dimethyl-O-^-methyl-S-nitrophenyl) phosphorothioate, FN], 
ch lo r p y r ifo s-m e th y l [0,0-dim ethyl-0-(3,5,6-trichloro-2- 
pyridyl) phosphorothioate, CPM], and pirimiphos-methyl 
[0,0-dimethyl-0-(2-diethylamino-6-methylpyrimidin-4-yl) 
phosphorothioate, PIRM] are used to different extents in Aus
tralia, Europe, Asia, and North America, in part because of 
different b iological effectiveness against particular insect 
and mite species (5). Although PIRM is the most persistent 
o f these organophosphates during storage and cooking, its 
mammalian toxicity is somewhat lower than the others (16). 
The 3 highly sensitive, direct, com petitive ELISAs detected 
each compound individually over the low part-per-million
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Tab le  1. C ro s s - re a c t io n  o f re la ted  p e s t ic id e s  In ch lo rp y r ifo s -m e th y l a n t ib od y  te s t

Substituents

Compound Ri, 2̂ r3 R4 Rs X Cross reaction, %'

Analogs/related pesticides

Chlorpyrifos-methyl ch3 Cl Cl Cl N 100
Chlorpyrifos-ethyl CzH5 Cl Cl Cl N 15
Chlorpyrifos, monodechlorinated C2Hs H Cl Cl N 0.09
Chlorpyrifos, totally dechlorinated CzH5 H H H H _b

Fenchlorphos ch3 Cl Cl Cl C 40
Bromophos ch3 Cl Br Cl C 60

Metabolites

Chlorpyrifos-methyl oxon 1.0
3,5.6-trichloro-2-pyridinol —6

Other agrochemicals

Fenitrothion 3
Pirimiphos-methyl _b

Parathion-methyl (O.O-dimethyl-O-4-nitrophenyl 
phosphorothioate) 0 . 8

Parathion (O, O-diethyl-O-4-nitrophenyl phosphorothioate) 
Dicapthon(0-2-chloro-4-nitrophenyl- O, O-dimethyl 

phosphorothioate) 3

Dichlofenthion [0,0-diethyl-0-(2,4-dichlorophenyl 
thiophosphate)] 0 . 2

Fenthion [0,0-dimethyl-0-(3-methyl-4-methylthiophenyl) 
phosphorothioate] 0.05

Tetrachlorvinphos [(2)-2-chloro-1-(2,4,5-trichlorophenyl) 
ethenyldimethylphosphate] _b

Triclopyr (3,5,6-trichloro-2-pyridyl oxyacetic acid) _b

8 CPM concentration yielding 50% inhibition x 100/(test compound concentration yielding 50% inhibition). Organophosphates showing <0.01% 
cross-reaction: azinphos-methyl, dichlorvos, dimethoate, temephos, malathion. Other pesticides showing <0.01 % cross-reaction: bioresmethrin, 
phenothrin, permethrin, fenvalerate, methoprene, carbaryl. 
b <0.05% or IC50 >100 pg/mL.

concentration ranges o f importance in grain, without need for 
cleanup of extracts.

E xperim ental

Apparatus

(a) Enzyme immunoassay reader.— Bio-Rad Model 2550 
(Bio-Rad, Richmond, CA 98404), or equivalent.

(b) Microwell plates.— Nunc Maxisorp polystyrene 96-well 
plates (Nunc, Roskilde, Denmark).

(c) Shaker.— IKA (Janke and Kunkel, Staufen, Germany), 
or equivalent.

Chemicals

(a) Materials.— Tween 20, 2,2'-azinobis-3-ethylbenzthia- 
zoline-6-sulfonic acid (ABTS), ovalbumin (OA), chicken IgG 
(IgY) (Sigma, St. Louis, MO 63178). Bovine serum albumin

(BSA), horseradish peroxidase (HRP; Boehringher, Mann
heim, Germany).

(b) Solvents.— Methanol, analytical grade (Ajax Chemi
cals, Clyde, NSW Australia).

(c) Pesticide standards.— FN and PIRM were obtained 
from Riedel-de-Hahn (Seelze, Germany) and CPM from  
Chem Service (West Chester, PA 19381). Other pesticides  
listed in Tables 1 and 2 were obtained from either Chem Ser
vice, Riedel-de-Hahn, or the Australian Government Curator of  
Standards, Melbourne, Victoria.

(d) Protein-A or protein-G agarose.— For antibody purifi
cation (Pharmacia, Uppsala, Sweden).

All other chemicals used were o f reagent grade.

Reagents

(a) Phosphate-buffered saline (PBS).— 0.15M NaG-0.05M  
sodium phosphate, pH 7.2.

(b) Potassium phosphate buffer.— 0.025M KH2PO4-0.15M  
NaCl-0.01 % (w/v) NaN3, pH 7.2.
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Table 2. Cross-reaction of related p esticides In pirlmiphos-methyl antibody test

Compound Ri, R2
Substituents

R3 r4 Cross-reaction, %a
Analogs/related pesticides

Pirimiphos-methyl ch3 N(C2 H5 ) 2 ch3 1 0 0

Pirimiphos-ethyl C2 H5 N(C2 H6 ) 2 ch3 320
Diazinon C2 H5 CH(CH3 ) 2 ch3 0.7
Etrimfos ch3 C2 H5 0 -C2 H5 0.02

Metabolite

2-Diethylamino-4-hydroxy-6-methylpyrimidine 0.4

Other agrochemicals

Fenitrothion _b
Chlorpyrifos-methyl _b
Chlorpyrifos-ethyl

a Other compounds tested, by showing < 0.01 % cross-reaction, are listed in Table 1. In addition, fenchlorphos, bromophos, parathion, 
parathion methyl, dicapthon, dichlofenthion, fenthion, tetrachlorvinphos, and triclopyr were nactive. 

b < 0.05% or IC50 >100 pg/mL.

(c) Coating buffer.—0.05M sodium carbonate buffer, 
pH 9.6.

(d) Washing buffer.—0.05% (v/v) Tween 20 in PBS, 
pH 7.2.

(e) Blocking solution.—1% (w/v) BSAin PBS, pH 7.2.
(f) Diluent buffer.—0.05% (v/v) Tween 20-1% BSA in 

PBS, pH 7.2.
(g) ABTS substrate.—0.011% (w/v) ABTS in 0.1M sodium 

citrate buffer, pH 4.5, containing 0.003% (v/v) hydrogen per
oxide.

(h) Stopping reagent.—3% (w/v) oxalic acid.
(i) Pesticide stock solutions.—10 mg FN, CPM, or PIRM 

in 10 mL methanol for preparation of dilutions for standard curve.

Preparation o f Pesticide Conjugates

Conjugates of FN, CPM, and PIRM with both carrier pro
teins (for antibody production) or HRP (for use in the ELISA) 
were prepared by using a single spacer arm that incorporates 
one of the O-methoxy substituents and the phosphorothioyl 
ester moiety. Synthesis of the spacer arm, 0-methyl-iV-(ferf- 
butylpropanoate)phosphoroaminothioyl chloride (I) has been 
described elsewhere (17).

FN-protein conjugates.—These were prepared using meth
ods described elsewhere (18). The FN-succinimide ester was 
coupled to either IgY or HRP (17).

CPM-protein conjugates.—I (0.65 mmol) was refluxed 
overnight with sodium 3,4,6-trichloro-2-pyridyloxide 
(0.65 mmol) in 5 mL acetonitrile. Subsequent steps were as 
for the FN-protein conjugate preparation, except that the suc- 
cinimidyl ester of the CPM derivative was purified by chroma
tography on silica gel eluted with ethyl acetate-petroleum 
ether (50 + 50) before coupling to proteins.

PIRM-protein conjugates.— 2-Diethylamino-4-hydroxy-6- 
methylpyrimidine was deprotonated by reaction with sodium 
ethoxide, and the product (1 m m ol) was refluxed with I 
(1.2 mmol) in 10 mL benzene overnight. Subsequent steps 
were as for the CPM-protein conjugate preparation, except that 
the succinimidyl ester o f the PIRM derivative was purified by 
chromatography on silica gel eluted with chloroform. The 
identities o f chemical intermediates in each synthesis were 
confirmed by proton NMR spectroscopy on 90-MHz (Joul 
FX90Q) or 200-MHz (Gemini 200) instrument. Infrared spec
troscopy (Hitachi 279-30 spectrometer), elemental analysis, 
and melting-point determinations were also performed. Syn
thesis o f these conjugates is described elsewhere (17).

Analysis of conjugates.— Conjugates were analyzed for 
protein content by using a colorimetric dye-binding assay (19), 
and the degree o f hapten substitution with organophosphates 
was measured by determination o f the loss o f amino groups on 
the protein by using reaction with trinitrobenzenesulfonate
(20). Conjugates for raising antibodies had the following hap
ten substitution ratios: (I) FN, coupled to IgY, 15 mol FN/mol 
IgY; (2) CPM, coupled to O A  7.0 mol CPM/mol OA; (3) 
PIRM, coupled to OA, 7.2 mol PIRM/mol O A

Antibody Production

Rabbits were immunized with PIRM -OA using the intra- 
dermal-intramuscular route (18), and monoclonal antibodies 
were prepared following immunization with FN-IgY or CPM- 
OA as previously described (18). Rabbit IgG antibodies were 
purified by protein-A agarose affinity chromatography; mouse 
monoclonal antibodies were purified by protein-G agarose af
finity chromatography (21, 22). After dialysis against PBS, and 
concentration to 1-4  mg/mL, antibodies were stored at -20°C.
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P E S T IC ID E  (na/mL)

F igu re  1. S tan da rd  c u rv e s  fo r  a n a ly s is  o f (• )  FN , u s in g  
F N -sp e c if ic  a n t ibody ; (■ ) C P M , u s in g  C P M  an tibody; (♦ ) 
PIRM , u s in g  P IRM  antibody. Data are m eans o f 5 -1 0  
a ssa y s .

Fenltrothlon

Chlorpyrlfos-methyl

Pirimiphos-methyl

N(CH2CH3)2

Organophosphate A ssays

Sample preparation.— Wheat grain samples were obtained 
from commercially treated bulk storages 2-18 months after 
treatment. Pesticide was extracted by standing 10 g grain in 
25 mL methanol for 45-48  h in stoppered 100 mL flasks at 
20°C. Flasks were shaken at 200 rpm for 15 min twice during 
the extraction period. T his m ethod has been show n to be 
optimal for quantitative extraction of organophosphates from 
wheat grain (1 ,13).

M illing fractions were obtained from commercial roller 
milling as part of the Australian Grain Protectants Working 
Group trials. Flour and germ were extracted by using 10 
g/50  mL m ethanol, and bran w as extracted by using 5 
g/50 mL methanol.

FN assay.— Monoclonal antibody PF10/20 was diluted to 
10 pg/mL with coating buffer, and 100 pL was added to each 
well o f a 96-well plate and incubated 1 h at 20°C. After washing 
all wells 3 times with 250 pL PBS-Tween to remove unbound 
antibody, 150 pL blocking solution was added, and the wells 
were incubated 1 h at 20°C. Standards, methanol (for controls 
and blanks), and m ethanol grain extracts were routinely 
diluted 1:25 with diluent buffer. For grain samples containing 
<1 ppm FN, methanol extracts were diluted 1:5 with diluent 
buffer. After removal of blocking solution, 50 pL diluted meth
anol was added to control wells, and diluted methanol grain 
extract or diluted FN standard was added appropriately to sep
arate wells in triplicate. To each well, 50 pL FN-HRP conju
gate (2.5 ng enzyme) in diluent buffer was immediately added. 
Well contents were mixed by gentle agitation o f the microplate 
for 10 s. After 30 min incubation at 20°C, the plate was washed 
3 times, and 150 pL substrate-chromogen was added. The

Chlorpyrifos-methyl

Analogs

Pirimiphos-methyl

Analogs

F igu re  2. S tru c tu re s  o f FN, C P M , and  PIRM , and  k e ys  
fo r  s tru c tu re s  o f a n a lo g s  and  m e tabo lite s  o f C P M  and  
PIRM .

mixture was incubated 15 min at 20°C. To each well, 50 pL 
stopping reagent was added, and absorbance was measured at 
414 nm.

CPM assay.— Monoclonal antibody PCP7/2 was used. The 
assay was performed as for the FN assay, except that methanol 
controls, grain extracts, and CPM standards were diluted 1:20 
with diluent buffer. In each well, 20 ng CPM-HRP was used. 
For analysis of methanol extracts of flours, bran, and germ, 
extracts were first diluted by addition of an equal volume of 
methanol and then further diluted 1:10 with diluent buffer.

PIRM assay.— A  polyclonal antibody was used. The assay 
was perform ed as for the FN assay, excep t that PIRM 
standards were used. The amount of PIRM-HRP used per well 
was 40 ng.

GC analyses.— Grain samples and milling fractions were 
extracted using methanol as described above. The organophos
phate residues were determined by the Australian Wheat Board
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(a National Association of Testing Authorities, Australia, ac
credited laboratory), using GC with flame photometric detec
tion in the phosphorus mode (13).

Data Analysis

Data points for standards were fitted using software (Micro
man, Bio-Rad) that provided a 4-parameter logistic plot. 
Alternatively, reasonably accurate estimates of pesticide 
in test samples may be obtained by use of a log(concentration) 
vs absorbance plot, providing that only the central region 
(25-75% maximum absorbance) of the plot is used 
for determinations. To compare the GC and ELISA methods, 
computer-assisted linear regression analyses were performed.

R e su lts  an d  D is c u s s io n

A ssay  Optimization

Standard curves for the FN, CPM, and PIRM assays are 
shown in Figure 1. Structures of these pesticides are shown in 
Figure 2. Data are expressed as percent inhibition of absorb
ance obtained for controls when assays are performed in the 
presence of 5% methanol but in the absence of competing pes
ticide. In each case, the control absorbance (optical density) 
values (A414) were 0.8-1.2. Data shown are means of standard 
curves performed on 4-10 separate days. The assays used a 
polyclonal antibody to PIRM and monoclonal antibodies to FN 
and CPM, but had roughly similar detection sensitivity and dy
namic response. The assay for PIRM was more sensitive than 
the FN and CPM assays, with 50% inhibition of antibody bind
ing (IC50) at 0.21 ng PIRM, and a limit of detection (10% inhi
bition) of about 0.02 ng. The corresponding IC 5 0  values for FN 
and CPM were 2.8 ng and 2.9 ng, respectively, with sensitivi
ties of 0.3 ng and 0.1 ng, respectively. The requirement for a 
slightly more sensitive assay for PIRM is in keeping with the 
lower application rates used for PIRM.

The slopes of the 3 plots were similar, with the FN curve 
being a little more dynamic (i.e., steeper). A  5-fold difference 
in pesticide concentration over the steepest part of the organo- 
phosphate concentration vs antibody-binding standard curves 
gave the following differences in inhibition: FN, 36%; CPM, 
29%; and PIRM, 35%. Thus, the CPM standard curve was 
slightly less steep than the FN or PIRM curves. The particular 
antibodies and assay formats for individual assay of the 3 pes
ticides were selected on the basis of (1 ) appropriate sensitivity 
for the pesticide, (2 ) steep concentration-response characteris
tics (enabling discrimination of samples differing by no more 
than 20% in pesticide), (3 ) simplicity of use, and (4 ) free
dom from vehicle and matrix effects. A  variety of assay formats 
(e.g., pesticide-protein complex or antibody bound to the 
microwell) and antibodies (polyclonal antisera to protein- 
organophosphate conjugates prepared at different molar hap- 
temprotein ratios or different monoclonal antibodies) exist
(18), but the formats chosen were most suited, especially on the 
basis of producing simple assays over overlapping concentra
tion ranges for the 3 compounds. Other antibodies and formats 
enabled somewhat more sensitive detection of pesticide; for

example, a polyclonal antibody was developed that was able to 
detect <0.01 ppb CPM (Skerritt, Hill, and Edward, unpub
lished data). However, although such sensitivity may be of use 
in environmental monitoring applications, the need to dilute 
extracts of grain samples over 1 0 0 0 -fold before analysis with 
this antibody would introduce some loss of analytical precision 
and accuracy; therefore, this antibody is not favored for grain 
pesticide analysis.

Antibody Specificity

The antibodies were analyzed for reaction with other pes
ticides and with major metabolites of the particular pesticide 
under study. These data are of some importance because (1 ) a 
variety of legal (approved) or illegal pesticides can be encoun
tered on stored grain; (2 ) organophosphates are often used in 
combination with other pesticides, such as pyrethroids, to en
able control of a broad range of insect pests; and (3 ) significant 
amounts of pesticide metabolites can accumulate in grain dur
ing long-term storage (1, 23).

Specificity properties of the FN antibody used in the test 
have been described elsewhere (18); those for CPM and PIRM  
are shown in Tables 1 and 2. Briefly, the FN assay did not 
recognize CPM, PIRM, or other grain protectants such as 
bioresmethrin, (R)-l-phenothrin, dichlorvos, carbaryl, mala- 
thion, or methoprene. Some structurally related organophos
phates (e.g., parathion, parathion-methyl, and dicapthon) were 
recognized, but rather weakly; their IC 5 0  values were 50-300 
times greater than that of FN.

The CPM assay was functionally specific to a similar degree 
(Table 1), not detecting many other organophosphates or pes
ticides from other chemical groups. A  number of agrochemi
cals are known with a single di-or trichlorinated pyridine or 
benzene ring. These were assessed in the assay. Of these, 
chlorpyrifos-ethyl (not used on grain) and fenchlorphos, the 
benzene analog of CPM (now very rarely used on grain), were 
15-60% as active as CPM with the monoclonal antibody used 
in this assay, although with other antibodies to CPM, fenchlorphos 
was only very weakly detected (Edward, Hill, and Skerritt, unpub
lished data). A  bromo-analog of fenchlorphos— bromophos 
(which also reacted in the assay)— has been used occasionally as 
a grain protectant (1). The major metabolite of CPM— 3,5,6- 
trichloro-2 -pyridinol— did not react appreciably with the antibody 
(<0.01% cross-reaction, IC 5 0  = 900 pg/mL).

The only major grain protectant that cross-reacted weakly 
in the CPM assay was FN (3% cross-reaction). Very high 
amounts (15 ppm in grain) would be required before it would 
be detected in this assay. The polyclonal antibodies to CPM did 
not recognize FN. It can be concluded that the CPM monoclo
nal antibody can recognize either substituted pyridinol or phe
nol-type organothiophosphates with substituents on one or 
more of the positions o r th o - or m e ta -  to the phosphate ester. 
Although substitution of the methyl groups for ethyl groups 
reduced antibody binding 6 -fold, alteration to the phosphate 
ester abolished binding.

Tetrachlorvinphos and trichopyr had 3 chlorine atoms sub
stituted at appropriate positions on the aromatic ring, but were 
inactive. However, tetrachlorvinphos (an analog of dichlorvos)
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Fenitrothion Chlorpyrifos-methyl Pirimiphos-methyl

Pesticide, ng/mL Vehicle Grain Flour Bran + Germ Vehicle Grain Flour Bran + Germ Vehicle Grain

1.0 0 0 0 0 5 6 8 7 11 11
3 12 11 13 10 12 10 13 11 29 27

10 18 23 21 18 23 20 20 22 49 47
30 41 44 41 38 49 46 49 47 71 69

100 70 74 66 65 67 62 67 61 86 85
1000 96 97 95 94 96 94 94 93 98 98

a Data shown are from a typical experiment, which was replicated 2-3 times with similar results.

had a substituted methylene group between the phosphate ester 
and the aromatic ring, and trichlopyr (a herbicide) is a substi
tuted oxyacetic acid, being the pyridine analog of 2,4,5-T.

The PIRM assay (Table 2) did not detect FN, CPM, or any 
other organophosphate tested, except pirimiphos-ethyl, which 
is not used on grain. Etrimfos, used as a grain protectant in the 
United Kingdom (17), and diazinon, a widely used oiganophos- 
phate, are 2,6-substituted analogs of PIRM and pirimiphos-ethyl, 
respectively, but were only very weakly detected.

In summary, these cross-reactivity data indicate that false-pos
itive results for the 3 organophosphates should not arise with the 
currently available grain protectants over the concentration ranges 
that these compounds would normally be applied. As indicated in 
our earlier publication (18), FN metabolites present in highly aged 
grain samples (i.e., treated with FN some years earlier) may show 
a slight reaction in the FN assay. However, such samples would be 
analyzed rarely.

Matrix Effects

Different concentrations of each pesticide prepared in a 
methanol stock solution were spiked into either neat methanol 
or methanol extracts of pesticide-free whole-wheat grain, flour,

or a bran-germ mixture, allowed to stand 1 h at 20°C and then 
diluted appropriately for the assay. Concentration-inhibition 
data for each pesticide prepared in methanol or in the 3 
methanol cereal extracts were superimposable, indicating the 
absence of matrix effects (Table 3).

Precision o f the A ssay

The intra-assay repeatability and between-assay reproduc
ibility of concentration-inhibition curves for each of the 3 pes
ticides were studied (Table 4). The standard curves were very 
reproducible, as indicated by low coefficients of variation.

Precision results were in keeping for determinations in the 
low- to subnanogram range (24). However, standard curves for 
the compound or compounds under study should be performed 
simultaneously with analysis of unknowns.

Part of the error in the reproducibility data is also likely to 
be due to day-to-day variation in the preparation of fresh pesti
cide stocks. Preparation of fresh stocks (100 pg/mL) has sub
sequently been found not to be necessary, provided that the 
methanol solutions of pesticide are stored below 25°C with the 
addition of 1% acetic acid to the stock, which did not affect the 
assay (Desmarchelier, Skerritt, Hill, and Beasley, unpublished

Table 4. Precision of o rganophosphate  E L IS A  standard curves8

Percentage inhibition of antibody binding

Fenitrothion Chlorpyrifos-methyl Pirimiphos-methyl
Within- Between- Within- Between- Within- Between-
assay assay assay assay assay assay
mean mean mean mean mean mean

Pesticide, ng/mL (n=3) SD (n = 10) SD (n=3) SD (n=8) SD (n= 5) SD (n = 4) SD

0.3 — — — ___ ___ ___ ___ _ 15 3.7 15 4.2
1.0 0.1 — 0.3 0.1 6.2 1.4 9 1.3 35 3.3 37 4.9
3 12 1.4 9 0.3 13 1.1 15 2.6 49 3.4 58 10.2

10 22 2.4 26 5.2 24 2.7 29 3.2 69 2.4 75 5.9
30 51 5.6 53 6.8 50 0.6 51 3.4 84 2.5 88 2.4

100 74 2.5 76 3.9 68 0.7 72 2.2 93 1.6 93 1.6
1000 96 1.0 97 1.0 96 0.4 94 0.4 99 1.0 96 3.6

n = number of assays.
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Table 5. Precision of organophosphate ELISAs v s  GC for low-, medium-, and hlgh-pestlclde w heat sam ples*

Pesticide level

Assay

Fenitrothlon Chlorpyrifos-methyl Pirimlphos-methyl

ELISA ELISA ELISA

Mean ± SD CV, % GC value Mean ± SD CV, % GC value Mean ± SD CV,% GC value

Low 1.8 ±0.28 15 1.7 2.0 ± 0.48 24 2.3 2.3 ± 0.25 12 2.4
Medium 3.3 ± 0.36 11 3.0 5.7 ± 0.63 11 5.0 6.7 ± 0.68 12 6.4
High 5.3 ± 0.47 9 5.8 9.1 ± 2.07 23 7.6 10.3 ± 1.0 10 9.5

* ELISA data shown are for 5 assays performed sequentially on separate days; GC values are from single analyses.
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Figure 3. R elation sh ip  b etw een  p e stic id e  
determ ination  In w h o le-w h eat grain by GC v s  ELISA 
for (A) FN, n = 57, r = 0.941 (ELISA va lu e , ppm = 1.13  
x  GC va lu e  -  0.2); (B) CPM, n = 19, r = 0.911 (ELISA 
va lu e , ppm = 0 .96  x  GC v a lu e  + 0.4); (C) PIRM, n -  
11, r = 0 .996  (ELISA va lu e , ppm = 1.05 x  GC v a lu e  -  
0.1). Each correlation  c o e ff ic ien t w a s  sta tis tica lly  
s ign ifican t (P  < 0 .001), Indicating linearity of the  
r eg ress io n .

data). Interassay precision was also examined by repeated anal
ysis of 3 separate grain samples for each pesticide (Table 5). 
Coefficients of variation for 5 assays of each sample were 
satisfactory, with less precision at lower analyte concentra
tions. Values obtained by E L ISA  were not significantly 
different from values obtained by GC for each sample. These 
precision data compare favorably with similar data from other 
agrochemical ELISA studies (25), especially because our sam
ples were not simply spiked just before the experiment.
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A ccuracy o f R esults O btained  from W ho le-W h eat
Grain

In these studies, ELISA data obtained from individual wheat 
samples were compared with GC data obtained from single 
analyses of the same samples. Excellent correlations between 
the ELISA and the GC data were obtained for each organo- 
phosphate (Figure 3), and in each case, the regression coeffi
cients were highly statistically significant, indicating linearity. 
The regression lines had slopes very close to 1 and intercepts 
near the origin.

The correlation between ELISA and GC values for CPM 
was slightly inferior (Figure 3B). This is related to the instabil
ity of CPM to hydrolysis both on grain and in solution. Follow
ing the GC analyses and prior to ELISA analyses, slight CPM 
degradation in some samples may have occurred. Also, the en
zyme-labeled reagents used in the ELISA were somewhat less 
stable than the corresponding FN and PIRM reagents. We have 
since obtained excellent stability by using a stable analog of 
CPM coupled to HRP in the assay (McAdam, Hill, Edward, 
and Skerritt, unpublished data). The CPM assay was also less 
sensitive than the others. Extracts of grain required higher di
lution prior to analysis, because of sensitivity of the antibody 
to methanol. Thus, only samples containing more than 1 ppm 
CPM were analyzed.

A ccuracy o f R esults O bta ined  with Flour, Bran, an d  
G erm  S am ples

Milling fractions were obtained from commercial trials with 
grain treated with either FN or CPM. Close correlations be
tween GC and ELISA data were seen for FN in flour samples, 
which had residues in the range 0.7-6.1 ppm (Figure 4A). The 
range of pesticide concentrations in flour, bran, and germ sam
ples (determined by GC) for CPM (Figure 4B) was somewhat 
higher than that for FN. However, the aqueous solubility of 
CPM is 4-fold lower than that for FN (26), and the CPM con
centration in diluted extracts of flour, bran, and germ samples 
would approach its limit of aqueous solubility. For this 
reason, data obtained by direct 20-fold dilution in buffer of 
the CPM-containing extracts of wheat and the milling fractions 
were compared with data obtained by first diluting the extract
2-fold in methanol and then 10-fold in buffer. There was not a 
significant difference between the results obtained using 
either method with whole-wheat samples, because CPM levels 
in these were low.

With FN, the slope of the GC vs ELISA data plot was near unity 
for brans and germ, when extracts were diluted directly in buffer 
(Figure 5A). However, in flours (Figure 4B) and bran and germ 
samples (Figure 5B), correlations between ELISA and GC data 
for CPM were better when the latter method was used. For 
flours, ELISA value = 0.87 x GC value + 0.73 ( r=0.974), when 
an intermediate methanol dilution was performed, and ELISA 
value = 0.82 x GC value + 1.1 (r = 0.869), for direct dilution into 
buffer. For brans and germ samples, ELISA value = 0.83 x GC +
2.9 (r = 0.757), using methanol predilution and ELISA value = 
0.77 x GC + 5.1 (r = 0.699), when extracts were diluted directly 
into buffer. The intercept for the CPM data plot for the set of bran
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and germ samples we analyzed probably did not pass through 
the origin because the set did not have samples containing less 
than about 15 ppm CPM. Further studies using germ and bran 
samples containing lower levels of CPM will be necessary to 
validate the method in the 0.5 to 15 ppm range for CPM. Nev
ertheless, direct dilution of extracts into buffer is slightly sim-
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ical values in the bran samples available would have made it 
difficult to establish meaningful separate regressions.

Conclusion
Immunoassays have been developed for the major organo- 

phosphates used on grain in storage and have been applied to 
the quantitative determination of these compounds in wheat 
and flour milling fractions. This contrasts with many other pes
ticide ELISAs, which have been designed to be very sensitive 
but not necessarily quantitative (27-29). The FN and PIRM 
methods were, in general, as accurate and precise as GC meth
ods, which have shown intralaboratory coefficients of variation 
of 4-15% and interlaboratory imprecision of 15-25% (Flour 
Millers’ Council of Australia, unpublished data; 2,30). Another 
source of intra-assay variation common to both ELISA and 
GC analyses results from sampling variation; pesticide within 
a bulk wheat sample is not evenly distributed among different 
10-100 g subsamples.

The CPM method was only a little less precise, and with 
improvements in reagent stability, assay precision has been en
hanced. GC determinations are typically based on sequen
tial analyses requiring 15-30 min each. The ELISA methods 
should have the advantages of higher throughput and lower ex
pense, because large numbers of samples (up to 100) can be 
analyzed sim ultaneously in a 60 min assay, by using 
microwells that had been precoated with antibody. The meth
ods can be applied to the quantitative screening of residue lev
els in large numbers of grain samples. Samples that appear to 
violate official Maximum Residue Levels would be subjected 
to a confirmatory analysis by GC. The ELISA methods can also 
be used to confirm whether sufficient pesticide has been ap
plied and whether application is even throughout a stored 
grain bulk. A final application is segregation of grain for “pes
ticide-free” markets. Following assessment of matrix effects 
and validation studies, the assays are potentially adaptable to 
other matrixes such as baked goods, vegetables, and citrus 
fruits, as well as to environmental samples, where these or- 
ganophosphates may be used.
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PLANT TOXINS

A n a l y s i s  o f  5 - V i n y l - l , 3 - O x a z o l i d i n e - 2 - T h i o n e  

b y  L i q u i d  C h r o m a t o g r a p h y

Alain Quinsac and Daniel R ibailuer
Centre Technique Interprofessionnel des Oléagineux Métropolitains, Avenue de la Pomme de Pin, 45160 Ardon, France 
Patrick Rollin and Michel Dreux
Université d’Orléans, Laboratoire de Chimie Bioorganique et Analytique, URA499, BP 6759, Orléans Cedex 2, France

5-Vinyl-1,3-oxazolidine-2-thione (5-VOT) Is a 
goltrlgenlc compound released by enzymatic degra
dation of progoltrln, the major glucoslnolate occur
ring In rapeseed meal. A liquid chromatographic 
(LC) method for determination of 5-VOT in a biologi
cal environment is presented. Complete extraction 
of 5-VOT has been carried out by complexation 
with phenyl mercury acetate under cyclohexanic 
conditions, and then by decomplexatlon using an 
aqueous sodium thiosulfate solution. These reac
tions displace 5-VOT from an aqueous to an or
ganic medium, and then back again to the aqueous 
condition, thus assuring high selectivity of the ex
traction. Precise quantitation of 5-VOT Is com
pleted in 10 min by reversed-phase liquid 
chromatography using an isocratic elution with UV 
detection and a specially made synthetic Internal 
standard. Concentration steps by solid-phase chro
matography and evaporation can be introduced In 
the analytic procedure to lower the detection limit 
of 5-VOT In the sample used from 100 to 0.5 ppb. 
Using sow milk samples, the method was tested by 
small measured additions of 5-VOT. The recovery 
rate of the product was very good (>97%). Different 
phases used to achieve a sensitive, rapid, and pre
cise method are described.

R apeseed meals are being used more and more frequently 
in animal feed because of the lower glucosinolate con
tent in newer varieties. Present in the seeds, these com

pounds remain in the meals after oil extraction and are easily 
broken down by endogenous myrosinase, or in vivo by the bac
terial flora in animals. Degradation products, especially 5-VOT 
stemming from the 2-hydroxybut-3-enyl glucosinolate (pro- 
goitrin), produce antinutritional effects (Figure 1). In addition,
5-VOT inhibits the synthesis of thyroid hormones, which, in 
turn, causes metabolic disturbances (1). Examples of this can 
be seen in hogs yielding less meat or in fowl having lower fer
tility (2) with eggs giving off a fishy odor. Moreover, 5-VOT is 
transferred to serum, milk, and muscular tissues, and to certain

R ec e iv e d  Ju ly  1 6 ,1 9 9 1 . A c c e p te d  N o v e m b e r 1 3 ,1 9 9 1 .

organs such as the liver, kidney, and thyroid. Consequently, its 
indirect consumption presents a potential danger not only to 
animals but also to humans.

The amount of 5-VOT in feed must be controlled to guar
antee quality animal breeding. Experiments performed on ru
minants showed that varying levels of 5-VOT were found in 
biological fluids and tissues: from 3 to 8 ppb in milk, 15 to 
200 ppb in plasma, 80 to 250 ppb in urine (3), 70 ppb in thy
roid, and less than 0.5 ppb in liver or kidney (4). Avery sensi
tive method appears necessary for investigating such samples. 
On the basis of work done by Astwood et al. (5), Kreula et al.
(6) were the first to analyze 5-VOT in complex environments. 
First, 5-VOT found in plant extracts or milk was isolated by
2-dimensional paper chromatography, and then quantitated by 
UV spectrometry. Some researchers then used gas chromatog
raphy (GC), but detection limits were insufficient for precise 
analyses in a physiological medium (7, 8). In 1979, MacLeod 
et al. (9) introduced liquid chromatography to the investiga
tion. Before analysis using gas chromatography with detection 
by electron capture of the butylheptafluoro derivative, liquid 
chromatography was used to extract 5-VOT. The same year, 
Josefsson et al. (10) and Benns et al. (11) quantitated 5-VOT 
obtained from liquid extraction directly by normal-phase po
larity liquid chromatography. In 1982, De Brabander and 
Verbeke extracted 5-VOT in a very selective manner by com
plexation with a m ercuric compound (4, 12), after gas 
chromatography with electron capture detection of the de
rivative formed by pentafluorobenzoyl chloride. The detection 
limit was, thus, lowered to less than 1 ppb (3).

In this paper, we describe a method based on De Bra- 
bander’s selective extraction principle with the same sensitiv
ity and selectivity, but by isocratic liquid chromatography and 
UV detection. In the present case, this technique is advanta
geous in that :t is a commonly used technique in laboratories, 
does not require derivation reagents, needs less analysis time, 
and may be automated.

Experimental

A pparatus

(a) Liquid chromatograph.— Model 64 pump (Knauer, 
Berlin, Germany) equipped with Model 7125 injection valve
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o) Hydrolysis  of /3 -hydroxyalkenyl g lu c o s in o la te s

d ioxane
♦ CS2 ------------------------

b) Chem ica l s y n th es i s

F igu re  1. N a tu ra l (a) and  syn th e t ic  (b) fo rm a tion  of 
o xazo lid in e -2 -th lon es . (a) R: C H 2=CH- : 
2 -hyd roxybu t-3 -eny l g lu co s ln o la te  (p rogo ltrin ) Is 
h yd ro ly zed  Into 5 -vIny l-1 ,3 -oxazo lld ine-2 -th ione  (5-VOT 
o r go itrin ). R: C H 2= CH -CH2- : 2 -hyd roxypen t-4 -eny l 
g lu co s ln o la te  (g lu conapo le ife rln ) Is h yd ro ly zed  in to
5-a lly l-1 ,3 -oxazo lid ine-2 -th Ione  (5-AOT).
(b) C o n d en sa t io n  o f 2 -am lno-2 -m ethy lp ropan -1 -o l and 
ca rbon  d isu lf id e  in  d io xa n e  y ie ld s
4 ,4 -d im ethy l-1 ,3 -oxazo lid ine-2 -th ione  
(4,4-DMOT)(internal s ta nd a rd  fo r  L C  a na ly s is ) .

with 20 pL loop (Rheodyne, Inc., Cotati, CA 94928). Model 
87 spectrophotometric detector with variable UV wavelength 
(Knauer). Scanning UV detector (Model Focus, Spectra Phys
ics, San Jose, CA 95134). Lichrospher C8 chromatographic 
column 5 pm, 125 x 4 mm with Manucart connectors 
(E. Merck, Darmstadt, Germany). Model C-R3Arecorder/inte- 
grator (Shimadzu Corp., Kyoto, Japan).

(b) Stirrer.—Dangoumau-type with alternative action (fre
quency: 350 counts/min; amplitude: 40 mm).

(c) Solid-phase chromatography system.—Elution aspirat
ing device (Model 10-SPE, Baker, Deventer, The Netherlands), 
cartridges packed with 200 mg 40 pm C18 bonded silica 
(Baker).

(d) Evaporator.—Reacti Vap evaporator (Pierce Chemical 
Co., Rockford, IL 61105).

(e) Centrifuge.—5000 t/min MLW T5 (Bioblock, Illkirch, 
France). 100 x 16 mm glass tubes with Teflon-faced screw 
caps.

R eagents

(a) For 5-VOT extraction.— 1% phenolphthalein solution 
in ethanol (E. Merck); 5% sodium hydroxide solution in water; 
saturated phenyl mercury acetate (PMA) in cyclohexane pre
pared as follows: heat ca 100 mg PMA(E. Merck) and 150 mL 
cyclohexane (E. Merck) in 250 mL flask at reflux for 30 min, 
cool, and then pass solution through 0.22 pm Teflon filter, and 
store in darkness at room temperature. 0.1M Sodium thiosul
fate solution in water (E. Merck).

Tab le  1. L o w  de te c tion  lim its 8 (ppb) o f m ethod  
a c co rd in g  to  s a m p le  w e igh t and  v o lu m e  Injected In 
liq u id  ch rom a tog raph

Sample weight, g

Injected volume, pL 0.2 0.5 1.0

20 5.0 2.0 1.0
50 2.0 0.8 0.4

8 Ratio signal/noise (S/N) = 4 and 50% OT lost during sample 
preparation.

(b) For extract purification by solid-phase chromatogra
phy.—Methanol (SDS, Peypin, France) and 70% (v/v) aceto
nitrile in water (E. Merck).

(c) For LC analysis.— 10% (v/v) acetonitrile in water 
(E. Merck).

(d) For standard solutions.—5-vinyl- l,3-oxazolidine-2- 
thione in water (National Physical Laboratory, Teddington, 
UK) at 100 ppm in water. 4,4-Dimethyl-l,3-oxazolidine-2- 
thione (4,4-DMOT) at 100 ppm in water. These solutions are 
diluted with respect to samples to be analyzed. 4,4-DMOT, in
ternal standard, is synthesized by condensation of CS2  on 2- 
amino-2-methyl-1-propanol in dioxane (13).

S am ple  Preparation

(a) 5-VOT extraction by complexation/decomplexation.—  
In glass tube (100 x 16 mm), dissolve 200 mg lyophilized 
substance to be analyzed in 3 mL water. Add same quantity of 
internal standard (4,4-DMOT) in solution in water as 5-VOT 
presumably contained in sample. Close tube and shake vigor
ously. After adding drop of phenolphthalein solution, adjust to 
basic pH (rose colored) with sodium hydroxide solution. 
Add 3 mL saturated PMA solution to tube, place in stirrer for 
2 min, and centrifuge 5 min at 5000 t/min. Transfer cyclohexa- 
nic phase to another tube (100 x 16 mm) and add 3 mLO.lM 
sodium thiosulfate solution. After vigorous manual shaking (15 
sec) and centrifuging (5 min at 5000 t/min), remove aqueous 
phase. It is now ready for LC analysis if 5-VOT concentration 
is greater than 500 ppb. If this is not the case, sodium thiosul
fate must be eliminated and 5-VOT concentrated.

(b) Sodium thiosulfate elimination and 5-VOT concentra
tion.—Wash cartridge containing C18 bonded silica (200 mg) 
with 2 mL methanol and 10 mL water, taking care to prevent 
any air from entering. Apply solution to be purified (ca 2.5 mL) 
to cartridge reservoir, and then percolate. Wash C18 phase with 
1 mL water to eliminate thiosulfate, and then carry out 5-VOT 
elution with 0.5 mL 70% (v/v) acetonitrile in water. Eluate is 
then ready for LC analysis if amount of 5-VOT in original sam
ple is greater than 50 ppb. If this is not the case, solution must 
be concentrated to 50 pL by evaporating under nitrogen cur
rent. By injecting 20 pL of this concentrated solution into LC 
column, detection limit of 5 ppb is reached (S/N = 4). Lower 
detection limit may be achieved by increasing both volume in
jected (50 pL) and sample weight (from 0.2 g to 1.0 g) 
(Table 1).
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(c) Analysis by reversed-phase LC .—Elute in isocratic 
mode with 10% (v/v) acetonitrile in water at flow rate of 
1 mL/min at room temperature. Under these conditions, re
tention times for 4,4-DMOT, 5-VOT, and 5-AOT are 4.3,
4.9, and 9.3 min, respectively (Figure 2). UV detection 
is performed at 241 nm or 254 nm when using fixed wave
length UV detector.

R e s u lts  a n d  D is c u s s io n

5 -V O T  Characteristics

5-VOT, an intermediary polar compound, is stable in a basic 
medium and has a pKa equal to 10.5. Table 2 shows distribu
tion coefficients of 5-VOT between different organic solvents 
and aqueous solutions with acid, basic, or neutral pH. Values 
obtained by De Brabander et al. are more easily explained with 
the help of the polarity and proton-acceptor parameters (14). 
With an acid pH (pH = 1), the solubility of 5-VOT is increased 
with the polarity of the organic solvent; however, the proton- 
acceptor character of ethyl acetate and ethyl ether greatly di
minishes their solvent power. With a neutral pH (pH = 7), the 
solubility increases with the polarity of the organic solvents. 
With a strong basic pH (pH = 13), 5-VOT is ionized and be
comes practically nonextractable by the organic solvents.

The analysis of 5-VOT in reversed- or normal-phase polar
ity liquid chromatography provides evidence for and com
pletes these observations. Retentions of 5-VOT were measured 
following the systems described in Tables 3 and 4. k' capacity 
factors show that greater retentions were obtained with a pure 
aqueous eluant in phenyl- and octyl-bonded phases, or with a 
nonaqueous eluant in hexane in all stationary phases. Thus, liq
uid chromatography can analyze 5-VOT obtained from either 
an aqueous or organic phase after extraction. With respect to 
the extraction mode, the nature of the intermediary polarity of
5-VOT indicates that a very selective liquid-liquid extraction 
would be difficult to carry out. Indeed, 5-VOT would not be 
separated from numerous impurities of a neighboring polarity

3

F ig u re  2. C h rom a to g ram  o f s o w  m ilk  sa m p le  p repared  
a c co rd in g  to  m e thod  d e s c r ib e d  (see E x p e r i m e n t a l ). 
P e a k  Identifica tion : 1: Na2S 203,- 2 : 4 ,4 -D M O T  (Internal 
standard ); 3 : 5-VOT) 4 : 5-AOT. In terna l s tanda rd  
am ount: 5 pg/g iy o p h illz e d  m ilk .

found in physiological fluid samples. Moreover, 5-VOT can be 
linked to the biological matrix by bonds strong enough to make 
the quantitative extraction incomplete.

5 -V O T  Extraction

(a) Complexation.—To improve selectivity and yields 
from the extraction of 5-VOT in an aqueous medium, phenyl 
mercury acetate was used. This compound is well-known for 
its capacity to form specific complexes with thyreostatic mol
ecules (4,12). A cyclohexanic solution saturated in PMA ex
tracted 5-VOT from an aqueous solution at basic pH by 
forming a complex only soluble in the organic phase. The ex-

Tab le  2. D is tr ib u t io n  c o e ff ic ie n ts  o f 5 -VO T  betw een a q u e o u s  s o lu t io n s  a t a c id , neutra l, and  b a s ic  pH , and  d iffe ren t 
o rg a n ic  s o lv e n ts

Solvent

Solubility parameters
Distribution coefficients' 

Aqueous phases
!

Polarity6 PASP0 1.0 pH 7.0 pH 13.0 pH

Hexane 0.01 0 0.006 0.012 0.004
Cyclohexane 0.04 0 0.004 0.017 0.006
Benzene 0.32 0 0.327 0.473 0.003
Diethyl ether 0.38 2 0.081 0.610 0.013
Chloroform 0.40 0 2.44 3.0 0.004
Ethyl acetate 0.58 2 0.758 3.54 0.028
Water 0.70 Large 1.00 1.00 1.00

a Ratio of 5-VOT in solvent and aqueous phase determined by extraction of 5-VOT (0.75 ppm in 5 mL aqueous phase) twice with 
5 mL solvent (11).

b Solvent strength parameter for adsorption chromatography on alumina (13). 
c PASP = proton-acceptor solubility parameter (13).
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Tab le  3. k ’ C a p a c ity  fa c to rs  o f 5 -VO T  dete rm ined  by  
partition  ch ro m a to g rap h y  w ith  w ea k ly  p o la r o r n on po la r 
s ta t io na ry  p h a se s  and  a q u e o u s  o r n on aq u eo u s  e luan ts , 
7.0 pH

Eluants

Stationary phases

Cyanopropyl8 Phenyl* Octyl*

Hexane _d _d _d

Hexane/CH2CI2 (20 + 80) 5 . 9 4 . 6 2 . 6

CH3CI3 2 . 9 2 . 0 1 . 3

CH3CN/HzO (25 + 75) 0 . 7 3 . 0 2 . 4

HzO 1 . 9 1 2 . 7 1 2 . 5

8 Zorbax CN, 5 pm, 150 x 4.6 mm (Dupont).
* Zorbax phenyl, 5 pm, 250 x 4.6 mm (Dupont). 
c LichrospherC8, 5 pm, 125 x 4 mm (Merck). 
d Noneluted.

traction is carried out by shaking the tube with the aqueous and 
cyclohexanic phases for 2 min. A device is used to maintain 
regular and nonvigorous stirring (see Apparatus) to avoid the 
formation of a stable emulsion that could hinder recovery of 
the cyclohexanic phase. Stirring time necessary for com
plete extraction should be determined according to the appara
tus. Under optimal conditions and working volume to volume, 
recovery is excellent (Table 5) when the concentration of
5-VOT in the aqueous phase is less than 50 ppm. Above this 
amount, extractions must be multiplied because the quan
tity of PMA dissolved in cyclohexane would be insufficient to 
achieve complexation of the entire 5-VOT.

PMA can take more concentrated solutions, obtained by in
creasing the polarity of the solvent or by changing PMA by a 
less polar complexing agent. These modifications must be 
well thought out because increasing the solvent’s polarity di
minishes selectivity of the extraction. Impurities with a polar 
nature may be extracted simultaneously with 5-VOT and not 
eliminated in the following steps (decomplexation, purifica
tion on solid phase). Moreover, the recovery from complex
ation and decomplexation could be modified. Work is currently 
underway in our laboratory to determine the influence of using 
solvents and complexing agents with different polarities in the 
extraction step. In reality, most of our sample analyses contain 
close to or less than 10 ppm 5-VOT. In this case, the results of 
Table 5 show that a reduced amount of the PMA solution may 
be used with respect to the extract. While retaining the volume

Tab le  4. k' C a p a c ity  fa c to rs  o f 5 -VO T  de te rm ined  by  
a d so rp tio n  ch ro m a to g rap h y  on  bare  s i l ic a  w ith  a q u e o u s  
o r  n on aq u eou s  so lven ts , 7.0 pH

Eluants

Stationary phase

Bare silica8

Hexane _b

Hexane/CH2CI2 (20 + 80) 16.3
CHCI3 4.7
CH3CN/H20 (25 + 75) 1.3
H20 1.9

8 Lichrosorb Si 100, 5 urn, 250 x 4 mm (Merck). 
b Noneluted.

of the PMA solution, the sample weight solution can be in
creased to concentrate 5-VOT during complexation, thus in
creasing the sensitivity (Table 1). Even if concentration by a 
factor of 10 is possible with standard solutions of50ppb 
of 5-VOT (Table 5), this is not the case with natural samples. 
Small measured additions of 5-VOT should verify the extrac
tion efficiency.

Attempts to analyze the 5-VOT/PMA complex by LC on 
bare or CN, phenyl, and octyl silicas with nonaqueous eluants 
failed. We noted that this complex decomposes easily at the top 
of the chromatographic column. Consequently, we tried to de
velop a method to displace 5-VOT from the complex and ana
lyze it according to the results in Table 3.

(b) Decomplexation.—Four compounds in an aqueous so
lution (iodide, thiocyanate, thiosulfate ions, and thiourea) were 
tested because of their strong capacity to form complexes with 
mercury and to release 5-VOT from PMA. The thiourea and 
thiocyanate ion only work at concentrated levels (0.5M 
and 10M), whereas the thiosulfate ion is efficient starting with 
0.01M (Table 6). Recovery with the iodide ion (0.01M to 
0.5M) was weak but consistent, which can be explained by the 
reactivity of the iodide ion with respect to the released 5-VOT. 
The obvious choice was to use thiosulfate because it requires 
little concentration for decomplexation (0.01M), thus reducing 
problems of elution in the following chromatographic step. In
deed, the thiourea, iodide, and thiocyanate ions give, at the be
ginning of the chromatogram, greater peaks whose “tail”

Tab le 5. Y ie ld  (%) o f c o m p le x  fo rm ation  betw een 5 -VO T  and P M A  a c co rd in g  to  v o lu m e  o f P M A  so lu t io n  u sed  
to  extract 5 -VO T  from  1 m L  a q u e o u s  so lu tio n

5-VOT concentration in aqueous 
solution, ppm

PMA solution, mL

0.050 0.100 0.200 0.500 1.000

50 _ 20 32 75 99
1 70 73 94 100 100
0.05 70 100 100 100 100
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Tab le  6. R e co ve ry  (% ) o f  5 -VO T  from  c y c lo h e x a n ic  so lu t io n  o f  c o m p le x  PMA-5-VOT®  b y  a c tio n  o f  4  d e co m p le x in g  
ag en ts  in  a q u e o u s  so lu tio n * ’0

Concentration, M

Decomplexing agents

Iodide Thiocyanate Thiourea Thiosulfate

0.0001 10.2 3.4 9.1 10.9
0.001 38.0 3.5 17.3 66.9
0.01 42.5 10.7 26.1 93.3
0.1 41.8 21.8 37.1 97.1
0.2 45.2 30.8 45.8 102.5
0.5 44.3 36.2 85.0 96.4
1 — 46.7 — 93.5

10 — 77.0 — —

“ Obtained from 50 ppm aqueous solution of 5-VOT by action, volume-to-volume of saturated solution of PMA in cyclohexane. 
b Ratio of released 5-VOT from PMA complex determined by liquid chromatography of 5-VOT in aqueous solutions of decomplexing agent 

(method described in Experimental and modified by using external calibration). 
c Volume-to-volume with manual shaking.

disturbs detection and peak measures of 5-VOT. On the other 
hand, the thiosulfate produces little interference because of its 
much weaker absorbance at 241 nm and shorter retention time.

(c) Complexation/decomplexation extraction proper
ties.—The complexation/decomplexation method of extrac
tion offers the following advantages: 5-VOT can be transferred 
from its original aqueous medium to a very different polar or
ganic environment (complexation), and then back again to the 
aqueous environment (decomplexation). Very few impurities 
are able to pass through this same route. Only the oxazolidine- 
2-thiones (OT) and compounds with the same reactivity with 
PMA or compounds soluble in both water and cyclohexane are 
extracted, making this operation highly selective.

5-VOT is quantitatively extracted because the affinity of 
PMA for l,3-oxazolidine-2-thione is great. Thus, direct LC 
analysis of sow milk, using an external calibration, reveals a 
much lower 5-VOT content compared with an analysis of the 
same sample extracted with PMA (Table 7). This shows the 
presence, between 5-VOT and matrix, of bonds that are broken 
because of the great complexation constant between 5-VOT 
and PMA. Heating and acidification of the sample, generally 
carried out to improve 5-VOT extractions (5-10) by protein 
denaturation, are not necessary with PMA (Table 8). Finally, 
small measured additions of 5-VOT to the sow milk indicate 
that recovery of the extraction by PMA is entirely satisfactory 
(Table 9).

The purified extract containing only 5-VOT and thiosulfate 
ion can be analyzed directly by LC if the concentration of 5- 
VOT is superior to 0.5 ppm.

Nevertheless, because determination of the 5-VOT content 
is in the ppb range (3) for biological fluid or tissue analyses, we 
have studied means of eliminating the thiosulfate ion in the 
purified extract, while concentrating 5-VOT.

Purification on Solid  P h ase  an d  Concentration

Different 5-VOT chromatographic tests with an aqueous 
eluant showed significant retentions on phenyl- and octyl- 
bonded silica (Table 3). Moreover, thiosulfate is a mineral ion 
whose retention times are much shorter on these apolar station

ary phases, making them more suitable for the separation of
5-VOT from the thiosulfate ion. Using a system of cartridges 
packed with octadecyl-bonded silicas (see Apparatus) to pre
pare samples, 5-VOT and thiosulfate ion retentions were as 
expected. In other words, 5-VOT can be blocked in the station
ary phase, eliminating the residual thiosulfate ion when washed 
with water, and eluting 5-VOT with a small amount of 70% 
acetonitrile in water (Figure 3). Thus, 5-VOT can be concen
trated 4 or 5 times or more if the initial percolated volume 
is increased. When at least 2.5 mL extract is applied, 5-VOT 
elutes slowly and a part is lost when washed with water. In 
using an eluant containing more acetonitrile, precautions are 
required because the resulting 5-VOT eluate is, in turn, richer 
in acetonitrile than the composition of the mobile phase for LC 
analysis. At the injection time, this causes an imbalance in the 
chromatographic system (14), thus creating peak deformities 
and/or splittings, and a decrease in sensitivity.

LC analysis of the eluates obtained with acetonitrile-water 
(70 + 30) reaches a minimum detectable amount of 50 ppb 
(S/N = 4) for a sample weight of 0.2 g and an injection volume 
of 20 pL. To obtain a less than ppb value (Table 1), the last 2 
parameters must be increased and the eluate concentrated by 
evaporation. An eluant stronger than the 70% acetonitrile in 
water (pure acetonitrile) can then be used at the moment of 
elution in the SPE step. It is eliminated during evaporation. The 
residue is then taken up by a small volume (50 pL) of 10% 
acetonitrile in water and chromatographed.

The mixture of the solvents is evaporated by nitrogen 
stream, which gives better results than a reduced pressure evap
oration at 40°C. In the case of highly sensitive analyses, 
using plastic ware (tubes, pipettes, etc.) must be avoided be
cause they contaminate the solution to be analyzed sufficiently 
to hamper chromatographic peaks.

During the complexation, decomplexation, purification, and 
concentration steps, volume recoveries varied when 5-VOT was 
being transferred from one phase to another. For this reason, it 
is difficult to find a satisfactory external calibration carried out 
with 5-VOT. We used an internal standard that underwent the 
same operations as 5-VOT, thus permitting precise measuring.
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Tab le  7. 5 -VO T  v a lu e s  ob ta ined  fo r  so w  m ilk  sam p le  
u s in g  liq u id  ch ro m a to g rap h y  w ith  d ire c t In jection  
fo llow ing  d iffe ren t trea tm en ts

Treatment 5-VOT, ppma

Filtration, 0.22 pm 0.10 ± 0.03b
Protein precipitation® 0.07 ± 0.036
PMA extraction0 0.82 ± 0.036

a Method described in Experimental and modified by using external
calibration.

6 Average ± standard deviation calculated with 2 determinations. 
c HC1 addition (pH: 4.5) and filtration at 0.22 pm. 
d Method described in Experimental and modified by not using 

internal standard.

Internal S tan d ard

Because the internal standard is preferably introduced at the 
beginning of the analysis to reduce potential errors due to phase 
transfers, it should behave in the same way as 5-VOT during 
complexation, decomplexation, purification on C18, and con
centration by evaporation. However, it must be separated 
in the chromatographic analysis. For this reason, an OT, 4,4- 
dimethyl-l,3-oxazolidine-2-thione (4,4-DMOT) (Figure 1), 
was specially synthesized (12). This compound has the same 
heterocyclic skeleton as 5-VOT, making its behavior identical 
during the various steps as indicated in Table 10. The slight 
polar differences between the vinyl and gem-dimethyl groups 
were used to an advantage for their LC separation.

Chrom atographic Conditions

Because 5-VOT was found in the aqueous solution at the 
end of the sample preparation, a system with aqueous eluants 
and apolar stationary phases (phenyl- or octyl-bonded silicas) 
was found to be the best choice for chromatographic conditions 
(Table 3). A Lichrospher C8 column (5 pm 125 x 4 mm) was 
used for separation. Isocratic elution at room temperature with 
10% (v/v) acetonitrile in water and a flow rate of 1 mL/min 
lets any thiosulfate ion separate in 10 min from 4,4-DMOT,
5-VOT, and 5-AOT (Figure 2). The latter compound, contain
ing a supplementary methylene group compared with 5-VOT 
(Figure 1), comes from the degradation of the 2-hydroxypent-
4-enyl glucosinolate. Far less of 2-hydroxypent-4-enyl gluco-

Tab le  8. E ffe c t o f p re lim ina ry  trea tm en ts  o f s o w  m ilk  
sa m p le s  on e ff ic ie n cy  o f 5 -VO T  e x tra c t ion  w ith  P M A

Treatment 5-VOT, ppma

None 1.15 ±0.04b
Heating® 1.11 ±0.03b
Protein precipitation0 1.15 ± 0.01b

a Method described in Experimental, modified by introducing internal 
standard after sample treatment. 

b Average ± standard deviation calculated with 2 determinations. 
c 90’C for 10 min.
d HCI addition (pH 4.5). The precipitated proteins are not discarded.

sinolate is found in rapeseed than the precursor of 5-VOT 
(progoitrine). For this reason, 5-AOT is often overlooked in 
analyses of only 6 min.

The UV absorption spectra of the OT present a maximum 
molar extinction coefficient at 241 nm (e = 16 000 L/mol 
cm-1). However, LC detection can be done at 254 nm using a 
fixed wavelength detector with acceptable sensitivity (less than 
50% reduction). The detection limit at 241 nm is around 0.2 ng 
of 5-VOT injected onto the column (S/N = 4) (Figure 4).

The identity of 5-VOT found in milk samples was con
firmed by comparison with synthetic 5-VOT by liquid chro
matography. Retention times and UV spectra determined by 
co-injection into a highly sensitive scanning UV detector did 
not reveal any minor differences.

Com m ents

Examination of this method shows that its use can be mod
ified according to the needs of each laboratory. The advantages 
of this method are mainly in the extraction mode by complex- 
ation/decomplexation and the use of an internal standard. 
For high 5-VOT level samples (>500 ppb), the purification 
on C18 and concentration and evaporation steps can be elimi
nated, arriving at a very simple and rapid analysis without loss 
of precision. However, it is difficult to operate without the com- 
plexation/decomplexation steps because of their selectivity 
and extraction power. This method makes possible analyses in 
complex environments and, because of its nearly total elimina
tion of impurities, it is practical and very effective.

Table 9. 5 -VO T  v a lu e s  ob ta ined  fo r  3 so w  m ilk  sa m p le s  be fo re  and after 5 -VO T  add ition

5-VOT, ppma,b
Milk sample 5-VOT added, ppm Before After Ree., %

A® 1.00 0.92 ± 0.04 1.91 ±0.01 98
Bb 1.00 2.01 ± 0.07 3.03 ± 0.08 102
C® 5.00 7.96 ±0.10 12.86 ±0.04 98

a Method described in Experimental. 
b Average ± standard deviation. 
c 2 determinations. 
d 5 determinations.
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Volume percolated through the S.P.E. column (mL) (a)

Figure 3. Purification and concentration of aqueous 
5-VOT solution (0.5 ppm) on solid-phase extraction 
(SPE) column (200 mg of C18 bonded silica 40 pm).
(----- ) 5-VOT level in initial solution. (—) 5-VOT level in
effluent, (a) From 0 to 2.5 mL; pour with 0.5 ppm 5-VOT 
solution. From 2.5 to 3.5 mL: wash with water. From 3.5 
to 4.5 mL: elute with 70% acetonitrile In water, (b) 
Recovery of 5-VOT.

Conclusion

This simple method lets any laboratory analyze less than 
1 ppb of a degradation product (5-VOT) coming from the most 
important glucosinolate found in rapeseed (progoitrin). We be
lieve that this analytical procedure, which used complex sam
ples of sow milk in the present study, may easily be applied 
to other biological fluids or tissues. This research is currently 
being carried out in our laboratory and will soon be published.

Table 10. Peak area ratios of 5-VOT and 4,4-DMOT 
(Internal standard) given by LC of 1 ppm solution 
resulting from different preparation steps
Preparation step8 Peak area ratio

Direct injection in LC 1.18
Complexation-decomplexation 1.17
SPE concentration 1.20
Evaporation concentration 1.17

0 5  min
Figure 4. Chromatogram of aqueous standard solution 
of 4,4-DMOT and 5-VOT at 10 ppb. LC conditions: see 
E xperim ental. Peak identification: see Figure 2.

These results should contribute vital information to better un
derstand the role of 5-VOT in the biological food chain. 
Nutritional sources containing glucosinolates could, thus, be 
developed for animal or human consumption.
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The color of 7 types of Spanish unifloral honey 
from rosemary, orange blossom, lavender, eucalyp
tus, sunflower, heather, and honeydew was Investi
gated for Its potential use as a characterization 
parameter. Colors were estimated by visual com
parison with a Lovlbond 1000 Instrument, the read
ings of which were transformed Into Pfund units.
As an alternative method, the transmittances of liq
uid samples at selected wavelengths were mea
sured, trlstlmulus values were calculated, and 
chromatic coordinates In the CIE-1931 (x,y,L) and 
CIE-1976 (L*aV) color spaces were determined.
The correlation coefficient between x and the 
Pfund grading was 0.958, but visual comparisons 
proved to be less objective and precise than CIE 
parameters; yet, analysis by visual comparison can 
be used by unskilled dealers and beekeepers be
cause of its great simplicity. A stepwise discrimi
nant analysis revealed that CIE-1976 (L*aV) 
coordinates yield an overall proportion of accu
rately classified samples slightly better than that af
forded by CIE-1931 coordinates (76 vs 71%). 
However, rosemary and lavender honeys were 
more accurately classed by using the CIE-1931 sys
tem. The results show that color determinations 
make a useful tool for helping to classify honeys.

O rganoleptic properties have been used for a long time 
to distinguish honeys of different botanical origin. 
Some color ranges, aromas, and flavors are usually typ

ical of a given floral type. The sensorial assessment of these 
properties is usually highly subjective.

The color of honey ranges over a continuum from very pale 
yellow through amber to dark reddish amber to nearly black (1)

Received September 25,1991. Accepted November 7,1991.

and can be assessed by a number of methods. The “universal 
melloscope” method, for example, which is rather empirical 
and arbitrary, was formerly used extensively by beekeepers 
in some European countries (2). The Pfund Color Grader, a 
visual comparison system developed by Sechrist (3), consists 
of a standard amber glass wedge with which the liquid honey 
contained in a wedge-shaped cell is compared visually. The 
color intensity of the honey is expressed as a distance along the 
amber wedge and usually ranges between 1 and 140 mm. This 
scale has been widely used by the honey trade. Brice et al. (4) 
developed a straightforward system of glass color standards, 
later adopted as an official method by the U.S. Department 
of Agriculture (USDA), that allows honey samples to be 
classed as water white, extra white, white, extra light amber, 
light amber, amber, and dark amber. One other scale based 
on Iz-KI solutions of different concentrations did not gain 
widespread acceptance because of the instability of the stan
dards (5).

The Lovibond 1000 visual comparator is a straight
forward instrument for measuring honey color in Pfund units 
in a shorter time than the Pfund Color Grader. In a col
laborative study, White (6) recommended a color measuring 
method based on the use of a Lovibond 2000 visual compa
rator furnished with a disc carrying 6 circular color glasses 
that matched Brice’s colors as far as possible. The method was 
adopted as official by AOAC (7).

The visual detection involved in all the above procedures 
does not allow small color differences to be sensed properly, 
particularly in samples not placed side by side.

The tristimulus methodology developed by the International 
Commission of Illumination (CIE) (8) was used by Brice to 
characterize the USDA color standards (4). Aubert and Gonnet
(2) applied the CIE colorimetric coordinates obtained by the 
simplified method reported by Hardy (9) to 20 different uniflo
ral honey samples and came to the conclusion that tristimulus 
measurements are more objective and precise than Lovibond- 
Pfund measurements for identifying some types of honey, al
though the latter should be kept as commercial references. On
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the other hand, honey is known to darken with storage time 
and increasing temperatures (1 , 10 - 12), the rate of the process 
being influenced by the botanical origin (12 ).

Rodriguez (13) assessed the color of various Spanish hon
eys and reported 3 simplified equations for calculating CIE- 
1931 coordinates. Huidobro and Simal (14) compared the color 
of Galician and commercially available honeys.

The aim of this work was to evaluate the advantages and 
disadvantages of using color measurements to class Span
ish unifloral honeys and comparing the results provided by the 
Lovibond-Pfund visual comparison system with the CIE meth
ods (CIE-1931 and CIE-1976 L*aV) (8,15) based on measur
ing the transmittances of liquid honeys.

Experimental

Colors were assessed by the Lovibond-Pfund methodology 
and by the CIE-1931 or the more recent CIE-1976 (L a b ), or 
CIELAB, methods, both based on the tristimulus values.

Apparatus

(a) Lovibond 1000 color comparator.—Obtained from Tin
tometer Ltd, furnished with 10 mm path length glass cells and 
2 discs, each containing 9 color glasses providing a scale of 17 
different values.

(b) Spectrophotometer.—Dual-beam, fitted to a chart re
corder (Shimadzu UV-240, Shimadzu Co.).

Honey Samples

Honey samples reported to be unifloral were obtained from 
beekeepers, traders, and official services. They were produced 
between 1980 and 1987 in different Spanish regions; although 
some of them were crude, others had been subjected to some 
heating. Their botanical origin was first ascertained by melisso- 
palynogical analysis according to the International Commis
sion for Bee Botany (16), together with sensorial assessment of 
their flavor and aroma. Pollen analysis was inapplicable to hon- 
eydew honey; electrical conductivity (>800 pS/cm) had to be 
determined. The honey samples used were as follows: 21 from 
rosemary (Rosmarinus officimlis L.), 27 from orange blossom 
(Citrus sp. pi.), 17 from lavender (Lavandula latifolia Med.), 
22 from sunflower (Helianthus annuus L.), 20 from eu
calyptus (Eucalyptus camaldulensis Dehnh.), 17 from heather 
(Ericaceae), and 30 from honeydew honey (Quercus sp. pi.). 
The samples were homogenized by mild warming (ca 50°C) 
and shaking. A subsample of 20-30 g of each was removed, 
completely liquefied, and filtered through a 0.25 mm mesh 
sieve. Samples were analyzed for pollen as soon as received 
and for color 4—15 days after collected, if approved as unifloral.

Pollen Analysis

Slides were prepared without acetolysis (16) by centri
fuging 10 g honey dissolved in 20 mL dilute sulfuric acid (5 g 
H2SO4/L) for 10 min at 2500 rpm. The supernatant liquid was 
decanted, and the sediment was washed twice with 10 mL dis
tilled water and centrifuged. The sediment was put on a slide, 
sprouted over an area ca 2 x 2 cm, dried at 40“C, and mounted

Table 1. Selected wavelengths (nm) for computing 
tristimulus values with illuminant C

X Y z

435.5 489.4 422.2
461.2 515.1 432.0
544.3 529.8 438.6
564.1 541.4 444.4
577.3 551.7 450.1
588.7 561.9 455.9
599.6 572.5 462.0
611.0 584.8 468.7
624.2 600.8 477.7
646.0 627.2 495.1

Multiplying factors

h

0.09806 0.10000 0.11814

with stained glycerine gelatin. Pollen grains were identified 
and counted under the microscope. After 300 pollen grains 
were counted, they were classified in the following frequency 
classes: predominant pollen (more than 45% of the pollen grain 
counted); secondary pollen (16-45%); important minor pollen 
(3-15%); and minor pollen (<3%).

To ascertain the botanical origin, guidelines for in
terpretation of results from the Methods of Melissopalynology
(16) were followed.

Color Measurement

(a) Visual comparisons.—Each clear, liquid sample was 
poured into the cell of the Lovibond 1000 comparator to avoid 
entrapping air bubbles. Another cell filled with distilled water 
was used as reference. Ahoney disc was held in the comparator, 
and a circular colored glass was kept in the front of the refer
ence as the disk was spun. Sample and glass (with the refer
ence) were irradiated by an internal daylight lamp. The disc 
was spun until sample color matched the color of one of 
the glasses or was intermediate between the two. The corre
sponding Lovibond grading reading was then transformed to 
Pfund units (mm) by means of a scale supplied by the instru
ment manufacturer.

(b) Spectrophotometric measurements.—Clear honey 
samples were carefully poured into 10 mm path length glass 
spectrophotometer cells, and their transmittance spectra were 
recorded between 700 and 350 nm with water as blank. The 
transmittance of each sample was measured at the 30 wave
lengths selected by Hardy (9), namely, 10 per tristimulus value 
(X,Y,Z) (see Table 1), and its tristimulus values were calculated 
from the following expressions:

X - Z f xTx

Y-ZfyTy

Z - l f 2T2
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Table 2. Distribution of color parameters In 7 Spanish unlfloral honey types measured by visual comparison 
(Lovlbond 1000 comparator, with results expressed in mm Pfund) and spectrophotometrlc methods (CIE-1931 and 
CIE-1976 L*aV)

Honey type8

Parameter Value
Rosemary

(21)
Orange

(27)
Lavender

(17)
Sunflower

(22)
Eucalyptus

(20)
Heather

(17)
Honeydew honey 

(30)

mm Pfund Mean 23 30 70 67.5 71 133 119
Min < 11 11 46-51 51-55 51 99 83
Max 51 55 92-99 71-83 83 140 140

X Mean 0.369 0.378 0.471 0.472 0.458 0.652 0.582
Min 0.337 0.343 0.425 0.428 0.410 0.577 0.514
Max 0.429 0.439 0.523 0.509 0.499 0.735 0.680

y Mean 0.381 0.391 0.456 0.474 0.450 0.347 0.406
Min 0.347 0.356 0.434 0.450 0.419 0.265 0.319
Max 0.435 0.441 0.469 0.488 0.481 0.419 0.464

L(%) Mean 61.4 67.7 43.3 48.43 31.85 2.73 9.59

Min 34.12 44.94 23.62 29.58 17.66 0.002 0.86
Max 84.14 85.86 65.41 62.84 44.37 9.89 24.28

^P(nm) Mean 576.5 576 579 578 579 613 593

Min 575 575 576 576 577 591 582

Max 578 578 584 581 582 675 615

P(%) Mean 33 39 79 86 76 99.9 98.6

Min 15.6 19.4 64.3 67.7 62.5 99.3 93.3
Max 63.3 68.1 90.8 99.0 89.7 100 100

*
a Mean -1.25 -2.26 6.03 1.88 3.79 16.7 28.46

Min -2.679 -4.396 -3.081 -4.424 -0.777 0.160 12.739
Max 1.502 2.199 19.258 10.547 9.641 32.278 42.445

b* Mean 32.7 36.0 74.0 86.2 60.7 22.9 57.5

Min 15.860 19.408 60.251 66.003 41.61 0.003 13.396

Max 77.136 61.202 87.684 103.05 74.184 64.290 81.253

L Mean 82.0 85.4 71.1 74.7 62.7 29.5 34.9

Min 65.059 72.859 55.706 61.298 49.086 0.002 7.777

Max 93.516 93.508 84.698 83.362 73.685 37.648 56.369

* The number of samples of each honey type is given in parentheses.

where T  denotes transmittances and /is  the multiplying factor 
listed in Table 1 for the standard light source C (6774 K).

(c) C IE -1931 chrom atic  coord in a tes.— The tristimulus 
values allowed the CIE-1931 chromatic coordinates x, y, and L 
to be readily calculated from the following expressions:

x - X I  ( X + Y  + Z)

y - Y / ( X + Y  + Z)

L - Y

The projection of the point corresponding to the color of a 
given sample Hq (xo,y0,Lo) on the (x,y) plane was located in
side the chromaticity diagram. The predominant wavelength 
XP, which represents the psychological attribute designated as

hue, was read on the boundary line by intersecting it with the 
straight line crossing the point (xo,yo) and the point correspond
ing to the standard illuminant (achromatic point). The purity
(P) of that color is the ratio between the distances from the 
achromatic point to (x0,y0) and to the spectrum locus and is 
representative of its saturation.

(d) C I E -1 9 7 6  (L’a 'b ') chrom atic coordinates.—The 
CIELAB color space is more uniform than the CIE-1931 space 
and is becoming increasingly popular (17). Its rectangular co
ordinates (a', b , and L") are calculated from the following ex
pressions:

a* = 500[F(i) -  F(2)] 
b’ = 200[F(2) -  F(3)\

V  = 116[f(2) -  0.1379]
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Figure 1. Localization area of liquid unlfloral honeys on the chromatlclty diagram (CIE-1931 color system). 
A: rosemary; □: orange blossom; lavender; *: sunflower; *: eucalyptus; ▲: heather; • :  honeydew honey; 
C: illuminant C.

where F(i) = G(i)m when G(i) > 0.008856; F(i) = 7.787 G(i) + 
0.1379 when G(i) < 0.008856; i = 1,2,3; and G(l) =X/X0; G(2) 
= Y/Y0; and G(3)=Z/Z0.

X, Y, and Z are the tristimulus values of the sample, and Xq, 
Y0, and Zq are those of the standard illuminant (98.04,100.00, 
and 118.12, respectively, for illuminant C).

Results and Discussion

Pollen Analysis

The pollen spectra of the honey samples studied for color 
are briefly described in the following section, and the percent
ages are relative to pollen of nectar-producing plants.

Rosemary honeys contained 15-77% pollen of Rosmarinus 
officinalis L. Other taxons frequently identified were Hypec- 
oum sp., Rosaceae, Cistaceae, Cruciferae, Leguminosae type 
Ulex, and Thymus sp. Orange honeys contained 10-46% pollen 
of Citrus sp. pi., although one sample reached 80%. Pollens of 
Olea europaea, Cistus sp. pi., Cruciferae, Compositae, Legu
minosae, Rosaceae, and Gramineae were frequent. Lavender 
honeys contained 10-68% pollen of L. latifolia and pollens of 
Helianthus annuus, Eucalyptus sp., other Compositae, Cistus 
sp. pi., Thymus sp., Leguminosae, and Hypecoum sp. were usu

ally found. Sunflower honeys contained 45-82% pollen of 
Helianthus annuus. Pollens of Eucalyptus sp., Echium sp., 
Cistaceae, Leguminosae, other Compositae, and Cruciferae 
were usually present. Eucalyptus honeys contained 62-98% 
pollen of Eucalyptus sp., which may be considered overrepre
sented. Taxons generally found as important minor or minor 
pollens in this honey type were Echium sp., Cistus sp. pi., Com
positae, Ericaceae, and Lavandula stoechas. Heather honeys 
contained 49-80% pollen of Ericaceae. Other pollens usually 
found were those from Cistaceae, Eucalyptus sp., Echium sp., 
Helianthus annuus, Leguminosae, Castanea sativa, and Ros
marinus officinalis.

Color Measurement

Table 2 summarizes the results obtained from the color 
measurements made on the 7 types of unifloral honeys studied. 
By visual comparison, rosemary and orange blossom hon
eys were found to be the lightest (some samples yielded values 
below 11 mm Pfund, the lower limit of the scale), with 
extensive overlap. The colors of the eucalyptus, lavender, 
and sunflower honeys were generally darker (amber); they 
also overlapped, although some samples of the second type and 
most of the last could not be exactly matched to any Lovibond
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Figure 2. Localization area of liquid unifloral honeys on 
the (a*,b*) plane (CIE-1976 L*a*b* color system).
A: rosemary; Q: orange blossom; -fr: lavender;

sunflower; *: eucalyptus; ▲: heather;
• :  honeydew honey.

standard glass because they were brilliant yellow, which is not 
included in the system. This property distinguished most sun
flower honeys from eucalyptus honeys. Heather and honeydew 
honeys were generally the darkest, with some samples yielding 
values of up to 140 mm Pfund (the upper limit of the scale). 
Their colors also markedly overlapped.

Table 2 also lists the mean and range of the rectangular co
ordinates of honey samples in the CIE-1931 color space, as 
well as the predominant wavelength (X P) and the purity or sat
uration (P). Figure 1 shows the projection of individual points 
on the (x,y) plane of the chromaticity diagram. It is a reversed 
V-shaped projection, enlarged at the apex.

Rosemary and orange blossom honeys yielded low values 
for x, relatively low values for y, and high values for the 
L chromaticity coordinate. Their X P values were in the 575- 
578 nm range, and P was relatively low (15-68%). Their colors 
overlapped markedly, although orange honey appeared to be 
slightly darker as a whole.

Lavender, eucalyptus, and sunflower honeys were quite 
similar. Their x and y coordinates were generally higher and 
their lightness (L) values were lower than those of rose
mary and orange blossom honeys. Sunflower and some lav
ender honey generally yielded the highest y values and were 
bright yellows not matched by the Lovibond comparator. Their

transmittance spectra usually showed 3 typical bands in the 
400-500 nm region, consistent with the finding of other au
thors for sunflower honeys (2). Eucalyptus honeys, in the lower 
area of the enlarged apex (Figure 1), could be readily resolved 
from sunflower honeys by this procedure. However, both over
lapped with lavender honeys.

The other 2 types of honey yielded x values greater than 
0.51 (honeydew) and 0.57 (heather), and their y and Lvalues 
decreased with increasing x. As can be seen from Figure 1, they 
had no characteristic predominant wavelength, and their purity 
was close to 100%.

The high scattering of the points yielded by each type of 
honey can be accounted for on the basis of the heterogeneity of 
the samples in relation to crop date, production region, age, 
and processing. However, this heterogeneity makes conclu
sions more independent of these variables.

Figure 2 shows the projection of the points yielded by honey 
samples onto the (a\b*) plane. The corresponding data for 
groups are listed in Table 2. Rosemary and orange blossom 
honeys, with a and b values in the range -5 to 5 and 15-80, 
respectively, also overlapped extensively. Values of a are close 
to zero because X and Y have very similar values. Eucalyptus 
and sunflower honeys were clearly distinguished, with some 
exceptions, particularly through parameter b (40-75 for the 
former and 65-105 for the latter). Thus, they also overlapped 
with each other :o some extent and with lavender honeys, al
though 30% of the samples of the lavender type yielded a val
ues in the range 10 -20, which was rather unusual for the other 
2 types. The color points of honeydew honeys were spread 
on the right side of Figure 2, with a’ and b values in the 
ranges 10-41 and 10-81, respectively. Some heather honeys 
(the darkest ones) yielded a* and b* values lower than 30 
and 10 , respectively, so that they were clearly distinct from the 
other types of honey; however, the color of other samples over
lapped with that of honeydew honeys. In any case, the 
color points in the (a , b ) diagram are less extensively scat
tered (darker honeys lie closer to lighter honeys) than in the 
(x,y) projection.

Changes in L values were similar to those of Lvalues in the 
CIE-1931 system, because L* is a sole function of L (although 
L* is always lower than L). Some color points corresponding 
to heather honey samples lie close to the center of the bottom 
of the CIELAB color space, i.e., the point 0,0,0.

Lovibond readings correlated well with x (r = 0.958) and 
L(and L*) (r = -0.920), which is consistent with the findings 
of Aubert and Gonnet (2). Spectrophotometric methods are 
more objective and precise; therefore, it is possible to distin
guish smaller color differences by spectrophotometric methods 
than by the Lovibond method. However, the latter can be used 
as reference for commercial purposes because of its simplic
ity and ease of application whenever high precision is not 
required. Obviously, improved color discs matching honey col
ors more closely on the basis of CEE colorimetric coordinates 
should be developed (2).

The honey color data provided by the chromatic coordinates 
in each CIE system were subjected to stepwise discriminant 
analysis (BMDP7M) (18), which revealed the best variables
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Table 3. Classification matrixes of unifloral honeys by 
color measurement using functions obtained by 
stepwise discriminant analysis. (A) CIE-1931 color 
space; (B) CIE-1976 (L*aV) color space

Group®
Percent
correct

Number of samples classified Into group®

ROS ORA LAV SUN EUC HEA HON

A

ROS 71.4 15 4 0 0 2 0 0
ORA 59.3 8 16 2 0 1 0 0
LAV 82.4 0 0 14 1 2 0 0
SUN 68.2 0 0 6 15 1 0 0
EUC 80.0 1 0 3 0 16 0 0
HEA 64.7 0 0 0 0 0 11 6
HON 70.0 0 0 2 0 0 7 21

Total 70.1

B

ROS 57.1 12 6 2 1 0 0 0
ORA 74.1 5 20 1 0 1 0 0
LAV 70.6 0 1 12 2 2 0 0
SUN 90.9 0 0 1 20 1 0 0
EUC 80.0 0 0 3 1 16 0 0
HEA 64.7 0 0 0 0 0 11 6
HON 86.7 0 0 1 0 1 2 26

Total 76.0

Groups (types) of honeys are abridged as: ROS (rosemary), ORA 
(orange), LAV (lavender), SUN (sunflower), EUC (eucalyptus), 
HEA (heather), and HON (honeydew honey).

for distinguishing honey samples of different botanical origin 
to be x, y, and L, in that order, for the CIE-1931 system, and L , 
b\ and a* for the CIELAB system, also in that order. These 
variables were selected by the program in each step.

Table 3 lists, for both CIE color spaces, the proportions of 
honey samples correctly classified in their parent groups and 
the respective matrixes obtained from the functions yielded by 
the program.

The CIELAB coordinates yielded the higher overall number 
of successful classifications (76 vs 70.1%). Rosemary and lav
ender honey samples were classified more accurately through 
their x, y, and L coordinates, whereas eucalyptus and heather 
honeys were classified with roughly the same accuracy by 
both methods. The CIELAB variables seem to be the most val
uable for classifying sunflower honeys (about 91% successful 
assignments) and the least valuable for rosemary honey (only 
57.1% correct assignments). However, differences in correct 
classifications given by the 2 CIE methods are not statistically 
significant, as can be deduced from analysis of variance and 
f-test. The use of transformed variables of the chromaticity co
ordinates (e.g., reciprocals or squares) seems to improve the 
classification efficiency, although this approach requires more 
complex functions that do not always provide better results. 
Thus, the overall success rate was increased only from 70.1 to

74.0% by using L, z, y2,1 /x , and 1/y instead of x, y, and L, but 
the efficiency in classing lavender honeys by the same proce
dure decreased from 82.4 to 76.5%.

The honeys assayed can be classified into 3 groups com 
posed o f (a) rosemary and orange blossom; (b) lavender, sun
flower, and eucalyptus; and (c) heather and honeydew honeys. 
They were accurately classified in one of these groups in 89.6,
98.3, and 95.7% o f all cases by using the (x, y, L) or (L*,a*,b*) 
groups o f variables. Some misclassifications can be ascribed to 
the mixing o f naturally occurring honey arising from contem
porary flowering in the same area (e.g., sunflower and lavender 
in Spain).

Although 100% correct classifying was not achieved in any 
case, CIE chromatic coordinates make a useful means o f  clas
sifying honeys despite the variability of sample within each of 
the above groups. Other variables used for this purpose include 
pH, electrical conductivity, and chromatographic sugar spec
trum, in addition to the traditional palynological analysis (19). 
Color assessment can, thus, be regarded as a useful comple
mentary tool for determining the botanical origin of honeys.
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SUGARS AND SUGAR PRODUCTS

I n t e r n a l  S t a n d a r d  S t a b l e  C a r b o n  I s o t o p e  R a t i o  M e t h o d  

f o r  D e t e r m i n a t i o n  o f  C - 4  P l a n t  S u g a r s  i n  H o n e y :  

C o l l a b o r a t i v e  S t u d y ,  a n d  E v a l u a t i o n  o f  I m p r o v e d  P r o t e i n  

P r e p a r a t i o n  P r o c e d u r e

J onathan W. W hite

Honeydata Corp., Navasota, TX 77868

Collaborators: J.A. Alcala-Herrera; T.W. Boutton; C. Cook; R. Culp; C. Guilmette; J. Lipp; R.H. Reesman; R. Scalan;
K. Winters; J.G. Phillips (Statistician)

A collaborative study of the Internal standard iso
tope ratio method for measuring C-4 plant sugars 
In honey Is reported. For 5 Youden pairs of sam
ples containing 2-14% C-4 sugars, analyzed by 9 
laboratories, mean sr was 1.92% and sr  was 2.19%. 
Improved performance parameters for determina
tion of §13C In honey are also presented. The 
method was adopted first action by AOAC Interna
tional. Also presented is an Improved purification 
procedure for the honey protein required for the in
ternal standard method. The dialysis-precipitation 
procedure described is considerably less demand
ing of analyst’s time and eliminates possible con
tamination of the preparation by indigenous yeasts 
and molds. No difference in S13C values was found 
between the collaboratively studied method and 
the method when used with the improved proce
dure to analyze 10 known pure honeys. The dialy
sis-precipitation procedure is recommended as a 
substitute for the repeated washing procedure de
scribed in the collaboratively studied method.

A new stable carbon isotope ratio procedure for testing 
honey for the presence of C-4 plant sugars (C-4S) uses 
thed13C value for the honey sample’s protein as 

an internal standard for comparison with that of the origi
nal honey. A difference of -1.00%o [the 4s level (1)] between

Submitted for publication: collaborative study, February 6,1991; 
evaluation of improved protein preparation procedure, October 30,1991.

Recommendation (7) was approved by the General Referee and the 
Committee on Foods II and was adopted by the Official Methods Board of 
AOAC. See “Changes in Official Methods of Analysis” (1992) J. A O A C  
Ini. 75, January/Febmary issue.

ô13C values of the protein and the honey is considered suffi
cient to indicate the presence of a significant amount of these 
sugars. Plants using the Hatch-Slack C4 carboxylic acid path
way in C02 fixation are referred to herein as C-4 plants. Exam
ples are com and cane.

A collaborative study of the method under AOAC guide
lines (2) has been completed and is reported here. Eleven col
laborators in 4 countries indicated willingness to join the study. 
Results were received from 9 collaborators.

Collaborative Study

Ten honey samples were selected from those analyzed in the 
earlier work; 9 are listed in Table 7 of that work (1). These 
samples represented unprocessed bulk honeys offered to the
U.S. Department of Agriculture, Agriculture Stabilization and 
Conservation Service (USDA-ASCS) for the honey loan pro
gram. Because the new method is primarily intended for use 
when S13C values of a honey are less negative than -23.0%o, 
selection was restricted to samples analyzing from 0 to 15% 
C-4S, shown in that table as com/cane content. Samples were 
liquefied to ensure homogeneity, and approximately 20 g por
tions of each were placed in polypropylene screw-cap bottles 
and labeled with 2-digit numbers selected from a table of ran
dom numbers. A practice sample from the same collection 
(approximately 35 g), with the 013C value found earlier, was 
included. Because protein isolation was the procedure under 
test, the collaborators were instructed to make a single pro
tein isolation cn each sample, to use their customary replication 
procedures (if any) for the isotope measurement, and to report 
both 013C for honey and protein and the calculated percent 
C-4S. Comments were solicited on the procedure, and de
scriptions of any deviations from the protein isolation protocol 
were requested.

Samples were assigned to Youden pairs according to the 
mean of values from all collaborators for percent C-4S after the 
results were returned. The data were analyzed as required (2).
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Tab le  1. C o lla b o ra t iv e  re su lts  fo r  de te rm ina tion  o f 613C  v a lu e s  fo r h o n e ys  and  p ro te in  fra c t io n s  (%.)

Coll.

Sample pair 1 Sample pair 2 Sam ple pair 3

46 84 70 98 63 64

Honey Protein Honey Protein Honey Protein Honey Protein Honey Protein Honey Protein

1 -2 2 .7 -2 2 .4 - 22.6 -23 .1 -2 2 .3 -2 3 .5 -2 2 .7 -2 3 .7 -2 2 .9 -2 3 .9 -2 1 .7 - 22.8
2 -2 3 .9 -2 3 .3 -23 .1 -2 3 .6 - 22.6 -2 3 .9 -2 3 .3 -2 3 .9 -2 2 .9 -2 3 .6 -2 1 .9 -2 2 .9

3 -2 2 .7 -23 .1 -2 3 .0 -2 2 .9 -2 2 .4 -23 .1 -2 3 .0 -2 3 .5 -2 2 .7 -2 3 .7 -2 1 .7 - 22.6
4® -2 3 .3 -2 4 .4 -2 3 .6 -2 6 .9 -2 3 .0 -24 .1 -2 3 .6 -2 5 .2 -2 3 .3 -2 4 .5 -2 2 .3 -2 3 .8

5 -2 3 .0 -2 3 .7 -2 3 .4 -2 3 .9 -2 3 .0 -2 3 .8 -2 3 .4 -2 3 .9 -23 .1 -2 4 .2 - 22.1 -2 3 .0

6 -2 2 .5 -2 2 .7 -2 2 .7 - 22.8 - 22.1 - 22.8 -2 2 .7 -2 3 .5 -2 2 .5 -2 3 .5 -2 1 .4 - 22.6
7 -2 3 .3 -2 3 .4 -2 3 .6 -2 3 .2 -2 3 .0 -2 3 .9 -2 3 .5 -24 .1 -2 3 .3 -24 .1 -2 2 .3 -2 3 .2

8 -2 2 .9 -2 3 .7 -2 3 .3 -2 3 .7 - 22.6 -2 3 .5 -2 3 .2 -24 .1 -2 2 .9 -24 .1 - 22.1 -2 3 .0

9 s -23 .1 -2 3 .6 -2 3 .3 -23.1 -2 2 .7 -23 .1 -2 3 .4 -2 3 .8 - 22.0 -2 3 .7 -2 2 .3 -2 2 .9

Sample pair 4 Sample pair 5

01 81 06 32

Coll. Honey Protein Honey Protein Honey Protein Honey Protein

1 - 21.8 -2 2 .5 - 21.6 -2 3 .6 -2 1 .7 -2 2 .3 -2 2 .4 - 22.6
2 - 22.2 -2 3 .7 - 22.2 -2 3 .9 - 22.1 -2 3 .9 -2 2 .7 -2 4 .6

3 - 22.1 -2 3 .8 - 22.0 -2 3 .5 -2 1 .9 -2 4 .0 -2 2 .4 -2 4 .3

4® -2 2 .7 -2 4 .3 -2 2 .7 -2 4 .3 -2 2 .5 -2 5 .0 -2 3 .0 -2 5 .6

5 -2 3 .4 -2 4 .0 -2 2 .5 -2 3 .9 -2 2 .4 -2 4 .4 -2 3 .0 -2 4 .9

6 -2 1 .9 -2 3 .8 -2 1 .9 -2 3 .2 - 21.6 -2 4 .0 - 22.2 -2 4 .3

7 -2 2 .7 -2 4 .0 -2 2 .4 -2 3 .8 -2 2 .5 -2 4 .3 - 22.8 -2 4 .5

8 -2 2 .3 -2 3 .8 -2 2 .4 -2 3 .9 -2 2 .3 -2 4 .4 - 22.6 -2 4 .6

9® - 21.1 - 22.6 -2 2 .4 -24 .1 -2 2 .4 -2 4 .3 -2 3 .4 -2 4 .8

*  Reported to 2 decimal places; rounded to 1.

991.41 C-4 Plant Sugars In Honey—Internal 
Standard Stable Carbon Isotope Ratio Method

First Action 1991

Method can be used to resolve uncertainty in interpre
ting 613C values between -23 .4  and -21.5%c (for citrus honey, 
-21 .9  and -20 .0%o). However, method is applicable to honey 
with any S13C value. (See Reference (1) for supporting data.) 

Method Performance:
Range = 2.14-13.6%
sr = 1.25-2.69; sR = 1.97-2.69; RSD: = 9.22-90.9%;

RSDr = 14.5-92.6%

A. Principle

Stable carbon isotope ratio value for protein isolated from a 
honey provides standard to which stable carbon isotope ratio 
value o f whole honey is compared.

B. Apparatus

(a )  Centrifuge.— With horizontal 4-head rotor for 50 mL 
tubes, to provide 1500 x g.

(b )  Isotope ratio mass spectrometer.— VG 602E, or equiv
alent.

C. Reagents

(a )  Tungstic acid, sodium salt.— 10% aqueous solution.
(b) Sulfuric acid.— 0.67N . D ilute 1.88 mL H2S 0 4 to  

100 mL.

D. Determination

(a )  Honey.— Determine 613C of honey test portion as in 
978.17.

(b )  Protein.— If appreciable amounts of solid matter are 
present, strain honey through 100-150 mesh (nylon stocking 
material is excellent); any insoluble material heavier than water 
will contaminate protein precipitate.

Add 4 mL H20  to 10-12 g honey in clear 50 mL centrifuge 
tube; mix well. Add 2.0 mL 10% sodium tungstate solution and
2.0 mL 0.67N H2S 0 4 to small test tube, mix, and immediately 
add to honey solution; mix well. Swirl tube in ca 80°C water 
bath until visible floe forms, with clear supemate. If no visible 
floe forms, or if supemate remains cloudy, add 0.67N  H2S 0 4 in 
2 mL increments, repeating heating between additions.

Fill tube with water, mix contents and centrifuge 5 min at 
1500 xg, and decant supem ate. Repeat w ashing, mixing, 
and centrifuging steps 5 times with ca 50 mL portions of water, 
thoroughly dispersing pellet each time.
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Table 2. Collaborative results for determination of differences between S13C values for honey and protein and 
calculated content of C-4 plant sugars (C-4S)

Coll.

Sam ple pair 1 Sample pair 2 Sam ple pair 3

46 84 70 98 63 64

Diff. % C-4S Diff. % C-4S Diff. % C-4S Diff. % C-4S Diff. % C-4S Diff. % C-4S

1 0a 0 -0 .5 3.7 - 1.2 8.7 - 1.0 7.1 - 1.1 7.0 - 1.1 8.4
2 0 0 -0 .5 3.6 -1 .3 9 .2 - 0.6 4.2 -0 .7 5 .0 - 1.0 7.6
3 -0 .4 3.0 0 0 -0 .7 5.2 -0 .5 3.6 - 1.0 7.1 -0 .9 7.0
4 - 1.1 7.5* -3 .3 19.2* - 1.2 7 .6 - 1.6 10.3 - 1.2 8.1 -1 .5 10.6
5 -0 .7 5.0 -0 .5 3.5 - 0.8 5.7 -0 .5 3.5 - 1.1 7 .6 -0 .9 6.8
6 - 0.2 1.5 - 0.1 0.8 -0 .7 5.3 - 0.8 5.8 - 1.0 7.2 - 1.2 9.3
7 - 0.1 0.7 0 0 -0 .9 6.3 - 0.6 4.2 - 0.8 5 .6 -0 .9 6.7
8 - 0.0 5.7 -0 .4 2.9 -0 .9 6.5 -0 .9 6.3 - 1.2 8.3 -0 .9 6.8
9 -0 .5 3.6 0 0 -0 .4 3 .0 -0 .4 2.8 -1 .7 12.16 - 0.6 4.5*

Coll.

Sam ple pair 4 Sam ple pair 5

01 81 06 32

Diff. % C-4S Diff. %C-4S Diff. %C-4S Diff. % C-4S

1 -0 .7 5.5 - 2.0 14.4 - 0.6 4 .8* - 0.2 1.6*
2 -1 .5 10.7 -1 .7 12.0 - 1.8 12.7 -1 .9 12.8
3 -1 .7 12.1 -1 .5 10.9 - 2.1 14.7 -1 .9 -3 .0

4 - 1.6 11.0 - 1.6 11.0 -2 .5 16.3 - 2.6 -6 .4
5 - 0.6 4.2 -1 .4 9.9 - 2.0 13.6 -1 .9 12.5

6 -1 .9 13.5 -1 .3 9.6 -2 .4 16.8 - 2.1 14.4

7 -1 .3 9.1 -1 .4 9.9 - 1.8 12.3 -1 .7 11.5

8 -1 .5 10.6 -1 .5 10.6 - 2.1 14.3 - 2.0 13.4

9 -1 .5 11.6 -1 .7 11.8 -1 .9 13.0 -1 .4 9.3

*  See text.
*  Outlier by Grubbs test (2).

Place appropriate amount o f protein in ceramic combustion 
boat similar to that used for honey samples. Combust protein 
by sam e m ethod  u sed  for honey. I f  n ecessa ry  to hold 
for later isotope ratio analysis, either transfer (Pasteur pipet) 
washed pellet with minimum amount of water to small vial, 
cap, and place in boiling water for 2 min, or dry protein for at 
least 3 h in ca 75°C oven.

Calculate apparent C-4 sugar content as follows:

% C-4 sugars = {[813CP -  813CW]/[813CP -  (-9 .7 )]}  x 100

where 813CP and 513CW are 513C values, %o, for protein and 
honey, respectively; and -9 .7  is the average 513C value for com  
symp, %o.

Report negative values from this calculation as 0%.
Sample is considered to contain significant C-4 sugars (pri

marily corn or cane) only at or above a value o f 7%.
Ref.: (1) JAOAC 72,907(1989). (2) JAOAC 75, May/June 

issue (1992)

Results and Discussion

Estimation of C-4 Sugar Content

Table 1 shows the 513C values for honey and protein; 
Table 2 gives the differences and the calculated percentage of

C-4S. Positive values for the difference calculate to negative 
values for C-4S and are reported in Table 2 as zero. Perfor
mance parameters for percent C-4S are listed in Table 3. For all 
samples, mean sr (repeatability, laboratory precision) is 1.92% 
C-4S; mean sR (among-laboratories and within-laboratories 
precision) is 2.19% C-4S. Table 2 shows that a given difference 
does not correspond exactly to the same percent C-4S because 
the difference calculated between the protein standard and 
-9 .7 %o depends on the value for the protein. The amount of 
C-4S in the samples covers only the range from approximately 
2 to 14%, so the relative standard deviations are much higher 
for the samples o f low content.

Determination o f 813 C /ri Honey

Performance parameters for the determination o f  stable car
bon isotope ratio o f honey, 978.17 (3), were included in the 
collaborative report on that method, which was based on results 
of 5 samples by 6 collaborators (4). A  more extensive exami
nation o f this procedure may be made using the data for the 
10 honey samples and 9 collaborators presented here. The sam
ples were placed in Youden pairs in order of the means o f their 
8 13C values as seen in Table 4. This pairing differs from that 
used for the analysis for C-4S. The results o f this calculation
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Tab le  3. P e rfo rm ance  pa ram e ters  fo r  co lla b o ra t iv e  
s tu d y  on  de te rm ina tion  o f c o rn  o r  cane  su g a r (CM S) 
co n ten t o f honey*

Statistic

Sam ple pair

8 4 -4 6 7 0 -9 8 6 3 -6 4 81-01 0 6 -3 2

No. laboratories 8 9 9 9 8
Mean, % C -4S 2.13 5.85 7.54 10.47 13.56

sr 1.93 1.62 2.12 2.69 1.25

RSDr, % 90.89 27.62 28.18 25.75 9.22

SR 1.97 2.18 2.12 2.69 1.97

R SDn, % 92.56 37.30 28.18 25.75 14.50

s Excluding outlying values (Table 2).

are shown in Table 5. The means of the performance parame
ters of the 5 pairs for the determination o f 613C are s, = 0.19, 
sR = 0.39, RSDr = 0.84%, and RSDr = 1.72%.

Method 978.17 specifies the combustion system of Craig
(5), which uses a tubular furnace with recirculation of gases. 
More recently, Sofer (6) described the use of combustion in 
sealed quartz tubes. Two o f the collaborators reported using a 
recirculation system; all others used a sealed-tube combustion.

Collaborators' Comments

Collaborator 1 used a sealed-tube combustion procedure.
Collaborator 2 stated that the diluted honeys required 9 mL 

dilute acid and 3 mL tungstic acid to attain a clear supemate. 
The collaborator used sealed-tube combustion.

Collaborator 3 reported that 4 mL acid was required to form 
a clear supemate. The centrifuge accepted only 22 mL tubes; 
each portion was washed 10 times with 20 mL portions of 
water. Floe was dispersed with a Pasteur pipet, and the mixture 
was vortex-mixed. The pellet was dried on a watch glass over
night at 75°C. A  sealed Vycor tube with CuO and A g was used.

Collaborator 4 used a Schliegel and Vogel (7) recirculation 
combustion system.

Collaborator 5 used sealed-tube combustion with CuO 
and Cu.

Collaborator 6 centrifuged each sample in two 22 mL tubes. 
The final wash was filtered onto a 15 mm glass-fiber filter, air- 
dried at 73°C. Sealed-tube combustion was used.

Collaborator 7 used the Craig (5) combustion procedure. 
Collaborators 8 and 9 used sealed-tube combustion.

Dialysis-Precipitation Procedure— Evaluation

The collaboratively studied method described (adopted as 
991.41) for isolating and purifying the honey protein (the inter
nal standard) requires precipitation with tungstic acid, centrif
ugation, and removal o f all carbohydrate material from the 
protein by 5 cycles o f washing and centrifugation. Routine use 
of this method on commercial samples has emphasized its 
labor-intensive nature. There was organoleptic evidence o f pre
processing fermentation in many of these honeys. In these sam
ples, the protein isolate contained yeasts and other material, 
possibly contaminating it significantly. Preliminary centrifuga
tion of the diluted honey before tungstic acid precipitation was 
subsequently used to remove these materials from several sam
ples o f such honeys. The 013C values of these protein prepara
tions were compared with those from the same samples using 
the repetitive wash procedure of method 991.41.

During the initial development o f the internal standard 
method, dialysis was one o f the preparative procedures first 
examined, followed by evaporation for recovery [(1), Table 1], 
but this was not further pursued. Since the collaborative study 
reported here was performed, an effort was made to eliminate 
the repetitive washing of the protein precipitate. Several of the 
commercial samples to which method 991.41 was applied were 
dialyzed and centrifuged before the protein was precipitated by 
tungstic acid, recovered by centrifugation, and washed once. 
ô13C values for those samples were compared with values ob
tained earlier by method 991.41. To demonstrate that results 
from this dialysis-precipitation procedure are not different 
from those of method 991.41 on pure honeys, 10 samples of

Tab le 4. ô13C  v a lu e s  o f h o n e ys  pa ired  fo r  s ta t is t ic a l a n a ly s is  (%.)

Coll.

P a ir l Pair 2 Pair 3 Pair 4 Pair 5

64 06 81 01 70 32 63 46 98 84

1 -2 1 .7 -2 1 .7 - 21.6 - 21.8 -2 2 .3 -2 2 .4 -2 2 .9 -2 2 .7 -2 2 .7 - 22.6
2 -2 1 .9 - 22.1 - 22.2 - 22.2 - 22.6 -2 2 .7 -2 2 .9 -2 3 .9 -2 3 .3 -2 3 .1
3 -2 1 .7 -2 1 .9 - 22.0 - 22.1 -2 2 .4 -2 2 .4 -2 2 .7 -2 2 .7 -2 3 .0 -2 3 .0
4 -2 2 .3 -2 2 .5 -2 2 .7 -2 2 .7 -2 3 .0 -2 3 .0 -2 3 .3 -2 3 .3 -2 3 .6 -2 3 .6
5 - 22.1 -2 2 .4 -2 2 .5 -2 3 .4 -2 3 .0 -2 3 .0 -23.1 -2 3 .0 -2 3 .4 -2 3 .4
6 -2 1 .4 - 21.6 -2 1 .9 -2 1 .9 - 22.1 - 22.2 -2 2 .5 -2 2 .5 -2 2 .7 -2 2 .7
7 -2 2 .3 -2 2 .5 -2 2 .4 -2 2 .7 -2 3 .0 - 22.8 -2 3 .3 -2 3 .3 -2 3 .5 -2 3 .6
8 - 22.1 -2 2 .3 -2 2 .4 -2 2 .3 - 22.6 - 22.6 -2 2 .9 -2 2 .9 -2 3 .2 -2 3 .3
9 -2 2 .3 -2 2 .4 -2 2 .4 - 21.1 -2 2 .7 s -2 3 .4 s - 22.0 -23 .1 -2 3 .4 -2 3 .3

s Outlier by modified Cochran (Phillips, J.G., personal communication) and/or Grubbs (2) test.
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Tab le  5. P e rfo rm an ce  pa ram e ters  fo r  de te rm ina tion  o f 013C  o f honey*

Statistic

Sam ple pair

6 4 -0 6 81-01 7 0 -3 2 6 3 -4 6 9 8 -8 4

No. laboratories 9 9 8 9 9
Mean, %° -2 2 .0 7 -2 2 .2 4 -2 2 .6 3 -2 2 .9 4 -2 3 .1 9

Sr 0.06 0.41 0.07 0.34 0.07
RSDr, % 0.27 1.83 0.31 1.50 0.30

S R 0.34 0.52 0.32 0.42 0.35
RSDr , % 1.52 2.34 1.42 1.81 1.49

8 Exludlng outlying values (Table 4).

known purity initially used to qualify the method (1) were an
alyzed by the new dialysis method.

Honey Samples

(a) Commercial samples.— Honeys offered for sale, with 
613C values between -20 .3  and -23.1%c, essentially the range 
used in the collaborative study. A ll had organoleptic indication 
of fermentation.

(b) Pure samples.— Ten o f the 50 used earlier (1) with 
613C values between -23.1 and -25.2%o.

Methods

(a) Protein, repetitive wash.— A s described in method
991.41.

Tab le  6. In terna l s tanda rd  iso top e  ra tio  a n a ly s is  o f 
co m m e rc ia l h on e y  s a m p le s  u s in g  se ve ra l p rote in  
pu r if ica t io n  p ro ce d u re s

Sample

Protein ô13C, %»

Honey 013C, %» Original8
Yeast

removed6 Dialysis®

1 -23.1 -2 4 .0 __ -2 4 .5

2 - 22.2 -2 3 .9 -2 5 .0 -2 4 .9

3 -2 3 .0 -24 .1 -2 4 .7 -2 4 .5

4 -2 3 .0 -2 3 .8 — -2 4 .8

5 - 22.2 -2 4 .0 -2 4 .5 -2 4 .5

6 - 21.1 -25 .1 — -2 5 .9

7 - 21.2 -2 3 .9 — -2 4 .2

8 -2 0 .9 -2 4 .7 -2 5 .7 -2 5 .5

9 -2 0 .9 -2 3 .6 -2 4 .8 —

10 - 21.8 - 22.8 -2 3 .9 —

11 -2 0 .3 -2 3 .8 — -2 4 .9

12 -2 2 .9 -2 4 .4 — -2 5 .3

13 -2 1 .5 -2 3 .8 -2 4 .7 —

14 -2 1 .9 -2 5 .0 -2 5 .3 —

15 -2 0 .5 -2 3 .3 -24 .1 —

Mean -24.01 -2 4 .7 4 -2 4 .9 0

SD 0.603 0.557 0.527

8 Precipitation, repeated washing. 
b With centrifugation before precipitation. 
c Dialysis centrifugation procedure.

(b) Protein, dialysis procedure.— Use cellulose dialysis 
tubing retaining proteins with MW >12 000, 30 cm x 25 mm 
(flat) (Sigma 250-9U  is suitable). Hydrate tubing, closely tie 2 
knots at one end. Heat 5 -7  g honey to incipient boil (micro- 
wave oven is useful), add ca 3 -5  mL H20 ,  mix, place in sac, tie 
2 knots in end, dialyze against running tap water for at least 
16 h. Transfer contents o f sac to 50 mL centrifuge tube, centri
fuge 5 min at 1500 x g .  Decant supernate into 100 mL beaker, 
discard pellet, add a fresh mixture o f 6.0 mL 10% sodium tung
state and 6.0 mL 0.67N  H2S 0 4. Heat on hot plate with stir
ring until visible floe forms, with clear supernate. Transfer to 
50 mL centrifuge tube and centrifuge 5 min at 1500 x g. Dis
card supernate, disperse pellet thoroughly, fill tube with water, 
mix well, and centrifuge. Continue from “Place an appropriate 
amount...” in 991.41D(h).

Evaluation Results and Discussion

Analytical results from 15 commercial samples are shown 
in Table 6. The simple removal of microscopic contaminants 
by centrifugation before precipitation, with no other change in

Tab le  7. C o m p a r is o n  o f  repea ted  w a sh in g  and 
d ia ly s is  p ro cedu re s  fo r  p u r ify in g  h on ey  p ro te in  
fo r  iso top e  ra tio  a n a ly s is

Sam ple8 Honey 013C, %<,

Protein ô13C, %o

Original6 Dialysis Diff.®

28 -2 3 .4 -2 3 .7 -2 3 .8 0.1
29 -25.1 -2 5 .2 -2 5 .0 - 0.2
31 -23.1 -2 3 .7 -2 3 .8 0.1
32 -2 5 .2 -2 4 .4 -2 4 .4 0.0
33 -2 4 .0 -2 4 .4 -2 4 .2 - 0.2
38 -2 4 .8 -2 4 .4 -2 4 .5 0.1
42 -2 4 .4 -2 4 .8 -2 4 .4 -0 .4

43 -2 4 .9 -2 5 .2 -2 4 .9 -0 .3

45 -2 4 .8 -2 4 .7 -2 4 .8 0.1
59 -2 5 .2 -2 4 .5 -2 4 .8 0.3

Mean -2 4 .5 0 -2 4 .4 6 -0 .0 4

SD 0.519 0.430 —

8 Sample numbers from Table 4, Reference 1.
b Values shown In Table 4, Reference 1.
c Value by original method minus that from dialysis procedure.
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Tab le  8. A n a ly s is  o f v a r ia n ce

Comparison DF F P

Data In Table 6*

Original vs yeast removal 17 8.26 0.011
Original vs dialysis 19 11.47 0.003

Yeast removal vs dialysis 7 0.13 0.736

Data in Table 7

Original vs dialysis 19 0.04 0.853

8 Using only paired values.

procedure (9 samples, “yeast removed” in Table 6), resulted in 
more negative values for 813C o f the protein in every case. The 
mean difference for these 9 pairs is -0 .83%o, roughly equiva
lent to nearly 6% additional C-4S. Ten samples were also ana
lyzed by the dialysis procedure described above; results are 
shown in Table 6. For these 10 pairs, the difference be
tween method 991.41 and the dialysis procedure results aver
aged -0 .73%o. In 2 cases (1 and 4), the difference became large 
enough to change the status o f the sample from “acceptable” to 
“contains C-4 plant sugar.” For the 4 samples analyzed by the 
yeast removal-precipitation -5 x wash procedure and also by the 
dialysis procedure described in (b) above, the average differ
ence between results using these procedures for S13C of the 
protein is only 0.12%o.

Table 7 presents results for protein from 10 certified pure 
samples analyzed by the dialysis-precipitation procedure in (b) 
and by method 991.41. The i-test indicates that the means for 
the 2 procedures do not differ significantly (t = -0 .57, P  = 0.58) 
when applied to known pure unfermented honeys. This is con
firmed by the results from the analysis o f variance (Table 8). 
Only paired values from Table 1 were included.

The dialysis-precipitation procedure for preparing honey 
protein for isotope ratio analysis has no significant effect on the 
8 13C values o f the protein when applied to pure honeys. There
fore, it may be substituted for the repeated washing procedure 
described in method 991.41.

Recommendations

(1) We recommend that the internal standard stable carbon 
isotope ratio method for estimating the content o f C-4 plant 
sugars in honey as described herein be adopted first action.

(2) We recommend that the performance parameters for de
termination of the stable carbon isotope ratio o f honey (method 
978.17) obtained from this study be added to the current de
scription o f that method, that the title be changed to “C-4 Plant 
Sugars in Honey,” that a suitable description o f the Sofer (6) 
procedure be included as an alternative combustion method,

and that the final paragraph under 978 .17  be deleted and 
the following added: “Samples with 813C less negative than 
-23.5%e are considered to contain significant amounts o f C-4 
plant sugars only after application of internal standard isotope 
ratio method (991.41) so indicates.”

(3) We further recommend that the dialysis-preparation 
procedure for preparing honey protein for isotope ratio analysis 
be substituted for the repeated washing procedure used in the 
method described here in the first recommendation.
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VETERINARY ANALYTICAL TOXICOLOGY

Rapid W hole-Blood Cholinesterase Assay w ith  Potential Use 
for Biological M onitoring  D uring Chem ical Weapons Disposal

Richard S. Halbrook, Carmen E. Guzman, Karen J. W ilkinson, Annetta P. Watson,
Nancy B. M unro, and Lee R. Shugart
Oak Ridge National Laboratory, Environmental Sciences Division and Health and Safety Research Division, 
Oak Ridge, TN 37831-6036

A protocol Is described to determine whole-blood 
cholinesterase activity using an automated high
speed centrifugal analyzer. Throughput rate was In
creased 10-fold (from 6 to 60 samples/h), and 
precision, as measured by a reduction in intra-ali
quot variation, was significantly improved (from 4.7 
to 3 .0%) by using an automated system rather than 
a manual system. Similar cholinesterase activity 
was determined for samples analyzed by both the 
automated and manual protocols, and interlabora
tory comparison Indicated no change In accuracy. 
The lower limit of detection was estimated to be 
0.10 pmol/mL/min. The 10-fold Increase In through
put facilitates use of the automated protocol when 
many analyses must be performed in a limited time.

I mprovements in the ease and throughput of cholinester
ase (ChE) assay m ethods are desirable and necessary in 
emergency situations [e.g., episodes o f suspected acci

dental mass organophosphate (OP) pesticide poisoning in 
livestock and w ild species, and b iological monitoring in 
conjunction with the Chemical Stockpile Disposal Program 
(CSDP) of the U.S. Army]. The U.S. stockpile o f aging uni
tary chemical warfare agent-m unitions poses a calculated  
risk in both storage and disposal because some are powerful 
ChE inhibitors and are several orders o f magnitude more po
tent than OP insecticides (1, 2). CSDP has been mandated by 
the U.S. Congress and is described by Carnes (3) and Carnes 
and Watson (4). The U.S. unitary stockpile is distributed pri
marily among 8 continental U.S. sites (2), most o f which are 
adjacent to agricultural areas and 2 o f which have on-site 
grazing lease programs for livestock.

Munro et al. (5) propose the use of blood ChE monitoring 
in sentinel species during disposal for such purposes as (a) in
dicating sublethal agent exposure in the event of a nerve agent 
release where timely deployment of low-level chemical moni
tors is not feasible, (b) providing decision criteria for treatment

R ec e iv e d  Ju ly  2 2 ,1 9 9 1 .  A c c e p te d  N o v e m b e r 1 1 ,1 9 9 1 .

and disposition o f livestock and pets during reentry and/or res
toration after off-site contamination, (c) providing supplemen
tal indication o f safe con d ition s for hum an and animal 
reentry, and (ct, biologically monitoring routine facility oper
ations. An unplanned release o f  nerve agent would necessi
tate a rapid screening assay capable o f analyzing samples from 
many animals.

Our laboratory staff programmed an automated system that 
uses a high-speed centrifugal analyzer with robotic pipettor 
to assay w h o le-b lood  ChE activ ity  [com bined influence 
of acetylcholine acetylhydrolase (EC 3.1.1.7) and acylcholine 
acylhydrolase (EC 3.1.1.8)] by the method of Ellman et al. (6), 
following procedures similar to those described by Harlin and 
Ross (7). The method described by Harlin and Ross (7) was 
adopted as the official first action enzymatic-spectroscopic 
method for determination of ChE in whole blood by AOAC (8). 
This paper presents our ChE protocol for the automated system 
in comparison with a manual spectrophotometric system, along 
with an assessment of assay precision and reproducibility.

Experimental

Samples

Staff of the University of Tennessee College of Veterinary 
Medicine (K noxville, TN ) collected  w hole-blood samples 
(N = 266) from Holstein dairy cattle located at the Southeast
ern Regional Correctional Farm in P ikeville, TN. Staff of 
the Anim al Sciences Department, Virginia Polytechnic In
stitute and State University (Blacksburg, VA), collected whole- 
blood samples (N = 401) from sheep [whiteface cross (1/2 
Dorset, 1/4 Finn, 1/4 Rambouillet)] located at the Animal Sci
ences Sheep Farm, Blacksburg, VA. A ll blood samples were 
collected from normal, healthy animals that were specially 
managed to avoid exposure to OP com pounds. To elimi
nate clotting, blood samples were collected in 10 mL vacutai- 
ner tubes containing EDTA or in EDTA-washed syringes and 
then transferred immediately to 10 mL vacutainer tubes con
taining EDTA. Samples were refrigerated in Styrofoam con
tainers with ice packs and/or a refrigerator and delivered to our 
laboratory within 24 h after collection. Whole-blood ChE ac
tivity was determined on the arrival date by a protocol pre
viously established (7) for a manual system and a protocol
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developed in our laboratory for an automated system. The 
Harlin and Ross (7) protocol was modified slightly for our pro
cedures (see below).

Apparatus

The COB AS FARA (Comprehensive Bioanalytical System, 
Flexible Automation for Random Analysis, Roche Diagnostic 
Systems, Nutley, NJ) system is a single unit high-speed centrif
ugal analyzer. It uses a microprocessor to control robotic pipet
tor arms capable o f randomly selecting and loading several 
reagents, samples, diluents, and pretreatment solutions into a 
30-place disposable plastic cuvet rotor. Each cuvet has 2 com
partments, and the ingredients are mixed as the rotor acceler
ates. Absorbance is measured by placing cuvets horizontally in 
relation to the light path (9). The manual system used for the 
study was a Response series UV-VIS spectrophotometer 
(G ilford  S y stem s, C iba C orn ing D ia g n o stic s  C orp., 
Oberlin, OH).

Response Spectrophotometer Protocol

Whole-blood samples were analyzed manually by a modi
fication of the spectrophotometric method described by Harlin 
and Ross (7). Briefly, the vacutainers containing blood samples 
were placed on a mechanical mixing table or were gently in
verted by hand for ca 3 -5  min to thoroughly mix the blood. A  
1:1000 dilution o f  blood was prepared as follow s: 0.1 mL 
of m ixed blood was added to a 30 m L glass test tube con
taining 10 mL concentrated phosphate buffer (pH 8.0), and the 
blood-buffer solution was swirled to ensure thorough mixing. 
A 0.3 mL aliquot o f  blood-buffer solution was transferred 
to each of 4 polystyrene cuvets ( l x l  cm, Kartell Corp., Milan, 
Italy) containing 2.7 m L concentrated phosphate buffer 
(pH 8.0). These sample-buffer dilutions are a modification of 
the protocol described by Harlin and Ross (7). Their protocol 
calls for diluting 0.01 mL sample in 10 mL phosphate buffer or 
0.1 mL sample in 100 mL phosphate buffer; then, 3 mL diluted 
sample is transferred to a cuvet. Our modification results in the 
same sample dilution (1:1000) but reduces potential measuring 
error (measuring 0.1 vs 0.01 mL) and reduces the amount of 
phosphate buffer needed.

After adding 0.05 mL 0.1M  dithiobisnitrobenzoic acid 
(DTNB) to each cuvet, 0.02 mL 0.075M acetylthiocholine io
dide (ATCI) was added to 3 of the 4 cuvets. The fourth cuvet, 
without ATCI, served as a blank. The 4 cuvets were placed in a 
Response spectrophotometer cuvet holder with the blank in Po
sition 1. The cuvets were covered with parafilm and inverted 
several times to mix the contents, the parafilm was removed, 
and the cuvet holder with cuvets was placed in the spectropho
tometer. After a 1 min delay, spectrophotometric readings at
412.0 nm were recorded continuously for 6 min at a constant 
temperature o f 25°C. The increase in absorbance at 412 nm on 
addition o f ATCI and DTNB is attributable to the formation of 
yellow product (5-thio-2-nitrobenzoic acid). ChE activity is ex
pressed as micromoles o f  product formed/mL/min (see Harlin 
and Ross (7) for calculations and reagent specifications).

COBAS Protocol

Blood samples in vacutainer tubes were mixed as described 
above. A  50 pL aliquot o f blood was transferred to a 700 p.L 
COBAS sample cup containing 450 pL concentrated phos
phate buffer (pH 8.0), mixed, and placed in the appropriate 
sample rack. Next, 3 pL diluted sample, 260 pL DTNB re
agent, 30 pL d istilled  water filtered through a 0 .22  pm 
Millipore filter (Millipore Corp., Bedford, MA), and 10 pL 
ATCI were mixed. The final concentration o f all reagents was 
the same as for the manual method. Spectrophotometric read
ings (first reading at 10 s followed by 9 additional readings at 
10 s intervals) were made at 412 nm and a constant temperature 
of 25° C. For our purposes, the assay was repeated 3 times for 
each sample dilution. Aliquots o f a calibrator serum specific for 
the COBAS served as a control that was assayed with each 
sample rack. (COBAS calibrator serum is an in vitro diagnostic 
control for clinical chemistry assays; it is prepared from human 
serum, to which a chemical and human and animal tissue ex
tracts are added.) COBAS operating parameters are available 
from the authors upon request.

Precision and Reproducibility

We were interested in determining the precision and repro
ducibility (as an indication of accuracy) of our assay in addition 
to the efficiency and speed at which samples can be analyzed. 
We compared the precision (repeatability) o f the assay using 
the COBAS protocol to that of the assay using the Response 
spectrophotometer protocol. This was done in 2 ways: by cal
culating the percent difference between the greatest and least 
ChE activity in triplicate aliquots o f whole-blood samples col
lected from sheep and dairy cattle and by the repeated assay 
of a single sample using both instruments. Differences between 
instruments were determined by PROC TTEST procedures 
(SAS Institute Inc., Cary, NC).

Because no samples with known ChE activity were avail
able, we determined reproducibility (as a measure o f accuracy) 
by 2 methods. The ChE activities of 84 blood samples (40 
sheep and 44 dairy cattle) determined by the COBAS protocol 
were subtracted from the activity values obtained from these 
same samples by the Response spectrophotometer protocol. 
We then determined the probability that the resulting difference 
was statistically non-zero (Student’s paired /-test, SAS Institute 
Inc.). The Pearson’s correlation coefficient between results by 
COBAS and by the Response spectrophotometer was deter
mined. Next, we compared the results o f repeated analysis o f a 
single sample (calibrator serum) on both instmments. In addi
tion to the above evaluations, assay results o f 6 samples ana
lyzed in our laboratory were compared with those obtained 
by the Veterinary Diagnostic Laboratory, College of Veterinary 
Medicine, University o f Illinois.

Results and Discussion

The throughput rate for determining whole-blood ChE ac
tivity by the autom ated C O B A S protocol w as increased 
10-fold (from 6/h to 60/h) over the manual Response spectro-
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Tab le  1. M ean  pe rcen t d iffe ren ce  betw een m ax im um  
and  m in im um  w h o le -b lo od  C h E  a c t iv ity  In sh e ep  and  
ca ttle  de te rm ined  b y  an au tom ated  (C O B A S ) v s  m anua l 
(R esponse ) sp e c tro p h o to m e tr lc  sy s tem  [m od ified  
E llm an  a ssay ; tr ip lic a te  a liq u o ts  o f w ho le  b lo od  d raw n  
from  w h lte fa ce  c ro s s e d  sh eep  (1/2 Dorse t, 1/4 F inn , 1/4 
Ram bou llle t) and  H o ls te in  cattle]

Species COBAS (X ±  SE) Response (X ±  SE)

Sheep 3 .3  ± 0.12 5.1 ± 0.27
(N  = 282) (N =  119)

Cattle 2.5 ± 0 .1 4 4.3 ± 0.24
(N  = 1 4 6 ) (N =  120)

Overall within- 3 .0  ± 0 .1 0 4.7 ± 0 .18 a
triplicate difference (N  = 428) {N  = 2 3 9 )

*  P =  0.0001, P R O C TTE S T.

photometer protocol. In addition, precision was significantly 
increased and accuracy (as measured by reproducibility) was 
not changed.

The percent within-triplicate difference in whole-blood 
ChE activity observed in randomly selected sheep and cattle 
blood samples was significantly reduced (P  < 0.001), from
4.7 to 3.0%, when the COBAS assay was compared to the Re
sponse spectrophotometric assay (Table 1). The results for test 
of equality o f  variance (PROC TTEST) also indicated that 
the within-triplicate variances in whole-blood ChE activity 
determined by the COBAS and Response spectrophotom e
ter assays w ere s ig n if ic a n tly  different (P < 0.001). The 
ChE activity means determined from repeated analyses of a 
single sample (calibrator serum) by both the COBAS protocol 
and Response spectrophotometer protocol were similar, al
though a greater variance was observed in results obtained 
from the Response spectrophotometer protocol (Table 2, Fig
ure 1). The mean within-triplicate difference observed in sam
ples analyzed by the Response spectrophotometer protocol 
(4.7%) was similar to the mean within-duplicate difference 
(5.6%) reported by Harlin and Ross (7) in aliquots o f a sample 
analyzed by different laboratories (5).

The increased precision obtained with the COBAS protocol 
(1.7%) is desirable and indicates greater sensitivity; how
ever, it has little effect on the interpretation o f exposure.

Our research indicates that individual whole-blood ChE activ
ity from healthy animals with no OP exposure may vary by 
approximately 30% through time. In addition, when clinical 
signs o f acute poisoning are evident, usually whole-blood ChE 
activity is depressed by 80% o f normal (10); approximately 
50% depression of whole-blood ChE activity is considered di
agnostically significant (in the absence o f individual baseline 
data) (11).

Our results indicate that good reproducibility in whole- 
blood ChE assays is obtained by the Ellman procedure and 
COBAS instrumentation. There was no statistical difference in 
mean ChE activity determination in a single sample analyzed 
repeatedly by 2 different instrument protocols (COBAS and 
Response spectrophotometer) (Table 2, Figure 1). In addition, 
whole-blood ChE activities determined from 84 samples by 
the COBAS protocol and from those same samples by the 
Response spectrophotometer protocol were significantly cor
related (Pearson’s correlation coefficient = 0.96, P < 0.001). 
Flowever, the mean difference (-0 .07) between COBAS and 
Response spectrophotometer results for whole-blood ChE ac
tivity determined from these 84 samples was significantly dif
ferent from zero (P < 0.001; Table 3). This statistical analysis 
suggests that the mean ChE activity obtained by the COBAS 
protocol (1.87 pmol/mL/min) tends to be slightly greater than 
that obtained by the Response spectrophotometer protocol 
(1.80 pmol/mL/min). However, this difference was less than 
4%, and, as indicated previously, normal variability in whole- 
blood ChE activity would require a decrease in blood ChE 
activity o f approximately 50% before OP poisoning would be 
considered. Therefore, the difference observed between instru
ments is o f academic (and/or statistical) rather than practical 
importance (i.e., results obtained from both instruments are bi
ologically similar and would result in similar diagnostic inter
pretations). In addition, there was no significant difference 
(P = 0.274) in assay results between samples analyzed in our 
laboratory and at the Veterinary Diagnostic Laboratory, Col
lege o f Veterinary Medicine, University o f Illinois, using man
ual instrumentation. Results o f  clin ical studies using the 
COBAS protocol indicated a lower limit o f detection (approx
imately 0.10 pimol/mL/min) that was similar to the detection 
limit reported by Harlin and Ross (7).

Our assessment is that the COBAS protocol provides a reli
able m eans for determ ining w h o le -b lo o d  ChE activity in 
domestic species (whole blood from cattle, horses, and sheep 
have been assayed) and presumably wild species and humans.

Tab le 2. M ean  C h E  a c tiv ity  (pm ol/m L/m in) o f a s in g le  sa m p le 8 a na ly zed  repea ted ly  u s in g  an  au tom a ted  sy s tem  
(C O B A S ) and  a m anua l sy s tem  (R e sp o n se  spectropho tom ete r)

Method Replications Mean SE Min. Max. Prob. > |T|Ö

COBAS 54 1.4 0.007 1.31 1.5 0.77

Response spectrophotometer 48 1.39 0.014 1.21 1.61

a Calibrator serum.
b Probability that the true means from analysis using the COBAS (1.4 pmol/mL/mln) and Response spectrophotometer (1 .39 pmol/mL/mln) are 

equal (Student’s paired f-test).
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Calibrator Serum Cholinesterase Activity (pmoles/mL/min)

ho CO cn O)

Figure 1. Statistical box plots of ChE activity from repeated assays of a single sample (Calibrator serum) by using 
protocols for COBAS and Response spectrophotometer instrumentation. Extreme values determined by COBAS (1.31 
and 1.5) and Response spectrophotometer (1.21 and 1.61) protocols are indicated.

The COBAS protocol increased sample throughput rate 
10-fold and significantly increased assay precision compared 
with the manual system tested without any apparent loss o f ac
curacy. We consider the resulting improvements in speed and 
efficiency to be valuable for determining whole-blood ChE ac
tivity in emergency situations where large numbers of assays 
would be required over a relatively short period of time.
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A n  a n a ly t ic a l s t r a te g y  f o r  th e  d e te c t io n  o f  p -a g o - 
n ls ts  c o n ta in in g  e i th e r  a n  N - fe r t -b u ty l o r  A A ls o p ro - 
p y l g r o u p  Is  d e s c r ib e d .  E x t ra c t  p u r i f ic a t io n  is  
b a s e d  o n  im m u n o a f f in i t y  c h r o m a to g r a p h y ;  f in a l d e 
te c t io n ,  id e n t i f ic a t io n ,  a n d  d e te rm in a t io n  a re  b y  g a s  
c h ro m a to g ra p h y /m a s s  s p e c tro m e try .  T o  p re p a re  
th e  im m u n o a f f in i t y  c h r o m a to g r a p h y  m a te r ia ls ,  p o ly 
v a le n t  a n t ib o d ie s  a re  ra is e d  a g a in s t  c le n b u te ro l 
a n d  c im a te ro l.  T h e  im m u n o g lo b u l in  G  f r a c t io n s  o f  
th e  c o r r e s p o n d in g  ra b b it  a n t is e ra  a re  is o la te d  a n d  
c o u p le d  o n to  a n  a c t iv a te d  S e p h a ro s e ™  m a tr ix .  T h e  
p re p a re d  c o lu m n s  g a v e  q u a n t i ta t iv e  r e c o v e ry  f o r  a  
la rg e  n u m b e r  o f  s t r u c tu r a l ly  re la te d  p -a g o n is ts  a t 
th e  2 0 0  n g  le v e l.  T o  q u a n t i ta te  a n d  c o n t r o l  fa ls e 
n e g a tiv e  re s u lts ,  Is o to p e - la b e le d  in te rn a l s ta n d a rd s  
a re  u s e d . F o r  a n im a l fe e d  a n d  b o v in e  u r in e , a n a ly t i
c a l re c o v e r ie s  w e re  c lo s e  t o  100%  f o r  a l l c o m 
p o u n d s  e x c e p t  s a lb u ta m o l (56  ± 5% ). R e c o v e r ie s  
f r o m  l iv e r  w e re  in  th e  ra n g e  o f  6 0 -7 0 %  (s a lb u ta m o l,  
4 0 -5 0 % ). L im its  o f  d e te c t io n ,  b a s e d  o n  th e  c o r r e 
s p o n d in g  m o s t  a b u n d a n t  io n ,  w e re  in  th e  ra n g e  o f  
0 .0 5 -0 .2  p g /k g  o r  p g /L . L im its  f o r  Id e n t if ic a t io n ,  
b a s e d  o n  th e  S im u lta n e o u s  d e te c t io n  o f  4  d ia g n o s 
t ic  io n s ,  w e re  In  th e  ra n g e  o f  1 - 2  p g /k g  o r  p g /L . R e 
p e a ta b il i ty  a n d  w i th in - la b o r a to ry  r e p ro d u c ib i l i ty ,  
e x p re s s e d  a s  p e rc e n t  re la t iv e  s ta n d a rd  d e v ia t io n ,  
w e re  a ll w e ll b e lo w  15% , w h ic h  f u l f i l l s  th e  E C  c r i 
te r ia  f o r  re fe re n c e  m e th o d s .  T h e  m u lt i r e s id u e  
m e th o d  is  a n  e f f ic ie n t ,  c o s t -e f fe c t iv e  w a y  to  d e te r 
m in e  i l le g a l g r o w th - p r o m o t in g  W -fe r f-b u ty l a n d  N - 

is o p r o p y l p h e n y le th a n o la m in e s .
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C ompounds with hormonal or thyreostatic action were 
prohibited for use within the European Community 
(EC) in 1989 (1). In practice, completely eradicating the 

illegal use of anabolic compounds has been difficult. A  shift to 
a relatively new class of compounds (2), the phenylethanol
amines, primarily developed as human or veterinary drugs 
working on the p2-adrenergic receptor, has been observed on 
the black market since 1988 (3). The first of such compounds 
for which the large-scale misuse as a growth-promoter was 
observed in the EC was clenbuterol (Figure 1). Within a 
few months, The Netherlands and other EC countries devel
oped and implemented an effective control strategy, and large- 
scale monitoring programs were started. However, in spite of 
the efficiency of the methods used and the intent of the EC 
legislation, the use of p-agonists was not eradicated; a variety 
of new, illegal related compounds appeared on the black mar
ket. One of the most important is salbutamol, a traditional out- 
of-patent human and veterinary drug.

The risk of these compounds for the consumer became ap
parent after reports from Spain that a serious outbreak of poi
soning due to the consumption of bovine liver was related 
to residues of clenbuterol (4). For several p-agonists, methods 
were developed related to their therapeutic use in humans, e.g., 
salbutamol (5, 6), or their intended use as veterinary drugs, e.g., 
clenbuterol (7). After the use of p-agonists as growth promoters 
became apparent, other groups developed analytical meth
ods for clenbuterol (8, 9) and for simultaneous determination 
of several compounds (10-12).

The objective of the present study was to develop and vali
date a flexible multiresidue method for a large group of p-ago- 
nists in a variety of matrixes. Additional goals were to process 
at least 10 unknown samples per day and to adhere to EC guide
lines for reference methods for compounds with hormonal or 
thyreostatic action (13-15). Earlier studies in our laboratory 
showed that immunoaffinity chromatography (IAQ  is suitable 
for extract purification (16,17). When combined with bench- 
top gas chromatography/mass spectrometry (GC/MS), an ana
lytical tool is obtained for routine control and monitoring as 
well as for confirmatory and reference analyses.

The majority of P-agonists known to be used for fattening 
veal calves and cattle contain either an/V-feri-butyl or anjV-iso- 
propyl group, e.g., cimaterol (Figure 2). The method described 
here is based on LAC, using antibodies against a representative
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F igu re  1. M o le cu la r  s tru c tu re  o f C lenbutero l. F ig u re  2. M o le cu la r  s tru c tu re  o f c im a te ro l.

of each group. The combination of these antibodies allows the 
simultaneous isolation of a whole family of such compounds. 
Final detection and identification are based on GC/MS. For 
quantitation and quality control, isotopically labeled internal 
standards are used. The method is applicable for biological ma
trixes, such as urine and liver, and for animal feed, such as milk 
replacers and premixes. Development and validation of the an
alytical procedure is described.

E x p e r im e n ta l

Materials

A l l  chemicals, in c lud ing  standards and solutions, are o f  de
fined  qua lity  and subjected to a qua lity  con tro l program . Pure 
chem icals are o f  Pro A na lyse qua lity  o r better. W ater is double- 
d istilled.

(a) Reference compounds.— See Table 1. Confirm identity 
of all standards by GC/MS and/or Fourier transform infrared 
(FTIR); check purity by liquid chromatography and/or thin- 
layer chromatography. If necessary, salts of these compounds 
or other related P-agonists may be used.

(b) Stock solutions.— 1 mg/mL. Store in the dark at -20°C 
for up to a year.

(c) Working solutions.— Store in the dark at 4°C for up to 
3 months.

(d) Internal standards.—For purposes of quality control 
and accurate quantitation, use labeled internal standards 
clenbuterol-£?6 and/or salbutamoWg (donated by RIKILT, 
Wageningen, The Netherlands).

(e) Bovine serum albumin (BSA).— Sigma Chemical Co., 
St. Louis, MO 63178.

(f) Immunogens.— Prepare as described by Yam am oto and 
Iw a ta  (18 ) b y  co u p lin g  d ia zo n iu m -c le n b u te ro l and diazo- 
n ium -c im a te ro l, respectively, to BS A .

(g) Antisera.— Used to prepare LAC matrixes. Immunize 
New Zealand rabbits 4 times over 5-month period with 2 mg 
immunogen each time. Isolate immunoglobulin G (IgG) frac
tion and couple this fraction to activated Sepharose matrix as 
described previously (16). Final columns had a capacity higher 
than 1 pg for the compounds mentioned.

(h) NaOH solution.— 1M.
(i) Hydrochloric acid solution.— 0.01 and 1M.
(j) Acetate buffer.— 2M (pH 5.2); 0.1M (pH 4.0).
(k) p-Glucuronidase-sulfatase.— Sue d ’Helix pomatia, 

containing 100 000 units P-glucuronidase and 1 000 000 units

s u lfa ta s e /m L  ( In d u s tr ie  B io lo g iq u e ,  F rance , code  IB R  
213473).

(l) Solvents.— E th y l acetate, ethanol, toluene.
(m ) I A C  eluting buffer.— E tha no l-w a te r-ace ta te  bu ffe r 

(0 .1M , p H  4.0), (16 + 3 + 1, v /v /v )
(n) Phosphate-buffered saline solution.— 0.02M , contain

in g  0.02%  thiom ersal, p H  7.4.
(o ) Derivatization reagent.— N ,< 9 -B is (tr im e th y ls ily l) tr i- 

fluo race tam ine  (B S T F A ) w ith  1% T M S  (C a t. N o . 38832, 
Pierce, O ud Beije rland, The Netherlands).

Apparatus

(a) Gas chromatograph.— H P  M o d e l 5 8 9 0  (H e w le t t  
Packard, Avoncale, PA), equipped w ith  H P  M o d e l 7637A  au
tom atic  in jector, HP M od e l 5970 mass selective detector, HP 
M od e l 59 97 0  w o rk s ta tio n , and H P  in k  je t  p rin te r. Operat
ing  conditions: in jec tion  vo lum e, 2  p L ; in jec tio n  temperature, 
260°C; splitless in jec tion  mode; co lum n temperature, 70°C, in 
crease to 20 0 'C  at 25°C /m in and ho ld  6 m in , then increase to 
300°C at 25°C /m in and ho ld 2 m in .

(b ) GC column.— Fused s ilica  perm abond SE-52, 25 m  x 
0.25 m m  id , f i lm  thickness 0.25 pm  (M achery-Nage l, Dtieren, 
Germany, N o . 723054).

(c) Digestion apparatus.— U ltrason ic  w a te r bath, Branso- 
n ic  32 (Branson Europe, Soest, The Netherlands), o r S ub tilis in  
digestion (Sigma, P-5380).

(d ) Centrifuge.— S o rv a ll R C -5 B  (M e y v is ,  B e rgen  op 
Zoom , The Netherlands).

(e) Extrelud“  extraction cartridge.— M e rck , Darmstadt, 
Germany, Cat. N o . 11737.

( f )  Rotary vacuum vaporizer.— Rotavapor (B uch i, M ettler, 
T ie l, The Netherlands).

(g) IAC columns.— Pack w ith  antibodies coupled to  Tresyl- 
activated Sepharose™ (Pharmacia, Zoetermeer, The Nether
lands). Store colum ns in  phosphate buffe red saline solution. 
A fte r  storage, prewash w ith  at least 10 m L  water.

Tab le  1. S tanda rd  co m p o u n d s

Compound CAS No. Mol. formula Mol. weight

Clenbuterol 37148-27-9 C12H18CI2N2O 277.18
Salbutamol 18559-94-9 C13H21NO3 239.31
Terbutaline 23031-25-6 C12H19NO3 225.29
Cimaterol 54239-37-1 C12H17N3O 219.29
Mabuterol 56341-08-1 C13H18ÖF3N2O 310.75
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Sample Preparation

Incurred urine samples were obtained by treating a cow over 
a 5-day period with 5 mg clenbuterol mixed into the feed sup
ply each day. Another animal was treated according to the same 
regimen with 10 mg salbutamol. Samples of pig liver were ob
tained by treatment of a single pig with 2 mg clenbuterol and 
4 mg salbutamol per day over a 31-day period. Samples for 
quality assurance were prepared by diluting incurred materials 
with materials obtained from control animals known to be free 
of any (3-agonist treatment. Animal samples were stored at 
-20°C until analysis.

Extraction Procedures

For the extraction of liver, several procedures are possible, 
e.g., subtilisin digestion (19) or ultrasonic methods. Studies at 
RIVM revealed no significant analytical difference in analyti
cal results when extractants from either procedure were used. 
However, the ultrasonic procedure is easier to use and results 
in fewer interfering coextractives. In general, ultrasonic extrac
tion in dilute acid is preferred (20).

Animal Feed

Accurately weigh a test portion of 10.0 g powdered animal 
feed into a glass flask and add 50.0 mL water and internal 
standards (maximum volume 0.5 mL). Place flask in ultrasonic 
water bath and extract 30 min, shaking at least every 10 min. 
Subsequently shake flask 10 s by hand. Centrifuge flask 
10 min (40 000 x g) and pipet 19 mL into clean flask. Adjust 
pH to 9.8 ± 0.2 with 1M NaOH or 1M HC1. If necessary, use 
smaller test portions, e.g., in the case of medicated feed pre
mixes or their constituents.

Liver

Accurately weigh a test portion of 3.0 g homogenized liver 
into 20 mL glass flask; add 9 ng each internal standard and 
15 mLO.OlM HC1. Place flask in ultrasonic water bath 
and extract 15 min. Shake or vortex flask 10 s. Centrifuge flask 
10 min (1800 x g) and decant supernatant into clean flask. Ad
just pH to 5.2 ±0.1 with 1M NaOH.

Urine

Accurately pipet a test portion of 10.0 mL urine into 20 mL 
glass flask and add 30 ng each internal standard. Adjust pH to
5.2 ± 0.1 with 1M NaOH or 1M HC1.

Enzymatic Deconjugation

To test portions of urine or liver extract, add 2 mL acetate 
buffer (2M) and 0.1 mL (3-glucuronidase-sulfatase. Incubate 
overnight (18 h) at 37°C. Cool incubates to room temperature 
and adjust volume to 20 mL with water.

Extrelut Extraction

Place 20 mL aqueous extract or sample onto Extrelut col
umn. Equilibrate 15 min, then extract absorbed aqueous phase 
with 60 mL ethyl acetate and evaporate eluate on rotary vac
uum vaporizer at 50°C.

Sample Cleanup and Immunoaffinity
Chromatography

Prepare and characterize IAC materials according to stan
dardized procedures (21). In short, isolate IgG fraction from 
rabbit antiserum by IAC on protein A Sepharose. Measure pro
tein and couple IgG to one of the activated matrixes. To esti
mate percent IgG coupled to matrix, measure protein content 
again after coupling. Evaluate capacity of gel, and, if adequate, 
fill individual columns.

Dissolve dry residue of ethyl acetate eluate containing an
alytes in 0.1 mL ethanol. Add 50 mL water and immerse flask 
in ultrasonic water bath for at least 1 min. Apply aqueous ex
tract to IAC column and percolate at 2 mL/min. Wash column 
with 5 mL water and elute p-agonists with 5 mL IAC elut
ing buffer. Evaporate eluate to dryness in water bath at 50°C 
under cold stream of nitrogen. Regenerate IAC column by sub
sequent washings with 10 mLIAC eluting buffer, 25 mL water, 
and 25 mL phosphate-buffered saline solution. Store column 
wet at 4°C in this buffer.

Derivatization

Dissolve dry residue of IAC eluate in 0.1 mL derivatization 
reagent. Incubate reaction mixture 1 h at 60°C. Evaporate 
reagent and dissolve dry derivatized residue in 0.05 mL tol
uene. Transfer toluene solution to injection vial and perform 
GC/MS analysis.

GC/MS Analysis

The first GC/MS run is for screening purposes only. There
fore, only the following ions are monitored: m/z = 86 (tert- 
butyl-P-agonists); m/z = 72 (isopropyl-p-agonists); and m/z = 
92 (d6-internal standards).

Under the conditions specified, the compounds mentioned 
have retention times ranging from ca 9-15 min. The procedure 
used for quantitation depends on the internal or external stan
dards used. When isotope-labeled standards are used, a linear 
calibration curve can be fitted with the ID-ratio (ratio of abun
dances of ions m/z 86 and m/z 92) as the independent variable 
and the concentration of standard (e.g., ng/injection vial) as 
the dependent variable. This procedure yields linear calibration 
curves with an intercept not significantly different from zero.

For other P-agonists, quantitation is less straightforward. In 
practice, however, recovery for most compounds is equal to the 
recovery o f clenbuterol, both for muscle and liver. The 
only compound with significantly different analytical recovery 
is salbutamol. For this compound, however, an internal stan
dard is available (see Results).

Confirmation o f Identity

For purposes of confirmation of the identity, additional 
(fragment) ions must be monitored. TMS derivatives of the ap
propriate p-agonists fragment according to the pattern shown 
in Figure 3. According to EC criteria for reference meth
ods, identification of compounds by low-resolution MS must 
be based on at least 4 diagnostic ions that all elute simulta
neously from the GC column; all must have a response signif-
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F igu re  3. F ragm en ta t ion  pattern  o f p -agon is ts.

icantly higher than the average noise. Moreover, the response 
ratios must be in agreement with the corresponding ratios for 
standard compounds. The masses of the ions [A]-[F] for the 5 
most important P-agonists are summarized in Table 2. Figure 4 
shows the mass spectrum of clenbuterol. The major response is 
observed for ion mtz = 86; all other ions show only very lim
ited abundances.

R e s u lts

A  number of studies were undertaken to validate the analyt
ical procedure. Most of these experiments were intralaboratory 
experiments (repeatability and within-laboratory reproducibil
ity). In addition, the method was validated in a cooperative 
interlaboratory study on animal feed, organized by the Com
munity Reference Bureau (BCR) of the EC and demonstrated 
during an EC workshop in The Netherlands.

Analytical Recovery During IAC

Each newly prepared batch of IAC material must be tested 
for its capacity to retain relevant components. For a represen
tative batch, the average recovery at the 200 ng level was 
101 ± 5% (mean ± standard deviation, N  = 8). No differences 
were observed between the different P-agonists tested.

Analytical Recovery o f the Procedure

When the IAC materials were demonstrated to be suitable, 
the procedure was validated by determining the analytical 
recovery of analytes spiked to blank urine. Results are sum
marized in Table 3. During these experiments, the internal stan
dard was not added in the beginning of the procedure but after 
the chromatography steps. Corrections were made only for dif

ferences during derivatization and GC/MS analysis and not for 
losses during extraction and extract cleanup; therefore, recov
eries of the extraction and cleanup steps were obtained.

Similar experiments were performed with blank liver 
spiked with 5 pg/kg of the above-mentioned p-agonists. As 
with most analytical procedures, recovery from tissue is signif
icantly less than from urine. For salbutamol, recovery was in 
the range of 40-50% (N = 5); for all other compounds, it was 
65 ± 8% (N =  6).

To test for the effectiveness and necessity of enzymatic 
hydrolysis, urine samples from animals treated with clenbu
terol or salbutamol were analyzed under different conditions. 
For clenbuterol, no significant effects were observed, indicat
ing stability during prolonged incubations at an elevated 
temperature and the absence of glucuronide and/or sulfate con
jugates. For salbutamol, however, dramatic differences were

Tab le  2. M a s s e s  of d ia g n o s t ic  io n s  a fte r E l- io n lza tlo n  
o f ß -a g o n is ts -T M S  d e r iv a t iv e s

Ions

Compound N8 M0b M f [A] [B] [C] [D] [E] [F]

Terbutaline 3 225 441 86 356 336 426 370 280
Salbutamol 3 239 455 86 369 350 440 384 294
Clenbuterol 1 276 348 86 262 243 333 277 187
Clmaterol 1 219 291 72 219 186 276 234 —

2 219 363 72 291 258 348 — —
Mabuterol 1 310 382 86 296 277 367 311 221

8 N = number of TMS groups.
b M0 = molecular mass.
c Md= molecular mass after derivatization.
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Tab le  3. A n a ly t ic a l re co ve ry  from  p ig  u rine

Compound
Analytical ree., % 
(av. ± SD, N = 4)

Clenbuterol 103 ±9
Salbutamol 58 ±6
M abut eroi 112 ± 5
Cimaterol 99 ±6

(mean ± SD, N  = 6). The identification criteria was fulfilled for 
F igu re  4. M a ss  sp e c tru m  (E l Ion iza tion) o f each analysis.
c le n b u te ro l-T M S .

D is c u s s io n

observed. Figure 5 [logarithm of the ratio CJC0, where C, = 
concentration at time t and C0 = concentration at t = 0 (4 pg/L)] 
summarizes the results of an experiment in which a sample of 
urine (cattle) was incubated for selected times between 0 and 
18 h. The salbutamol concentration increased during this time 
from 4 to 134 pg/L, indicating almost complete conjugation. 
Figure 5 shows a smooth curve from which the final concen
tration is estimated to be approximately 145 pg/L. The straight 
line applicable for incubation times up to 6 h indicates first- 
order kinetics during this period. On the basis of these results, 
we decided that an overnight enzym atic incubation is 
routinely necessary, apart from cases of confirmation specific 
for clenbuterol. Because no data are available for compounds 
other than clenbuterol and salbutamol, and only limited data 
are available for other species, an enzyme preparation contain
ing both glucuronidase and sulfatase activity was selected.

Repeatability and Reproducibility

Repeatability and within-laboratory reproducibility were 
determined for clenbuterol and salbutamol by analyzing sam
ples of urine and liver obtained from treated animals (urine 
from bovine and liver from a pig). Samples were analyzed on 
3 different occasions, each time in duplicate (Table 4).

Cooperative Study on Animal Feed

During 1990, the method was validated during a coopera
tive study on clenbuterol in animal feed, organized by the EC. 
Thirteen laboratories participated and 4 different samples were 
analyzed 4 times. The within-laboratory variability (% RSD) 
was <10% for all samples. The average value obtained with this 
method was always within ±10% of the target value and never 
significantly different from the overall average value.

EC Workshop

The analytical procedure described was the subject of an 
official EC Workshop organized at our institute (22). Attention 
was focused on the analyses of urine (bovine) for clenbuterol 
and salbutamol. Participants originating from 12 different Eu
ropean countries analyzed samples without any previous ex
perience with the method. For clenbuterol, the result was 5.7 ± 
0.2 pg/L (mean ± SD, N  = 6), for salbutamol, 3.6 ± 0.4 pg/L

Laboratories involved in residue analysis of veterinary 
drugs and growth-promoting agents must analyze a variety of 
compounds in biological samples, black market preparations, 
and animal feed. Within our laboratory, therefore, we focused 
on the development of multimatrix and multianalyte methods. 
Earlier studies demonstrated the suitability of IAC for sample 
cleanup for single compounds (16) and in multiresidue proce
dures (17). In these latter methods, cocktails of IgG fractions 
coupled to an activated matrix were used, which differs from 
the approach used here.

Only 2 different antibodies were used to prepare an IAC 
column suitable for a large number of compounds. The reason 
is obvious: By coupling clenbuterol and cimaterol through their 
aromatic amine function to BSA, without incorporating 
an additional bridging group as spacer, antibodies were pri
marily raised against the A-ieri-butyl and JV-isopropyl- 
ethanolamino moieties of the molecules. Most p-agonists 
known to be illegally used in meat production contain either 
one of these 2 groups. The relative nonspecificity of these an
tibodies does not influence the final result because identifica
tion is not based on the interaction with the antibodies but on at 
least 4 ions monitored during GC/MS analysis.

Some important aspects of methods for residue analysis are 
the limits for detection, determination, and, most of all, identi
fication. During initial screening, only the ions with m/z = 72 
or 86 are monitored. Because these ions contain most of the 
intensity of the total response, very sensitive detection is al
lowed: i.e., a limit of determination of 0.2 pg/L and a limit of 
detection, defined as the average noise + 3 SD, in the range of 
0.05-0.1 pg/L for urine. However, although the fragmentation 
of p-agonists may be advantageous for screening, it is highly 
disadvantageous for identification because 4 ions now have to 
be monitored. In practice, the limit of identification becomes 
equal to the limit of detection for the weakest ion within the set 
of 4 ions selected. Figure 6 shows 2 of the 4 ion traces of a 
sample of urine containing approximately 1 pg/L clenbuterol. 
The lower panel shows the response for ion m/z = 86, the most 
abundant ion on which the limit of detection is based; the upper 
panel shows the ion with the lowest abundance (m/z = 333), 
which defines the limit of identification.

Therefore, for clenbuterol, the P-agonist with the poorest 
spectrum for identification, the limit of identification is within
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F igu re  5. S a lb u ta m o l co n c e n tra tio n  a fte r d iffe re n t 
in c u b a tio n  tim e e  w ith  H e lix  p o m a tla .

the 1 -2  p g /L  range, w h ich  in  some cases m igh t be insuffic ient. 
The use o f  chem ical ion iza tion  techniques, however, can c ir
cum vent these problems. A s  a practical rule, however, e lectron 
im pact ion iza tion  in  com bination w ith  the analytical procedure 
described can cope w ith  the iden tifica tion  o f  relevant analytes 
in  most samples.

U p  to now , m ost residue data fo r  an im als treated under 
contro lled conditions are available fo r clenbuterol (9) and sal
butam ol (10). H a lf- life  values fo r residues in  urine are a ll in  the 
range o f  1 -3  days, a llow in g  detection o f residues up to 2 -3  
weeks after treatment.

In  the procedure used, a deconjugation step is rou tine ly  ap
plied. For clenbuterol, no data are available that suggest that 
conjugation occurs. A lso  in  our studies, no e ffect o f enzym atic 
hydro lysis on the measured clenbuterol concentration was ob
served. F o r salbutam ol, published data indicate that in  humans 
the 4 '-0 -su lfa te  ester o f  salbutam ol is the m ajor fraction  o f the 
tota l amount present (23 -26 ). Deta iled studies showed that en
zym atic  hydro lys is  w ith  H e lix  po m a tia  preparations is a suit
able procedure fo r  libe ra ting  salbutam ol (25). O ur results are in  
good agreement w ith  these studies; the percentage conjugated 
salbutamol in  cattle can be close to 100%. Deta iled studies on 
the hydro lysis o f  sa lbu tam ol-4 '-0 -su lfa te  ester, however, were 
not possible because the pure com pound is not available. A lso , 
the presence o f  sa lbutam ol-g lucuron ide has been described in 
dogs and rabbits (25).

The procedure has m a in ly  been tested fo r  clenbuterol, cim a- 
terol, salbutam ol, terbutaline, and m abuterol, but other p-ago- 
nists con ta in ing  an N - fe r i-b u ty l o r / '/- iso p ro p y l g roup, such 
as isoprenaline, ca rbu te ro l, and p irb u te ro l, can be analyzed 
w ith  th is procedure. D u ring  surveillance studies w ith in  The 
Netherlands so far, o n ly  c lenbutero l, salbutam ol, and, to a 
lesser extent, m abuterol have been detected in  samples o f  live r 
and urine. Therefore, m ost o f  our attention during va lida tion  
was focused on the f irs t 2 compounds. W ithin-assay v a ria b ility  
(repea tab ility ) and between-assay v a ria b ility  (w ith in -labora- 
to ry  repea tab ility) were determ ined fo r  bo th com pounds in 
liv e r and urine and were expressed as % RSD. These v a ria b ili
ties were always better than 15%, w e ll be low  the E C  lim its  fo r

Table 4. W ith in - an d  be tw ee n -assa y  v a r ia b ility

Individual values, ppb Within-assay Between-assay

Salbutamol in bovine liver

3.6 3.3 s2 = 0.016 s2 = 0.065
3.4 3.3 s = 0.13 S = 0.25
3.7 3.7 % RSD = 3.7 % RSD = 7.1

Clenbuterol in bovine liver

13.8 11.2 s2 = 1.31 S2 = 2.63
12.9 12.6 S = 1.14 S = 1.62
15.1 14.1 % RSD = 8.5 % RSD = 12.1

Clenbuterol in pig urine

4.4 4.3 S2 = 0.035 S2 = 0.122
4.2 4.6 S = 0.19 S = 0.35
4.7 4.9 % RSD = 4.2 % RSD = 7.8

Salbutamol in pig urine

2.0 2.0 S2 = 0.007 S2 = 0.020
1.8 2.0 S = 0.08 S = 0.14
2.1 2.1 % RSD = 4.0 % RSD = 7.0

reference methods. Despite  recent developm ents in  the anal
ysis fo r  p -agonists, re p ro d u c ib ility  studies have no t been per
fo rm ed  because, w ith in  the E C , o n ly  a lim ite d  num ber o f 
laboratories are invo lved.

The E C  Bureau o f  Reference (B C R ) organized a coopera
tive  study on c lenbu te ro l in  an im a l feed us ing the method 
described here; results were excellent. The m ethod was used 
successfully at an E C  w orkshop fo r  de term in ing residues o f 
c lenbuterol and salbutam ol in  urine, and a co llabora tive study 
o f  the m ethod is be ing organized w ith in  the EC. A lready, 30 
laboratories have expressed an interest in  partic ipating .

The com bination o f  LAC w ith  G C /M S  in  m ultiresidue anal
yses fo r  v e te rin a ry  d rugs, in c lu d in g  g ro w th  p ro m o te rs , is 
a frequently used analytical strategy w ith in  our laboratory. In  
procedures fo r p-agonists, this strategy has been pa rticu larly  
useful because, w ith  a com bination o f  on ly  2 antibodies, a large 
range o f  compounds can be detected and analyzed. A n  addi
tiona l advantage is the po ss ib ility  o f  m on ito rin g  fo r  compounds 
not detected before, provided they have a rm -b u ty l o r an iso
p ropy l group. Several “ new ”  P-agonists were detected in  pre
m ixes and fin ished anim al feed.

The iden tifica tion  o f  such “ unknow n”  p-agonists is one o f 
our con tinu ing  projects. B y  use o f  IA C , G C /M S , F T IR , and 
N M R , 3 such compounds have been iden tified  recently in  our 
institu te as the N - re r i-b u ty l ana logue o f  c im a te ro l and its 
corresponding brom o interm ediate, and as the N -pen ty l ana
logue o f  m a b u te ro l (2 6 , 2 7 ). A c c o rd in g  to  its  M S  frag
m entation patiem , the pen ty l group o f  the la tter com pound is 
ten ta tive ly  iden tified  as a fe rf-pen ty l group (28). T w o  o f  these 
compounds were also found du ring  surveys in  B e lg ium  (29).
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F igu re  6. C o n firm a tio n  o f c le n b u te ro l. Tw o o f th e  4  io n  
tra ce s  are s h o w n : u p p e r pane l, io n  w ith  lo w e s t 
ab undance ; lo w e r pane l, io n  w ith  g re a te s t abundance .

For LAC to become a routine analytical technique w ith in  a 
laige group o f  laboratories, IA C  materials must be readily avail
able. B y  now, several commercial companies are active in  this 
area, supplying single- and multianalyte columns. We believe that 
IA C  in  combination w ith  G C/M S (low  resolution) is a reliable and 
low-cost analytical tool, suitable fo r both screening and confirma
tion o f a variety o f  compounds, (3-agonists in  particular.
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VITAMINS

L i q u i d  C h r o m a t o g r a p h i e  D e t e r m i n a t i o n  o f  T h i a m i n e ,  R i b o f l a v i n ,  

a n d  P y r i d o x i n e  i n  I n f a n t  F o r m u l a

George W . Chase, Jr, W illiam  O. L anden, Jr, R onald R. E itenmiller* 1, and A bdel-Gawad M . Soliman 
U.S. Food and D ru g  A d m in is tra tio n , 60 8th St, N E , A tlan ta , G A  30309

A n  io n  p a ir in g  re v e rs e d -p h a s e  l iq u id  c h ro m a to 
g ra p h ic  m e th o d  d e v e lo p e d  fo r  m u l t iv i ta m in  s u p p le 
m e n ts  a n d  p re m ix e s  w a s  a p p l ie d  t o  th e  
s im u lta n e o u s  d e te r m in a t io n  o f  th ia m in e ,  r ib o f la v in ,  
a n d  p y r id o x in e  In  p e r c h lo r ic  a c id  e x t ra c ts  o f  m llk -  
a n d  s o y -b a s e d  In fa n t  fo rm u la s .  T h e  m e th o d  u s e s  
m -h y d ro x y b e n z o ic  a c id  a s  In te rn a l s ta n d a rd  a n d  a 
m o b ile  p h a s e  c o n s is t in g  o f  w a te r ,  a c e to n it r i le ,  
h e x a n e s u lfo n ic  a c id  s o d iu m  s a lt ,  a n d  a m m o n iu m  
h y d r o x id e  s o lu t io n ,  a d ju s te d  to  p H  3 .6  w ith  p h o s 
p h o r ic  a c id .  T h e  c o lu m n  Is  a  15  c m  x 3 .9  m m  id  
N o v a  P a k  C 1 8 . L im it s  o f  d e te c t io n  w e re  0 .1 5  p g /m L  
fo r  th ia m in e  a n d  0 .0 9  p g /m L  f o r  r ib o f la v in  b y  U V  d e 
te c t io n  a t  2 5 4  n m , a n d  0 .0 1 0  p g /m L  f o r  p y r id o x in e  
b y  f lu o r e s c e n c e  d e te c t io n .  M e a n  p e rc e n t  re c o v e r 
ie s  b a s e d  o n  t r ip l ic a te  d e te r m in a t io n s  w e re  10 2  ± 
1 .8 ,1 0 2  ± 3 .3 ,  a n d  101 ± 3 .1  f o r  th ia m in e ,  r ib o f la v in ,  
a n d  p y r id o x in e ,  re s p e c t iv e ly .  T h e  re s u lts  c o m p a re d  
fa v o ra b ly  w i th  th e  A O A C  m e th o d s  f o r  th ia m in e ,  r i 
b o f la v in ,  a n d  p y r id o x in e .

C urrent A O A C  methods fo r the determ ination o f  th ia 
m ine  (B j) ,  r ib o fla v in  (B 2), and p y rid o x in e  (B 6) use 
chem ica l and m ic rob io log ica l techniques. A  sim ulta

neous liq u id  chrom atographic (L C ) assay fo r these v itam ins in  
in fant fo rm ula  w o u ld  be desirable fro m  an analytical and eco
nom ic standpoint. W e recently published a re liab le s im ulta
neous determ ination o f  B 1( B 2, B 6, and niacin  in  m u ltiv ita m in  
prem ixes and tablets (1). To apply the simultaneous determ ina
tion  to in fant fo rm u la , an extraction procedure com patib le w ith  
the L C  system was needed to extract the v itam ins fro m  the 
fo rm ula  m atrix.

Several types o f  extractions were developed fo r  use in  con
ju nc tion  w ith  L C  d e te rm in a tio n  o f  w a te r-s o lu b le  v itam ins 
in  food products. E xtraction  procedures used by  W ehling  and 
W etzel (2) required fa ir ly  cumbersome treatments fo r  B 1; B 2, 
and B e. W ehling  and W etzel (2) extracted samples w ith  0 .1N  
su lfu ric  acid in  a b o ilin g  w ater bath, digested the extracts by  a
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fungal amylase preparation, and then centrifuged and filte red 
the digestates. Rees (3) developed an extraction procedure fo r 
B 6 and n icotinam ide in  fo rtif ie d  foods by  using 1M  su lfu ric  
acid treatment in  a b o ilin g  w ate r bath. A ltho ug h  these extrac
tions are fa ir ly  s tra ig h tfo rw a rd , w e  have had d i f f ic u lt y  in 
obta in ing good chrom atogram s fo r  in fan t fo rm u la  w ith  extracts 
that w ere heat-treated.

W ith  regard to B 6, Vanderslice et al. (4) stated that “ early 
extraction procedures us ing HC1 in  co n ju n c tio n  w ith  auto
c lav ing  have g e n e ra lly  been rep laced  b y  p rocedures that 
use trichloroacetic, perchloric, tungstic, metaphosphoric, or sul- 
fosa licylic acids”  be fore L C  analysis. Vanderslice et al. (4) 
fu rthe r indicated that the extraction procedure m ust be com 
patib le w ith  the fina l analytical procedure to y ie ld  extracts that 
are clean and free from  interference. Vanderslice et al. (5) and 
G regory and Feldstein (6) used su lfo sa licy lic  acid (S S A ) to ex
tract B 6. In  later w o rk , Vanderslice and Huang (7) used SSA to 
extract B : and a cleanup co lum n to rem ove SSA, w h ich  flu o 
resces strong ly and can in terfere w ith  the analysis.

P ierotti et al. (8 ) used pe rch lo ric  acid extraction fo r  the de
term ination o : Bg in  rat tissues. A fte r  treatment, the acid was 
precip itated w ith  6 M  potassium hydroxide. For B 6 derivatives 
in  foods, T ouka ir in -O da  et al. (9 ) a lso used p e rch lo ric  acid 
extractions fo llow e d  by potassium  hydroxide prec ip ita tion  at 
pH  3.5 and added a step in  w h ich  the sample was le ft overnight 
to c o m p le te ly  p re c ip ita te  the p e rc h lo r ic  ac id . O f  the va ri
ous extractions, the pe rch lo ric  acid extraction seems the most 
com patib le w ith  the chrom atographic conditions described by 
Chase and Solim an (1). A fte r  the pe rch loric  acid was precip i
tated, the p H  w o u ld  be close to that o f  the m ob ile  phase used 
in  this study.

In  the present study, the  L C  p ro ced u re  o f  Chase and 
S o lim an (1 ) was app lied  to  the s im u ltaneous determ ination  
o f  B j,  B 2, and B 6 in  in fa n t fo rm u la  w ith  p e rch lo r ic  acid as 
the extractant.

M E T H O D

Reagents

(a) P e rc h lo r ic  a c id .— 70% double d is tille d  (G . Frederick 
Sm ith Chem ica l Co., Colum bus, O H  23214).

(b ) A ceton itrile .— D is tille d -in -g la s s  U V  grade (B u rd ick  
and Jackson Laboratories, Inc., M uskegon, M I  49442).
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(c) Hydrochloric acid.—Reagent grade (Fisher Scientific 
Co., West Haven, CT 06516).

(d) Phosphoric acid.—Reagent grade (Fisher Scientific Co.).
(e) Ammonium hydroxide.—Reagent grade (Fisher Scien

tific Co.).
(f) Potassium hydroxide.—Reagent grade (Fisher Scien

tific Co.).
(g) Ion-pairing reagent.—1-Hexanesulfonic acid sodium sait 

(Eastman Kodak Co., Rochester, NY 14650).
(h) Internai standard.—m-Hydroxybenzoic acid (m-HBA) 

(Sigma Chemical Co., St. Louis, MO 63178).
(i) Standard solutions.—Individual stock standards of 

thiamine HCl (0.1 mg/mL), riboflavin (0.02 mg/mL), and 
pyridoxine HCl (0.1 mg/mL or 0.08 mg/mL as free base) were 
prepared from USP Standards (Rockville, MD 20852) in 
0.1N HC1. Stock standards were stable for several months 
under refrigeration.

(j) Internal standard solution.—Stock internal standard 
was prepared by dissolving 55 mg m-HBA in 100 mL mobile 
phase (550 pg/mL).

(k) Mobile phase.—1-Hexanesulfonic acid (0.95 g) was 
dissolved in 1L water containing 9.5% acetonitrile and 0.5 mL 
ammonium hydroxide. Solution was adjusted to pH 3.60 with 
phosphoric acid. A 950 mL portion of this solution was diluted 
to 1 L with water. Mobile phase was then filtered through 
0.45 pm nylon filter (Universal Scientific, Inc., Atlanta, 
GA 30360).

Apparatus

(a) Liquid chromatograph.—Model HP1090 (Hewlett- 
Packard Co., Palo Alto, CA 94303) equipped with filter photo- 
metric detector, Model 85B computer, and Model 
3392A integrator.

(b) Column.—Nova Pak C l8 stainless steel, 15 cm x
3.9 mm id, No. 0863440, with an in-line precolumn filter, 
No. 84560 (Waters Associates, Milford, MA 01757).

(c) Fluorescence detector.—Perkin-Elmer (Norwalk, CT 
06859) Model 650-105 equipped with Model 650-8001 micro
flow cell unit, and Hewlett-Packard Model 3390A integrator.

(d) Absorbance Detector.—Model 440 UV/VIS (Waters 
Associates).

Chromatographic Conditions

Instrument param eters.—Injection volume 50 pL 
(Rheodyne Loop Injector Model No. 7010, Rheodyne, Inc., 
Cotati, CA 94928); flow rate 1.0 mL/min; UV absorbance de
tector wavelength 254 nm; parameters for fluorescence detec
tion (in series with UV detector) included sensitivity 0.3, 
excitation wavelength 295 nm, slit 7 nm, emission wavelength 
395 nm, and slit 7 nm.

Sample Description and Preparation

Infant formula samples used in this study consisted of 2 
powders, 1 ready-to-feed, and 6 concentrates. Samples also 
represented different formulation bases and consisted of 4 soy- 
based formulas, 3 whey/milk-based formulas, 1 milk/whey- 
based formula, and 1 milk-based formula. These samples

represent formulas produced to meet nutrition requirements for 
normal infants as specified by Infant Formula Act of 1980 (P.L. 
96-359). Sample preparations were performed under subdued 
light, according to AOAC instructions (10) for proper warm
ing, opening, mixing, and storage under nitrogen atmosphere 
and refrigeration.

Sample Extraction

Powder.— Accurately weigh ca 12 g powder into 250 mL 
Philips beaker and disperse in 50  mL water. Stir mixture 
until homogenous.

Ready-to-feed.— Accurately w eigh  ca 70 g liquid into 
250 mL Philips beaker.

Concentrates.— A ccurately w eigh  ca 35 g liquid into 
250 mL Philips beaker and mix with 20 mL water.

Add 2 mL perchloric acid to each solution with stirring, and 
continue stirring 1 h. Carefully add 6M potassium hydroxide 
dropwise with constant stirring until pH is 3.3 ± 0.3. Transfer 
each solution quantitatively to 100 mL volumetric flask and di
lute to volume with mobile phase. Refrigerate solutions over
night to allow perchlorate to precipitate completely and then 
filter through 32  cm grade 588  prepleated filter paper 
(Schleicher and Schuell, Keene, NH 03431). Add 100 p,L inter
nal standard to 10 mL volumetric flask and dilute to volume 
with sample solution. Filter solutions through 0.45 nm nylon 
filter (Universal Scientific, Inc.).

Standard Extraction

Prepare working standard by combining 2.0, 10.0, and
2.0 mL aliquots o f B 1( B2, and B6, respectively, in 250 mL 
Philips beaker containing ca 40 mL water. From this point 
on, treat standard and sample the same, beginning with “add 
2 mL perchloric acid ...,” except transfer 5.0 mL from final 
filtered standard to 10 mL volumetric flask containing 100 
pL m-HBA and dilute to volum e with mobile phase to give 
final concentration o f 1.0, 1.0, 0.82, and 5.5 pg B 1( B2, B 6, 
and m-HBA/mL, respectively.

System Calibration and Assay

Establish peak response and retention time parameters by 
injecting working standard in duplicate. Enter these parame
ters, along with standard concentrations (pg/m L), into 
integrator’s internal standard calibration table to calculate lev
els o f Bj, B^ and B6. Establish linearity by running series o f 4 
standard dilutions for each vitamin in duplicate, ranging in con
centration from 0.2 to 1.4 pg/mLfor Bi and B 2 and from 0.2 to
1.2pg/m Lfor B6.

C a l c u l a t i o n s

The integrator prints out concentrations of each vitamin as
sayed as pg/mL. Concentration (pg of each vitamin per 100 g 
of ready-to-feed) was calculated for powders as follows:

pg vitamin/100 g as ready-to-feed =
(pg/mL x DF x F xlOO) /  SW
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A B
For ready-to-feed:

pg vitamin/100 g -  (pg/m L x D F  x 100)/SW

M in  M in
F ig u re  1 . C h r o m a to g r a m  o f  w o rk in g  s t a n d a r d  m ix tu re  
b y  (A) UV d e te c t io n  (2 5 4  n m ) a n d  (B) f l u o r e s c e n c e  
d e te c t io n  ( e x c i ta t io n  w a v e le n g th ,  2 9 5  n m ; e m is s io n  
w a v e le n g th ,  3 9 5  n m ): (1) In te rn a l  s t a n d a r d ,  (2) th ia m in e ,
(3) r ib o f la v in , a n d  (4) p y r id o x in e .

A B

0

Min
15

4

F ig u r e  2 . C h r o m a t o g r a m  o f  m i lk - b a s e d  In fa n t  
f o r m u la  e x t r a c t  b y  (A) U V  d e t e c t i o n  (2 5 4  n m ) a n d  (B) 
f l u o r e s c e n c e  d e t e c t i o n  ( e x c i ta t io n  w a v e le n g th ,  2 9 5  
n m ; e m i s s io n  w a v e l e n g th ,  3 9 5  n m ): (1) I n te r n a l  
s t a n d a r d ,  (2) t h ia m in e ,  (3) r ib o f la v in ,  a n d  (4) 
p y r id o x in e .

For concentrates:

pg vitamin/100 g as ready-to-feed =
(pg/m L x D F  x 100)/(SW  x 2)

where D F = dilution factor; SW = sample weight, g; a n d /=  
powder weight, g, o f reconstituted infant formula.

AOAC Methods Used for Comparison

The fo llo w in g  A O A C  m ethods w ere used for analysis 
of infant formulas: Bx, manual thiochrome method (11); B*  
manual fluorometric method (12); B^ automated fluorometric 
method (13); B^ microbiological method (14); and B6, micro
biological method, except that column chromatography to sep
arate B6 vitamins was not used (15).

R e s u l t s  a n d  D i s c u s s i o n

Figures 1 and 2 show that B lf B 2, B6, and m-HBA are well- 
resolved and each vitamin can be simultaneously determined 
in an infant formula extract. The chromatogram o f the working 
standard mixture by UV detection is illustrated in Figure 1A. 
Excellent peak responses were obtained for m-HBA, B x, and 
B2. Figure IB  illustrates detection o f  standard B 6 and w-HBA  
by fluorescence.

Figure 2A  depicts the elution profile o f a milk-based infant 
formula extract for B x and B2 by UV. Figure 2B  is the elu
tion profile o f  the sam e extract obtained by fluorescence 
detection for B6. The B6 peak is well-resolved and free of chro
matographic interferences present in the U V  profile. For milk- 
based formulas, 15 min was required for eluting all peaks 
and returning to base line before the next injection. However, 
45 min was required for soy-based formulas to allow for late- 
eluting peaks before returning to base line.

A s noted in the earlier work by Chase and Solimán (1), the 
standard UV response was linear from 0.2 to 1.4 pg/mLfor B x 
and B2 and from 0.2 to 1.2 pg/mL for B6. The limit o f  detec
tion was 0.2 pg/mL for each vitamin with U V  detection. In 
this study, when a Waters 440 spectrophotometric detector was 
substituted for the Hewlett-Packard filter photometric detec
tor, detection limits improved to 0.15 pg Bj/m Land 0.09 pg 
B^mL. The use of a fluorescence detector increased the detec
tion level for B 6 to 0.01 pg/mL. Three infant formula samples 
(2 milk-based and 1 soy-based) were used for recovery studies. 
The mean percent recoveries (n = 3) and standard deviations 
were 102 ± 1.8, 102 ± 3.3, and 101 ± 3.1 for B x, B2, and B6, 
respectively. The system reproducibility was evaluated by per
forming 10 repetitive analyses of an infant formula powder la
beled to contain 52.8, 106, and 41.9 pg of B t, B2, and Bg/100 
g, respectively. The mean, standard deviation, and coefficient 
of variation were 60.8 ± 0.5 (CV 0.9%), 151 ± 2.1 (CV 1.4%), 
and 39.4 ± 0.7 (CV 1.8%) for B 1; B2, and B6, respectively.

TheLC results w ere further com pared w ith  those ob
tained by AOAC methods for the determination of such vita-
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T a b le  1. C o m p a r i s o n  o f  v a lu e s  ( p g /1 0 0  g ) o b t a in e d  fo r  
th ia m in e  in  in fa n t  f o r m u la  b y  L C  a n d  A O A C  m e th o d s

Infant formula Declared LC method* AOAC manual6

Whey/milk powder 52.8 65.2 ± 4.8 78.4 ± 0.9
Whey/milk ready-to-feed 51.7 70.5 *  3.0 51.7 ± 1.9
Whey/mllk concentrate 50.0 63.5 ± 7.8 59.5 ± 4.0
Soy concentrate 38.5 106 * 2.6 91.5 ±0.1
Milk concentrate 64.2 112 *2.1 116 ± 1.4
Soy concentrate 60.4 46.6 ± 2.4 48.1 ±1.1
Soy concentrate 64.1 63.3 ± 0.7 75.5 ± 0.1
Milk/whey concentrate 64.4 93.5 ± 6.1 91.5 ±0.3
Soy powder 67.6 88.4 ± 5.5 89.4 ± 1.7

* LC data are means of triplicate injections for duplicate extractions. 
6 AOAC data are averages of duplicate extractions.

mins. Table 1 illustrates the declared am ounts o f  Bj and 
the results obtained by the LC method and the AOAC manual 
thiochrome method (11). A  comparison of the LC method with 
the AOAC method gave a mean (n = 9) ratio o f  1.03, which 
indicates close agreement between methods. (An ideal ratio of 
the results o f  the LC method to the AOAC method would be
1.00.) A  linear regression analysis comparing the LC method to 
the AOAC method, wherey  = m X + b ,  gave a correlation co
efficient o f r = 0.951, where r =

x2) -  <2*>2
The fact that both the LC and AOAC results are higher than 

the declared values (as calculated on a pg/100 g ready-to-feed 
basis) is due to overages added by the manufacturers to com
pensate for potential losses during production and storage of 
the product, as discussed by Martin et al. (16). Similar overages 
are observed in the values o f B2 and B6 determination by LC 
and AOAC methods.

Table 2 illustrates the declared amounts of B2 and the results 
obtained by the LC method, the AOAC manual fluorometric 
method (12), the AOAC automated fluorometric method (13),

and the AOAC microbiological method (14). A  comparison of 
the LC and manual fluorometric results gave a mean ratio (n =
9) o f 0.73 (r = 0.968). The higher B2 levels obtained by the 
AOAC manual fluorometric method can be attributed to extra
neous fluorescent compounds in the sample matrix. This is sup
ported by Egberg and Potter (17), who observed that the AOAC  
manual fluorometric method (12) gives higher results for cer
tain products containing impurities, which can be eliminated 
by the use of the Florisil column cleanup step.

This difference between the LC method and the AOAC  
manual fluorometric method was of great concern because the 
manual fluorometric method is the official AOAC method for 
B2 determination in milk-based infant formulas. Accordingly, 
this problem was further pursued by comparing LC results with 
those obtained by the AOAC automated and microbiological 
methods. Results in Table 2 show close agreement between 
the LC method and the automated fluorometric method with a 
mean ratio (n = 9) o f 0.94 (r = 0.979). This agreement is most 
probably due to the use o f dialysis membranes to remove sam
ple matrix interferences before the determinative step. Further 
comparison of the LC method to the microbiological method 
gave a mean ratio (n = 9) o f 1.13 (r = 0.978), indicating that the 
results o f  the m icrob io log ica l assay com pare favorably 
with those by the LC method and are within acceptable limits 
of variation.

Table 3 illustrates the declared amounts of Bg and the results 
obtained by the LC method and the AOAC microbiological 
method. The LC method, which measures only the added pyr- 
idoxine form, gave results exceeding the declared values o f for
tified B§ in 89% of the samples studied. Comparison o f the LC 
results to those of the microbiological assay gave a mean ratio 
(n = 9) o f 0.69 (r = 0.976). The higher values obtained by the 
microbiological assay are most probably due to the thermal hy
drolysis used in the microbiological assay to free the bound B6 
forms. In a review by Gregory (18), acidic digestion coupled 
with 2 -5  h o f autoclaving is necessary to free the bound B6 
from protein, glucoside conjugates, and phosphate esters be
cause bound B6 forms cannot be used by the microorganisms 
to show growth response. Accordingly, the perchloric acid di
gestion in this procedure only extracts the added B6 form.

T a b le  2 . C o m p a r i s o n  o f  v a lu e s  ( p g /1 0 0  g) o b ta in e d  fo r  r ib o f la v in  in In fa n t fo rm u la  b y  LC  a n d  
3  d i f f e re n t  A O A C  m e th o d s

Infant formula Declared LC method* AOAC manual6 AOAC automated6 AOAC microbiological6

Whey/milk powder 106 141 ±2.7 228 ±13.4 141 ±2.8 132 ±5.7
Whey/mllk ready-to-feed 103 143 ±2.1 178 ±22.6 134 ± 14.1 131 ± 10.3
Whey/milk concentrate 100 142 ±1.4 180 ±23.3 147 ±0 131 ±8.7
Soy concentrate 57.8 72.5 ± 3.0 98.0 ± 0.8 76.0 ± 2.3 61.7 ±3.9
Milk concentrate 96.4 152 ±3.9 216 ±10.6 165 ±5.0 117 ± 7.0
Soy concentrate 60.4 99.0 ± 9.6 147 ±2.8 113 ± 5.7 78.0 ± 8.2
Soy concentrate 96.1 142 ±5.9 180 ±5.0 154 ±7.1 116 ± 4.6
Mllk/whey concentrate 96.6 180 ±2.1 280 ± 7.1 217 ±2.1 181 ±12.1
Soy powder

a 1 r* __,
101 166 ±9.3 211 ±5.0 165 ±0.7 145 ±5.6

* LC data are means of triplicate injections for duplicate extractions.
6 AOAC data are averages o f duplicate extractions.
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T ab le  3 . C o m p a r iso n  o f  v a lu e s  (p g /1 0 0  g) o b ta in e d  for
B e In Infant fo rm u la  b y  LC a n d  A O A C  m e th o d s

Infant formula Declared LC method®
AOAC

microbiological6

Whey/milk powder 41.9 43.0 ±0.7 72.3 ± 3.5
Whey/milk ready-to-feed 41.1 44.8 ± 1.4 60.2 ± 0.5
Whey/milk concentrate 39.8 43.2 ± 1.1 59.5
Soy concentrate 38.5 43.4 ± 0.5 68.0 ±0
Milk concentrate 38.5 41.3 ±0.2 56.5
Soy concentrate 55.2 41.4 ±0.6 62.9
Soy concentrate 40.1 53.5 ± 0.5 77.5
Mllk/whey concentrate 40.2 41.5 ±0.7 64.5
Soy powder 42.3 86.4 ± 2.4 110 ± 1.4

* LC data are means of triplicate injections for duplicate extractions. 
b AOAC data with standard deviations are means of duplicate 

determinations.

Peak Purity Evaluations

To eliminate any possibility o f  interferences affecting the 
validity of the LC results for Bj and B2, UV scans by diode 
array detection from 210 to 400 nm for the infant formula ex
tract were compared with those obtained for the standard. The 
U V  scans indicated no coeluting compounds, and the peaks 
were homogenous. The purity o f the B6 peak was confirmed by 
the procedure described by Haroon et al. (19) for fluorescence 
response. Fluorescence emission at 395 nm was determined at 
2 excitation wavelengths, 275 and 305 nm, in addition to that 
at 295 nm. Calculated em ission ratios with excitation at 
295/275 and 295/305 for the sample were 3.16 and 2.01, re
spectively, and agreed very well with the respective ratios for 
the standard o f 3.13 and 2.02, thus indicating the purity o f B6 
peak.

During the course of this study, several other extraction 
techniques were examined. Heating the extract in any way, 
whether by autoclaving or water bath heating, resulted in poor 
chromatograms and interference peaks. The retention time of 
the Bj peak was observed to change with peak broadening. En
zyme extractions were studied by using Takadiastase (Pfaltz 
and Bauer, Inc., Waterbury, CT. 06708); however, this diges
tion resulted in extreme interferences in the UV chromato
grams so that no vitamin peaks could be observed.

A s noted in the earlier study by Chase and Soliman (1), the 
use of the internal standard greatly facilitated the analysis, es
pecially because the same internal standard could be used with 
B6 as well as B i and B2.

C o n c l u s i o n s

This multivitamin LC method provides a fast, accurate, and 
reliable means o f simultaneously determining Bj, B2, and 
pyridoxine in infant formulas and avoids the use of individual

analytical AOAC methods, as well as the lengthy and time- 
consuming microbiological assays. This study further shows 
that perchloric acid digestion yields clear extracts, interfer
ence-free, baseline-resolved peaks, and complete recovery of 
added Bi, B2, and B6.

Values obtained by the LC method for Bx and B2 agreed 
closely with results of accepted AOAC methods. The method 
is limited to analysis of pyridoxine and will not provide a com
plete measure of naturally occurring vitamin B6 activity in for
tified products.
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VITAMINS

R e v e r s e d - P h a s e  L i q u i d  C h r o m a t o g r a p h i c  D e t e r m i n a t i o n  

o f  V i t a m i n  D  i n  I n f a n t  F o r m u l a s  a n d  E n t e r a l  N u t r i t i o n a l s

M atthew G . Suva, A stor E . G reen, J ames K . Sanders, J ohn R . E uber, and J anice R . Saucerman 
Bristol-Myers Squibb, 2400 West Lloyd Expressway, Evansville, IN 47721-0001

V ita m in  D In I n f a n t  f o r m u l a s  a n d  e n t e r a l  n u t r i t io n a l  
p r o d u c t s  I s  d e t e r m i n e d  b y  r e v e r s e d - p h a s e  l iq u id  
c h r o m a t o g r a p h y  (L C ) w i th  U V  d e t e c t i o n .  T h e  s a m p l e  
I s  s a p o n i f i e d  3 0  m in  a t  6 0 °C  a n d  e x t r a c t e d  in to  6 0  m L  
h e x a n e .  T h e  h e x a n e  l a y e r  i s  t h e n  w a s h e d  a n d  e v a p o 
r a t e d  t o  d r y n e s s .  T h e  s a m p l e  I s  r e c o n s t i t u t e d  a n d  
a d d e d  t o  a  3  m L  s i l i c a  s o l i d - p h a s e  e x t r a c t i o n  c o lu m n .  
V i ta m in s  D2  a n d  D 3  a r e  e l u t e d  f r o m  t h e  c o l u m n  w i th  
7  m L  m e t h y l e n e  c h l o r i d e - l s o p r o p a n o l  m ix tu r e  (9 9 .8  + 
0 .2 ). T h e  e l u a n t  I s  e v a p o r a t e d  t o  d r y n e s s  a n d  r e c o n 
s t i t u t e d  In  1 m L  a c e to n i t r i l e .  T h e  a c e to n i t r i l e  s o l u t io n  
i s  a n a l y z e d  o n  a  C 1 8  r e v e r s e d - p h a s e  L C  c o l u m n  (2 5  
c m  x 4 .6  m m , 5  p m  p a r t i c l e  s i z e )  w i th  U V  d e t e c t i o n  a t  
2 6 5  n m . L in e a r i ty  f o r  t h i s  m e t h o d  b e tw e e n  8  a n d  2 6 0 0  
lU /q t h a s  s h o w n  a  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  o f
1 .0 0 0 , w i th  m e t h o d  p r e c i s i o n  r a n g i n g  f r o m  1 t o  6 % . 
S p i k e  r e c o v e r i e s  g a v e  a  m e a n  o f  9 9 .1 % . B e c a u s e  t h i s  
m e t h o d  c a n  q u a n t i t a t e  a n d  d i s t i n g u i s h  b e t w e e n  v i t a 
m in  D2 a n d  v i t a m in  D 3  in  p r o d u c t s ,  v i ta m in  D 2  Is  u s e d  
a s  a n  i n te r n a l  s t a n d a r d  In  q u a n t i t a t i n g  v i ta m in  D 3 , 
a n d  v i c e  v e r s a .  T h e  m e t h o d  i s  a p p l i c a b l e  t o  m ilk -, 
s o y - ,  a n d  p r o t e i n  h y d r o l y s a t e - b a s e d  in f a n t  f o r m u la s  
a n d  e n t e r a l  n u t r i t i o n a l  p r o d u c t s ,  b o t h  l iq u id  a n d  p o w 
d e r .  T h e  s a m p l e  t h r o u g h p u t  i s  e s t i m a t e d  t o  b e  2 4  p e r  
d a y .  A n  A O A C  c o l l a b o r a t iv e  s t u d y  o f  t h i s  m e t h o d  
i s  r e c o m m e n d e d .

V itamin D is the name given to a series o f compounds 
that have antirachitic activity. The metabolites o f vita
min D are thought to be the active species and play 

important roles in the homeostasis o f calcium and phosphorus. 
Vitamin D 2 and vitamin D 3 are the 2 vitamin D compounds 
most commonly used to fortify food products at about the 
10 ppb level. Vitamin D3 is formed by the action of sunlight on 
the skin and is, therefore, more correctly termed a prohormone 
instead of a vitamin (1).

Significant technical difficulties in the determination of vi
tamins D2 and D3 result from the low level o f fortification in 
complex matrixes and their lability to heat, light, and oxidation. 
Methods for the determination of vitamins D2 and D3 can be 
categorized as either biological assays or analytical chemistry
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assays. Biological assays (1) include the rat bioassay, the chick 
bioassay, intestinal calcium  absorption, bone calcium mo
bilization, chick growth rate, and immunoassay. The official 
AOAC method for determination of vitamin D  in infant formu
las is the rat bioassay (2). A lthough these m ethods are very 
specific, they are time-consuming and relatively imprecise 
compared with analytical chemistry assays. Analytical chemis
try assays (1) include U V  absorption, colorimetry, fluores
cence, gas chromatography, liquid chromatography (LC), and 
competitive binding. The determination of vitamin D in food 
products has relied mainly on the use of LC (3-11).

The method currently recommended for AOAC official first 
action status for the determination o f  vitam in D in infant 
formulas is a normal-phase LC method (10). It involves sapon
ification, extraction, am ino-cyano LC cleanup, fraction col
lection, concentration, and normal-phase LC quantitation. The 
estimated sample throughput is 4 -8  samples per day with a 
precision of 7.7% and a recovery range of 93-98% .

The method described in this paper is accurate and precise 
for the analysis o f infant formulas and enteral products, re
gardless o f their protein source. It involves saponification, 
extraction, solid-phase extraction cleanup, concentration, and 
reversed-phase quantitation. The estimated sample throughput 
is 24 samples per day with overall precision of 6% and recovery 
of 99.1%.

M E T H O D

Apparatus

(a) Liquid chromatograph.— Hewlett-Packard M odel 
1090 or 1050, equipped with UV detector and autosampler, and 
connected to Model 3357 automation system (LAS). Column 
should be operated at room temperature; higher temperatures 
result in loss o f resolution. Equivalent system may be used.

(b) LC column.— Vydac 20ITP54, 5 pm particle, 25.0 cm 
x 4.6 mm id C18. Column system providing equivalent reten
tion characteristics may be used. (Note that this column is not 
endcapped. We have found this to be essential for separation.)

(c) Solid-phase extraction column.— Burdick & Jackson sil
ica column 9054, 500 mg/2.8 mL, or equivalent. (This vendor’s 
SPE column has been found to give very reproducible elution 
rates and analytical results.)

(d) Vacuum manifold.— For solid-phase extraction col
umns.
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(e) Evaporation apparatus.— Zymark Turbovap, nitrogen 
flow, evaporator, or equivalent.

(f) Rotary vaporator.— Buchi, or equivalent.
(g) Water bath shaker.— Capable of maintaining tempera

ture at 60°C.

Reagents and Solutions

(a) Solvents.— n-Hexane, methylene chloride, acetonitrile, 
isopropyl alcohol, methanol, ethyl acetate; all LC grade (Fisher 
Scientific, or equivalent).

(b) Ethanol, anhydrous.— USP grade (US Industrial Chemi
cals, or equivalent).

(c) Potassium hydroxide.— Pellets, AR grade (M allinc
krodt, Inc., or equivalent).

(d) Glacial acetic acid.— AR grade (Mallinckrodt, Inc., or 
equivalent).

(e) Phenolphthalein solution.— Dissolve 1 g phenolphtha- 
lein in 100 mL anhydrous ethanol.

(f) Methylene chloride-isopropyl alcohol (IPA) solution.—  
(99.8 + 0.2, v/v). Pipet 2 mL isopropyl alcohol into 1 L volu
metric flask. Add methylene chloride to volume and mix.

(g) Acetic acid solution.— 10%. Add 10 mL glacial acetic 
acid to 100 mL volumetric flask, dilute to volume with distilled 
water, and mix well.

(h) Ethanolic potassium hydroxide solution.— Dissolve 
140 g potassium hydroxide pellets in 310 mL anhydrous etha
nol and 50 mL water. Prepare fresh daily.

(i) Mobile phase.— Gradient combination of acetonitrile, 
methanol, and ethyl acetate. Pump table defined under Chro
matographic Determination.

(j) Vitamin D2 and vitamin D3 standards.— USP reference 
standard, or equivalent.

(k) Vitamin D2 stock solution I.— Accurately weigh 4 0 -  
50 mg USP Vitamin D2 reference standard. Transfer quantita
tively to 250 mL low-actinic volumetric flask, and dilute to 
volume with anhydrous ethanol. Prepare fresh every 4 weeks 
and store in freezer.

(l) Vitamin D2 stock solution II.— Pipet 4.0 mL vitamin D2 
stock solution I into 250 mL low-actinic volumetric flask, and 
dilute to volume with anhydrous ethanol. Prepare fresh each 
week and store in refrigerator.

(m) Vitamin D2 stock solution III.— Pipet 4.0 mL vitamin 
D2 stock solution II into 250 mL low-actinic volumetric flask, 
and dilute to volume with anhydrous ethanol. Prepare fresh 
weekly and store in refrigerator.

(n) Vitamin D 3 stock solution I.— Prepare and store as for 
vitamin D2 stock solution I by using vitamin D3 reference stan
dard.

(o) Vitamin D-¡ stock solution II.— Prepare and store as for 
vitamin D2 stock solution II by using vitamin D3 stock solu
tion I.

(p) Vitamin D 3 stock solution III.— Prepare and store as for 
vitamin D2 stock solution III by using vitamin D3 stock solu
tion II.

(q) Internal standard.— In quantitating vitamin D2, use 
vitamin D3 stock solution III as internal standard. In quanti

tating vitamin D3, use vitamin D2 stock solution HI as inter
nal standard.

Preparation o f Samples and Standards

All procedures should be carried out in subdued lighting to 
minimize vitamin degradation. Both standards and samples are 
carried through entire procedure.

(a) Standards.— Pipet 4.0 mL internal standard and 4.0 mL 
vitamin D  stock solution III into 125 Erlenmeyer flask, and add
15.0 mL H20 .

(b) Samples.— Pipet 4.0 mL internal standard into 125 mL 
Erlenmeyer flask and add from syringe 15.0 m L sample 
prepared to quart normal dilution (containing ca 7 -8  IU 
vitamin D).

Saponification and Extraction

Add 15.0 mL ethanolic potassium hydroxide solution to 
each sample and standard. Stopper flasks and place 30 min in 
60°C shaker bath. Remove, and cool to room temperature. 
Transfer to 250 mL separatory funnel. Add 15.0 mL water to 
Erlenmeyer flask, stopper, and shake vigorously. Transfer to 
separatory funnel, rinse flask with 60 mL hexane, and transfer 
to funnel. Stopper funnel and shake vigorously 90 s. Let layers 
separate ca 10 min. Drain and discard aqueous layer, add
15.0 mL water to hexane layer remaining in funnel, stopper, 
and shake vigorously. Let layers separate, and drain and discard 
aqueous layer.

Add 1 drop phenolphthalein solution and 15.0 mL water to 
separatory funnel. Add 10% acetic acid solution to funnel drop- 
wise with shaking until washing is neutral. Drain and discard 
aqueous layer. Drain hexane layer through sodium sulfate sup
ported by small cotton plug into 100 mL round-bottom flask. 
Rinse funnel and sodium sulfate with few milliliters o f hexane, 
collecting hexane in round-bottom flask.

Evaporation and Solid-Phase Extraction

Evaporate to dryness at 40°C on rotary evaporator. Im
mediately add 2.0 mL methylene chloride-isopropyl alcohol 
solution (99.8 + 0.2).

Prepare SPE columns by washing with 4.0 mL methylene 
chloride-IPA (80 + 20), and then 5.0 mL methylene chloride- 
IPA (99.8 + 0.2). Transfer solution in round-bottom flask to 
column by using disposable dropper. Rinse round-bottom flask 
again with 1.0 mL methylene chloride-IPA (99.8 + 0.2), and 
transfer rinse :o column. Wash column with 2.0 mL methylene 
chloride-IPA (99.9 + 0.2). Discard this fraction. Elute vitamins 
D 2 and D3 with 7.0 mL methylene chloride-IPA (99.8 + 0.2) 
into 16 x 100 mm disposable culture tube.

Evaporate methylene chloride-IPA by using nitrogen and 
warm water bath (Turbovap) at 40°C. When dry, add 1.0 mL 
acetonitrile tc tube and swirl to rinse down sides o f tube. Trans
fer to LC sample vial by using disposable dropper.

Chromatographic Determination

Inject standards at beginning, middle, and end of each run 
(24 samples). The following operating parameters are typical:
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injection volume, 250 pL; wavelength, 265 nm; column tem
perature, 27°C; mobile phase, (A) acetonitrile, (B) methanol, 
and (C) ethyl acetate; flow rates as follows:

P u m p  T a b le

Time, min Flow, mL/min A, % B, % C, %

0.0 0.7 91.0 9.0 0.0
28.0 0.7 91.0 9.0 0.0
28.5 2.5 0.0 0.0 100.0
31.0 2.5 0.0 0.0 100.0
31.5 2.5 91.0 9.0 0.0
33.0 2.5 91.0 9.0 0.0
34.0 0.7 91.0 9.0 0.0

stop time, 35 min; retention times for vitamin D2, 19.5 min, and 
vitamin D3, 23 min.

U se internal standard m ethodology and peak heights 
for calculations.

System Suitability Tests

Standard solution carried through saponification, extrac
tion, evaporation, and SPE is used for system suitability during 
routine operation. Resolution factor (as defined by USP) be
tween vitamin D 2 and vitamin D3 should be >2.0. Separation 
between these peaks should be sufficient to allow additional 
peak to be resolved between vitamin D 2 and D 3, namely, 
previtamin D3. To verify that previtamin D3 is resolved, sys
tem suitability standard is prepared by using USP System Suit
ability standard preparation on solution of USP Cholecalciferol 
Reference Standard com bined with USP Ergocalciferol Ref
erence Standard. This System Suitability Reference Standard 
contains, in order of elution, pre-D2, D 2, pre-D3, and D3 
(Figure 1).

LC can best be optimized by adjusting the amount o f meth
anol in mobile phase; decreasing methanol content increases 
retention tim es. Column temperature should be maintained 
at 27°C; increased temperatures decrease retention, and vice

VITAMIN D

F ig u re  1. S t r e s s e d  U S P  s t a n d a r d s ;  LC  c o n d i t io n s  
d e f in e d  In te x t .

R e s u l t s  a n d  D i s c u s s i o n

Figure 2 is a chromatogram o f a vitamin D3 standard and 
vitamin D2 internal standard that was taken through the sample 
preparation process. Figure 3 is a chromatogram o f a milk- 
based infant formula placebo. This placebo is a routine product 
made specifically without vitamin D3 fortification. The placebo 
was spiked with internal standard (vitamin D 2) as instructed 
in Preparation of Samples and Standards. Figures 4 and 5 
are chromatograms of a milk-based infant formula and enteral 
product, respectively, from routine production.

Vitamin D 2 is used as the internal standard for quantitat
ing the levels o f vitamin D3 added in our products. Chro
matographic parameters used in obtaining each o f  these 
chromatograms are identical to those outlined earlier.

Quantitation requirements for this nutrient cover a broad 
range. Levels o f vitamin D in infant formulas and enteral prod
ucts vary dramatically. Detection and quantitation limits, as 
well as the linearity range, therefore, had to be similarly broad. 
We set our detection and quantitation limits at the lowest con
centration measured in determining linearity, 1.3 IU/mL  
[equivalent to -6 0  IU/quart normal dilution (QND) in this 
method]. The maximum concentration measured for linearity 
was 43 IU/mL (2 6 0 0 IU/QND). These limits can be expanded 
by using a detector with greater sensitivity or testing a broader 
range for linearity.

Method accuracy was measured by determining the recov
eries o f spikes added to product placebos (products made in a 
pilot plant setting with all nutrients except vitamin D added). 
Placebos w ere used in p lace o f  the routine product to 
reduce production-based variability and eliminate loss due to 
thermal degradation, thereby assuring accurate theoretical val
ues. These placebos were spiked at levels equal to the expected 
range of results, both high and low, and to the theoretical val
ues. Average recoveries were 98% for milk-based, 101% for 
soy-based, and 102% for protein hydrolysate-based infant for
mula products. Recoveries averaged 99% for milk-based and 
protein hydrolysate-based enteral products (Table 1).

Vitamin D methods previously submitted for collaborative 
study yielded average recoveries o f  90 and 93-98%  (8,11).

Linearity o f the detector response was evaluated by running 
a 7-point standard curve. Concentrations measured for linearity 
ranged from 20 to 650% o f the normal infant formula sample 
concentrations. Excellent linearity was demonstrated for vita
min D2 and vitamin D3 individually. The coefficients o f deter
mination were 0.9999 for vitamin D2 and 0.9999 for vitamin 
D3, and 1.000 for “R” values. The y-intercept for “R” values 
was <.01% of the standard concentration equal to normal infant 
formula samples. A  single concentration o f  reference standard, 
therefore, can be used for routine analysis.

Method precision, both short-term and long-term, was mea
sured on each product type. Short-term precision was evaluated 
by running 6 replicates each o f placebos spiked at the expected

versa. Six replicate injections of standard should have <2% rel
ative standard deviation (RSD), and RSD of standards through
out run should be <4%.
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F ig u re  2 . S t a n d a r d  c h r o m a to g r a m ;  LC c o n d i t i o n s  F ig u re  4 . M ilk -b a s e d  in fa n t  f o rm u la ;  LC c o n d i t i o n s
d e f in e d  in  te x t .  d e f in e d  In te x t .

product concentration in 1 day. Excellent short-term precision 
was shown by RSDs of 1.0-3.9%. Long-term precision was 
determined by assaying the same batch of routine product on 6 
separate days. Values o f 3.8-5.9%  RSD were obtained, show
ing very good long-term precision. Results for individual prod
uct types are shown in Table 2.

Instrument precision was assessed in 2 ways. The first mea
surement was made by injecting a standard solution at the op
timum concentration for routine analysis 10 times. Precision of  
height values for vitamins D 2 and D3 as w ell as the “R” values 
in this correlation coefficient were calculated; values for RSD 
were 1.69, 2.13, and 0.96%, respectively (Table 3). The sec
ond evaluation was made by reviewing reproducibility o f the 3 
standard injections made on every run.

Data covering 5 months and including 6 standard solutions 
showed RSDs generally below 1.5% (Table 4). These data 
show that the method has excellent system precision.

Method ruggedness was challenged across instruments, col
umns, and analysts. Multiple lots of SPE columns from the 
vendor listed under Apparatus were used in generating the data

in Table 5 , deta ilin g  the SPE co lu m n ’s ruggedness. Re
sults obtained with separate instruments and analytical col
umns showed little difference; RSDs o f  <2% were obtained 
in measuring normal levels in the product. Analyst-to-analyst 
variation was also very small; results from 3 different batches 
o f product shewed s2%  RSD. Specific data in Table 5 show 
this method to be extremely rugged.

Quantitation o f previtamin D  was theoretically possible be
cause LC separates the previtamin D peaks from their respec
tive vitamin Ds in addition to separating the vitamin D  peaks. 
The levels o f provitamin D  in product, based on theoretical cal
culations (12), are below our detection limits and, therefore, not 
possible to quantitate. Previtamin D  is biologically active, 
however, and must be included when total vitamin D  activity 
is reported. A  factor o f  1.05 times the amount o f  vitamin D is 
used to calculate total vitamin D. This factor is based on liter
ature values (13), information from vitamin D  manufacturers, 
and historical in-house data.

The purity and identity o f  the vitamin D  peaks were ver
ified by comparing retention times, absorbance ratios (265 vs

F ig u re  3 . M ilk -b a s e d  In fa n t  f o rm u la  p la c e b o ;  LC F ig u re  5 . M ilk -b a s e d  e n te r a l ;  LC  c o n d i t i o n s  d e f in e d  In
c o n d i t io n s  d e f in e d  in  te x t .  te x t .
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T a b le  1 . S p ik e  r e c o v e r ie s  (lU /qt)

Product Added Recovered Rec., %

Soy-based infant formula
(n = 4) 115 118 103

461 458 99
922 922 100

X=101
Milk-based Infant formula
(n= 4) 115 109 95

461 455 99
922 927 101 

X= 98
Protein hydrolysate-based
Infant formula (n = 2) 115 125 109

461 456 99
922 903 98

X= 102
Milk-based enteral product
(n -8 ) 230 230 100

461 452 98
922 919 100 

X= 99
Protein hydrolysate-based
enteral product (n = 3) 115 116 101

346 343 99
922 905 98 

X= 99

T a b le  3 . I n s t r u m e n t  p r e c i s io n  1 ( r e s p o n s e  a s  0 .2 5  pV)

Injection Height D2 Height D3 Rvalue (D3/D2)

1 7243 5953 0.8218
2 7122 5871 0.8243
3 7245 5883 0.8121
4 7032 5835 0.8298
5 7023 5829 0.8299
6 7171 5954 0.8302
7 7112 5865 0.8246
8 7207 6029 0.8366
9 7378 6159 0.8348

10 7355 6173 0.8393
Mean 7188.8 5955.1 0.82834
SD 121.381 127.033 7.99251 x 10"3
RSD, % 1.68847 2.13318 0.964883

analyzed, with results comparable to label claim. Chromatog
raphy was excellent.

Data gathered to date on nutritional powders were not in
cluded here. All indications are that implementing this method 
for powders will cause no problem. Slurries prepared from both 
infant formula and enteral product powder have been assayed.

254 nm, 280 vs 265 nm, 280 vs 254 nm), and spectral scans of 
vitamin D standards with a variety o f samples. Good agreement 
was achieved between standards and samples for all 3 criteria. 
Retention times were within 0.1 min, absorbance ratios agreed 
to within 3%, and spectral scans o f samples and standard over
lapped well.

Samples o f commercially available infant formulas and 
enteral products from different manufacturers were obtained. 
Chromatographic procedures were similar to that used with our 
products in all cases. Vitamin D in infant formulas was above 
label claim by a consistent amount when determined with our 
method. Vitamin D in enteral products also was above label 
claim.

In addition to assaying infant formula and enteral prod
uct, 2 other commercially available vitamin-D fortified liquids 
were analyzed. Whole milk and a weight-control liquid were

T a b le  2 . M e th o d  p r e c i s io n  (R S D , %) a t  th e o r e t i c a l  le v e ls  
o f  v i ta m in  D

Product type Short term Long term

Milk-based infant formula 1.1-1.3 4.4
Soy-based infant formula 1.0-2.1 5.9
Protein hydrolysate-based infant formula 1.1-2.8 5.0
Milk-based enteral products 1.0-3.9 5.7
Protein hydrolysate-based enteral product 1.6-3.6 3.8

T a b le  4 . I n s t r u m e n t  p r e c i s io n  2

Determination Day Std solution RSD, %

1 1 A 1.24
2 2 A 0.87
3 7 B 1.23
4 12 B 0.76
5 14 B 0.82
6 16 B 0.73
7 20 B 2.55
8 21 B 2.57
9 22 B 1.38

10 32 B 0.35
11 35 B 1.00
12 36 C 1.03
13 43 C 1.13
14 45 c 1.58
15 84 D 0.48
16 90 D 0.89
17 92 D 1.85
18 95 D 2.15
19 98 E 0.79
20 105 E 1.81
21 108 E 0.93
22 110 E 1.00
23 115 E 0.09
24 127 F 0.67
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Tab le 5. R u g g e d n e s s

Instrument/column (IU/qt)

Determination 1 2 3

1 500 136 452
2 520 148 468
3 508 136 456
Mean 509.3 140.0 458.7
SD 10.1 6.93 8.33
RSD, % 1.98 4.95 1.82

Analyst

Determination 1 2 3

1 512 136 468
2 524 140 464
3 500 136 452
Mean 512 137.3 461.3
SD 12.0 2.31 8.33
RSD, % 2.34 1.68 1.80

Results compare very favorably to theory. Chromatography of 
these products also is excellent.

C onclusion

The method described here offers a significant improve
ment over currently available methods. U se o f an internal 
standard significantly increases accuracy and precision, as an
alyst technique in extracting vitamin D  from the sample ma
trix is no longer as critical. The use o f solid-phase extraction 
to perform sample cleanup has the potential to increase sam
ple throughput anywhere from 50 to 400%, depending on the 
current method used. The LC system  separates vitam in D 2 
and vitam in  D 3, as w ell as their respective previtamin D  
components, improving specificity  as w ell as accuracy. B e

cause this method provides significant advantages over current 
methodology, we recommend that a collaborative study be 
started as soon as possible.
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Connie D. Andrews, Ronald G. Berger* 1, Richard P. Mageau, Bernard Schwab, and Ralph W, J ohnston2
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Enzyme-linked im m unosorben t a s s a y s  (ELISAs) 
are d esc ribed  for th e  detection  of m utton, beef, 
h o rse  m eat, and ven ison  In cooked  m eat p roducts. 
They rep resen t an  expansion  of the  sp ec ie s  d e tec 
tion capabilities of previously described  ELISAs for 
the  detection  of pork and  poultry In cooked  foods. 
T hese double antibody sandw ich  ELISAs recognize 
hea t-resistan t an tig en s in sim ple aq u e o u s  ex tracts 
of cooked m eat p roducts . T ests on laboratory-pre
pared and  com m ercially cooked  m eat p ro d u c ts  ac 
curately  differentiated all te s ted  m eat com ponen ts. 
However, so m e  can n ed  baby food m eats  and one 
canned  m eat p roduct did no t react In any  of th e se  
ELISAs. Sensitivity of th e  a s s a y s  w as 0.13% or 
g reater In te s ts  of diluted cooked  ex tract m ixtures. 
No p roduct ingred ien ts w ere found th a t Interfered 
with te s t perform ance.

L egislative authority mandates that meat and poultry 
products be accurately labeled as to species content. 
Correct species identification is important to the con

sumer for several reasons: (1) possible economic loss due to 
fraudulent substitution or adulteration; (2) medical require
ments of individuals who may have specific food allergies; and
(3) religious dietary restrictions. Species of raw meats can be 
identified by several techniques (1-4), but methods for cooked 
meat speciation have met with limited success (5 -7 ). The 
use o f enzyme-linked immunosorbent assays (ELISAs) in food 
analysis is finding increasing application; the advantages of the 
system include simple sample preparation, relatively inexpen
sive instmmentation, and adaptability to either field or labora
tory settings (8, 9). When antibodies are properly prepared and 
standardized, and test criteria are stringently applied, ELISA 
can be used accurately and reliably in conjunction with quality 
control and quality assurance programs (10).

To improve capabilities for accurate species determination, 
ELISAs have been developed that detect mutton (lamb), beef,

R e c e iv e d  J u n e  1 7 ,1 9 9 1 . A c c e p te d  N o v e m b e r 8 ,1 9 9 1 .
1A n im a l a n d  P la n t H e a lth  In sp e c tio n  S e rv ic e , F e d e ra l C en te r B u ild in g , 

H y a ttsv ille , M D  20 7 8 2 .
2F o o d  S a fe ty  and  In sp e c tio n  S e rv ic e , M ic ro b io lo g y  D iv is io n , 

W ash in g to n , D C  20 2 5 0 .

horse meat, and venison in cooked meat products. They are 
important additions to those previously described for the detec
tion of cooked pork and poultry (11). These ELISAs, which 
are based on species-specific polyclonal antibodies produced 
in rabbits by immunization with heat-resistant antigens, are an 
extension of the work described by Berger et al. (11) for detect
ing pork and poultry in cooked meat products. They use a 
double antibody sandwich technique with an unlabeled anti
species antibody coated on a microtiter plate. After incubation 
with the sample to be analyzed, a second antibody labeled 
with biotin is added. The reaction is amplified by a strep- 
tavidin horseradish peroxidase conjugate and developed with 
2,2'-azinobis-3-ethylbenzthiazoline-6-sulfonic acid (ABTS).

Experim ental

Antibody Production
Antigens and antisera were prepared as described by Berger 

et al. (11). Briefly, soluble antigens were partly purified from 
saline extracts of raw, ground whole muscle tissue by frac
tional am m onium  sulfate precip itation . The extract was 
dialyzed, concentrated, and passed through a carboxymethyl 
cellulose cation exchange column. Rabbits were immunized 
with the major peaks eluted, using a series o f antigen injections 
and a combination of Freund’s complete and incomplete ad
juvants and RIBI adjuvant (RIBI Immunochemical Research, 
Inc., Hamilton, MT).

Immunoglobulin G (IgG) was harvested from the antisera 
with Zeta Prep ion exchange cartridges (CUNO, Inc., Life Sci
ences Division, Meriden, CT) and concentrated to 1 mg/mL. 
For each species, one part o f the IgG was aliquoted, stored in 
0.01 M phosphate-buffered saline (PBS), pH 7.2, at -70°C , and 
used as coating antibody. The other part was dialyzed against 
0.1M sodium bicarbonate, and aliquots were stored at -70°C . 
Each aliquot of the latter preparation was biotinylated as 
needed for use as second antibody. The biotinylated antibody 
was combined with glycerin (1 + 1) and stored at -20°C . If nec
essary, biotinylated antibody was adsorbed with the cross-re
acting species immunosorbent before glycerin was added.

Immunosorbents were prepared from beef, sheep, and deer 
meat by the method o f  Ternyck and Avrameas (12) with 
slight modifications. Skeletal muscle tissue was homogenized 
in 0.2M acetate buffer, pH 5.0 (250 g/500 mL), and extracted 
1 h at room temperature. The slurry was centrifuged 20 min



And rew s  Et  Al .: Jo u rn al  O f  A O A C  Intern ation al  V o l . 75, N o. 3 ,1 9 9 2  573

at 12 000 x g. The supernatant was filtered through Whatman 
No. 42 filter paper and concentrated to a paste by dialysis 
against 30% polyethylene glycol. This concentrate was sus
pended in 2 0 -3 0  mL 0.2M  acetate buffer and centrifuged 
15 min at 27 000 x g. The supernatant was filtered through a 
0.45 pm filter (Millipore Corp., Bedford, MA). Total protein 
was determined by the method o f Lowry (13). The concentra
tion was adjusted to 50 mg/mL by dilution in acetate buffer. 
Protein was fixed by the dropwise addition o f 2.5% aqueous 
glutaraldehyde (0.2 mL for each mL o f protein solution) with 
gentle stirring. The solution was incubated 3 h at room temper
ature without stirring and refrigerated overnight. The resulting 
gel was finely diced and forced through an 18-gauge needle 
several times. It was dispersed in 0.1M PBS, pH 7.2 (100 mL 
for each 12 mL of gel). The slurry was washed by centrifuging 
10 min at 3000 x g  and resuspending in fresh PBS. This was 
repeated 3 times. The suspension was centrifuged again, 
and the pellet was resuspended in 100 mL 0.2M glycine buffer, 
pH 2.8, and incubated 15 min at room temperature. The prep
aration was washed once in PBS, recentrifuged, and suspended 
in 50 mL 1M solution o f ethanolamine in PBS. It was incu
bated overnight at 4°C, washed 3 more times in PBS, resus
pended in 100 mL PBS with 0.02% sodium azide, and stored 
at 4°C.

For adsorption, 5 mL suspended immunosorbent was incu
bated overnight at 4°C with 0.5 mL normal rabbit serum. The 
suspension was then centrifuged, and the gel pellet was resus
pended in 3 m L o f the biotinylated species antibody to be 
adsorbed. This slurry was incubated 8-24 h at 4°C and then 
centrifuged to pellet the gel. The gel pellet was discarded and 
the treated supemate was tested for specificity. The process was 
repeated as needed up to 3 times. The treated antibody was 
filtered through a Millipore filter, glycerinated, and used in the 
described ELISA.

ELISA Performance

Each w ell o f E IA II Plus microtiter plates (Flow Labora
tories, Inc., Dublin, VA) w as coated with 100 p,L coating 
antibody in 0.05M  Tris-HCl (1 + 500), pH 7.7, with 0.01% 
merthiolate. Plates were sealed with clear plastic tape and 
stored 24 h to 6 months at 4°C in a humidity chamber. Control 
extracts o f meat species were prepared by adding 60 mL saline 
to 20 g diced meat o f known identity in leak-proof plastic bags 
and dispersing the tissue with a Colworth stomacher for 10 s. 
The preparation was incubated 1 h at room temperature, placed 
in a boiling water bath for 15 min, cooled, and centrifuged 
15 min at 10 000 x g. The supernatant was filtered through a 
0.45 pm filter. Portions were stored at -20°C. Cooked meat 
samples to be analyzed were extracted in 10 mL distilled water 
with 5 g sample, dispersed 1 min with the stomacher, and ex
tracted 1 h. The preparation was centrifuged at 15 000 x g, and 
the supernatant was used for the assay.

To perform the EIISA , a plate coated with the desired spe
cies antibody was removed from the humidity chamber. Wells 
were washed before samples were added and after each subse
quent procedure. The wash cycle was completed by filling and 
aspirating each well 3 times with 300 pL PBS-Tween (0.075M

sodium phosphates, 0.075M  NaCl, and 0.05% Tween 80, 
pH 7.2). After the wash cycle, 100 pL o f each sample to be 
tested was placed in each o f  4 wells. Blank wells and positive 
and negative controls were included on each plate in a pre
scribed format. Samples were incubated 1 h on the plates at 
room temperature. The plate was then washed, 25 pL diluted 
biotinylated antibody was added to each well, and the plate was 
incubated 1 h. Next, 25 pLstreptavidin horseradish peroxidase 
conjugate was added, and the plate was incubated 30 min. 
After the wash step, the wells were refilled with 300 pL each 
of PBS-Tween and allowed to soak 1 h. The wash fluid was 
aspirated, and 50 pL ABTS substrate with 0.015% hydrogen 
peroxide was added to each well. After 30 min, the reaction 
w as stopped by adding 50 pL 0.1M  citric acid/well. The 
absorbance was read at 414 nm (maximum chromogen absorb
ance) on a dual beam spectrophotometer; the absorbance at 
492 nm (minimum chromogen absorbance) was subtracted. 
The means and standard deviations were calculated for the con
trols and samples.

A ssay  Evaluation

Each species assay was evaluated for specificity, sensitivity, 
and accuracy. Specificity was determined by testing meat ex
tracts from animals o f other taxonomic families. Available 
meat from other species within the same family was also as
sayed. Sensitivity was determined by testing 10-fold dilutions 
of homologous meat extracts diluted in extracts o f  2 other spe
cies. Sheep, horse, and deer extracts were each diluted in beef 
and pork extracts. Beef extract was diluted in sheep and pork 
extracts. Accuracy was determined by blind assay of 40 coded 
samples: 37 samples of a variety o f commercial meat products, 
1 vegetarian meat substitute, and 2 laboratory-prepared meats. 
The commercial products included hot dogs, bolognas, canned 
sandwich spreads, pressed meats, frozen ready-to-eat meats, 
canned hams, canned soups, and baby foods.

R esu lts and  D iscussion

Specificity test results are presented in Table 1. To eliminate 
nonspecific reactions, beef antibody was adsorbed by using 
both sheep and deer immunosorbents, and sheep antibody by 
using beef and deer immunosorbents. Because immunoadsorp- 
tion also reduces the homologous antibody titer, antibody prep
arations were tested after each adsorption to determine whether 
additional adsorption was necessary.

All assays demonstrated approximately 10-fold or greater 
difference in absorbance between homologous and heterolo
gous meat samples. Samples from species within the same 
subfamily gave results o f varying intensities. American Bison 
reacted in the beef assay, goat meat in the sheep assay, and 
donkey and mule meat in the horse assay. The deer assay reac
tions included not only whitetail (source of the immunogen) 
and mule deer, which gave very similar reactions, but also rein
deer and caribou. Reindeer and caribou are very closely related 
and produced indistinguishable results in the ELISA Moose 
and elk meat produced much lower reactions than the refer
ence extract.
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Table 1. Results of ELISA specificity tests of cooked meat extracts (mean ± SD) (16 text wells)8

ELISA

Species Beef Sheep Horse Deer

Beef 0.639 ± 0.006s 0.048 ±0.012 0.033 ± 0.009 0.054 ± 0.005
Bison 0.503 ± 0.010 0.088 ±0.004 0.042 ± 0.004 0.072 ± 0.016
Sheep 0.048 ± 0.007 0.611 ±0.004 0.035 ± 0.004 0.050 ± 0.019
Goat 0.035 ± 0.004 0.328 ±0.018 0.004 ± 0.001 0.052 ± 0.003
Horse 0.025 ± 0.005 0.036 ±0.002 0.632 ± 0.020 0.003 ± 0.001
Donkey 0.004 ± 0.002 0.032 ±0.003 0.518 ± 0.024 0.003 ± 0.002
Mule 0.011 ± 0.006 0.042 ±0.003 0.520 ± 0.027 0.011 ± 0.002
Whltetail deer 0.062 ± 0.006 0.090 ±0.032 0.040 ± 0.030 0.676 ± 0.007
Moose 0.078 ± 0.009 0.098 ±0.004 0.058 ± 0.008 0.160 0.008
Elk 0.052 ± 0.008 0.112 ±0.004 0.036 ± 0.007 0.182 ± 0.019
Pork 0.020 ± 0.011 0.029 ± 0.021 0.021 ± 0.011 0.002 ± 0.001
Chicken 0.006 ± 0.002 0.009 ±0.004 0.005 ± 0.002 0.005 ± 0.001
Kangaroo 0.006 ± 0.002 0.006 ±0.001 0.028 ± 0.002 0.002 ± 0.002
Dog 0.005 ± 0.003 0.029 ±0.002 0.041 ± 0.004 0.004 ± 0.002
Rabbit 0.006 ± 0.002 0.029 ±0.003 0.008 ± 0.002 0.002 ± 0.002
Milk 0.056 ± 0.006 0.040 ±0.004 0.022 ± 0.008 0.037 ± 0.002
Egg white 0.006 ± 0.007 0.002 ±0.001 0.004 ± 0.002 0.001 ± 0.001
Reindeer N D fi ND ND 0 .398 ± 0 .0 1 8
Mule deer ND ND ND 0 .514 ± 0 .0 1 5

a OD 4 1 4 - O D  492 nm. 
b ND = Not done.

The variable positive reactions demonstrated by some spe
cies within the sam e taxonom ic fam ilies (Cervidae and 
Equidae) were not totally unexpected and should be kept in 
mind in interpreting results o f analysis of unknown samples.

The least probable sensitivity for each assay was determined 
by diluting the h om ologou s extract in the h ighest cross
reacting and the lowest cross-reacting red meat extracts. Re
sults were calculated as the mean of 16 wells for each point and 
charted graphically (Figure 1). Estimates of sensitivity end
points were determined by adding 3 standard deviations to the 
mean absorbance of each diluent control. The sensitivity end
point was extrapolated from the extinction curve by placing 
this value on the ordinate and reading down from its intersec
tion with the corresponding species curve to the concentration 
on the abscissa.

Results, summarized in Table 2, ranged from 1.3 x 10~3 
(0.16%) for the detection o f sheep extract diluted in beef 
extract to less than 1 x 10~4 for the detection o f deer extract 
diluted in pork extract. This level of sensitivity is more than 
adequate for detecting fraudulent or mislabeled meat prod
ucts; there is little econom ic incentive for adulteration at less 
than 1%.

The accuracy of the assays was demonstrated by the anal
ysis o f the 40 coded samples described in the experimental 
section. Each sample was tested on 5 separate occasions. An 
attempt was made to include a wide range o f products; how
ever, not all o f the great variety o f products on the market 
could be included. A ll positive results correctly identified 
the meat species present. However, 4 baby food meats and 
1 canned sandwich spread failed to react in any assay. These

products were also tested for pork and poultry content with 
similar negative results.

The negative results are probably due to extensive heat pro
cessing. The baby food meats contain no additives besides 
water, and all ingredients o f the nonreactive sandwich spread 
were found in other products that were satisfactorily identified. 
Also, the antigen against w hich the antibodies are directed 
is known to be only relatively heat-stable. A s described in 
the previous work (11), progressively severe heat treatment 
causes a progressive decrease in reactivity of the sample. A s a 
result, highly processed meat products such as baby food and 
canned meats may produce lowered or “negative” readings in 
these ELISAs.

The determination of the species was apparently unaffected 
by the non-meat components. No instances were found in 
which an ingredient interfered with the assay or produced 
falsely elevated readings. The vegetarian product did not react 
in any assay. It should be noted, however, that the pH of pickled 
product extracts may need to be adjusted to 6.0 or greater be
fore the extracts are tested.

The key to successful developm ent o f  these ELISAs is 
the isolation of native heat-resistant immunizing antigens and 
the preparation o f specific antisera from them. The immuniz
ing antigens are heat-resistant as well as species-specific. How
ever, neither the species specificity nor the heat resistance is 
absolute. Multiple boosters may be required for the production 
of antisera with the necessary high levels o f IgG. This proce
dure also may increase the cross-reactivity o f the antisera.

Treatment o f the antibody preparation with the appropriate 
immunosorbent is quite effective in reducing the cross reac-
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BEEF ASSAY

LOG1 0  DILUTION

SHEEP ASSAY

LOG1 0  DILUTION

DEER ASSAY

LOG1 0  DILUTION

HORSE ASSAY

LOG1 0  DILUTION

F igu re
b e e f -

1. R e su lts  o f E L IS A  s e n s it iv ity  te s ts  (mean o f  16 w e lls). B a se lin e  re fe rence  e x tra c t v a lu e s : p o rk  - 
-  s h e e p .......... . A s s a y  d iluen t: pork , — ■ — , bee f — A — , sh eep

tions, but it also greatly reduces the hom ologous titer. Use 
of these assays with raw products may result in the devel
opment of nonspecific cross reactions. Therefore, the cooked 
meat ELISAs should be used only with cooked— not raw—  
meat products.

The ELISAs described here for the detection of beef, sheep, 
deer, and horse meats are intended to serve in a complemen
tary manner to those previously described for poultry and pork. 
They have been shown to be fast, simple, accurate, and sensi-

Tab le 2. E s t im a te s  o f  E L IS A  a s s a y  se n s it iv ity  
en d po in ts  de rived  from  F ig u re  1

Species

Species diluent

Pork Beef/sheep

Sheep 1.3 x 1CT3 (0.13%) 1.6 x 10”3 (0.16%)

Beef 1.1 x 1 0 '3 (0.11%) 1.0 x 10^ (0.10%)

Horse 5 .0 x 1 0‘4 (0.05%) 1.4 x 10-4 (0.014%)

Deer <1.0 x 10"* (<0.01 %) 1.0 x 10-4 (0.01%)

tive for the detection of these species in cooked meat products. 
The assays can be completed in 5 h and use a simple aqueous 
extraction of samples. The poultry and pork ELISAs have been 
used successfully by the Food Safety Inspection Service of 
the U.S. Department of Agriculture and by commercial labora
tories since 1987. The addition o f ELISAs for the detection 
of beef, sheep, horse, and deer meats provides a more com
plete spectrum o f meat species identification in cooked 
meat products.
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TECHNICAL COMMUNICATIONS

A n  F D A  L a b o r a t o r y  A p p r o a c h  t o  U n c o v e r i n g  P o t e n t i a l  F r a u d  

i n  t h e  G e n e r i c  D r u g  I n d u s t r y

Ross D. Kirchhoefer
U.S. Food and Drug Administration, Center for Drug Evaluation and Research, Division o f  Drug Analysis,
1114 Market St, Room 1002, St. Louis, MO 63101

The Division of Drug A nalysis of the  U.S. Food and 
Drug A dm inistration In St. Louis, MO, h as  sc reen ed  
m ore than  1400 drug  sam p les  for potential generic 
drug fraud by a com bination  of physical, Instrum en
tal, and chem ical tech n iq u es. The approach  to  
fraud cen tered  around  the  ana lysis  of excip ien ts a s  
o p p o sed  to  th e  norm al ap p ro ach  of an a ly sis  of a c 
tive ingredients. Approxim ately 80% of the  drug for
m ulation pairs (innovator and  generic) subm itted  
for bioequivalence tes tin g  could  be differentiated 
by a com bination of physical and  Instrum ental anal
ysis, mainly therm ogravim etric ana lysis  (TGA) and 
Fourler-transform  Infrared (FTIR) spectrom etry.
TGA proved to  be the  sing le m ost useful instrum en
tal techn ique to  determ ine d ifferences In form ula
tions. Liquid chrom atography, g a s  
chrom atography, chem ical te s ts , and  polarizing mi
cro sco p y  w ere found to  be  th e  m o st useful too ls  to  
differentiate form ulations th a t could  no t be re
solved by FTIR, TGA, o r physical com parisons. X- 
ray pow der diffraction and  nuclear m agnetic 
re so n an ce  sp ec tro sco p y  w ere found not to  be u se 
ful tech n iq u es  to  d ifferentiate form ulations. No 
clear-cut ev idence of d irect fraud w as found, but in
co n s is ten c ie s  and  su sp ic io u s  sam p les  w ere noted. 
Follow-up Inspections b ased  on the  laboratory  find
ings will probably  occur. The p ro ced u res  d is
c u sse d  In th is  article could  be stream lined  and 
m ade m ore efficient for exam ining large num bers 
of potential problem  form ulations.

I n 1989, investigators o f  the U.S. Food and Drug Adminis
tration (FDA) uncovered fraudulent activity in the generic 
drug industry. As a result, FDA’s Division of Drug Analysis 

(DDA) was asked to investigate the problem. Thomas Layloff 
has given an excellent overview and discussion about FDA’s 
approach to this type of regulatory activity (1).

This article presents D D A ’s approach in detecting possi
ble fraud in specific samples collected concerning the ge-

R ec e iv e d  M a rc h  2 9 ,1 9 9 1 .  A c c e p te d  O c to b e r  1 4 ,1 9 9 1 .

neric drug industry. An outline o f  the procedures followed is 
given, not the specifics o f  the methods. D D A  received 1400 
samples from various sources in about a month. Most samples 
were received from 2 pharmaceutical testing laboratories 
that had compared the bioequivalence o f  submitted generic 
formulations to innovator form ulations. A lthough many 
types o f fraudulent activity are possible, D D A  decided to 
concentrate on being able to detect and prove the following:
(1) direct substitution o f  one product (innovator) for another 
(generic), (2) altered innovator dosage formulations, and (3) 
unapproved changes in batch formulas.

The concept o f analysis o f samples for fraud was com
pletely new to our laboratory. We quickly realized that an 
in-depth analysis o f each sam ple for active and inactive 
ingredients (excipients) and conclusions to be made about 
fraud could not be accomplished in a timely manner. Many 
months or years might be involved.

In an attempt to solve this dilemma, w e examined some 
possible fraud scenarios. If a generic company substituted 
an innovator’s product for their own, then any physical data 
and any instrumental data w ould be identical, albeit possi
bly disguised. If a generic company had tampered or slightly 
m odified  an innovator’s product, the data com parisons 
would be similar. If the generic company’s and the inno
vator’s products were truly different, then the comparisons 
could be different. If the generic com pany’s and the inno
vator’s products were truly different but contained the same 
excipients in about the same proportion or differed by a 
minor excipient, the data could be similar.

We were dealing with “similar” (sameness) or “different,” 
and a gray area in between. M anagement selected an 80% 
or better match of the physical and instrumental data as a deci
sion making marker. Two categories were established: (a) sig
nificantly different, no further work required, and (b) similar, 
needs further work. The 80% guideline was adopted to de
crease the possibility o f missing a fraudulent generic-innovator 
sample pair.

A  laboratory protocol was set up for sample screening and 
comparison (data evaluation). The tools selected were physical 
measurements (size, weight, color, etc.) and instrumental tech
niques, including Fourier-transform infrared (FTIR) and ther
mogravimetric analysis (TGA). Nuclear magnetic resonance 
spectroscopy (NMR) and X-ray powder diffraction (XRPD)
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were used on a limited basis. Approximately 80% of the ge
neric-innovator sample pairs were eliminated after the first 
screening. The remaining 20% required further testing.

Batch records were requested from FDA’s Division of Ge
neric Drugs for the samples that required further testing. Addi
tional tools were used in the follow-up analysis, including 
liquid chromatography (LC), gas chromatography (GC), IC 
(ion chromatography), polarizing microscope, and chemi
cal tests.

Experim ental

Apparatus

(a) Camera.—Model CU-5 with 2x close-up attachment 
(Polaroid Corp., 575 Technology Square, Cambridge, 
MA 02139).

(b ) Color guide.—PANTONE by Letraset Color Products 
Selector.

(c) FTIR spectrometers.— Model 1600 (Perkin-Elmer 
Corp., 761 Main Ave, Norwalk, CT 06859) and Nicolet Model 
710 (Nicolet, 5225-1 Verona Rd, PO Box 4508, Madison, WI 
53791-9598).

(d) Gas chromatograph.—Model 5890 (Hewlett-Packard 
Co., Route 41, PO Box 900, Avondale, PA 19311-0900).

(e) Ion chromatograph.— Model 4000i (Dionex, 1228 
Titan Way, PO Box 3603, Sunnyvale, CA 94088-3603).

(f) Polarizing microscope.—Model GFL (Carl Zeiss, Inc., 
1 Zeiss Dr, Thornwood, NY 10594).

(g) Microscope.— W ide fie ld , low pow er (10-25x) 
(Bausch and Lomb).

(h) Thermal analyzers.—Model 9900 computer thermal 
analyzer, and Analyst 2000 with Model 951 thermal gravimet
ric analyzer (Dupont Co. Instrument Systems, Concord Plaza, 
Quillen Building, Wilmington, DE 19898).

(i) X-ray powder-diffraction spectrometer.—Datamax A 
(Rigaku USA, Inc., Damen Building, Suite 305, 200 W. Hig
gins Rd, Schaumbury, IL 60195).

(j) Liquid chromatograph.—Model 6000 solvent delivery 
system, Model 450 variable wavelength detector, Model 710B 
autoinjector, and Model 730 data module (Waters Chromatog
raphy Div., Millipore Corp., Milford, MA 01757).

Laboratory Format

Before laboratory analysis began, DDA set up a system for 
handling the samples submitted under investigators’ seals. The 
investigators placed many samples from the testing facility in 
several sample cartons under one FDA seal and collection re
port. These samples were repackaged and individually resealed 
by DDA personnel.

Each generic company’s bioequivalence sample was mated 
with the corresponding innovator’s marketed product that was 
submitted by the generic company for comparison with the ge
neric sample for bioequivalence study. An 8  digit numbering 
system was set up to mate the samples; we assigned odd num
bers to indicate generic company samples and even numbers to 
indicate innovator company samples. These 8 -digit numbers

were directly related to the serial number of the investigator’s 
collection report. The samples were then logged into our com
puter system. Sample cards and labels were printed for 
each sample.

To keep track of the information about the samples and their 
path through the laboratory, a 16-field database was set up on 
the computer system. Entries in the database consisted of drug 
name, sample number, serial number of the investigator’s col
lection report, subnumber, innovator’s name, study number 
(associated with the origin of the sample), status, generic com
pany, sample type (generic or innovator), dosage, dosage units, 
dosage form, lot number, date received, date completed, and 
generic code for the drug name.

To prevent bias and to protect against sample mix-up, 
analysts were allowed to have only one sample at a time. As 
another safeguard, we set up a new sample storeroom that 
was only accessible to the sample custodian and 2  labora
tory supervisors.

Data Collection

When an analyst received a sample for initial testing, a 
sticker label was forwarded to the team leader, who logged the 
sample into the database with drug name, generic company, 
and status. The status code used for in process samples was a 
dash (-).

The analyst began the testing using a laboratory protocol 
especially designed for this work. A physical examination was 
first. The units (tablets or capsules) were observed under a low- 
power (10-25x) Bausch and Lomb wide-field microscope for 
signs of tampering, such as innovator markings obliterated or 
painted over. Next, a unit was photographed with a Polaroid 
Model CU-5 camera with a 2x close-up attachment. The unit 
was measured and the net weight of the unit recorded. The unit 
was then numerically coded using an identification guide (2 ). 
The unit was compared to a commercial printer’s color guide 
and the color number recorded. This was more accurate than 
allowing the chemist to make a judgment about the color, i.e., 
red, peach, pink, orange, etc.

A portion of a finely powdered unit was then mixed with 
KBr to make a 2% w/w pellet, whose FTIR spectrum was re
corded from 4000 to 400 cm _ 1  by either of the FTIR spectrom
eters. A thermogram was obtained from another portion of the 
finely powdered unit by either of the thermal analyzers. The 
thermogram was taken from 25 to 600°C at 10°C/min. This rate 
was used instead of the optimum 2°C/min because of the pres
sure of the work load. The individual analysts ran the innovator 
and generic samples on the same instrument. XRPD spectrom
etry was used to supplement the FTIR and TGA instrumental 
data on certain samples.

R esu lts and D iscussion

Originally, all the samples were analyzed on the thermal an
alyzer, but the system quickly became backlogged at the TGA 
instruments because of their longer running time. The protocol 
was modified briefly to obtain only the physical characteristics 
and FTIR spectra. However, 80% of the sample pairs (innova-
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Table 1. Percent of sample pairs found significantly Table 2. Percent of sam ples found different
different by techniques used In first screen by additional techniques*

Technique Percent Technique Percent

TGA 58 LC 35
FTIR 18 Polarizing microscope 25
Physical examination 3 Chemical tests 20
X-ray 1 GC 15
Undifferentiated by above techniques 20 Ion chromatography 5

a The 20% of samples undifferentiated by the techniques in Table 1.

tor and generic) gave FTIR spectra too similar to allow judg
ments, and TGA scans had to be performed.

Data Evaluation

When the analyst completed the work on the sample, the 
sample was resealed and returned to the sample custodian. The 
worksheet, physical data, and instrumental spectra were for
warded to the team leader. The team leader held the sample 
worksheet until its mate was received. At that time, the physical 
data and instrumental spectra were reviewed. The team leader 
then labeled the pair as Status 1 (significantly different, no fur
ther work required) or Status 2 (similar, needs further work).

If the conclusion was “significantly different, no further 
work required,” the samples were marked NAI (No Action In
dicated), and the status was changed from dash (-) to 1. Ap
proximately 80% of the samples fell into this category. If the 
conclusion was “similar, needs further work,” the batch 
formula was requested from the Division of Generic Drags in 
Washington, DC, and the status was changed from dash (-) to
2. Approximately 20% of the samples fell into this category.

The decision of whether samples were Status 1 or Status 2 
was made by the team leader in conjunction with 2  labora
tory supervisors.

Table 1 shows the percentage breakdown of the techniques 
used for making the determination “significantly different, 
no further work required.” Approximately 80% of the samples 
were eliminated from further work using these techniques.

Thermogravimetric analysis proved to be the most use
ful technique for determining differences in formulations. Ap
proximately 60% of the samples could be eliminated from 
further work using only this technique. XRPD is not recom
mended as a technique to differentiate these samples.

NMR was also used on a limited number of samples with
out success.

We updated the database by adding the rest of the sample 
information to the data fields. The Wang office management 
system was accessible to all managers, and managers could 
query the system about the status or other information on 
any sample.

In-depth Follow-up Examination and Data Evaluation

When the batch records were received for a pair (generic 
and innovator) of Status 2 samples, the records and samples 
were assigned to an analyst for further testing. The batch re
cords were reviewed for differences, which formed the basis

for additional testing. A variety of tests were performed, rang
ing from simple chemical tests for sulfate ion to complex chro
matographic procedures. In some cases, com starch was the 
difference in the formulations, and a polarizing microscope 
was used to confirm the presence or absence of starch in the 
samples. In other cases, magnesium stearate was targeted, and 
IC was used to test for magnesium ion. GC was used as the 
qualitative/quantitative method of analysis to determine stearic 
acid and lactose.

Certain formulations appeared to be identical. In this case, 
an impurity profile by LC was used to examine the active 
ingredient and related substances (3). When the formulations 
were tested in this manner, the liquid chromatograms of the 
active ingredients sometimes exhibited different impurities, 
thus showing different sources of the active drag material.

Table 2 shows the percentage breakdown of the techniques 
used for differentiating the innovator-generic samples that 
were initially marked Status 2, “similar, needs further work.” 
Some formulations appeared to differ from the approved batch 
formula and are being investigated further.

When the additional work was completed, the samples were 
reviewed by the team leader and the laboratory supervisors. If 
the conclusion was that the samples were “significantly differ
ent, no further work required,” the samples were marked NAI, 
and the status was changed from 2 to 7. Status Code 7 identified 
samples found significantly different only after additional test
ing and differentiated them from Status 1 samples (those found 
significantly different after initial FTIR and TGA examina
tions). Data could then be kept on how many and which sam
ples had undergone additional testing and were found different. 
No samples required further testing past the Status 2 category.

Summary

In conclusion, our laboratory learned a great deal about 
analysis of drug formulations for excipients. The TGA and 
FTIR scans of powdered formulations showed many sam
ple pairs were significantly different and quickly reduced 
the number of formulations requiring further work. Many 
simple chemical and colorimetric tests could be performed 
on what appeared to be a relatively complex mixture of 
ingredients. Chromatographic tests (GC, LC, etc.) could 
also be used to allow definite conclusions about the formu
lations. The polarizing microscope proved an invaluable tool
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to differentiate formulations. Before this experience, our exam
ination of drug samples consisted of analyzing the formulations 
for the active ingredients; during examination for fraud, how
ever, spectral, chromatographic, or chemical analysis of excip
ients predominated.

No direct evidence o f fraud was found, but inconsisten
cies were found in batch formulas submitted to the D ivi
sion of Generic Drugs. FD A  is setting up programs for 
further investigations.
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A m ethod w as  developed  to  d e tec t atrazine a t a  
0.05 ppb detection  limit with a 10 mL sam ple  vol
ume. The herbicide Is extracted  from  10 mL w ater 
with C18 so lid -p h ase  extraction and  elu ted  Into a  re
duction v esse l with ethyl aceta te . The sam ple  Is 
then  evaporated  to  d ry n ess  under a stream  of nitro
gen and red lsso lved  for Injection into a  g as  chro- 
m atog raph /m ass spec trom eter. Terbuthylazine Is 
u sed  a s  Internal s tan d ard  to  co m p en sa te  for ex trac
tion p ro c ess  variab les. S tandard  cu rv es have con
sisten tly  show n  correlation coefficients of 0.99 or 
better. Duplicate sam p les  show  a variance of 5% or 
less. IWelve sam p les  can  be ex tracted  In abou t 
1.5 h with <10 mL organ ic so lven t and  mini
mum g lassw are.

A trazine (2-chloro-4-isopropylamino-6-ethylamino-s- 
triazine, CAS 1912-24-9) is a widely used triazine- 
based herbicide. A  method was needed to determine 

very low concentrations o f  aqueous atrazine quickly, easily, 
and inexpensively in the presence of much larger concentra
tions o f other organic compounds.

Other methods for the C18 solid-phase extraction of atra
zine were proposed (1-7). Most of these methods require 2 0 0 -  
1000 mL sample. A lthough Junk and Richard (7) studied 
the extraction of small sample volumes, a dedicated, long-term 
study has not been made. We have modified the sample han
dling procedure to allow the use o f 10 mL sample. This modi
fication allows the use of a 12-position vacuum manifold and 
drying attachment, and it decreases the volume of sample and 
the time required for extraction.

Most o f the available methods use d5-atrazine as an in
ternal standard. We elected to use terbuthylazine (2-chloro- 
4-ieri-butylamino-6-ethylamino-5-triazine, CAS 5915-41-3), 
which allows multiple ion fragments to be used for identifica
tion and interpretation o f  concentration. Terbuthylazine is a 
triazine-based herbicide that is closely related to atrazine; how
ever, it is not licensed for use in the United States, nor has it 
been detected in samples taken from the area under study.

Received November 26,1990. Accepted October 8,1991.
1 Address correspondence to this author.

Terbuthylazine is similar to atrazine in structure, melting 
point, and solubility, and it is available from Ciba-Geigy or 
the Pesticide Repository o f the Environmental Protection 
Agency (EPA).

Experim ental

Equipment and Chemicals

Atrazine (99.9%), C18 SPE cartridges (1 mL volum e, 
100 pig C l 8), and a 12-port vacuum manifold with drying at
tachment were obtained from Supelco (Bellefonte, PA 16823). 
Terbuthylazine (99.9%) was obtained from the EPA Pesticide 
Repository and Ciba-Geigy.

Certified ethyl acetate and methanol were obtained from 
Fisher Scientific Co. (Fair Lawn, NJ 07410). Water was deion
ized and distilled in glass in a laboratory far removed from the 
sample handling site. Nitrocellulose filter circles (47 mm di
ameter, 0.45 pm pore size, Schleicher & Schuell, Keene, NH  
03431) were used in the filtering step.

Chromatograms were obtained on a M odel 5890 gas chro
matograph (Hewlett-Packard Co., Palo Alto, CA, 94303), 
equipped with a 5970 mass selective detector and a 30 m SPB-1 
(Supelco) cross-linked d im ethylsiloxy capillary column  
(0.25 mm id, 0.25 pm coating thickness).

Standard Curve

Standard solutions were made by dissolving 25 mg atrazine 
in 25 mL ethyl acetate, and dissolving 1 m L of this preparation 
in 100 mL methanol to make 10 mg/L stock standards. Then, 
1 mL stock standard was diluted to 1000 mL with distilled 
water to give 10 pg/L(10 ppb) working standards. Solutions of 
terbuthylazine were prepared in a similar manner, and the 
10 ppb terbuthylazine solutions were diluted to 1 + 9 to give 
1 ppb terbuthylazine internal standards.

From these working solutions, atrazine standards in the
0 - 1 6  ppb range w ere prepared, all con ta in in g  1 ppb 
terbuthylazine.

Sample Collection

Samples were gathered in cleaned, 500 mL amber glass bot
tles via a suction system. A  No. 3 rubber cork with 2 No. 6 
holes bored in it was inserted into the neck of the bottle, and
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Tab le  1. E x tra c tio n  e f f ic ie n c ie s8

No. Standard Extraction

1 1856416 1339000
2 1747167 1057917
3 2125778 1226402
4 1841915 1134247
5 1673651 1202682
6 1668916 1567013

Mean 1818974 1254544
RSD6 0.08542 0.13073

fl “Standard" is 5 pL 2.0 ppm atrazine injected directly; “Extraction” 
is 10 mL 1 ppb atrazine injected after extraction. 

b Relative standard deviation.

two 1/4 in. (6.35 mm) diameter stainless steel tubes were in
serted through the holes. A  short polyethylene tube connected 
to a hand-powered suction pump (Black & Decker “Jackrab- 
bit”) was attached to one o f these tubes, and the other tube was 
connected to a 30 ft (10 m) polyethylene tube weighted for 
lowering into the wells. The pump was used to draw air out of 
the bottle, causing the well water to be lifted up into the tube 
and flow into the bottle without coming in contact with the 
pump itself. After collection, the bottles were returned to the 
laboratory for analysis. Sediment in the samples was allowed 
to settle over 24 h under refrigeration (ca 5°C). Samples were 
then filtered through 0.47 pm pore membrane filters under suc
tion. The internal standard was added by mixing 10 mL 10 ppb 
terbuthylazine with 90 mL filtered water sample in 100 mL 
volumetric flasks.

Extraction and Injection

Solid-phase extraction packs were conditioned by washing 
with 3 syringe volumes of ethyl acetate, 1 wash with methanol 
drained to a depth of ca 1 cm and 1 wash o f distilled water 
drained to ca 2 cm. Then, 10 mL sample was drawn into a 
10 mL disposable serological pipet and the tip was pressed into 
the end of the cartridge. This apparatus was allowed to elute 
completely under light suction (5-10 min). Dry N 2 was drawn 
through the cartridge under vacuum for 10-15 min to remove 
residual water. Samples were then eluted with two 250 pL por
tions of ethyl acetate (2 smaller aliquots produced better results 
than one 500 pLextraction). The eluant was collected in reduc
tion vessels made by pulling points in 10 mm normal wall 
pyrex tubing and sealing the points. Dry nitrogen was then 
blown into the reduction vessels until all o f the ethyl acetate 
evaporated, or the vessels were allowed to stand until all o f the 
ethyl acetate evaporated.

The residue was redissolved with 50 pL ethyl acetate by 
wetting down the reduction vessel walls and waiting 15 min. 
Dry nitrogen was blown into the reduction vessel to reduce the 
solution volume to 5 -7  pL, which was drawn into a 10 pL sy
ringe and injected into the gas chromatograph/mass spectrom
eter. By allowing the sample to go to dryness and redissolving 
the residue, the amount of analyst involvement in the process 
is greatly reduced, thus allowing more samples to be run in the 
same amount of time.

To test extraction efficiency, a 1 ppb standard solution was 
extracted in the normal manner, and the effluent was extracted 
a second time. No atrazine or terbuthylazine was found in the 
eluant from the second cartridge upon normal elution. Elution 
efficiency was tested by extracting and eluting a 1 ppb standard 
solution from a cartridge and eluting the cartridge a second

F igu re  1. Ion a b u n d an ce  pa tte rn s fo r a tra z ine  (top left) and  te rbu th y la z in e  (top right) (Ion co u n ts  v s  a to m ic  m a ss  
un its) and  to ta l ion  ch rom a to g ram  (bottom ) (total ion  co un t v s  tim e In m inu tes) fo r a n a ly s is  o f a tra z ine  w ith  
te rbu th y la z in e  a s  an Internal standa rd .
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Tab le 2. S tanda rd  v a lu e s  fo r  a tra z lne  ca lib ra t io n  cu rve  
ove r 120 d a y s

Concn,
gg/mL

No. of 
samples

Av.
ATZ/TBZ® SD RSD

0.000 2 0.0285 0.0015 0.0526
0.100 4 0.1243 0.0218 0.1757
0.200 12 0.2036 0.0510 0.2502
0.300 11 0.3187 0.0549 0.1723
0.400 13 0.4786 0.0608 0.1270
0.800 9 0.9439 0.0558 0.0591
1.600 6 1.9438 0.0631 0.0324

a Average of ratio of peak areas for atrazine (ATZ)/terbuthylazine 
(TBZ).

time. No atrazine or terbuthylazine was found upon normal el
uant treatment o f the second elution.

Actual extraction efficiency was obtained by comparing the 
peak areas for 10 mL of 1 ppb standard extracted by the stan
dard procedure and for 5 \xL o f 2 ppm atrazine solution in ethyl 
acetate injected without extraction. Each of these injections 
should contain 10 ng atrazine; thus, with 100% efficiency, the 
integrated areas should be equal. Results o f these injections are 
shown in Table 1. Extraction efficiency was found to be ca 69% 
with a 9% variability. Variability of extraction efficiency is 
compensated by the use of the internal standard.

Sample Analysis

Samples were analyzed by gas chromatography/mass spec
trometry, with injector and detector both set at 250°C. Oven 
temperature was set at 50°C during injection to cold trap the 
injected sample, and the following temperature program was 
used. Initial oven temperature of 50°C, hold for 1 min, raise 
temperature at 70°C/m in to 200°C, raise temperature at 
2.5°C/min to 230°C, raise temperature at 70°C/min to 290°C 
and hold for 4 min, and cool oven to 50°C in preparation for the 
next sample. Under this temperature program, atrazine will 
elute between 8.5 and 9.5 min and terbuthylazine will elute ca 
45 s later (Figure 1). The final increase in temperature is used 
to elute high-boiling compounds present in the complex sam
ple matrix.

Selected ion monitoring was used to detect the small 
amount o f triazine against the large background of other ex
tracted compounds. This method allows observation of only 
those ions that are most prevalent in the mass spectra of the 
herbicides. The ions monitored were mlz 173.15, 200.20, and
215.25 (the most abundant fragments o f atrazine) and mlz
229.25 (the molecular ion o f terbuthylazine). Because ter
buthylazine has fragments of mlz 200.20 and 173.15, these 
masses also appear in the terbuthylazine chromatographic 
peak. Low resolution mass spectra were used to enhance peak 
size. Extending the allowable difference between target mass

and observed mass from 0.35 to 0.45 increased the sensitivity 
of the detector at the expense o f accurate mass detection.

R esu lts and  D iscussion

A  standard curve was obtained by injecting extracts from 
solutions having known concentrations o f atrazine and ter
buthylazine. The range o f the standard curve actually used de
pended upon the expected range of samples; during March a 
range of 0-0 .4  ppb was sufficient, whereas in July the range 
was extended to 1.6 ppb to account for the higher sample con
centrations. In all cases, at least 4 standards were taken.

Table 2 represents the combination o f all data from 16 sep
arate standard curves taken between April 15 and August 17,
1989. This composite curve has a correlation coefficient of 
0.9946, and the correlation coefficient in each of the standard 
curves is 0.99 or better.

Twelve samples can easily be processed in 1.5 h. With a 
larger or multiple extraction apparatus, several sets o f 12 could 
be processed simultaneously. With an autoinjector, 50 sam- 
ples/day is not unreasonable; it requires approximately 3 h of 
preparation, including standardization. In the course o f our 
study, 1000 samples were determined in 18 months; less than 
10 Leach o f ethyl acetate and methanol were used.

We believe that this method for atrazine greatly reduces 
both the time and the solvents needed to extract the samples. 
The use o f small sample volumes (10 mL) allows for easier 
sample gathering and storage. The elimination of solvent ex
traction reduces the amount of solvent used and the amount that 
is released into the environment.
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TECHNICAL COMMUNICATIONS

D e t e c t i o n  o f  B e e t  S u g a r  A d u l t e r a t i o n  o f  O r a n g e  J u i c e  

b y  L i q u i d  C h r o m a t o g r a p h y / P u l s e d  A m p e r o m e t r i c  D e t e c t i o n  

w i t h  C o l u m n  S w i t c h i n g

D. Richard White, Jr,* 1 and P.F. Cancalon2
Florida Department of Citrus, Scientific Research Department, Citrus Research and Education Center, 
Lake Alfred, FL 33850

A recently  reported  m ethod for the  quantitation of 
ex traneous beet su g a r in o range Juice is b ased  on 
the  m onitoring of unique o ligosaccharides p resen t 
in beet m edium  invert su g a r (BMIS). M odifications 
are reported  here th a t expedite the  m ethod and 
render it better su ited  for m onitoring a  large num 
ber of sam p les  on  a routine basis . A sw itching 
valve th a t allow s the  sim ple su g a rs  to  go  to  w aste  
after the  first colum n preven ts overloading of the 
analytical colum n and  detector. Furtherm ore, the  re
tention and  colum n re-equillbratlon tim es w ere s ig 
nificantly reduced . R esults of spiking s tu d ie s  of 
BMIS in o range ju ice are reported . The estim ated  
limit of detection  Is 5% BMIS, with a coefficient of 
variation of 0.1 %.

A ccording to recent publications (1, 2), extraneous 
sugar, specifically beet medium invert sugar (BMIS), 
was detected in orange juice by liquid chromatography 

(LC) with electrochemical detection. The utility of the method 
derives from the fact that the same degree of sucrose inversion 
produces similar amounts of specific oligosaccharides (Can
calon, manuscript in preparation). The analytical methodology 
involves established principles of anion-exchange separation 
of saccharides on a quaternary amine-type resin column (Car- 
boPac PA1, D ion ex  Corp., Sunnyvale, CA) w ith  sodium 
hydroxide (pH > 12) as the eluant (3). BMIS was detected by 
using a pulsed amperometric detector, in which the sugars were 
oxidized at a low positive potential (50 m V) on the surface 
of a gold electrode (4). Distinguishing features of the reported 
method include the use of dual chromatographic columns that 
provide enough theoretical plates to resolve the oligosaccha
rides from the major sugars: glucose, fructose, and sucrose. A  
sodium acetate gradient was used to effect som e control 
over the elution times. Postcolumn addition of 0.3M NaOH

Received July 22,1991. Accepted November 22,1991.
1 Current address: The Procter & Gamble Co., Winton Hill Technical 

Center, 6210 Center Hill Rd, Cincinnati, OH 45224.
2 Address correspondence to this author.

was used to maintain a stable base line. Initial trials in our lab
oratory corroborated the results obtained by Low and Swallow
(1). The method was sensitive enough to detect BMIS in orange 
juice when as little as 5% of the juice was replaced by beet 
medium invert o f the same °Brix.

We report here a modification of the method that reduces the 
analytical time by 50%, without any sacrifice in information or 
detection limits.

Experim ental

Sample Preparation

Sample preparation was essentially the same as described 
by Low and Swallow (1) as SP2, with slight modification. Or
ange juice samples, produced at the Florida Department of Cit
rus, were diluted 2-fold with LC grade water to ca 5.5 °Brix, 
and 25 mL diluted sample was centrifuged 15 min at 10 000 
x g in a refrigerated centrifuge (Sorvall RC58, Newport, CT). 
Then, 10 mL supernatant liquid was passed successively  
through a 2 mL bed of 100-200 mesh H+-form resin (Dowex 
AG50W-X8), and a 2 mL bed o f 100-200 mesh formate-form 
resin (Dowex AG 1-X4, Bio-Rad, Richmond, CA). The first
2.5 mL eluant was discarded, and the next 5.0 mL was col
lected. The collected sample was then passed through a Sep- 
Pak C18 cartridge (M illipore Co., M ilford, M A ), which 
had been conditioned with 2 mL methanol, followed by 5 mL 
water. The first 5 drops were discarded, and the remaining sam
ple was finally filtered through a 0.45 pm syringe-type nylon 
filter (Acrodisc, Gelman Sciences, Inc., Ann Arbor, MI). Pure 
beet medium samples were obtained from Holly Sugar (Here
ford, TX) or Amalgamated Sugar Co. (Kansas City, MO) or 
produced in our laboratory from pure beet sucrose. They were 
also diluted to 5.5 °Brix, and prepared in the same manner as 
the juices. Adulterated juice samples were prepared by combin
ing BMIS and pure orange juice of the same °Brix by weight.

Liquid Chromatographic Conditions

The LC system consisted of an Ultra WISP Model 715, a 
Model 625 LC pumping system, and a Model 464 metal-free 
electrochemical detector (Waters, Milford, MA). The settings 
for the detector were as follows: E l = 50 mV, T1 = 12 cycles;
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F igu re  1. S ch e m a tic  o f th e  beet su g a r a n a ly s is  sy s tem . L C  c o n d it io n s  are d e sc r ib e d  In th e  text.

E2 = 800 mV, T2 = 12 cycles; E3 = -  600 mV, T3 = 30 cycles; 
I range = 50 pA. Control of the system and data acquisition 
were performed with a Waters 820 Maxima 386SX work sta
tion. The columns (Dionex Corp., Sunnyvale, CA) consisted of 
an ATC-1 anion trap, a CarboPac PA1 guard column, and 2 
CarboPac PA1 analytical columns (Figure 1). A  Valeo (Hous
ton, TX) valve with electric actuator was used for column 
switching. A  Bio-clean self-flush pump (Scientific Systems, 
Inc., College Station, PA) fitted with a pulse dampener (Fisher, 
Springfield , NJ) w as used for postcolum n addition o f  
0.3M NaOH.

The LC mobile Phase A  was 0.1M NaOH, prepared by di
lution o f carbonate-free 50% NaOH (w/w) with LC-grade 
water, which was filtered (0.45 pm) and sparged with helium 
before use. Mobile Phase B was 0.1M NaOH containing 0.2M  
sodium acetate. Mobile Phase C and the postcolumn reagent 
were 0.3M NaOH. Solutions were prepared to minimize atmo
spheric C 0 2 absorption and were continuously sparged with 
helium at 5 mlVmin after preparation. The linear gradient was 
as follows: 0 -4  min isocratic at 75% A  25% B; 4-20  min lin
ear gradient to 100% B; then 100% B for 10 min followed by 
100% C for 60 min; finally re-equilibration under the initial 
conditions for 30 min. The conditions for the concave gradient 
were as follows: initially 80% A, 20% B; then 0 -20  min con
cave gradient number 7-70%  B; 10 min at 70% B followed by 
100% C for 60 min and 30 min of equilibration under ini
tial conditions.

The LC system (Figure 1) incorporated a switching valve in 
line between the 2 columns and steeper gradient; 50 pL was 
injected for each analysis. The valve was set to elute mono- and 
disaccharides from Column 1 to waste within the first 10 min,

at which time the switching valve was activated to elute the 
oligosaccharides onto the second column and the detector.

Quantitation

Chromatograms of pure BMIS and adulterated juice are 
shown in Figures 2 and 3. Five oligosaccharide peaks were 
monitored for quantitation. Standard curves were established 
by adding known amounts of BMIS to pure orange juice. In 
most cases, Peaks 1 -4  were integrated and the sum o f the peak 
areas was plotted as a function o f BMIS concentration (Fig
ure 4). The main graph of Figure 4 (0-100%  BMIS) was estab
lished by using the linear gradient procedure, and the inset 
graph (0-30% BMIS) was established by using a concave gra
dient developed later. This may, in part, explain the different 
responses obtained for similar BMIS concentrations. To take 
into account variations in retention time and in detector re
sponses, new calibration curves were run with each group of 
samples. Quantitation was also performed by integration of 
Peak 5 alone (Table 1).

R esu lts and D iscussion

The major disadvantage of the earlier reported method (1,
2) was the length of time required for analysis, approximately 
3 h per sample, in addition to the sample preparation. An injec
tion volume large enough to detect the oligosaccharides over
loaded the columns and detector with respect to the major 
sugars. A  shallow gradient was necessary to provide sufficient 
time for the detector signal to return to base line before the 
oligosaccharides were eluted.
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F igu re  2. C h rom a to g ram  o f p u re  beet m ed ium  Invert 
su g a r  (BMIS) u s in g  the  lin ea r g rad ien t. P e a k s  labe led  
1 -6  are  m o s t ly  due  to  s u c ro s e  Inve rs ion -gene rated  
o lig o sa c ch a r id e s  and  w ere  u sed  fo r quan tita tion .

Because of a need to use this methodology to screen com
mercial juice products on a routine basis, w e explored certain 
modifications in an effort to exp ed ite  the an alysis. Al
though retention times were remarkably stable under the re
ported chromatographic conditions (1, 2), the method gave us 
little elution control for experimentation. In addition, we 
thought that some analytical precision could be gained by forc
ing the peaks of interest to elute earlier, i.e., during the course 
of the gradient. Our goal was also to minimize the possibility 
of accelerated column deterioration due to repeated injections 
of high levels of the simple sugars, as well as other deleterious 
compounds remaining in the prepared juice samples.

When the modified chromatographic conditions reported 
above were used, the peaks of interest eluted between 23 and 
30 min, compared to more than 65 min under the conditions 
described by Low and Swallow (1). Note that the 4 numbered 
peaks in Figure 2 do not necessarily correspond to the 4 peaks 
described by Low. The oligosaccharides have not yet been 
identified. However, Swallow et al. (2) stated that their degree 
of polymerization is less than 4. Although the present system 
does not separate according to molecular weights, we have 
seen that the peaks under consideration have retention times 
betw een those o f  raffinose (18 .1  m in) and m altotriose 
(27 .2  m in), w hich  appears im m ediately before Peak 5. 
Maltohexaose, with a retention time of 32.7 min, is released 
several minutes after the last BMIS peak. These preliminary 
results confirm that the BMIS oligosaccharides are likely to 
be trisaccharides.

In orange juice spiked with BMIS, the 4 peaks tend to elute 
as a fused “band,” particularly at high BMIS concentrations. 
Somewhat better resolution was obtained by modifying the ac
etate gradient and substituting a concave gradient (Waters 625, 
Curve 7) between 20 and 70% mobile Phase B (Figure 3). In 
either case, summation o f the Peak Areas 1 -4  provided an ex
cellent estimation of the juice BMIS content (Table 1). The de
tector response was linear between 0 and 100% BMIS (R2 = 
0.995), and at concentrations larger than 5% BMIS, the stan
dard error was less than 10% of the calculated value.

M i n u t e s
F ig u re  3. S e r ie s  o f c h ro m a to g ra m s  o f  o ra n g e  Ju ice  
c o n ta in in g  v a ry in g  le v e ls  o f B M IS  (c o n ca v e  g rad ien t).

Pure juices contain small amounts of oligosaccharides that 
have similar retention times. These compounds appear to be 
produced by a low level o f yeast activity and are responsible 
for the non-zero intercept of the calibration graphs (Figure 4). 
Because the level of fermentation varies among juices, these 
endogenous oligosaccharides are responsible for the limitation 
in the accuracy of the method at low BMIS concentrations. It 
should be pointed out that in orange pulp wash, materials co
eluting with Peaks 1 and 4 are more abundant than in pure or
ange juice and may represent up to 8% BMIS when expressed 
as beet sugar. We have indications that these oligosaccharides 
are not specific to pulp wash but may reflect a higher level of 
fermentation in this product.

The overestimation of BMIS in juices containing pulp wash 
can be averted by using Peak 5 for the quantitation (Table 1).

Tab le  1. BM IS  m easu rem en ts8

Juice
type

BMIS 
added, %

Measured BMIS concn, %

Four peak method Single peak method

OJ 0 0.7 ± 0.6 (25) 0.8 ±0.7 (17)
OJ 1 2.1 ± 1.3 (6 ) 1.6 ± 1.1 (3)
OJ 2.5 2.3 ± 0.7 (6 ) 2.1 ±0.8 (6 )
OJ 5 4.8 ±0.6 (6) 4.5 ±0.6 (6 )
OJ 10 10.6 ±0.8 (6 ) 10.5 ±0.8 (6)
OJ 20 21.1 ±0.7 (6) 20.7 ± 0.8 (6)
OJ 50 52.0 ±1.1 (3) 49.7 ±1.3 (3)
PW 0 4.4 ± 2.8 (3) 1.0 ±0.4 (3)
PW 5 15.4 ±2.0 (3) 7.2 ± 1.9 (3)

8 Mean ± SD of %BMIS measured; (n) number of samples 
examined; OJ = orange juice; PW = pulp wash.
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F igu re  4. C o rre la t io n  o f  peak  area (P e a k s  1-4) w ith 
BM IS  co n cen tra tio n . M a in  g raph: u s in g  lin ea r g rad ien t. 
Inset: 0-30%  B M IS  (u s in g  co n ca v e  g rad ient), the range  
m ost ly  found  In c o m m e rc ia l p rodu c ts .

Furthermore, careful examination of the shape of the 4 peak 
profiles indicates that BMIS adulteration is distinguishable 
from pulp wash addition.

C onclusion

The method described provides a good estimation of beet 
sugar addition in citrus juices and is being extensively used in

our laboratory for the monitoring of commercial products. Its 
primary limitation is the influence of endogenous saccharides 
that interferes with quantitation at low BMIS concentrations. 
Pulp wash can also significantly alter BMIS estimation when 
the 4-peak area summation method is used. Monitoring of Peak 
5 in these cases circumvents this problem. A  correspondence 
between the 2 quantitation methods is desirable, particularly at 
low BMIS concentrations. Also, preliminary studies indicated 
that the extent of the inversion process is a factor that may af
fect the relative size of the peaks and consequently the quanti
tation o f extraneous sugar in juices.
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G a s  C h r o m a t o g r a p h i c  D e t e r m i n a t i o n  o f  D i m e t h o a t e  R e s id u e s  

i n  C h r y s a n t h e m u m s  a n d  S o i l

Jia-Lun Wu and De-Fang Fan
Pesticide Environmental Toxicology Research Institute, Zhejiang Agricultural University, Hangzhou, Zhejiang, 
People’s Republic of China

A g as  chrom atograph ic (GC) m ethod w as  devel
oped for determ ination of d im ethoate re s id u es In 
chrysan them um s and soli. Dry flowers, fresh  flow
ers, and leaves of ch rysan them um  and  soil sam 
ples are extracted  with acetone, c leaned  up by 
coagulation, and partitioned with dichlorom ethane. 
D im ethoate Is determ ined by GC with nitrogen- 
p h o sp h o ru s detection. R ecovery ran g es of dim eth
oate  from sam p les  of dry flowers, fresh  flowers, 
and leaves of ch ry san th em u m s are 86.7-91.0% (for
tified at 0.5-2.0 ppm), 88.1-93.6% (fortified at 0 .036- 
0.721 ppm), and  83.3-96.9% (fortified at 0.5-1.31 
ppm), respectively. R ecovery ran g es of d im ethoate 
from soil sam p les  are  93.0-104%  (fortified at 0 .125- 
0.327 ppm). A verage recoveries of the  4 kinds of 
sam ples (n = 9) a re  88.4 ± 8.94%, 91.5 ± 4.18%, 91.1 
± 4.69%, and 97.3 ± 5.1 %, respectively.

D i m e t h o a t e ,  O,0 -dimethyl-S-(jV-methylcarbamoyl- 
methyl)phosphorodithioate, is a widespread systemic 
insecticide. Chrysanthemums [Dendranthemamori- 

folium (Ramat) Tzvel] are important medicinal herbs that are 
planted widely in China. Dimethoate can control many kinds 
of pests, but it is widely used to protect chrysanthemums from 
aphids (Aphis gossypii Glover and Pyrethrmyzus sanborni 
Gilletti) and stem borer (Phytoecia rufiventris Gautier). To de
termine dimethoate residues in chrysanthemum products and 
keep them below the maximum residue limit, it is necessary to 
develop a method to determine residues in dry flowers, fresh 
flowers, leaves of chrysanthemums, and soil samples. Many 
authors have presented gas chromatographic (GC) methods to 
detect dimethoate residues in rice, vegetables, foods, and soil. 
However, no method has been published for determining di
methoate residues in chrysanthemum samples. In addition, 
many of the published methods for dimethoate in other sub
strates involve cleanup procedures with solid-phase partition 
columns (1 - 8 ), highly toxic solvents (2 , 8 - 1 0 ), and derivatiza- 
tion procedures (9). The drawbacks of the above and other sim
ilar procedures are lengthy analysis time and effects of toxic

R ec e iv e d  A u g u s t 1 5 ,1 9 9 1 . A c ce p te d  D e c e m b e r 5 ,1 9 9 1 .

solvents on the health of laboratory workers. In addition, the 
packing of cleanup columns can seriously affect the efficiency 
of cleanup and sometimes will require large quantities of sol
vents for elution (1, 2). The object o f the present investigation 
is to develop a GC method that is simple, economic, quick, and 
efficient for determination of dimethoate residues in chrysan
themum and soil samples.

E x p e r im e n ta l

Apparatus

(a) Gas chromatograph.— Perkin-Elm er Sigm a 2000  
equipped with nitrogen-phosphorus detector (NPD). GC col
umn: glass 1.5 m x 2 mm id, packed with 5% OV-17 on 80-100  
mesh Chromosorb W DMCS. Operating conditions: nitrogen 
carrier, 60 mL/min; hydrogen, 8 mL/min; air, 140 mL/min; 
column oven, 210°C; detector, 250°C; injection port, 230°C; 
injection volume, 1-5 uL; chart speed, 0.5 cm/min.

(b) Rotary evaporator.— ZFQ85A (made in China).
(c) Blender.— Waring.
(d) Concentrator.— Kudema-Danish (made in China).
(e) Shaker.— HY-2 (made in China).

Reagents and Materials

(a) Samples.— Supplied by Tonxian Medical Co.
(b) Dimethoate.— 40% Emulsifiable formulation (made in 

China); standard, purity 99% (Institut fur L ebensm it- 
telchemi&e, Germany).

(c) Solvents.— All organic solvents (e.g., acetone, dichloro
methane) were analytical grade, distilled in glass (made in 
China).

(d) Anhydrous sodium sulfate.— Analytical grade (made in 
China).

(e) Phosphoric acid.— 85%, Analytical grade (made in 
China).

(f) Ammonium chloride.— A n alytical grade (m ade in 
China).

(g) Celite 5 4 5 .— (Fluka, Japan).
(h) Active carbon.— Analytical grade powder (made in 

China).
(i) Coagulating solution.— D isso lve  20  g ammonium  

chloride and 40 mL 85% phosphoric acid in 360 mL distilled
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Table 1. Recovery  of dlmethoate from  dry flowers, 
fresh flowers, leaves of chrysanthem um s, and so li

Sample Added, ppm Rec„ %a SD

Dry flowers 2.00 87.5 8.24
1.00 86.7 10.8
0.500 91.0 7.78

Av. — 88.4 8.94

Fresh flowers 0.721 92.7 3.92
0.0721 88.1 4.03
0.0360 93.6 4.60

Av. — 91.5 4.18

Fresh leaves 1.31 93.2 1.91
1.00 83.3 11.3
0.500 96.9 0.85

Av. — 91.1 4.69

Soil 0.327 104 12.9
0.250 93.0 1.00
0.125 95.0 1.41

Av. — 97.3 5.10

Values are average of triplicate analyses at each fortification level.

water (concentrated solution). Concentrated solution usually 
may be diluted 5- to 10-fold (diluted solution) in use.

Determination ofDimethoate

(a) Fresh leaves, fresh flowers, and dry flowers.—Weigh 
5 g fresh leaves or dry flowers or 20 g fresh flowers into 
blender bowl. Add 100 mL acetone and blend 2 min at high 
speed. Filter through layer of Celite 545 (add a thick layer of 
active carbon on the top of Celite 545) in Buchner funnel. 
Apply vacuum to suck dry. Return filter cake to blender bowl. 
Blend with 100 mL acetone and filter as before. Combine ace
tone extracts into round-bottom flask and evaporate acetone to 
ca 5 mL in a rotary vacuum evaporator in 40°C water bath. 
Add 10 mL concentrated coagulating solution, 40 mL distilled 
water, and a little Celite 545. Mix and let solution stand for 
10 min. Filter through thin layer of Celite 545 in Buchner fun
nel. Rinse with a little diluted coagulating solution. Apply vac
uum to suck dry. Transfer filtrate to 250 mL separatory funnel. 
Add 100 mL distilled water and 5 g sodium chloride; extract 
3 times with 50 mL portions of dichloromethane. Filter 
dichloromethane extracts through anhydrous sodium sulfate 
into Kuderna-Danish concentrator and evaporate to ca 1 mL 
under vacuum on 40°C water bath. Add two 10 mL portions of 
acetone to evaporate to ca 1 mL Adjust to suitable volume for 
GCNPD determination.

(b) Soil.—Weigh 20 g soil (wind dried and sieved through 
40 mesh screen) into 250 mLErlenmeyer flask. Add 100 mL 
acetone and shake 1 h in a vibrating machine. Filter through 
layer of Celite 545 in Buchner funnel. Apply vacuum to suck 
dry. Return filter cake to flask, add 100 mL acetone, and repeat 
procedure once. Combine acetone extracts. Follow procedure 
for plant tissue.

a b o d e

Figure 1. Typical ch rom atogram s of dlmethoate:
(A) 1.3 ng dlmethoate standard; (B) extract equivalent to 
10 m g dry flowers; (C) extract equivalent to 40 m g fresh  
flowers; (D) extract equivalent to 10 m g leaves; (E) 
extract equivalent to 40 m g  soil.

(c) GC analysis.—Use 5% OV-17 column and peak height 
and external standardization for determination of dimethoate. 
Under given operating conditions, retention time of dimethoate 
is 2 min and 43 s.

(d) Fortification procedure.—For recovery study, standard 
solution of dimethoate (using acetone as solvent) was directly 
added to untreated samples, mixed, and allowed to stand for ca 
1 h before extraction solvent was added.

Results and Discussion

With this method, recovery ranges of dimethoate from 4 
kinds of samples were 86.7-91.0% (fortified at 0.5-2.0 ppm) 
for dry flowers, 88.1-93.6% (fortified at 0.036-0.721 ppm) for 
fresh flowers, 83.3-96.9% (fortified at 0.5-1.31 ppm) for fresh 
leaves, and 93.0-104% (fortified at 0.125-0.327 ppm) for soil. 
Average recoveries (n = 9 for each type of sample) were
88.4 ± 8.94%, 91.5 ± 4.18%, 91.1 ± 4.69%, and 97.3 ± 5.1%, 
respectively (Table 1). Typical chromatograms of standard and 
untreated samples are shown in Figure 1.

Minimum detector response was to 0.1 ng dimethoate. Min
imum theoretical detectable limits of the method for di
methoate in 4 kinds of samples were 0.005-0.01 ppm for 20 g 
samples of fresh flowers and soil and for 5 g samples of dry 
flowers and fresh leaves. The final concentrated volume for 
detection was 1 mL, and 2 pL aliquots were injected.

In the present study, coagulation was successfully used 
to precipitate fat-soluble pigments and impurities in analytical 
samples. In contrast with column chromatographic methods 
(1-8), the coagulation method is simpler and easier. It over
comes the drawbacks that the nonuniformity of packed col
umns causes. The present method compares well with those of 
Lee and Westcott (1) and Ferreira and Tainha (2). The present 
method is also economical in its use of solvents and reagents. 
The coagulation method has been widely used to determine 
carbamate pesticides in plants, animals, and soils (11-14). The 
present method differs in its use of acetone and dichloro
methane as extraction solvents instead of more highly toxic
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substances such as acetonitrile (2, 8-10), which are especially 
hazardous in inadequately ventilated laboratories.

The method described here has been successfully used for 
determination of dimethoate residues in treated chrysanthe
mums and soil. It is simple, economic, quick, and efficient and 
should be applicable to other plants and crops.
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