


B&J Brand™ High Purity Methyl t-Butyl Ether, 
when used as a replacement for ethyl ether, minimizes 
peroxide hazards and interferences for high per
formance applications. Yet, it performs as effectively, 
or better, than solvents with similar physical properties. 
For complete information on B&J Brand Methyl 
t-Butyl Ether—or other high purity solvents—contact 
American Burdick & Jackson, 1953 South Harvey Street, 
Muskegon, Ml USA 49442. Phone: 616 726 3171.

B&J Brand™ High Purity Water is purified and 
packaged by proprietary methods to assure consis
tent purity. Ideal for gradient elution HPLC, it elim
inates “ghost” peaks and the variables of in-house 
produced water. For complete information on how 
B&J Brand High Purity Water and other high purity 
solvents can benefit your laboratory contact American 
Burdick & Jackson, 1953 South Harvey Street, 
Muskegon, Ml USA 49442. Phone: 616 726 3171.

American Burdick & Jackson subsidiary of American
Hospital Supply Corporation

American Burdick & Jackson subsidiary of American
Hospital Supply Corporation

© 1985 American Hospital Supply Corporation ©1985 American Hospital Supply Corporation
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NOW SAFETY
IS CONVENIENT
Four-liter B-Jacket* Safety Bottle Cover protects 
laboratory personnel against flying glass and spilled solvents 
in case of bottle breakage. The bottle-hugging cover 
remains on the bottle throughout use and does not interfere 
with pouring. If bottle breakage occurs, the durable twist-on 
two-part jacket contains the broken bottle and its contents, 
minimizing splashing of liquid, and making disposal 
convenient. For complete information contact American 
Burdick & Jackson, 1953 South Harvey Street, Muskegon, 
Ml USA 49442. Phone: 616 726 3171.

B&J Brand™ High Purity 1,1,2-Trichlorotrifluoro- 
ethane makes normal phase HPLC convenient and 
accurate. Nonflammable and free of trace hydro
carbons, it is miscible with mobile modifiers such as 
methanol and acetonitrile. For complete information 
on this and other B&J Brand High Purity Solvents 
contact American Burdick & Jackson, 1953 South 
Harvey Street, Muskegon, Ml USA 49442.
Phone: 616 726 3171.

American Burdick & Jackson Subsidiary of American 
Hospital Supply Corporation.

©1985 American Hospital Supply Corporation
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Ion analyses in 2 0  seconds. 
Let us snow you the w ay.

Flow Injection Analysis is the fastest and nost 
effective method for routine analyses of ic is in 
water, soil, fertilizers and beverages, for e cample 
analyses of N 0 2, NO3, PO4 A NH4 , S02 and 
C02.

We have led the development of this ifiethod 
and it has resulted in the highly advancec sys
tem we have named FIAstar® System.

FIAstar provides for analyses at a very high 
speed, with production of results within 20 se
conds . The consumption of both sample and 
reagents is extremely low and the rapid start-up/ 
shut-down enable changes of method to be carried 
out very quickly. In addition FIAstar calculates 
the results immediately and shows them qn a 
display and a printer/plotter.

Flow Injection Analysis is already well 
established in a number of Fields, which have 
been the subject of hundreds of publications. Its 
growth and expansion into new fields is contin

ual, thanks to intensive development of metho
dology in our application laboratories and in the 
hands of users all over the world.

Why not allow us to teach you about Flow 
Injection Analysis? We are world leaders in our 
fields and we hold seminars at frequent intervals 
as well as workshops in numbers of cities.

We will be happy to send you more informa
tion about the analytical technique of the future, 
Flow Injection Analysis.

tecator

mm

W E M A K E RO U TIN E A N A L Y S IS  SIM PLE.

TECATORINC. PO Box 405, Herndon VA 22070 Phone (7031435 3300. Telex 903034. 
TECATOR AB. Sweden. Phone 042-42330. TECATOR LTD. UK. Phone 0454-4177 98. 

TECATOR GmbH. Germany. Phone 06106 13072. TECATOR S.A. France. Phone 01-2602424 
Representat i ves in more than 50 countries.



A C om puter Program  
for Im proving the Perform ance  

of Com m on
Laboratory Instrum ents

Authors: S.N. Deming and
S.L. Morgan

•  adjust as many as ten 
continuous variables 
simultaneously

•  based on the sequential 
simplex method of 
optimization

•  available for the Apple II 
series and IBM-PC

•  clear, fully descriptive 
manual with tutorial

AVAILABLE FROM
Elsevier Scientific Software (JIC) 
52 Vanderbilt Avenue 
New York, NY 10017 USA 
Phone: (212) 370 5520 
Telex: 420643
or
Elsevier Scientific Software 
P.O. Box 330 
1000 AH Amsterdam 
THE NETHERLANDS 
Phone: (020) 5803 911 
Telex: 18582

Write to us for further 
information on our other 
programs.

full source code listings 
easy to use 
US$150.00

No shipping 
charge if 
paid in 
advance

Apple is a registered trademark 
of Apple Computer, Inc.
IBM-PC is a registered trademark of IBM.
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THE 14TH EDITION OF

OFFICIAL 
METHODS 

OF ANALYSIS
IS  AVAILABLE NOW.

CONTENTS
Agricultural lim ing  

Materials 
Fertilizers 
Plants
Disinfectants 
Hazardous Substances 
Pesticide Form ulations 
Animal Feed 
Baiting Powders and 

Baking Chemicals 
Beverages: Distilled 

liquo rs
Beverages: Malt Beverages 

and Brewing Materials 
Beverages: Wines 
Beverages: Nonalcoholic 

and  Concentrates 
Cacao Bean and Its 

Products 
Cereal Foods 
Coffee and Tea 
Dairy Products 
Eggs and Egg Products 
Fish and Other Marine 

Products 
Flavors
Food Additives: Direct 
Food Additives: Indirect 
Fruits and  Fruit Products 
Gelatin. Dessert Prepara

tions, and Mixes 
Meat and Meat Products 
Metals and Other Elements 

as Residues in Foods 
Mycotoxins

Contains over 1700 
Chemical and Biological Methods

The authoritative source of methods of analysis 
worldwide. OFFICIAL METHODS OF ANALYSIS pro
vides industry, regulatory, academic, and inde
pendent laboratories with reliable m ethods 
of analysis.

Reliability and reproducibility of each method 
has been demonstrated by an interlaboratory col
laborative study by professional analysts.

As new methods are validated by AOAC they are 
incorporated in yearly updates included in the 
purchase price.

This latest edition contains

• 165 new methods

and these new features:

• Easy-to-locate references
• Chemical and common names for all 

drugs and pesticides
• A greatly expanded index
• More-descriptive titles
• Chemical Abstracts Service 

(CAS) numbers

1984 approx. 1100 pp., 173 illus., index, hard
bound. ISBN 0-935584-24-2.
Price — Members: $133.95 in U.S., $136.95 out

side U.S.; Nonmembers: $148.50 in U.S., 
$151.50 outside U.S.

Since 1884

AOAC

IMP

CONTENTS (continued)

Nuts and  Nut Products 
Oils and  Fats 
Pesticide Residues 
Spices and  Other 

Condim ents 
Sugars and Sugar 

Products
Vegetable Products, 

Processed 
Waters; and Salt 
Color Additives 
Cosmetics 
Drugs: General 
Drugs: Acidic 
Drugs: Alkaloid and 

Related Bases 
Drugs: Neutral 
Drugs: Illicit 
Drugs and  Feed Additives 

in  Animal Tissues 
Drugs in  Feeds 
Vitamins and  Other 

N utrients
Extraneous Materials: 

Isolation 
Forensic Sciences 
Microbiological Methods 
Microchemical Methods 
Radioactivity 
Veterinary Analytical 

Toxicology
S tandard  Solutions and 

Certified Reference 
M aterials 

Laboratory Safety

To obtain, send order with your name and 
address and check to:

AOAC, 1111, N. 19th Street, Suite 210-J 
Arlington, VA 22209 USA 

(U.S. funds only)
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Quality Assurance Principles fo r  
Analytical Laboratories

1984. 224 pp. Softbound. ISBN 0-935584-26-9- 
Members: $41.25 in U.S., $44.25 outside U.S. 
Nonmembers: $45.50 in U.S., $48.50 outside U.S.

A handbook for initiating or improving a laboratory quality 
assurance program.

FDA Training Manual fo r  Analytical 
Entomology in the Food Industry.

1978. 184 pp. Looseleaf. ISBN 0-935584-11-0.
Members: $13.25 in U.S., $14.25 outside U.S. 
Nonmembers: $14.50 in U.S., $15.50 outside U.S.

With the aid of this text, organizations can set up their 
own in-house training.
Nutrient Analysis Symposium: Proceedings.

1980. 116 pp. Softbound. ISBN 0-935584-17-X.
Members: $9-10 in U.S., $10.10 outside U.S. 
Nonmembers: $10.00 in U.S., $11.00 outside U.S.

State of the art and new possibilities for nutrient analysis.

Mycotoxins Methodology.
1980. 22 pp. Softbound. ISBN 0-935584-16-1.
Members: $10.90 in U.S., $11.90 outside U.S. 
Nonmembers: $12.00 in U.S., $13.00 outside U.S.

Reprinted from Chapter 26 Offical Methods of Analysis,
13th Edition. Approved methods for natural toxins in 
many commodities.

Mycotoxins Mass Spectral Data Bank.
1978. 60 pp. Softbound. ISBN 0-935584-13-7.
Members: $12.80 in and outside U.S.
Nonmembers: $14.00 in and outside U.S.

A computer-based compilation of 104 mass spectra with 
listing by molecular weight.

A Chemist’s Guide to Regulatory Drug Analysis. 
1974. 134 pp. Hardbound. Illustrations. ISBN 
0-935584-05-6. Members: $11.00 in and outside U.S. 
Nonmembers: $12.00 in and outside U.S.

A guide to laws, regulations, literature, and methods 
structure of regulatory drug analysis.
Test Protocols fo r  the Environmental Fate and 
Movement o f Toxicants—Symposium Proceedings.

1981. 336 pp. Softbound. ISBN 0-935584-20-X.
Members: $27.30 in U.S., $30.30 outside U.S. 
Nonmembers: $30.00 in U.S., $33 00 outside U.S.

Chemical and biological tests plus methods for interpreting 
or predicting results through mathematical models.

FDA Bacteriological Analytical Manual 
(BAM) 6th Ed.

1984. 448 pp. Looseleaf. ISBN 0-935584-29-3.
Members: $44.85 in U.S., $47.85 outside U.S. 
Nonmembers: $49.50 in U.S., $52.50 outside U.S.

Provides regulatory and industry laboratories with methods for de
tection of microorganisms. Includes Visible Can Defects Poster.
Newburger’s Manual o f Cosmetic Analysis 2nd Ed.

1977. 150 pp. Softbound. ISBN 0-935584-09-9- 
Members: $13.70 in U.S., $14.70 outside U.S. 
Nonmembers: $15.00 in U.S., $16.00 outside U.S.

Chromatographic techniques and spectroscopy with 
analyses for various specific cosmetics.

Statistical Manual o f the AOAC.
By W.J. Youden and E.H. Steiner. 1975. 96 pp. Soft- 
bound. Illustrations. ISBN 0-935584-15-3.
Members: $12.25 in U.S., $13-25 ouside U.S. 
Nonmembers: $13.50 in U.S., $14.50 outside U.S.

A do-it-yourself manual for statistical analysis of inter- 
laboratory collaborative tests.

International Symposium on Drug Residues 
in Anim al Tissues: Proceeding.

1978. 119 pp- Softbound. ISBN 0-935584-18-8.
Members: $9-10 in U.S., $10.10 outside U.S. 
Nonmembers: $10.00 in U.S., $11.00 outside U.S.

Papers on instrumentation and methodology needed for 
low-level determination of drugs and their major 
metabolites in animal tissues.

To obtain books, send order with your 
name and address and payment to 
AOAC
1111N. 19th St., Suite 210-J 
Arlington, VA 22209, USA.
703/522-3032
To qualify for member price, include 
Member Number with order. Member 
Numbers begin with VM.

IS  YOUR AOAC LIBRARY 
COMPLETE?
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Shih-Ling Yeh-Chen and Chin-Tan Hsu
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Errors
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Microbiological Methods
626 Gas Chromatographic Detection of D-(-)-2,3-Butanediol and Butyric Acid 

Produced by Sporeformers in Cream-Style Corn and Canned Beef Noodle 
Soup: Collaborative Study
Mary L. Schafer, James T. Peeler, Joe G. Bradshaw, Cleo H. Hamilton, 
and Ruth B. Carver

Mycotoxins
632 Quantitative Liquid Chromatographic Method Using Fluorescence Detection for 

Determining Zearalenone and Its Metabolites in Blood Plasma and Urine 
Monica E. Olsen, Hans I. Pettersson, Kerstin A. Sandholm, 
and Karl-Heinz C. Kiessling

636 Negative Ion Chemical Ionization Mass Spectrometric Method for Confirmation 
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640 Liquid Chromatographic Determination of Tenuazonic Acid and Alternariol 
Methyl Ether in Tomatoes and Tomato Products 
Michael E. Stack, Philip B. Mislivec, John A.G. Roach, 
and Albert E. Pohland

643 Thin Layer Chromatographic Determination of Sterigmatocystin in Cheese
Octave J. Francis, Jr, George M. Ware, Allen S. Carman, and Shia S. Kaun 

645 Assessment of Extraction Procedures in the Analysis of Naturally Contaminated 
Grain Products for Deoxynivalenol (Vomitoxin)
H. Locksley Trenholm, Robert M. Warner, and Dan B. Prelusky

Preservatives__________________________________________________________________
650 Liquid Chromatographic Analysis of Dehydroacetic Acid and Its Application to 

Wines
Paul L.M. Welling, Marianne C. van Duyvenbode, and Ben H. Kaandorp

Drugs in Feeds_________________________________________________________________
653 Liquid Chromatographic Determination of Carbadox Residues in Animal Feed 

José E. Roybal, Robert K. Munns, and Wilbert Shimoda 
658 Liquid Chromatographic Determination of Carbadox and Desoxycarbadox in 

Medicated Feeds and in Porcine Gastrointestinal Tract 
Gerrit J. de Graaf and Theodorus J. Spierenburg

Drug Residues in Animal Tissues___________________________________________________
661 Sensitive Enzyme Immunoassay of Colistin and Its Application to Detect 

Residual Colistin in Rainbow Trout Tissue
Tsunehiro Kitagawa, Wataru Ohtani, Yoshiko Maeno, Kunio Fujiwara, 
and Yukio Kimura

665 Liquid Chromatographic Monitoring of the Depletion of Carbadox and Its 
Metabolite Desoxycarbadox in Swine Tissues 
Agnes I. Macintosh, Ginette Lauriault, and George A. Neville

Fruit and Fruit Products

672 Interlaboratory Variability of Methods Used for Detection of Economic 
Adulteration in Apple Juice 
John Zyren and Edgar R. Elkins

Vitamins and Other Nutrients______________________________________________________
677 Determination of Total Dietary Fiber in Foods and Food Products:

Collaborative Study
Leon Prosky, Nils-Georg Asp, Ivan Furda, Jonathan W. DeVries,
Thomas F. Schweizer, and Barbara F. Harland 

680 Assessment of Protein Quality Methodology for Infant Formulas 
Geraldine Vaughan Mitchell and Mamie Young Jenkins 

684 Liquid Chromatographic Determination of Vitamin K, Trans- and C/s-Isomers in 
Infant Formula 
Shie-Ming Hwang

689 Corrected Relative Net Protein Ratio (CRNPR) Method Based on Differences in 
Rat and Human Requirements for Sulfur Amino Acids 
Ghumlam Sarwar, Robert W. Peace, and Herbert G. Botting 

693 Improved Liquid Chromatographic Determination of Riboflavin in Milk and 
Dairy Products
Sarny H. Ashoor, Michael J. Knox, Jacquelyn R. Olsen, and Dru Ann Deger

Extraneous Materials____________________________________________________________
697 Extraction of Light Filth from Whole Peppermint Leaves: Collaborative Study 

Jack Boese, Marvin Nakashima, and Larry E. Glaze 
699 Determination of Internal Insect Infestation of Oats: Collaborative Study 

Richard L. Trauba
Oils and Fats____________________________________________

701 Mass Spectrometry and Identification of Sterols in Vegetable Oils as Butyryl 
Esters and Relative Quantitation by Gas Chromatography with Flame 
Ionization Detection
William C. Brumley, Alan J. Sheppard, Theodore S. Rudolf,
Chih-Shang J. Shen, Parvin Yasaei, and James A. Sphon
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The Soxhlet Revolution.
When Dr. F. von Soxhlet introduced his method 
of extraction he had no idea how far it would one 
day be developed. So he would be very surprised if 
he could see how effectively our Soxtec Systems 
carry out the same process today.

With Soxtec the traditional methods such as 
Soxhlet and Goldfisch have been improved in 
every essential aspect.

Soxtec is much faster. The extraction time 
has been reduced by 80 % when compared to that 
of Soxhlet.

It is much safer. There is no risk of electrical 
discharge in the vicinity of solvent vapours to 
touch off any explosions.

It is much cheaper to carry out. F aster analy
ses, batchwise sample handling and up to 70 % 
solvent recovery bring improved economies.

And this we achieved without loss of accu-

racy. Detailed comparisons show that Soxtec pro
vides results equal in accuracy and reproducibili
ty to Soxhlet and Goldfisch.

In short, Soxtec is the Soxhlet revolution. It 
is also a further example of the Tecator philo
sophy. To develop and rationalize well proven 
and tested methods and to convert them into 
modern routine analyses. Today there are more 
than a thousand laboratories using Soxtec. And 
their numbers are increasing every day.

tecator
W E M A K E RO U TIN E A N A L Y S IS  SIM PLE.

TECATOR INC. PO Box 405, Herndon VA 22070 Phone (703) 4353300. Telex 903034 
Sales and service exclusively by Fisher Scientific Company.
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A N N O U N C I N G

A New Handbook on 
How to Set Up or Improve 

Laboratory Quality 
Assurance Programs

Quality Assurance Principles 
for Analytical Laboratories

by Frederick M. Garfield
form er Assistant Adm inistrator 

U.S. Drug Enforcement Administration

This handbook provides essential informa
tion needed to design, document, implement, 
or improve a laboratory quality assurance pro
gram . . .  A program that can enable you to 
document the credibility of your laboratory’s 
analytical data.

The handbook also provides a rational and 
solidly based justification for commitment of 
resources to improved laboratory operation.

Drawing from published principles, prac
tices, guidelines, and procedures, the book 
brings together the experiences of experts who 
have developed and implemented successful 
“QA” programs.

CONTENTS:
Chapters—
I. Administrative Considerations
II. Personnel Management
III. Management of Equipment and Supplies
IV. Records Maintenance
V. Sample Analysis
VI. Proficiency Testing
VII. Audit Procedures
VIII. Design and Safety of Facilities
IX. Laboratory Accreditation Programs and 

Good Laboratory Practices Regulations

Appendices—
A. Quality Assurance Publications 

and Programs
B. Forms Used by U.S. Federal Agencies
C. Instrument Performance Checks
D. Control Charts
E. FDA Audit Measure Procedures
F. Safety Publications
G. Glossary

1984. 224 pp. Softbound. ISBN 0-935584-26-9. 
Price — Members: $41.25 in U.S., $44.25 outside 

U.S.; Nonmembers: $45.50 in U.S., $48.50 
outside U.S.

QUALITY 
ASSURANCE 
PRINCIPLES For 
ANALYTICAL 
LABORATORIES
Frederick M. Sorlieki

Since 1884

AQAC
YJTJ

To obtain book, send 
order and remittance 

to AOAC, 1111 N. 19th 
Street, Suite 210-J, 

Arlington, VA 
22209 USA 

(US funds only)
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NEW PRODUCTS

Amino Add Analysis System 
Model 4400 features high sample 
throughput for both protein hydroly
sate and physiological fluids, high 
sensitivity (< 100 pmole, using nin- 
hydrin reagent and > 10 pmole, using 
OPA reagent), total automation, and 
continuous monitoring of 9 parame
ters to guard against sample loss and 
instrument damage. Contact: David 
A. Weber, LKB Instruments, Inc., 
9319 Gaither Rd, Gaithersburg, MD 
20877; 301/963-3200.
Circle No. 433

Ion Chromatography System
This ion chromatography system, with 
the conductoMonitor® III conductiv
ity detector, features Rheodyne sam
ple injection valve, wide zero 
suppression range (+ 100% of range) 
to electronically suppress the back
ground conductivity of eluant buff
ers, baseline stability control of cell 
temperature, flow rates from 0 to 10 
mL/min, and sensitivity range of 0.1 
mS-10 mS. Contact: Karen Bara- 
butes, LDC/Milton Roy, PO Box 
10235, Riviera Beach, FL 33404; 800/ 
327-6182.
Circle No. 434

Beta Scanner
Ambis Beta Scanning System, capa
ble of scanning gels, TLC, and paper 
chromatograms labeled with 14C, 35S, 
or 32P, features a microcomputer that 
automatically controls scanning 
selective regions, and a 2-dimen
sional proportional counter with 312 
discrete detector elements that pro
duce an image of the distribution of 
activity with £  47 000 image points. 
Contact: Brenda S. Cox, Automated 
Microbiology Systems, Inc., 3939 
Ruffin Rd, San Diego, CA 92123; 619/ 
571-0113.
Circle No. 435

Liquid Chromatograph System
Model SP8100XR is a completely uni
tized system with built-in extended 
range ternary gradient pump (flow 
rates from 50 p,L to 10 mL/min), auto
sampler (preprogrammed, 80 vial 
capacity, and variable volume and 
fixed-loop injections), and column 
oven. Contact: M. Hartigan, Spectra- 
Physics, 3333 N 1st St, San Jose, CA 
95134; 408/946-6080.
Circle No. 436

Chromatography Data System
The Labnet-XT package, a mass stor
age device for the accumulation of 
chromatographic data, displays a 
chromatogram or series of chroma
tograms on the CRT so that operators 
may reprocess the chromatogram 
using an interactive cursor. Contact:
T. Rooney, Spectra-Physics, 3333 N 
1st St, San Jose, CA 95134; 408/946- 
6080.
Circle No. 437

Fertilizer and Chemical Pumps
The M5000 Series Chemical Metering 
Pumps feature output of up to 25 GPH, 
pressure rating of up to 250 psi, and 
a 10-to-l stroke adjustment. Contact: 
Lucille Elyett, AMF Cuno, General 
Filter Products Div., 400 Research 
Pkwy, Meriden, CT 06450; 203/237- 
5541.
Circle No. 438

IR/FTIR Microsampling Accessory 
The high-power 6X Beam Condenser 
increases input energy density 36 
times, produces better focusing and 
greater collection efficiency with its 
off-axis ellipsoid segm ents, and 
includes large sample area and new 
XYZ micropositioning stage. Con
tact: Don Sting or Bob Sebes, Spec- 
tra-Tech, Inc., 652 Glenbrook Rd, PO 
Box 2190G, Stamford, CT 06906; 800/ 
243-9186, (in Connecticut, 203/357- 
7055).
Circle No. 439 

Reagent Pack
The Chloride Ionic Strength Adjuster 
(CISA), when added to samples, 
eliminates common interferences to 
chloride and removes < 500 ppm sul
fide, 1000 ppm bromide or iodide, 100 
ppm ammonia, or a hundredfold 
excess of cyanide over chloride. Con
tact: Mark Zimmerman, Orion 
Research Inc., 840 Memorial Dr, 
Cambridge, MA 02139; 800/225-1480. 
Circle No. 440

Filtration Apparatus
A 25 mm funnel-support assembly for 
microfiltration uses standard 25 mm 
diameter filter material to handle liq
uids for analysis of particulate or bio
logical contamination. Contact: Dave 
Fenili, Kontes, PO Box 729, Vine- 
land, NJ 08360; 609/692-8500.
Circle No. 441

J. ASSOC. OFF.

Dietary
Fiber

Analysis.
The new Fihertec E  

for enzymatic methods.

laboratory testing of die
tary fiber in foods, e.g. 
according to the official 
method. The Fibertec E 
has been developed in 
cooperation with leading 
fiber researchers to 
speed up and rationalize 
enzymatic fiber determi
nation.

Precision.
The Fibertec E gives re
sults as precise or better 
than those obtained by 
manual methods.

Capacity.
24 samples a day.
Please call or write for 
your 8 page color 
brochure today.

tecator
P.O. Box 405, Herndon, VA 22070.

Phone: (703)435-3300. Telex: 230/903034.

Sales and service exclusively by 
Fisher Scientific Company.

Circle 18 on Reader Service Card 
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NEW PRODUCTS

HPLC Accessory
The Pressure Monitor senses pres
sure in metering pumps that do not 
have an integral pressure transducer, 
interrupts the power thereby shutting 
down the metering pump if either the 
rpesent high or low limit is exceeded, 
and controls and shuts down any 
HPLC component with a 115 V, 10.0 
amp signal. This unit can be used as 
a low volume diagnostic tool to eval
uate the hydraulic performance of any 
HPLC metering pump to 12 000 psi. 
Contact: Phil DeLand, LDC/Milton 
Roy, PO Box 10235, Riviera Beach, 
FL 33404; 800/327-6182 
Circle No. 442

Particle Mobility Measurement
Instrument

The Mobility Meter features 2 LED 
displays which simultaneously read 
out mobility (zeta potential) and spe
cific conductance; solid-state elec- 
tronicx; electronic light scanning 
method; permanent factory calibra
tion; and compact vibration-resistant 
construction. The Mobility Meter is 
easily portable with minimal set-up 
time. Contact: John G. Penniman, 
Paper Chemistry Laboratory, Inc., 
Stoneleigh Ave, Carmel, NY 10512; 
914/278-9000.
Circle No. 443

FTIR Accessory
The Spectra-Bench, an attenuated 
total reflectance unit and beam con
denser combined into one convenient 
bench, fits all standard FTIR (Fourier 
transform infrared) spectrophotome
ters. Contact: Don Sting or Bob Sebes, 
Barnes Analytical Div., Spectra-Tech, 
Inc., 652 Glenbrook Rd, Stamford, 
CT 06906, 800/243-9186, (in Connect
icut, 203/357-7055).
Circle No. 444

Conductance and Resistance Measuring
Unit

The YSI Model 34 measures con
ductance, resistance, temperature or 
temperature-compensated conduct
ance. Results are displayed directly 
on a 3 1/2 LCD. The YSI Model 34

selects 7 conductance ranges from 0.1 
to 2.0 ohms, and 7 resistance ranges 
from 0.01 to 2.0 megohms. The unit 
operates on line power or from its 
built-in battery. Contact: Yellow 
Springs Instrument Co., Inc., Yellow 
Springs, OH 45387; 513/767-7241. 
Circle No. 445

LITERATURE

ASTM Standards On Chromatography
Containing 103 ASTM chromato
graphic standards and practices, this 
book has an index that cross refer
ences ASTM chromatographic pro
cedures by material analyzed and also 
by component/measured property. For 
more information, contact: Customer 
Service Dept, ASTM, 1916 Race St, 
Philadelphia, PA 19103; 215/299-5585/ 
TWX 710/670-1037.
Circle No. 446

FDA Compliance Manual
The manual was developed to instruct 
those involved in Food and Drug 
Administration Field operations. The 
manual includes 5 major categories, 
Food and Cosmetics; Drugs; Veteri
nary Medicine; Medical Devices; and 
Radiological Health. Revisions are 
issued monthly on a separate sub
scription basis for the 5 categories. 
For more information, contact: Prod
ucts Manager, U.S. Department of 
Com merce, N ational Technical 
Information Services, Springfield, VA 
22161; 703/487-4630.
Circle No. 447

U.S. Standards Activities Directory
Standards Activities of Organizations 
in the United States summarizes the 
standardization activities of more than 
750 organizations in the United States, 
including federal and state agencies 
and about 420 private sector groups 
that develop standards. The directory 
also contains listings of state procure
ment offices, sources of standards 
documents and information, a subject 
index, and related listings that cover 
acronyms and initials, defunct bod
ies, and organizations with name

changes. Copies of the directory (stock 
No. 003-003-02602-6) are available for 
$13 prepaid ($16.25 outside U.S.) from 
the Superintendent of Documents, 
U.S. Government Printing Office, 
Washington, DC 20402. Contact: 
Roger Resberger, U.S. Department 
of Commerce, National Bureau of 
Standards, Gaithersburg, MD 20899; 
301/921-3181.
Circle No. 448

Hazardous Materials Storage and 
Handling Pocketbook

This pocketbook is a handy reference 
to assist those involved in storage and 
handling of hazardous materials. 
Contact: Mr. Thompson, Govern
ment Publications Outlook, U.S. 
Government Printing Office, Dept 
SSMC, Washington, DC 20402; 202/ 
275-3340.
Circle No. 449

LC Component/Accessory Catalog
This 24-page catalog describes the 
complete line of LDC/Milton Roy LC 
products, featuring individual instru
ment components, options, replace
ment parts, columns, and related 
accessories. Contact: Terry Meyers 
or Phil DeLand, LDC/Milton Roy, PO 
Box 10253, Riviera Beach, FL 33404; 
800/327-6182.
Circle No. 450

Bio/Separations
The first issue of Bio/Separations 
contains detailed information on 
chromatography, electrophoresis, fil
tration, and sample preparation prod
ucts. For a free copy, contact: Kontes, 
PO Box 729, Vineland, NJ 08360; 609/ 
692-8500.
Circle No. 451

Chromatography Notes
Waters Chromatography Notes fea
tures the latest instruments, columns, 
and applications for high perfor
mance liquid chromatography. For a 
free copy or subscription, contact: 
Tom Ricci, Waters Chromatography 
Division, 34 Maple St, Milford, MA 
01757; 617/478-2000.
Circle No. 452
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BOOKS IN BRIEF

This book covers all areas of gas, liq
uid, and thin layer chromatography. 
Emphasis is on the practice of chro
matographic methods, including “how 
to” sections and numerous examples of 
calculation methods.

Seafood Toxins. Edited by E. P. Ragelis. 
Published by the American Chemical 
Society (ACS), 1155 16th St, NW, 
Washington, DC 20036, 1984. 472 pp. 
Price: $79.95 (U.S. & Canada)/$95.95 
(export). ACS Symposium Series No. 
262.

This book, a collection of information 
on seafood toxic organisms that affect 
fish and shellfish, examines the impact 
of these toxins on seafood consump
tion, and discusses their chemistry, ori
gin, geographical distribution, pharma
cological action, and methods of detec
tion.

Pharmaceutical Statistics. Practical and 
Clinical Applications. By S. Bolton. 
Published by Marcel Dekker, Inc., 270

Since 1978, Northwest Analytical, Inc. (NWA) has produced professional software tools for data 
analysis. NWA software is used in thousands of locations worldwide as an effective alternative to 
time-share analytical systems. NWA products have the power to handle major projects, and the 
well designed user interface to let first time users quickly learn the system.

HWA QUALITY ANALYST NWA STATPAK
Quality Control Charting and Analysis Multi-function Statistics Library
• Process capability studies • Streamlined setup and workflow
• Variable and Attribute Control Charts • Powerful statistical analysis routines
• Powerful data management and • Versatile data transformation and

analytical tools management capabilities
• $495 single copy • $495 single copy, $395 Macintosh version

Both NWA QUALITY ANALYST and NWA STATPAK offer
• Logical work patterns • MS-BASIC or Personal BASIC source code
• On-line choice of menu or command • Versions available for:

operation CP/M-80, -86; CTOS(BTOS);
• Data interchange with other software MS-DOS(PC-DOS); Macintosh
• Excellent user support • Volume, Academic, and Site Licenses

Northwest Analytical, Inc.
520 N.W. Davis Street • Portland, Oregon 97209 
503-224-7727 • RCA Telex 296565 NWA STAT

Trademarks: NWA, NWA STATPAK, NWA QUALITY ANALYST, NWA 
ANALYTICAL SOFTWARE — Northwest Analytical, Inc. • CP/M, 
Personal Basic — Digital Research, Inc. • MS-DOS, MS-BASIC — 
Microsoft Corporation • PC-DOS — IBM Corporation • CTOS — 
Convergent Technologies • BTOS — Burroughs Corporation • 
Macintosh —  Apple Computers, Inc.
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Treatment and Disposal of Pesticide 
Wastes. Edited by R. E. Krueger and 
J. N. Seiber. Published by the Amer
ican Chemical Society (ACS), 1155 
16th St, NW, Washington, DC 20036, 
1984. 373 pp. Price: $64.95 (U.S. & 
Canada)/$77.95 (export). ACS Sym
posium Series No. 259.

This publication outlines the prob
lems of pesticide waste disposal by 
examining the chemical, biological, and 
physical methods of disposal, the basic 
principles underlying each of these 
methods, and the analytical and mod
eling approaches applicable to waste 
disposal conditions.

McGraw-Hill Dictionary of Chemistry.
Published by McGraw-Hill Book Co., 
1221 Avenue of the Americas, New 
York, NY 10020, 1984. 665 pp. Price: 
$32.50. ISBN 0-07-045420-5.

This edition contains more than 9000 
entries concentrating on terminology of 
both theoretical and applied chemistry, 
and including biological compounds and

industrial chemicals. Entries were 
selected from various disciplines of 
chemistry, including analytical chem
istry.

Kirk-Othmer Concise Encyclopedia of 
Chemical Technology. Published by 
John Wiley & Sons, Inc., 605 Third 
Ave, New York, NY 10158,1985.1300 
pp. Price: $129.95.

This third edition contains over 1100 
updated articles from 1500 internation
ally recognized chemistry experts and 
has been reviewed for accuracy. This 
edition also includes illustrations, tables, 
charts, graphs, figures, and an indexing 
and cross referencing system.

Contemporary Practice of Chromato
graphy. By C. F. Poole and S. A. 
Schuette. Published by Elsevier Sci
ence Publishers, PO Box 211, 1000 
AE Amsterdam, The Netherlands, 
1984. 708 pp. Price: $61.25 (U.S. & 
Canada)/Dfl. 159.00 (rest of world). 
ISBN 0-444-42410-5.



BOOKS IN BRIEF

Madison Ave, New York, NY 10016, 
1984. 544 pp. Price: $75.00 (U.S. & 
Canada)/$90.00 (rest of world). ISBN 
0-8247-7218-0.

This volume provides a thorough 
introduction to pharmaceutical statis
tics. Topics range from data graphics 
and probability to advanced applica
tions, including factorial designs, qual
ity control, and optimization tech
niques.

Analysis of Foods and Beverages. Mod
ern Techniques. Edited by G. Chara- 
lambous. Published by Academic 
Press, Inc., Orlando, FL 32887,1984. 
672 pp. Price: $82.00. ISBN 0-12- 
169160-8.

This book presents the latest devel
opments in not only chromatographic 
techniques but also in several newer 
ones—scanning electron microscopy, X- 
ray microanalysis, atomic spectrome
try, bioassay, nuclear magnetic reso
nance, and others.

Chemical Ionization Mass Spectrometry.
By A. G. Harrison. Published by CRC 
Press, Inc., 2000 Corporate Blvd, NW. 
Boca Raton, FL 33431, 1983. 168 pp. 
Price: $60.00 (U.S.)/$69.00 (rest of 
world). ISBN 0-8493-5616-4.

This book provides a review of the 
principles, instrumentation, and appli
cations of chemical ionization mass 
spectrometry. It discusses chemical 
ionization systems that are widely used 
in analytical chemistry.

Determination and Assessment of Pesti
cide Exposure. Edited by M. Siewier- 
ski. Published by Elsevier Science 
Publishers, PO Box 211, 1000 AE 
Amsterdam, The Netherlands, 1984. 
222 pp. Price: $75.00 (U.S. & Can- 
ada)/Dfl. 195.00 (rest of world). ISBN 
0-444-42416-4.

This book includes papers that focus 
on the techniques and analytical meth
odology in monitoring human exposure

to pesticides, the interpretation and use 
of exposure data, and descriptions of 
methods for reducing pesticide expo
sure.

The Agrochemicals Handbook. Pub
lished by the Royal Society of Chem
istry. Distributed by Heyden & Son, 
Inc., 247 S 41st St, Philadelphia, PA 
19104. 1984. 1000 pp. Price: £90.00/ 
$171.00 (U.S.) ISBN 0-85186-406-6.

This handbook contains comprehen
sive data and information on a variety 
of substances that are active compo
nents of agricultural chemical products 
used in crop protection and pest con
trol, including herbicides, insecticides, 
fungicides, nematicides, acaricides, and 
rodenticides.

Therapeutic Drug Monitoring and Tox
icology by Liquid Chromatography.
Edited by S. H. Y. Wong. Published 
by Marcel Dekker, Inc., 270 Madison 
Ave, New York, NY 10016,1985. 520 
pp. Price: $89.75 (U.S. & Canada)/ 
$107.50 or SFr. 268.-(rest of world). 
ISBN 0-8247-7246-6.

This reference presents an overview 
of the fundamentals of therapeutic drug 
monitoring, recent clinical instrumen
tation topics, clinical pharmacology, and 
LC analysis of drugs.

Lange’s Handbook of Chemistry. 13th 
Ed. Edited by J. D. Dean. Published 
by McGraw-Hill Book Co., 1221 
Avenue of the Americas, New York, 
NY 10020, 1985.1792 pp. Price $57.00. 
ISBN 0-07-016192-5.

This 13th edition contains new infor
mation including an expanded table of 
the pKa values of 2300 organic acids; a 
revised table of the properties of com
bustible mixtures; material for current 
thermodynamic values for 3600 inor
ganic compounds; and capsule expla
nations, which describe such proce
dures as use of statistics, separation 
techniques, spectroscopic techniques, 
and thermodynamic relations.

Microcolumn Separations. Edited by M.
V. Novotny and D. Ishii. Published 
by Elsevier Science Publishers, PO 
Box 211, 1000 AE Amsterdam, The 
Netherlands, 1985. 336 pp. Price: 
$64.75 (U.S. & Canada)/Dfl. 175.00 
(rest of world). ISBN 0-444-42429-6.

This book, written by internationally 
recognized experts in microcolumn 
technology and miniaturized spectro
scopic and electrochemical detection, 
summarizes advances in microcolumn 
liquid chromatography, capillary super
critical fluid chromatography, and 
microelectrophoresis.

Advances in Cereal Science and Tech
nology, Volume VII. Edited by Y. 
Pomeranz. Published by the Ameri
can Association of Cereal Chemists 
(AACC), 3340 Pilot Knob Rd, St. Paul, 
MN 55121,1985.362pp. Price: $49.00 
(AACC members)/$60.00 (nonmem
bers). ISBN 0-913250-39-2.

This volume features 6 reports on 
important cereal science topics: seed 
storage proteins of economically impor
tant cereals, the phospholipases of cere
als, changes in rice during parboiling, 
dietary fiber in cereals, sprouted grain, 
and starch damage.

Resonance Ionization Spectroscopy and 
Its Applications 1984. Edited by G. S. 
Hurst and M. G. Payne. Published by 
Adam Hilger. Distributed by Heyden 
& Son, Inc., 247 S 41st St, Philadel
phia, PA 19104, 1984. 360 pp. Price; 
$49.00. Order No. 990380041.

This volume contains invited papers 
presented at the 2nd International Sym
posium on Resonance Ionization Spec
troscopy and Its Applications, Knox
ville, TN, in April 1984. Topics include 
introduction to the RIS technique, spec
troscopy and kinetics, resonance ioni
zation mass spectroscopy, analysis of 
solids, vacuum ultraviolet generation and 
noble gas detection, and possible appli
cations of weak interactions in physics 
and particle physics.
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Analytical
Chemistry
Journals

THE ANALYST
An international journal of high repute containing original 
research papers on the theory and practice of all aspects of 
analytical chemistry drawn from a wide range of sources.
It also publishes regular critical reviews o f im portant 
techniques and their applications, short papers and urgent 
communications (which are published in 5-8 weeks) on 
im portant new w ork, and book reviews.

12 issues per annum; annual author and subject index.
See Subscription Rates 1985 (right) fo r price details.

ANALYTICAL
PROCEEDINGS
A nalytica l Proceedings is the news and inform ation 
journal of the Analytical Division. It contains special 
articles, reports of meetings, extended summaries of 
original papers, safety articles, details of recent legislation 
surveys of equipment, and many other items of general 
interest to  analytical chemists both in Britain and 
overseas.

12 issues per annum (plus index).
See Subscription Rates 1985 (right) for price details.

ANALYTICAL ABSTRACTS
A nalytica l Abstracts endeavours to cover the whole 
fie ld o f analytical chemistry, providing more than 12,000 
abstracts per annum of papers and books considered to 
be o f importance and interest to analytical chemists.
A  subject index is provided in each issue and a volume 
index is produced annually.

See Subscription Rates 1985 (right) fo r price details.

Rates 1985
The Analyst
£134.50 ($260.00) Rest of World £141.00
Analytica l Abstracts
£199.50 I$385.00) Rest of World £209.50
Analytica l Proceedings
£63.50 ($123.00) Rest of World £67.00
The Analyst, A na lytica l Abstracts and Proceedings 
£330.00 ($638.00) Rest of World £347.00 
As above w ith Abstracts on one side o f  the paper 
£345.00 ($666.00) Rest of World £362.00
The Analyst and Ana lytica l Abstracts 
£293.00 ($566.00) Rest of World £308.00 
As above w ith Abstracts on one side o f  the paper 
£312.00 ($603.00) Rest of World £327.00
The Analyst and Proceedings 
£169.00 ($327.00) Rest of World £178.00 
A nalytica l Abstracts on one side o f  the paper 
£217.50 ($420.00) Rest of World £228.00

ORDERING:
Orders should be sent to:—
The Royal Society of Chemistry, 
Distribution Centre, Blackhorse Road, 
Letchworth, Herts. SG6 1HN, England.

ROYAL 
SOCIETY OF 
CHEMISTRY

The Royal Society o f Chemistry, 
Burlington House,
Piccadilly,
London, W1V 0BN.
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Quality Assurance Means 
Never Having to Say You’re Sorry

Take Advantage of This Opportunity to Save Time and Travel Money
Come early or extend your stay at the 1985 AO AC Annual International Meeting and 

attend an AOAC Quality Assurance Short Course

Take one of these intensive comprehensive 2-day courses on planning, designing, and managing 
a laboratory quality assurance (QA) program, and learn

•  How to organize and document a QA program »Why you should commit the necessary resources «What it will cost

Pre-Meeting Short Course— 
QA for Analytical Laboratories 
Oct. 26-Oct. 27, 1985

Post-Meeting Short Course—
QA for Microbiology Laboratories 
Oct. 31-Nov. 1, 1985

Program
— QA— Planning and Management
— Basic Statistics— Applications in QA
— Analytical Control Charting
— Personnel Management— Role in QA 
*— Equipment and Supplies Management 
mt- General Discussion and Review

— QA in Sampling
— QA in Sample Analysis
— Records and Reporting
— Proficiency Testing— Inter- 

and Intralaboratory
<— Audit Procedures for QA

Faculty
Frederick Garfield, former Asst. Administrator, U.S. DEA 
Keith McCully, Health and Welfare Canada 
Richard Albert, U.S. Food and Drug Administration 
Lockhart Rogers, University of Georgia 
Albert Tiedemann, Commonwealth of Virginia

Program
— Design and Implementation
— Quality Control of Media and Reagents
— Quality Control of Equipment
— Specimen Collection, Handling and Documentation
— Measurement Controls and Statistical Concepts
— Proficiency Testing
— Audit Procedures, Laboratory Accreditation Programs, 

Certification and Registration of Scientific Personnel

Faculty
Director. Michael H. Brodsky, Ontario Ministry of Health 
Frederick Garfield, former Asst. Administrator U.S. DEA 
Hugh Eastmond, Ontario Ministry of Health 
Richard Young, E. Huttenhauer & Son, Inc.
John Lanier, U.S. Food and Drug Administration

The popular QA manual, Quality Assurance for Analytical Laboratories, is provided FREE to attendees. 
Registration fee: $350 for AOAC members, $385 for nonmembers.

REGISTER NOW! COURSES ARE LIMITED TO 30 PARTICIPANTS!

REGISTRATION FORM
Please sign me up for the short course

□  QA for Analytical Laboratories, Oct. 26-27, 1985 at the Shoreham Hotel, Washington, DC
□  QA for Microbiology Laboratories, Oct. 31-Nov. 1, 1985 at the Shoreham Hotel, Washington, DC

Please Type or Print
NAME______________________________________ TITLE_______________________

ORGANIZATION__________________________________________________________

ADDRESS

____________________________________ TELEPHONE NUMBER_____________________________

I am enclosing: □  $350 member registration (Member No. VM_________ ) □  $385 nonmember registration

Payment must accompany registration

Return with payment to: AOAC QA Short Courses, 1111 N. 19th St, Suite 210, Arlington, VA 22209.
(AOAC reserves the right to cancel courses at any time.)
For additional information, contact Margaret Ridgell at AOAC, 703/522-3032.
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FOR YOUR INFORMATION

EPA Project Summary
Eleven collaborating laboratories 

participated in an interlaboratory study 
for the analytical detection of 2,3,7,8- 
tetrachlorodibenzo-p-dioxin (2,3,7,8- 
TCDD) in water using the U.S. Envi
ronmental Protection Agency (USEPA) 
Method 613. 2,3,7,8-TCDD is labeled as 
a toxic “ priority” pollutant under sec. 
307(a) of the Clean Water Act Amend
ments of 1977.

In USEPA Method 613, water con
taining internal standard 2,3,7,8-TCDD 
is extracted with methylene chloride, 
concentrated, exchanged to hexane, and 
then subjected to capillary gas chro
matography-mass spectrometric analy
sis, which allows for separation and 
measurement of the 2,3,7,8-TCDD iso
mer in the extract.

The interlaboratory study required 
analyses of 2,3,7,8-TCDD in 6 water 
types at each of 6 concentrations (3 
Youden pairs) in addition to the analysis 
of all water blanks with no spiked com
pound. Each participating laboratory 
then forwarded a report to Monsanto 
Research Corp. containing all data 
obtained, and a completed question
naire covering specifics on the analyses 
including sources of distilled, tap and 
surface waters; instrumentation used; 
GC conditions; and specific problems 
encountered in the analyses.

The final step in the study was a sta
tistical analysis of all data by Battelle 
Columbus Laboratories, Columbus, OH, 
under USEPA Contract No. 69-03-2624 
using the U SEPAIM VS system of com
puter programs.

The objective of this study was to 
characterize the performance of Method 
613 in terms of accuracy, overall pre
cision, single-analyst precision, and the 
effects of water types on accuracy and 
precision.

Accuracy is obtained by comparing 
mean recovery to the true values of the 
concentration. Average percent recov
ery is 91% with a range from 86 to 96%.

The overall relative standard devia
tion (RSD) indicates the precision asso
ciated with measurements generated by 
a group of laboratories. Average per
cent relative standard deviation is 21% 
with a range of 18 to 23%.

The relative single-analyst standard 
deviation (RSD-SA) indicates the pre
cision associated within a single labo
ratory relative to the mean recovery. 
Average percent relative standard 
deviation for a single analyst is 16% with 
a range of 13 to 18%.

A statistical comparison of the effect 
of the water types indicated no statisti
cally significant differences between 
water types.

Correct activation of the alumina col
umn is critical. Overactivation causes 
adsorption which results in incomplete 
or no elution of TCDDfrom the column.

Some laboratories experienced poor 
recovery and poor precision on the 
labeled compounds. As a quality con
trol measure, a second independent 
internal standard or surrogate should be 
used to detect possible error in known 
concentration, evaporated concentra
tion, or incomplete dissolution of stan
dards.

Six of the 11 laboratories experienced 
little or no difficulty with Method 613. 
In these cases, over 98% of the data 
points were retained (4 outliers out of 
216 analyses). All data from one labo
ratory which used an incorrect internal 
standard were rejected. Of the remain
ing 4 laboratories, 66% of the data were 
found to be outliers.

In conclusion, Method 613 is recom
mended for the analyses of 2,3,7,8-TCDD 
in municipal and industrial waste- 
waters.

CA Selects Bulletins
CA Selects is a series of bulletins pub

lished by Chemical Abstracts Service 
(CAS). Ten CA Selects bulletins fall 
under the analytical chemistry cate
gory: analytical electrochemistry, auto
mated chemical analysis, chelating 
agents, forensic chemistry, inorganic 
analytical chemistry, organic analytical 
chemistry, surface analysis, thermal 
analysis, trace element analysis, and 
ultrafiltration. Fifteen others are grouped 
under chromatography or spectros
copy. These issues, which are published 
every 2 weeks, contain bibliographic 
information, abstracts of recent research 
and structure diagrams, and CAS Reg
istry Numbers where applicable. Sub
scription price/year: $100.00 (CA sub
scribers), $110.00 (nonsubscribers). 
Residents of Europe and Japan should 
contact their CAS representatives and 
pay in local currencies. Contact: Chem
ical Abstracts Service, Customer Ser
vice Dept, 2540 Olentangy River Rd, PO 
Box 3012, Columbus, OH 43210, USA, 
800/848-6538 (USA), 614/421-3600 
(elsewhere).

Short Courses
The Association of Official Analytical 

Chemists (AOAC) will offer 2 short

courses, one immediately before and one 
after the AOAC Annual International 
Meeting: Quality Assurance for Analyt
ical Laboratories, October 26-27,1985, 
and Microbiology Quality Assurance, 
October 31-November 1, 1985. Both 
courses will be held at the Shoreham 
Hotel, Washington, DC. To register, 
contact: Margaret Ridgell, AOAC, 1111 
N 19th St., Suite 210, Arlington, VA 
22209, USA, 703/522-3032.

The American Association of Cereal 
Chemists will offer 4 short courses: 
Computers in the Lab, Fall 1985, Chi
cago, IL; Nutrition, September 20-21, 
1985, Orlando, FL; Gum Chemistry and 
Technology in the Food, November 13- 
15, 1985, Chicago, IL; and Starch: 
Structure, Properties, and Food Uses, 
December 5-6, 1985, Chicago, IL. For 
more information, contact R. J. Tarle- 
ton, AACC Headquarters, 3340 Pilot 
Knob Rd, St. Paul, MN 55121, USA, 
612/454-7250.

The American Chemical Society 
(ACS) will offer 3 lecture/lab short 
courses: Microprocessors and Mini
computers: Interfacing and Applica
tions, September 15-20, 1985, and 
December 15-20, 1985, Price: $695.00 
(member), $765.00 (nonmember); Gas 
Chromatography: Packed and Capillary 
Columns, September 23-27, 1985, Price: 
$775.00 (member), $855.00 (nonmem
ber); and Liquid Chromatography: The
ory and Practice, December 10-13, 1985, 
Price: $695.00 (member), $775.00 (non
member).

All courses will be held at Virginia 
Polytechnic Institute and State Univer
sity, Blacksburg, VA. For information, 
contact Karen Mcllvaine, Education 
Div., ACS, 1155 16th St, NW, Wash
ington, DC 20036, USA, 202/872-4508.

Meetings
July 21-26, 1985: The American 

Association for Clinical Chemistry 
(AACC) 37th National Meeting, Geor
gia World Congress Center, Atlanta, GA. 
Contact the AACC Meetings Dept, 1725 
K St, NW, Suite 1010, Washington, DC 
20006, USA, 800/892-1400 or 202/857- 
0717.

August 14-15, 1985: Technicon 
Instruments Corporation’s Industrial 
Systems Div. 8th International Sym
posium on Near Infrared Reflectance 
Analysis, Technicon Science Center, 
Tarrytown, NY. Contact: Mary Tes- 
tani, Technicon Industrial Systems, 511 
Benedict Ave, Tarrytown, NY 10591- 
5097, USA, 914/681-3083.
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Announcing
the 99th

AOAC Annual 
International Meeting
October 27-31, 1985 *The Shoreham Hotel 'Washington, DC

HIGHLIGHTS
SYMPOSIA REGULATORY ROUNDTABLE

Safety Training of Laboratory Analysts and M anagers—  
Chairm an: Robert Bianchi

Q uality Assurance— Chairm an: Susan G . Anderson

Immunotoxicity of Pesticides and Other Toxic Com pounds: 
Its Mechanisms and Up-to-date M ethodology for 
Evaluation— Chairm an: Thomas S  S. Mao

Chrom atography of Am ino Acids and Determination of 
Am ino A d d  Com position of Nutritionally Important 
Protein Sources— Chairm an: Charles W. Gehrke

Nutritional Analyses— Chairm an: Robert C. Benedict

QUALITY ASSURANCE SHORT COURSES
For Analytical Laboratories. Pre-meeting
For M icrobiology Laboratories. Post-meeting

COMMERCIAL EXHIBIT of the latest in analytical 
equipment and services

PLUS...
O ver 200 Poster Presentations of Contributed Papers on 

Analytical M ethodology for Food, Feed, Fertilizers, 
Pesticides, Water, Pharmaceuticals, Forensics and 
other topics

AND for those accom panying attendees, an exciting program  w hich includes visits 
to several of the delightful less-w ell-know n places of interest in the W ashington area.

Contributed papers on analytical subjects accepted for poster presentation.

For further information, contact Margaret Ridgell 
AOAC, III! N. 19th St, Suite 210, Arlington, VA 22209 • (703) 522-3032

Circle 36 on Reader Service Card
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September 3-6, 1985: Second Inter
national Symposium on the Synthesis 
and Applications of Isotopically Labeled 
Compounds, Vista International Hotel, 
Kansas City, MO. Contact: Donald Wilk, 
5100 Rockhill Rd, Kansas City, MO 
64110, USA, 816/276-1616.

September 29-October 4, 1985: Fed
eration of Analytical Chemistry and 
Spectroscopy Societies meeting, Phila
delphia, PA. Contact: Matthew S. Klee, 
Smith, Kline & French Laboratories, 
709 Swedeland Rd, L25, Swedeland, PA 
19479, USA, 215/278-7661.

October 1-3, 1985: Labcon Central 
’85: Laboratory Instrument and Equip
ment Conference and Exhibition, Chi
cago, IL. For more information on 
exhibits, contact: Tower Conference 
Management Co., 331 W Wesley St, 
Wheaton, IL 60187, USA, 312/668-8100.

October 7-9, 1985: The Department 
of Food Science and Nutrition will 
sponsor an international conference, 
Biotechnology in the Food Processing 
Industry, Minneapolis, MN. Contact:

Lynette Marten, University of Minne
sota, Office of Special Programs, 405 
Coffey Hall, 1420 Eckles Ave, St. Paul, 
MN 55108, USA, 612/373-0725.

October 27-31, 1985: AOAC 99th 
Annual International Meeting and 
Exposition, Shoreham Hotel, Washing
ton, DC. Contact: Margaret Ridgell, 
AOAC, 1111 N 19th St, Suite 210, 
Arlington, VA 22209, USA, 703/522- 
3032.

November 10-13, 1985: Society of 
Environmental Toxicology and Chem
istry (SETAC) 6th Annual Meeting, 
Marriott Pavilion Hotel, St. Louis, MO. 
Contact: SETAC, PO Box 4352, Rock
ville, MD 20850, USA, 301/468-6704.

November 19-22, 1985: 24th Annual 
Eastern Analytical Symposium and 
Exhibition sponsored by the American 
Chemical Society and the Society for 
Applied Spectroscopy, New York Penta 
Hotel, New York City, NY. Contact: 
G. M. Nakane, EAS Printing and Direct 
Mail Chairman, PO Box 4000, Prince
ton, NJ 08540, USA, 201/846-1582.

April27-30,1986: AOAC 11th Annual 
Spring Training Workshop, Madison 
Hotel, Seattle, WA. Contact: H. Michael 
Wehr, Oregon Dept of Agriculture, 
Laboratory Services Div., 635 Capital 
St, NE Salem, OR 97310, USA, 503/ 
378-3793.

June 1986: AOAC Midwest Regional 
Section Meeting, Lincoln, NE. Con
tact: Thomas Jensen, Nebraska Dept of 
Agriculture, 3703 S 14th St, Lincoln, 
NE 68502, USA, 402/471-2176.

September 15-18,1986: AOAC 100th 
Annual International Meeting and 
Exposition, The Registry Resort and The 
Sheraton Scottsdale Resort, Scottsdale, 
AZ. Contact: Margaret Ridgell, AOAC 
1111 N 19th St, Suite 210, Arlington, 
VA 22209, USA, 703/522-3032.

New Sustaining Members
AOAC welcomes the following new 

sustaining members to the growing list 
of organizations aware of the need to 
support an independent methods vali
dation association: Perdue, Inc., Salis-

ADVANCE REQISTRATION FORM 
99th AOAC ANNUAL INTERNATIONAL MEETINQ

Shoreham Hotel, Washington, DC • October 27-31, 1985
Advance Registration Deadline: October 10,1985

Please Print or Type
NAME____________________________________ _ ____________ _ _  TTLE_______________________________
ORGANIZATION_______________________________ _____________ ____________________________________________

Is this □  private industry □  a government agency □  academia ?
STREET ADDRESS__________________________________________ __________________________________________
CITY_________________________________ STATE (COUNTRY)_____________ _ ZIP_______________
TELEPHONE NUMBER (DAY)______________________________  (EVENING)________________ ___________________
AOAC Member Number* VM -________________________________________
To be eligible tor the member discounted fee, you must include your member number or join AOAC by selecting the option (*) below. 
= = = = =  =  =  =  REGISTRATION FEES = =  =  —  =  -------------—
Spouse Program admissions and lunch 
costs and Banquet not included in registration fee.
Tickets will be available at meeting.

Days I’ll attend: □  Monday □  Tuesday

□  Wednesday □  Thursday
* □  I would like to become a member and take advantage of the member discount. I am enclosing the

$25.00 AOAC membership fee along with the member registration. ____
TOTAL AMOUNT ENCLOSED: _____

Payment Must Accompany Registration Form (u.s. Funds Only)
Please check any which apply:
□  This is my first AOAC meeting □  Past President □  General Referee
□  Retired Fellow of the AOAC □  Symposium Speaker □  Member of Committee A-G
PLEASE MAIL TO: AOAC • 1111 North 19th Street, Suite 210-J • Arlington, Virginia USA 22209
For more information, contact M. Ridgell at above address or at 703-522-3032, (Cutside U.S.: +1-703-522-3032)

(Photocopy this form for additional advance registrations.)

Full M eeting Members*
Advance registration: $70.00
On-site registration: $85.00

O ne Day
Advance registration: $¿5.00 
On-site registration: $60.00

Non-M em bers Amount Enclosed
$ 95.00
$110.00 _______________

$ 55.00
$ 70.00 _______________
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bury, MD; McLaughlin Gormley King 
Co., Minneapolis, MN; Kansas State 
Board of Agriculture, Division of Lab
oratories, Topeka, KS; Loma Linda 
Foods, In c ., R iverside, CA; and 
Beatrice/Hunt Wesson Foods, Inc., 
Fullerton, CA.

ISO Standards Published
The following standards have been 

published by the International Organi
zation for Standardization (ISO), Tech
nical Committee 34—Agricultural Food 
Products. The standards are available, 
at prices indicated, from American 
National Standards Institute, Inc., 1430 
Broadway, New York, NY 10018; 212/ 
354-3300.
ISO 8157-1984 Fertilizers and soil 

conditioners—V ocabulary—$24.00 
ISO 6638-1984 Fruit and vegetable 

products—Determination of formic 
acid con ten t— Part 2: Routine 
method—$12.00

ISO 7386-1984 Aniseed (Pimpinella 
anisum Linnaeus)—Specification— 
$ 12.00

ISO 6656-1984 Animal and vegetable 
fats and oils—Determination of poly
ethylene-type polymers—$12.00.

Standard Reference Materials
The National Bureau of Standards 

(NBS) Office of Standard Reference 
Materials announces the availability of 
the following Standard Reference Mate
rials (SRM): SRMs 1871-1875, glasses 
for microchemical analysis, feature rod 
form (approximately 2 x 2 x 20 mm). 
Different matrices and dopants make 
these glasses useful in the analysis of 
complex unknowns. Price: $196.00 per 
set.

SRMs 185f, 187c, 188, 189, 1861c and 
18611c, 191a and 192a, 922 and 923 are 
furnished as crystals for the preparation 
of buffer solutions of known hydrogen 
ion activity for calibration and checking 
the performance of commercially avail
able pH materials and measuring sys
tems. These SRMs are certified for pH 
measurements ranging from 3 to 10. 
Note: The last 6 SRMs listed are certi

fied as admixtures only and should be 
purchased in pairs. Prices range from 
$63.00 to $75.00.

These SRMs may be purchased from: 
Office of Standard Reference Materials, 
B311 Chemistry Bldg, National Bureau 
of Standards, Gaithersburg, MD 20899; 
301/921-2045.

Interim Method
The following m ethod has been 

accepted interim official first action by 
the Methods Committee on Microbiol
ogy and Chairman of the Official Meth
ods Board: Enumeration of Total Bac
teria and Coliforms in Milk by Dry 
Rehydratable Media Film, submitted by 
R. E. Ginn (Dairy Quality Control Insti
tute), V. S. Packard (University of Min
nesota), and T. L. Fox (Riker Labora
tories). The method will be submitted 
for adoption as official first action at the 
99th Annual International Meeting of 
AOAC, Oct. 27-31, 1985, at Washing
ton, DC. Copies of the method are avail
able from the AOAC office.

FDA TRAINING MANUAL
FOR ANALYTICAL ENTOMOLOGY 
IN THE FOOD INDUSTRY

Chapters on:
M icroscopes; Insect M orphology and Dis
section; Iden tifica tion  o f Whole Insects; 
Recognition and Identifica tion  o f Insect 
Fragments; Vertebrate Pests; S tructure and 
Identifica tion  o f Anim al Hairs; Molds in 
Foods; Extraction Methods; M iscellaneous 
Filth ; Macroscopic Methods; Advice on Set-

ting  Up an Analytical Entom ology Lab and 
Ensuring Good Laboratory Performance; 
Ecology o f Stored Food Pests; W hat Hap
pens in a Sanita tion Inspection; Advice on 
Giving C ourt Testim ony; PLUS: B ib liog
raphy of Useful References; Pronouncing 
Glossary

174 pages. 1978. $12.50 +  $2 book post. & handling In U.S.A., $12.50 +  $3 outside U.S.A. Order from 
Association of Official Analytical Chemists, 1111 North 19th Street, Suite 210-J, Arlington, VA 22209.

Please enclose rem ittance w ith  order.
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¡ifiÂfe
OXfORO M W  YORK fRANKfURT

Talanta provides a forum for the rapid 
publication of original research papers, 
prelim inary communications, full reviews 
and mini-reviews. Other features are 
annotations (critical commentaries), 
analytical data (stability constants, etc.) and 
letters to the editor.
In addition to welcoming papers in the 
traditional fields of pure and applied 
analytical chemistry, and in order to 
provide an interface between those doing 
research and those applying the results of 
research in analytical chemistry, the Editors 
wish to encourage submission of reports 
on developments and new techniques in 
fields sud i as: toxic impurities in biological 
systems; food additives; pharmaceutical 
and drug analysis; pesticides and 
fungicides; clinical chemistry; materials 
science and engineering; geochemistry; 
environmental analysis.
A particular strength of the journal is that it 
is edited, both linguistically and 
scientifically, by analytical chemists active 
in research and teaching, whose expertise 
is at the service of authors and readers 
alike.
The languages of the journal are English, 
French and German.

Subscription Information
Published monthly
Individual rate* (1985) US$ 75.00
Institutional rate (1985) US$330.00
Two-year Institutional rate (1985/86) US$627.00

TALANTA
The International Journal of Pure 
and Applied Analytical Chemistry

Editor-in-chief: R A CHALMERS, 
Department o f Chemistry, University o f 
Aberdeen, Old Aberdeen, Scotland, UK

A selection of papers
Interpretation of analytical chemical 
information by pattern recognition 
methods — a survey, L KRYGER.
The speciation of trace elements in waters, 
T M  FLORENCE.
Influence of colloidal charge on response of 
pH and reference electrodes: the 
suspension effect, D P BREZINSKI.
The cation-chelation mechanism of metal- 
ion sorption by polyurethanes, R F HAMON 
et at.
Organic complexing agents in atomic- 
absorption spectrometry — a review,
J KOMAREK&L SOMMER.
The total emulation of the Intel 8080 
instruction set on a mainframe computer,
D J LEGGETT.
Automated square-wave anodic-stripping 
voltammetry with a flow-through cell and 
matrix exchange, E B BUCHANAN Jr &
D D SOLETA.
Special Issues
Microprocessors in analytical chemistry, 
edited by R A CHALMERS.
Gains and losses (errors in trace analysis), 
edited by R A CHALMERS.
Software Survey Section — This new 
section reports developments in 
appropriate specialist software.

'Available to those whose Institution subscribes.
FREE SPECIMEN COPIES AVAILABLE ON REQUEST 
Advertising rate card available on request. Back issues and 
current subscriptions are also available in m icroform. 
Prices are subject to  change w ithou t notice. Journal prices 
include postage and insurance. Sterling prices are available to 
UK and Eire customers on request.

Pergamon Press
Head n g to n  H ill H all, O x fo rd  O X3 0B W , UK 

F a lrv le w  Park, E lm s fo rd , N e w  Y o rk  10523, U S A

CIRCLE 8 ON READER SERVICE CARD
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ELIMINATING CAN DETECTS—THE FUST STEP

How can we keep defective cans off 
the market?

Botulism and other forms of food 
poisoning can sometimes be traced to 
defective cans that have leaked and 
thereby allowed micro-organisms to 
enter food. Recognizing a can defect, 
doing something to correct the cause, 
and removing the defective cans from 
commerce will help prevent food 
poisoning outbreaks. The first step is 
to ensure that responsible personnel 
know how to identify defective 
cans.

The Association of Official Analytical 
Chemists, in cooperation with the

Food and Drug Administration, has 
published a pamphlet that unfolds to a 
24" x 36" chart, suitable for wall 
display, to help food industry person
nel learn to identify can defects quick
ly. The chart uses a combination of 
photographs, easy-to-follow explana
tions, and color coding to illustrate 
can defects, classify them according 
to their degree of potential hazard, 
and show what to look for in routine 
inspection of the finished product.

The chart is a valuable reference 
resource for food processors, salvage 
operators, retail food personnel, 
wholesalers and state and local gov
ernment sanitarians.

For copies, write to:
Association of Official Analytical 
Chemists
1111 North 19th Street, Suite 210 
Arlington, VA 22209 USA 
Telephone: (703) 522-3032

Minimum Order:
1 package of 10 charts 
$40.00 plus $3.00 postage

Second package 
$30.00 plus $3.00 postage

Each additional package 
$25.00 plus $3.00 postage

I encloses------------------ Minimum o rd e r:_____ First package of 10 charts @ $40.00 plus $3.00 postage $.
for the following quantity
of Can Defects charts: _____ Second package of 10 charts @ $30.00 plus $3.00 postage

_____Additional packages of 10 charts @ $25.00 plus $3.00 postage

Total
Name

Company

Address

City, State, Zip
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INFORMATION FOR SUBSCRIBERS, CONTRIBUTORS, AND  
ADVERTISERS

The Association The primary objective 
of the Association of Official Analytical 
Chemists (AOAC) is to obtain, improve, 
develop, test, and adopt uniform, precise, 
and accurate methods for the analysis of foods, 
vitamins, food additives, pesticides, drugs, 
cosmetics, plants, feeds, fertilizers, hazard
ous substances, air, water, and any other 
products, substances, or phenomena affect
ing the public health and safety, the eco
nomic protection of the consumer, or the 
protection of the quality of the environment; 
to promote uniformity and reliability in the 
statement of analytical results; to promote, 
conduct, and encourage research in the ana
lytical sciences related to agriculture, public 
health, and regulatory control of commodi
ties in these fields; and to afford opportunity 
for the discussion of matters of interest to 
scientists engaged in relevant pursuits.

Membership Membership in AOAC is 
open to all interested persons worldwide. 
Sustaining memberships are available to any 
government agency or private company 
interested in supporting an independent 
methods validation program.

The Journal The Journal of the Associ
ation of Official Analytical Chemists is pub
lished by AOAC, 1111 N 19th St, Suite 210, 
Arlington, VA 22209. The Journal is issued 
six times a year in January, March, May, 
July, September, and November. Each vol
ume will contain approximately 1400 pages. 
The scope of the Journal broadly encom
passes the development and validation of 
analytical procedures pertaining to both the 
physical and biological sciences related to 
agriculture, public health and safety, con
sumer protection, and the quality of the envi
ronment. Emphasis is focused on research 
and development to test and adopt precise, 
accurate, and sensitive methods for the anal

ysis of foods, food additives and supple
ments, contaminants, cosmetics, drugs, tox
ins, hazardous substances, pesticides, feeds, 
fertilizers, and the environment.

Manuscripts M anuscripts should be 
typewritten, double-spaced, and carefully 
revised before submission; the original and 
two copies should be submitted to AOAC, 
1111 N 19th St, Suite 210, Arlington, VA 
22209. “ Instructions to Authors” is pub
lished in the Journal, and is also available on 
request from the Editorial Office.

Subscriptions Subscriptions are sold by 
the volume, as follows; $80.78 in U.S.; $90.78 
outside U.S. Nonmembers: $89.75 in U.S.; 
$99.75 outside U.S. Airmail: $50.00 addi
tional per year. Claim for copies lost in the 
mail will not be allowed unless received within 
thirty days of the date of issue for U.S. sub
scribers or ninety days for all others. Claim
ants must state that the publication was not 
received at their recorded address. Address 
request for replacement copies to AOAC, 
1111 N 19th St, Suite 210, Arlington, VA 
22209. For subscribers outside the U.S., 
replacement of copies of the Journal lost in 
transit cannot be made without charge because 
of uncertain mailing conditions.

Change o f Address Notification should 
include both old and new addresses, with zip 
code, and be accompanied by a mailing label 
from a recent issue. Allow four weeks for 
change to become effective. Subscribers out
side the U.S. should use airmail for notifi
cation.

Reprints Authors may order reprints of 
articles when they return typeset proofs. An 
order fbrm and schedule of rates is included 
with each author proof. Readers who wish 
to obtain individual reprints should contact 
authors directly.

Microfilm Volumes on microfilm are 
available from Princeton Microfilm Corp., 
PO Box 2073, Princeton, NJ 08540.

Copying Persons requiring copies of 
Journal articles beyond the number allowed 
by the fair use provisions of the 1978 copy
right law may request permission to copy 
directly from AOAC, or make the required 
copies and pay $1.00 per copy through the 
Copyright Clearance Center, Inc., 21 Con
gress St, Salem, MA 01970. Articles which 
are copied and royalties paid through the 
Copyright Clearance Center must be identi
fied by the following code: 0004-5756/84$1.00, 
indicating the International Standard Serial 
Number assigned to J. Assoc. Off. Anal. 
Chem., the year, and the copying fee. Infor
mation on the use of the Copyright Clearance 
Center is available from the Center.

Advertising All space reservations and 
all advertising copy are due 2 months in 
advance of publication at AOAC, 1111 N 
19th St, Suite 210, Arlington, VA 22209. 
Advertising inserted for 3 or 6 times within 
one year of first insertion earns frequency 
discount rates. Contact MarilynTaub, AOAC, 
for size requirements and schedule of rates.

European Representatives For informa
tion about AOAC and its publications, per
sons outside the U.S. may also contact the 
following: Margreet Tuinstra-Lauwaars, 
Langhoven 12, 6721 SR Bennekom, The 
Netherlands, telephone 8-389-8725; Derek C. 
Abbott, Green Gables, Green Ln, Ashtead, 
Surrey, KT21 2JP, UK, telephone 3722-74856.

POSTMASTER: Send address changes to 
AOAC, 1111 N 19th St, Suite 210, Arlington, 
VA 22209.

The Dates and Location of the 
1986 AOAC Annual International Meeting 

Have Been Changed to:

Septem ber 15-18, 1986  
at

THE REGISTRY  
Scottsdale, Arizona

Be sure to include 
attendance at this meeting 

in your 1986 budget!
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INSTRUCTIONS TO AUTHORS

Scope of Articles
The Journal of the AOAC will publish articles that present, within 

the fields of interest of the Association fa) unpublished original research; 
(b) new methods ; fc ) further studies of previously published methods ; 
(d) background work leading to development of methods; (e) com
pilations of authentic data; (f) technical communications, cautionary 
notes, and comments on techniques, apparatus, and reagents; (g) 
invited reviews of methodology in special fields. The scope broadly 
encompasses the development and validation of analytical proce
dures pertaining to both the physical and biological sciences related 
to agriculture, public health and safety, consumer protection, and 
quality of the environment. Emphasis is focused on research and 
development to test and adopt precise, accurate, and sensitive meth
ods for the analysis of foods, food additives, supplements and con
taminants, cosmetics, drugs, toxins, hazardous substances, pesti
cides, feeds, fertilizers, and the environment. Compilations of authentic 
data include monitoring data of pesticide, metal, and industrial chem
ical residues in food, tissues, and the environment. All articles are 
reviewed for scientific content and appropriateness.

Preparation of Manuscript
Authors must submit 3 copies of the complete manuscript, includ

ing tables and illustrations, to AOAC, 1111 N 19th St, Suite 210, 
Arlington, VA 22209. The manuscript is to be typewritten on one 
side of white bond paper, 8'A x 11 inches, with page margins of 1 
inch, and double-spaced throughout (i.e., title, authors’ names and 
addresses, footnotes, tables, references, captions for illustrations, 
and the text itself). Tables are to be typed on separate sheets, not 
interspersed through the manuscript. Drawings and photographs should 
be mounted apart from the text or submitted as separate items.

Style and Format
The text should be written in clear, concise, grammatical English. 

Unusual abbreviations should be employed as little as possible and 
must always be defined the first time they appear. Titles of articles 
should be specific and descriptive. Full first names, middle initial (if 
any), and last names of authors should be given. The address of the 
institution (including zip code) from which the paper is submitted 
should be given and should be in a form to which inquiries, proofs, 
and requests for reprints can be sent. Information supplementing the 
title and names and addresses should be given as footnotes.

Methods, Results and/or Discussion, Acknowledgments, and Rec
ommendations (applicable to reports of General and Associate Ref
erees) should be placed in sections under appropriate headings.

Abstracts: Each manuscript should be accompanied by a concise 
abstract (not more than 200 words). The abstract should provide 
specific information rather than generalized statements.

Introduction: Each article should include a statement on why the 
work was done, the previous work done, and the use of the compound 
being studied.

Methods: Methods should be written in imperative style, i.e., 
“ Add 10 mL . . . Heat to boiling . . . Read in spectrophotometer.” 
Special reagents and apparatus should be separated from the details 
of the procedure and placed in sections with appropriate headings; 
however, common reagents and apparatus or those which require no 
special preparation or assembly, need not be fisted separately. Reagents 
and apparatus fisted should be described in generic terms and in 
terms of performance; use of brand names should be avoided. Haz
ardous and/or carcinogenic chemicals should be noted. Any very 
long, detailed operation can be given in a separate section with an 
appropriate heading (e.g., Preparation of Sample; Extraction and 
Cleanup; Preparation of Standard Curve). Any necessary calcula
tions should be included; number of significant figures must reflect 
the accuracy of the method. Wherever possible, metric units should 
be used for measurements or quantities.

Tables: All tables must be cited in the text consecutively. Tables 
are numbered by arabic numbers, and every table must have a

descriptive title, sufficient so that the table can stand by itself without 
reference to the text. Every vertical column in the table should have 
a heading; abbreviations may be used freely in the headings to save 
space, but should be self-evident or must be explained in footnotes. 
Footnotes to both the headings and the body of the table are indicated 
by lower case letters in alphabetical order; these letters should be 
underscored and raised above the fine of type. Horizontal rules 
should be used sparingly; however, they are used to bound the table 
at top and bottom and to divide the heads from the columns. Authors 
should refer to recent issues of the Journal for acceptable format of 
tables.

Illustrations: Illustrations, or figures, may be submitted as original 
drawings or photographs; photocopies are acceptable for the two 
review copies but not for the printer’s copy. All figures must be cited 
in the text consecutively. Figures are numbered by arabic numbers, 
and all figures must be accompanied by descriptive captions, typed 
on one (or more) separate sheets, not on the figure itself. The figure 
should be identified by number on the back by a soft pencil or 
(preferably) a gummed label.

Drawings should be submitted either as the original drawing or a 
good glossy photograph; photocopies, multiliths, Verifax copies, 
Xerox copies, etc. are not acceptable. Drawings should be done in 
black India ink (ordinary blue or blue-black ink is not acceptable) or 
with drafting tape on white tracing paper or tracing cloth or on “ fade- 
out” graph paper (ordinary graph paper ruled with green or dark blue 
ink is not acceptable). Lettering should be done with a Leroy lettering 
set, press-on lettering, or a similar device; freehand or typewritten 
lettering is not acceptable. Values for ordinate and abscissa should 
be given, with proper identification conforming to Journal style 
(example: wavelength, nm), at the sides and bottom of the figure. 
Lettering or numbering on the face of the figure itself should be kept 
at a minimum; supplementary information should be given in the 
caption. Several curves on the same figure should be identified by 
simple symbols, such as letters or numbers, and the proper identifi
cation or explanation given in the caption. Letters and numbers 
should be large enough to allow reduction to journal page or column 
size. The Journal does not publish straight line calibration curves; 
this information can be stated in the text.

Footnotes: Footnotes are a distraction to the reader and should be 
kept to a minimum. Footnotes to the text are identified by arabic 
numbers set above the line of type (not asterisks or similar symbols).

Acknowledgments: Essential credits may be included at the end of 
the text but should be kept to a minimum, omitting social and aca
demic titles. Information on meeting presentation, financial assis
tance, and disclaimers should be unnumbered footnotes.

References: References to previously published work should be 
collected at the end of the article under the heading “References.” 
Each item in the list is preceded by an arabic number in parentheses. 
Every reference must be cited somewhere in the text in numerical 
order (rather than alphabetical or chronological). It is the author’s 
responsibility to verify all information given in the references.

References to journal articles must include the following infor
mation: last names and at least one initial of all authors (not just the 
senior author); year of publication, enclosed in parentheses; title of 
journal, abbreviated according to accepted Chemical Abstracts style; 
volume number; numbers of first and last pages. References to books, 
bulletins, pamphlets, etc. must include the following information: 
last names and initials of authors or editors; year of publication, 
enclosed in parentheses; full title of book; volume number or edition 
(unless it is the first edition); publisher; city of publication; numbers 
of pertinent pages, chapter, or section. Citation to private commu
nications or unpublished data should be included in the text, not in 
the list of references.

Spectrophotometric, gas chromatographic, and liquid chromato
graphic nomenclature should follow the practice recommended by 
the American Society for Testing and Materials.

Rev. 1/84
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FOCUS: INTERNATIONAL FERTILIZER METHODS

Influence of AOAC Fertilizer Analysis Methods Beyond North America

M. R. MOTSARA
Central Fertiliser Quality Control and Training Institute, Ministry o f Agriculture, NHIV, Faridabad, India

The analytical methods used for regulatory purposes in each country are standardized or adopted by 
national standards organizations or concerned committees. These bodies either develop new methods 
or adopt already available analytical methods as such or with suitable modifications to meet their 
requirements. Analytical methods in common use in some countries, namely, the United Kingdom, 
Japan, Indonesia, Malaysia, Thailand, Pakistan, India, Brazil, Ecuador, Peru, and Colombia, as well 
as those adopted under European Economic Community (EEC) directives and International Organi
zation for Standardization (ISO), have been reviewed to assess the influence of AOAC.

The determination of phosphorus (gravimetric) by the quinolinium phosphomolybdate method as 
standardized by AOAC has been accepted by Japan, Indonesia, and India. This method is also near 
final acceptance by ISO. Countries like the United Kingdom, France, The Netherlands, and Poland 
also favor this method. The spectrophotometric and volumetric determinations of phosphorus as 
standardized by AOAC are also used in many countries. The method used for determination of potash 
is Japan, India, Malaysia, and Indonesia is the AOAC STPB method (volumetric), while ISO and 
countries such as the United Kingdom prefer a gravimetric estimation of potash. Japan uses both 
methods. The Lindo-Gladding (gravimetric) method of estimating potassium, adopted by AOAC but 
relegated to surplus status, does not appear to be in much demand.

The conventional Kjeldahl method of determining nitrogen is still used throughout the world, with 
suitable modifications regarding types of catalysts. The Ulsch reduced iron method is being used in 
many EEC countries, Japan, and, to some extent, India. AOAC prefers Robertson’s method and the 
Jones modification for estimation of nitrates (indirect) while ISO has adopted the nitrate estimation 
(gravimetric) involving the use of Nitron. The comprehensive nitrogen method of AOAC is popular for 
estimating all forms of nitrogen present in a sample. Both AOAC and ISO prefer the use of chromium 
as reducing agent. AOAC specifies Cr in its comprehensive method only. Other AOAC methods use 
Raney catalyst, Zn, or thiosulfate as reducing agents. Se is never used in AOAC methods, and the 
modified comprehensive method substitutes CuS04.5H20  for HgO.

For moisture estimation, many countries have accepted the Karl Fischer method as standardized by 
AOAC but without using dioxane. The gravimetric estimation of moisture, adopted by AOAC, is also 
widely used. AOAC methods of micronutrient estimations are applicable mostly for very low level 
micronutrients; for high analysis fertilizers, additional methods may have :o be included. It is generally 
observed that conventional wet chemical analytical methods are preferred over instrumental methods 
for regulatory purposes where accuracy is more important than speed of analysis.

India specifies only AOAC methods for testing the quality of imported fertilizers from the United 
States, the Soviet Union, and many European and Middle East countries. For determination of physical 
parameters in fertilizers, India has adopted methods from the standards literature and from those 
developed by the Indian Standards Institute. Some Latin American countries like Colombia and 
Ecuador have specified in their regulations that only AOAC methods are to be used.

Because AOAC methods are being adopted in many countries, their influence is also carried to ISO 
through its member bodies as well as to EEC countries. With a long standing, sound procedure of 
testing analytical methods through worldwide collaborative studies, AOAC has been the leader in the 
field of fertilizer analysis during its first one hundred years.

In view of the recognized importance of fertilizers in agri
culture, several countries had introduced legislative mea
sures designed to control their production, trade, and distri
bution as early as the 19th century. For instance, the Fertiliser 
Law in France was enacted in 1888 and has continued, through 
suitable amendments, to meet the changing needs of the times 
(1). Due to growing realization by consumers of the impor
tance of standard quality fertilizers, regulatory measures are 
presently in force in almost every country in the world. The 
various legislative provisions generally include definitions of 
relevant terms. The term “ fertilizer” as is generally under-
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stood refers to the manufactured material or a substance 
which is inorganic or organic in nature and contains one or 
more of the essential elements required for plant growth. 
Fertilizer terminology distinguishes between nutrient ele
ments and nutrients, and between nutrient materials and fer
tilizers. Fertilizers are either pure nutrient materials or nutrient 
materials mixed or combined with other substances that may 
or may not be useful to plants but are not harmful if suitably 
used. The term fertilizer has to be appropriately understood 
to apply the laws regulating that substance legally defined as 
fertilizer and also to select appropriate analytical methods 
for testing its quality.

Definitions of Fertilizers
Various national laws have defined fertilizers specific to 

their requirements. However, some countries like Belgium, 
Egypt, Morocco, and Sri Lanka have adopted a list of fertil
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izer types in their legislations and have not thought it nec
essary to define the fertilizer. Japanese law defines fertilizer 
as all substances applied to the soil for the purpose of sup
plying plant nutrients or producing a chemical change in the 
soil to contribute to the cultivation of plants. According to 
the Indian Fertiliser (Control) Order (1957), fertilizer is any 
substance applied to the soil and specified in column 1 of 
Schedule I (2). At present, only NPK, and Zn-bearing mate
rials are regulated. This definition is being modified to include 
sources of all essential nutrients, including liquid fertilizers 
and, if possible, microbial fertilizers. In The Netherlands, 
any product added to the soil to maintain or increase produc
tive capacity is considered a fertilizer.

In New Zealand, animal manure and other animal or veg
etable matter, either fresh or partly decomposed, are not 
considered fertilizers unless they have been treated in some 
way to assure that the composition is stable until the material 
is applied to the soil or plants. The Colombian law distin
guishes fertilizers, soil amendments, and soil conditioners all 
of which are defined separately without an overall definition 
for the term fertilizer. The Federal Republic of Germany 
Fertiliser Act explicitly includes, under the definition of fer
tilizers, preparation of soil inoculates, soil conditioners, and 
plant growth regulators but without further defining them. 
The legislation in Switzerland also covers bacterial cultures, 
artificial amendments, and compost acceleration. In countries 
like Norway, the title of the law itself distinguishes fertilizers 
and soil amendments; both commodities are covered in the 
provisions. Peruvian legislation of fertilizers applies to guano 
for agricultural use. In Mexico, fertilizer is defined as any 
substance, either Mexican or imported, intended for use in 
its natural state or after processing for the purpose of soil 
fertilization (1).

These few examples suggest that, apart from conventional 
N, P, and K-bearing fertilizers, the soil amendments, organic 
materials, bio-fertilizers, and trace elements are also regu
lated through statutory controls and would, therefore, need 
appropriate methods of sampling and analysis.

Basis for Selecting a Method
A legislative act or order provides for the types of fertilizers 

that could be manufactured or imported for sale in a country. 
The specifications with regard to the minimum nutrient con
tent, the maximum limits of permissible impurities and mois
ture, as well as the particle size distribution are laid down in 
the act or order issued to regulate the quality of fertilizers in 
a country. The collection of samples and analysis of fertilizers 
is carried out according to pre-determined procedures.

The preparation of a sample for analysis is an important 
step in the chain of activities in an analytical laboratory. Apart 
from the quality of method of analysis, the quality of sample 
handling and preparation is a crucial factor which influences 
the results of analysis. The scope of this paper is, however, 
confined to the analytical methods; the sampling aspect is to 
be dealt with separately.

The attributes of an analytical method should be its accu
racy, precision, specificity, sensitivity, applicability, practic
ability, speed, and cost (3). With advancements in analytical 
techniques and the advent of computer-controlled instrumen
tal methods of analysis, it is possible to make simultaneous 
multinutrient analyses on a sample.

An analytical method is selected depending on the purpose 
of analysis. In process control, the method chosen may be 
simple, relatively accurate, but fast; for quality control/ 
enforcement purposes, the accuracy, precision, sensitivity,

and reproducibility of the results are more important consid
erations.

The adoption of uniform methods of analysis for judging 
the quality of fertilizers, by the seller, the buyer, and the 
regulator, becomes very crucial. If methods of analysis are 
not uniform, the results obtained by the laboratories cannot 
be expected to be uniform. Not only do laboratories within a 
country have to follow uniform methods, it is becoming nec
essary that laboratories throughout the world follow the same 
method. For import or export of fertilizers, 2 countries have 
to agree on the same method of analysis to obtain comparable 
results; this also helps the international tribunals settle dis
putes related to composition and quality of fertilizers.

Agencies Developing and Adopting Analytical Methods
The Association of Official Analytical Chemists since its 

formation 100 years ago has taken up the task of selecting 
methods of analysis from published literature or developing 
new methods, and then, before adoption, testing the methods 
through collaborative, international, interlaboratory studies 
for a variety of materials relating to food, drugs, agriculture, 
and products affecting public health and welfare. The collab
orative studies are published in the AOAC Journal, and the 
official adopted methods are collected and published in the 
compendium Official Methods o f Analysis of the AOAC.

This system greatly serves the need of government regu
latory bodies for analytical methods. Due partly to the long 
history of use, but mostly to the scientifically sound system 
of screening and accepting or developing and adopting a 
method, AOAC methods are in use throughout most of the 
world. AOAC methods are also used by researchers and other 
scientists, but their primary applicability is for regulatory 
purposes.

Each country, however, has to adopt a method or a set of 
methods for a particular determination according to require
ments of the legislation. In the Federal Republic of Germany, 
for instance, the method of analysis is prescribed by the 
Organisation of German Agricultural Testing and Research 
Institute. In Belgium, analyses are carried out in accordance 
with methods approved by the Minister of Agriculture; in the 
absence of such methods, or if they cannot be applied, the 
analysts follow traditional methods in use in analytical labo
ratories and government stations. In Switzerland, the Agri
cultural Testing Stations of Lausanne and Liebefeld Berne 
are responsible for enforcement and prescribe the method to 
be used for analysis. Similarly, in Kenya, methods as described 
in Fertiliser and Animal Feed Stuffs (Analysis Rules)(1970) 
are used. In Malawi, methods prescribed in 6th Schedule of 
Fertiliser Regulations (1970) are followed. The Fertiliser 
(Sampling and Analysis) Amendment Regulations (1980) 
specify the methods of analysis being followed in the United 
Kingdom. For those fertilizers that are covered by EEC 
directives, EEC methods of analysis are used. The Interna
tional Organization for Standardization or the individual 
National Standards Institutions, like British Standards Insti
tution in England and Indian Standards Institution in India, 
publish standard test methods for fertilizers. Many of these 
standards-setting organizations use AOAC methods.

This paper reviews the existing statutory methods for fer
tilizer analysis being followed in EEC countries, by the Inter
national Organization for Standardization (ISO), and by the 
United Kingdom, Japan, Indonesia, Malaysia, Pakistan, 
Thailand, Brazil, Ecuador, Peru, Colombia, and India. It is 
not customary in some of the countries to cite the reference 
of the method adopted from a particular source. Inferences 
have been drawn from the description of a method and by
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comparison with the AOAC procedures. AOAC numbers for 
relevant methods have been given as reference (4).

Fertilizer Analytical Methods in Different Countries 

EEC and ISO
The member states of the European Economic Community 

(EEC) are under the obligation to abide by the specifications 
and testing procedures laid down in EEC directives for fer
tilizers which are called “ EEC-type fertilizers.” EEC har
monization is meant to facilitate free movement, trade, and 
inspection of fertilizers in accordance with predetermined 
and commonly agreed specifications and testing methods. 
The application of EEC methods is obligatory in arbitration 
cases. However, in daily work, an EEC member country can 
use simpler and labor-saving methods. EEC members have 
the responsibility to ensure that fertilizers bearing the name 
“ EEC-type fertilizers” or fertilizers of EEC standards are 
subjected to frequent official inspections with regard to guar
anteed nutrient content, forms of nutrient, and nutrient sol
ubility. It is also the responsibility of member states to ensure 
that fertilizers which bear EEC standards and which are 
produced in a third country are subjected to the same official 
inspection as are those produced in a member state. EEC 
members are also members of ISO through their respective 
national standard bodies; thus, there is an interaction between 
ISO and EEC. AOAC methods, having acceptability among 
a large number of countries, also influence ISO methods 
through various members of ISO, including the American 
National Standards Institute (ANSI). It may be mentioned 
that EEC directives apply only to fertilizers of common inter
est to member states; for other fertilizers, the analytical meth
ods of respective countries, or AOAC, or ISO are adopted.

For total nitrogen estimation, when nitrate is present, many 
EEC countries use the Ulsch or the Arnd method for reduc
tion of nitrate to ammonia. ISO (5315) and AOAC recommend 
the use of chromium powder for reduction in acid solution 
(2.059). ISO has also standardized a gravimetric method using 
Nitron (ISO 4176) for determination of nitrate nitrogen as a 
referee method.

For phosphate estimation, the following extractants have 
been approved in accordance with EEC directives (5): extrac
tion by mineral acid; extraction by 2% citric acid; extraction 
by 2% formic acid; extraction by neutral ammonium citrate; 
extraction by alkaline ammonium citrate at 65°C (Petermann); 
extraction by alkaline ammonium citrate at ambient temper
ature (Petermann); extraction by alkaline ammonium citrate 
according to Joulee; extraction by water.

Although the identification of a suitable extractant is of 
crucial importance so far as the crop requirement of a partic
ular form of phosphorus is concerned, the fertilizer laboratory 
has to use an extractant which is predetermined through soil- 
test crop correlation studies carried out in the field, and is 
not directly involved in evaluating the suitability of an extrac

tant. In EEC directives, phosphorus is determined by the 
quinolinium phosphomolybdate (gravimetric) method with 
the precipitating reagent free from acetone. While the United 
Kingdom has adopted the EEC method by legislation it has, 
nevertheless, supported the use of acetone in the method 
being considered by ISO.

A comparative study made by ISO (6) reveals that both 
methods (with and without the use of acetone) give identical 
results (Table 1).

The representative bodies in ISO from France, The Neth
erlands, Poland, the United Kingdom, and India have sug
gested the use of acetone in the method, which is likely to 
become an ISO standard method for determination of phos
phorus. AOAC has been recommending the use of acetone 
for years (2.026). With the formal adoption of this method by 
ISO, there will be harmonization between ISO and AOAC 
for phosphorus determination. Acceptance of this method by 
United Kingdom, France, and a few more countries should 
promote acceptance by EEC as well. Then a long-standing 
difference in approach will be reconciled between AOAC and 
ISO as well as a few other countries.

A similar situation is the standard EDTA titration method 
which was modified by our Institute to determine zinc in zinc 
sulfate in the presence of magnesium by masking Mg with 
the use of formaldehyde-acetic acid solution. Magnesium is 
a common adulterant in ZnS04 fertilizers. The method involves 
the use of cyanide. Others feel that the estimation of zinc as 
ZnS (gravimetric) or estimation by a colorimetric determi
nation (2.184, 2.185), although cumbersome, may be pre
ferred because it does not use cyanide. In such a situation, it 
becomes difficult to reconcile the views of the 2 approaches.

For potash determination, ISO has accepted the potassium 
tetraphenylborate gravimetric method as a reference method 
(ISO 5318). AOAC has, however, been advocating the vol
umetric estimation by STPB (2.119). AOAC also recom
mends the use of platinum hexachloride for gravimetric esti
mation of K (2.094).

United Kingdom
A few of the methods embodied in the UK Fertiliser (Sam

pling and Analysis) Regulations (7) have been compared with 
AOAC methods.

Total nitrogen in urea is determined by simple acid diges
tion (involving no catalyst) followed by traditional alkali dis
tillation. Nitrogen is determined in the presence of nitrate by 
Ulsch’s reduced iron method. Nitrate nitrogen is determined 
by reduction as ammonia with the traditional Devarda’s alloy. 
The AOAC method uses salicylic acid and thiosulfate for 
nitrate estimation (2.058). In comprehensive nitrogen meth
ods of AOAC (2.059, 2.061), chromium is also used along 
with thiosulfate. Biuret is determined spectrophotometrically 
in a similar manner to the AOAC method (2.088).

Ammoniacal nitrogen is determined in the presence of urea 
by distillation with K2C 03. In the view of fertilizer companies

Table 1. International interlaboratory tests (ISO/DIS-6598) of precipitating reagent used in quinolinium phosphomolybdate method

Solution A Solution B
(10.438 mg P20 5) (12.397 mg P20 5)

Statistic With acetone No acetone With acetone No acetone

Arith. mean of
results, 24 labs 10.413 10.410 12.381 12.397

SD of repeatability 0.022 0.030 0.017 0.0148
SD of reproducibility 
Diff. between mean

0.065 0.047 0.080 0.0641

and real value -0 .025 -0 .028 -0 .014 -0 .0164
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all over the world who manufacture DAP with at least 2% 
nitrogen as urea and 16% ammoniacal nitrogen, it is important 
that a suitable method is studied and adopted by AO AC. The 
methods suggested by Viswanathan et al. (8) for determina
tion of ammoniacal nitrogen in the presence of urea deserve 
consideration.

The gravimetric estimation of potassium is carried out by 
precipitating K in a slightly alkaline medium in the form of 
potassium tetraphenylborate involving the use of STPB. In 
contrast, AOAC (2.119) prefers volumetric estimation of 
potassium by using excess sodium tetraphenylboron for pre
cipitation of K and titrating excess STPB with benzalkonium 
chloride, using clayton yellow as indicator. In UK legislation, 
the perchloric acid method and flame photometric method 
(2.108) for K have also been adopted.

Asian and Far East Countries
In accordance with the decision taken in a seminar on 

fertilizer legislation (9), conducted by FFTC in Japan in 1971, 
it was agreed by the participants to prepare a model of fertil
izer legislation designed to accommodate the needs of devel
oping countries within Southeast Asia regions and to describe 
in detail the model requirements of legislation covering the 
purpose, definition, official standards, registration, manufac
ture, guarantee labels, inspection, and analysis. It was sug
gested that the analytical techniques should be uniform for 
all the Asian countries. This decision strengthened the uni
versally recognized need and importance of following uni
form methods of analysis. A study of the prevailing analytical 
methods in a few countries in Asia and the Far East, namely, 
Japan, Indonesia, Malaysia, Thailand, Pakistan, and India, 
shows a dominating influence of AOAC methods in these 
countries. A brief description is given below.

Japan.—In accordance with official methods published by 
the National Institute of Agricultural Sciences, Ministry of 
Agriculture and Forestry, Tokyo (10)(1977), moisture in fer
tilizers like single superphosphate (SSP), triple superphos
phate (TSP), ammonium sulfate, sodium nitrate, and muriate 
of potash is determined gravimetrically by an oven-drying 
method as described by AOAC (2.013). Moisture in urea is 
determed by heating the samples at 75°C; the AOAC method 
involving the use of Karl Fischer titrant (2.016) is preferred 
in most other countries.

Total nitrogen is estimated in nitrate-containing fertilizers 
by using salicylic acid, similar to the AOAC method (2.058). 
In nitrate-free fertilizers, total nitrogen estimation by the 
sulfuric acid method is different from AOAC (2.058) with 
regard to the use of catalyst. Instead of expensive and toxic 
HgO, the more conventional CuS04 is used as a catalyst in 
Japan. Total nitrogen in nitrate-containing fertilizers having 
only water-soluble forms of nitrogen is determined according 
to the Ulsch reduced iron method. This method is recom
mended in the presence of chlorides. The alkali distillation of 
ammoniacal nitrogen and the formaldehyde titration for esti
mation of ammonical nitrogen is similar to the AOAC (2.066) 
method. Nitrate nitrogen is estimated according to the Devar- 
da’s alloy method. The phenol-disulfonic acid method as well 
as a UV spectrophotometric method are also followed in 
Japan. Urea nitrogen is determined by enzymatic hydrolysis 
of urea. This is also an AOAC accepted method (2.080).

For determination of phosphorus, the gravimetric and vol
umetric quinoline-molybdophosphate methods as well as 
spectrophotometric vanadium phosphomolybdate methods 
are recommended, which are similar to AOAC methods (2.026, 
2.029, and 2.021, respectively).

Potash estimation is carried out both volumetrically as well 
as gravimetrically with the aid of sodium tetraphenylboron. 
AOAC does not provide for gravimetric estimation of K. In 
Japan, potash is also determined by emission spectrophoto
metry and absorption spectrophotometry.

Zinc is estimated by spectrophotometry as well as by atomic 
absorption spectrophotometry. Both methods are also official 
in AOAC (2.187, 2.186).

Indonesia.—Indonesia is one of the few countries where a 
comprehensive body for fertilizer legislation did not exist 
until recent years. From the time of Dutch rule until 1956, all 
fertilizers were analyzed by the Institute of Chemical Indus
tries, as well as several other organizations. No inspection 
system existed in this country although the Superintending 
Company of Indonesia Ltd, local manufacturing units, cus
toms officials, brokers, and consumers were taking samples 
for analysis. Uniform sampling procedures and analytical 
methods obviously did not exist. There was no legal basis for 
penalizing dealers who sold adulterated or mislabeled fertil
izers. According to the study carried out by the National 
Fertiliser Development Center, TVA, for the Agency for 
International Development, various testing laboratories in 
Indonesia claimed that they use AOAC methods for testing 
fertilizers. Flowever, systematic adoption of any particular 
method was not done until 1970.

A report, “ Fertilizer Quality Control in Indonesia” (11), 
prepared on the request of AID/Indonesia in September 1973, 
detailed model regulations, definitions of appropriate terms, 
registration, labeling, inspection, sampling, and analysis. The 
methods described for analysis of total content and various 
forms of nitrogen, phosphorus, and potassium were those of 
AOAC (1970). In some cases, the Fertilizer Institute’s (TFI) 
analytical methods have also been suggested for adoption in 
Indonesia.

Malaysia.—The Malaysian Standards are prepared by the 
Technical Committee on Fertilisers under the authority of 
the Material and Chemical Industry Standards Committee. 
The methods are periodically reviewed to keep abreast of 
progress in the area concerned. In most cases, official AOAC 
methods are endorsed for adoption as Malaysian Standards 
for analysis of fertilizers (12). In some cases, the methods in 
Fertilisers and Feeding Stuff Regulations of Great Britain 
have also been adopted. A perusal of individual methods 
reveals that moisture in fertilizers is estimated by oven-drying 
which is similar to AOAC (2.013). Total nitrogen estimation 
(nitrate-free samples) is done by a standard Kjeldahl method 
with HgO as catalyst (2.055); ammoniacal nitrogen is deter
mined by NaOH distillation (2.065); total, water-soluble, and 
citric acid-soluble P20 5 are determined volumetrically as well 
as colorimetrically in accordance with AOAC methods (2.119, 
2. 122).

The estimation of ammoniacal nitrogen in the presence of 
urea nitrogen is carried out by distillation under reduced 
pressure. Nitrate-containing samples are analyzed by using 
Devarda’s alloy, while urea nitrogen is estimated by the urease 
method (2.068, 2.080). These analyses are carried out in the 
same sample by first converting urea nitrogen to ammoniacal 
nitrogen, followed by reduction of nitrate nitrogen to ammo
niacal nitrogen and then combined distillation.

The chloroplatinate (gravimetric) and flame photometric 
methods are used for K estimation, which are similar to 
AOAC methods (2.095 and 2.108). The colorimetric estima
tion of zinc (dithizone) and the use of atomic absorption 
spectrophotometry follow AOAC methods (2.185, 2.186).

Thailand.—In Thailand, fertilizer manufacture, import, and 
trade is regulated in accordance with Act BE 2518, enforced
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since 1975 (13). The Act lays down the specifications of fer
tilizers, tolerance limits, registration, inspection procedures, 
sampling, and analysis. For the determination of nitrogen and 
phosphorus, AO AC methods are followed; potash is deter
mined by the official methods of analysis of fertilizers of the 
National Institute of Agricultural Sciences, Ministry of Agri
culture and Forestry, Japan (1977), which provide for esti
mation by both flame photometry and atomic absorption 
spectrophometry. Variations in analysis obtained between 
the 2 standard laboratories in Thailand are reported to be 1% 
each for nitrogen and phosphorus and 2% for K,0.

Pakistan.—The Fertiliser Standards in Pakistan are adopted 
by the Pakistan Standards Institue on the recommendation 
of the Fertiliser and Allied Products Selection Committee
(14). A typical study of Pakistan standards 217:1975 
(UDC:633:814.7) for urea shows that moisture estimation is 
carried out gravimetrically by drying fertilizers 4 h at 75°C. 
The Karl Fischer method has also been recommended for 
estimation of moisture in urea. However, instead of extract
ing moisture with dioxane and then titrating with Karl Fischer 
reagent, as recommended in AO AC (2.016), methyl alcohol 
is used. Total nitrogen is analyzed by the Kjeldahl method, 
with copper sulfate as catalyst instead of HgO as recom
mended in AOAC (2.055). Biuret estimation is carried out 
spectrophotometrically by measuring the color at 555 nm 
which is developed with copper under alkaline conditions. 
Tartrate is used to prevent precipitation of copper as copper 
hydroxide. The method is the same as AOAC (2.088).

Latin American Countries
A  brief reference to relevant legislation and analytical 

methods in Brazil, Colombia, Peru, and Ecuador is made by 
FAO (15). In Brazil, the legislation regulates the trade in 
fertilizers and soil amendments. In Colombia, the purpose is 
to control domestic trade, while in Ecuador, the laws are 
applicable to fertilizer quality and soil amendments. The 
Peruvian laws are applicable to guano.

Brazil-—In Brazil, the trade in fertilizer is regulated in 
accordance with Decree No. 8169 (November 6, 1948) and 
subsequent relevant changes. The Agricultural Chemical 
Institute of the National Centre for Agronomical Research 
and a few other official laboratories are authorized to carry 
out chemical analysis of fertilizers. Plant nutrients must be 
expressed in percentage of nitrogen, phosphorus (P20 5), 
potassium (K20), and calcium (CaO). The forms of phospho
rus must be expressed as 2% citric acid-soluble, ammonium 
citrate-soluble, and insoluble forms. Nitrogen must be 
expressed as organic, nitrate, or ammoniacal nitrogen. AOAC 
methods are among the methods adopted for analysis of fer
tilizers in Brazil.

Colombia.—In Colombia, Decree No. 1057 (November 20, 
1953) on trade in fertilizers provides for regulations which 
are similar to those of Brazil. With regard to the guarantee 
of fertilizer specifications, the total nitrogen as well as the 
proportions of organic, nitric, and ammoniacal nitrogen have 
to be specified. The available phosphoric acid and water- 
soluble potash have to be specified. Under Article 10 of the 
Decree, it has been specified that the analytical methods to 
be applied are those of the AOAC.

Ecuador.— The quality and sale of fertilizers is regulated 
through legal decree. Fertilizers intended for sale are required 
to bear a label with the name and address of the manufacturer/ 
importer or vendor as well as the composition of the product 
expressed as follows: total nitrogen; nitrogen soluble in water 
(ammoniacal and nitrate nitrogen); total P20 5; phosphoric 
acid soluble in ammonium citrate; potash soluble in water,

expressed as potassium oxide; total lime, expressed as cal
cium oxide; natural phosphates (phosphate rock and thomas 
slag) with obligatory indication of the degree of fineness or 
pulverization.

The AOAC methods of analysis are adopted in Ecuador.
Peru.—Peruvian legislation on fertilizers stipulates that all 

activities associated with the official control and sale of guano 
are the responsibility of the Guano Administration Corpora
tion Organisation (Decree No. 3069, January 1919). In accor
dance with Decree 13 of the soils regulations, the Kjeldahl 
method is to be followed for analysis of nitrogen content and 
the Pemberton method for determination of phosphoric acid 
in guano. The Central Control Laboratory of the Corporation 
may modify and adopt methods from other sources.

India
In Indian agriculture and, thus, in Indian economy, fertil

izer plays a very important role. According to the FAO indic
ative world plan (1), the projected figures for consumption of 
nutrients in developing countries for the period 1985-86 is 33 
million tons. The share for India is expected to be about 10 
million tons. India is the second largest importer of fertilizers 
in the world. India imports fertilizers from the United States, 
Canada, East and West Germany, The Netherlands, Czecho
slovakia, Bulgaria, Yugoslavia, the Soviet Union, Abu Dhabi, 
Kuwait, Qatar, Italy, and Jordan. India, therefore, interacts 
with a large number of countries in the world in fertilizer 
trade and occupies an important position in terms of the 
extent of this activity as well as the amount of fertilizer 
imported, produced, and consumed. It is, therefore, neces
sary that India adopts analytical methods for checking quality 
of fertilizers which are both acceptable in the exporting 
countries and are scientifically sound and capable of testing 
fertilizers within acceptable limits of analytical variations. 
India has preferred that AOAC methods be used to test fer
tilizers before they are shipped to India, and this system has 
been acceptable to the various exporting agencies. On arrival 
at Indian ports, imported fertilizers are again tested with 
AOAC methods prescribed for the purpose.

In a country the size of India, where fertilizer has to be 
made available to millions of farmers, most of whom are 
illiterate and have very small and marginal farm holdings, it 
was recognized that effective regulation on fertilizer produc
tion, distribution, pricing, and quality alone can ensure timely 
availability in the required quantity and right quality. With 
this objective, fertilizer was declared an essential commodity 
(March 1957) under the provisions of Section 2 of the Essen
tial Commodities Act (ECA) (1955).

The specifications indicate the guaranteed (minimum) con
tent of total nutrients in various fertilizers and their forms. 
The (maximum) permissible limits of impurities, moisture 
content, free acidity, biuret (wherever applicable), and par
ticle size distribution in fertilizers have been prescribed. The 
following types of analysis are required to be carried out (2): 
Nitrogen: total nitrogen in nitrate-free samples; total nitrogen 
in nitrate-containing samples; total nitrogen in fertilizer with 
high C1:N03 ratio, like nitrophosphates; ammoniacal nitro
gen; nitrate nitrogen; combined ammoniacal and nitrate nitro
gen; water-insoluble nitrogen; urea nitrogen. Phosphorus: 
total; water-soluble; citrate-soluble; citrate-insoluble; and 2% 
citric acid-soluble. Potassium: water-soluble form is esti
mated by perchloric acid and STPB (titrimetric) methods in 
water extract. Miscellaneous estimations: various miscella
neous estimations required to judge quality include zinc in 
zinc sulfate, moisture, free acidity, arsenic, free phosphoric
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acid, calcium nitrate, chlorides, copper, lead, and magne
sium.

Procedure Followed for Adoption o f Methods in Fertiliser 
(Control) Order—A  review of methods included in the Fer
tiliser (Control) Order (1957) shows that most are AOAC 
methods. A few methods from Fertiliser (Sampling and Anal
ysis) Regulations of the United Kingdom have also been 
accepted, as well as by the Indian Standards Institution, 
particularly for estimation of physical parameters. Adopting, 
updating, and revising is done by the Ministry of Agriculture 
through the advice of an Expert Committee representing the 
Indian Council of Agricultural Research, Indian Agricultural 
Research Institute, agricultural universities, the fertilizer 
industry, and the Central Fertiliser Quality Control and Training 
Institute, Faridabad. Methods are circulated among the mem
bers for their comments. The method may be referred to the 
Central Institute for examination and comments. Consider
ations are accuracy, repeatability of results, speed of analy
sis, and availability of chemicals. In general, most methods 
adopted are wet chemical analyses. AOAC methods which 
are designed preferably as reference methods for regulatory 
purposes are considered suitable for adoption. Instrumental 
methods of analysis can be better used by the fertilizer man
ufacturers for “ on-line analysis” where speed of analysis is 
given primary importance. In instrumental methods, the cost 
and maintenance of equipment become limiting factors for 
large scale adoption.

The methods adopted in the Fertiliser (Control) Order (1957) 
are uniformally followed by 43 statutory fertilizer quality 
control laboratories in different states in India, including the 
Central Fertiliser Quality Control and Training Insitute. The 
Central Laboratory also functions as a referee laboratory. 
The capacity of the fertilizer control laboratories is estimated 
at 70 000 samples per year, while the fertilizers are sold 
through a network of wholesalers and retailers numbering 
over 1 450 000. Because of this gap between analysis require
ments and available analytical facilities, quick tests are needed 
for screening the prima facie substandard/adulterated sam
ples at the inspection stage itself. These preliminary tests 
help inspectors to forward suspected samples on priority to 
the laboratories for detailed testing by the statutory methods. 
Motsara and Singh had developed a quick qualitative testing 
kit (16, 17). The initial reaction from the field about the utility 
of the kit has been favorable. Large-scale use of the kit is 
being further promoted by training the inspecting staff on its 
use and handling.

In many developing countries, a gap exists between required 
analytical capacity and available facilities. AOAC may con
sider developing qualitative tests and devices like a “ quick 
testing kit” for screening tests in the field.

Inter- and Intralaboratory Check System in India.—Along 
the lines of the Magruder Check Sample System organized 
in the United States, the Central Institute at Faridabad has 
introduced a check sample system to monitor the analytical 
skill and accuracy of fertilizer control laboratories in India. 
According to this system, fertilizer samples of known (con
fidential) composition are periodically sent to all the labora
tories. The analysis is carried out by the methods prescribed 
in the Fertiliser (Control) Order. The performance of the 
laboratories is evaluated on the basis of their reports. This 
system helps to identify the problems, if any, with laborato
ries performing the correct analysis. The system of “ reverse 
check” has also been started. According to this system, the 
Central Institute randomly obtains (every 100th) a portion of 
the already analyzed sample from various fertilizer control 
laboratories for testing at the Central Institute. Simulta

neously, the results from laboratories are also obtained. By 
camparing the results, it is judged whether every laboratory 
is applying skill and accuracy in performing fertilizer analysis 
on a day-to-day basis. The Central Institute proposes to asso
ciate itself with the Magruder Check Sample System so that 
the analytical accuracy and skill of this Institute is assessed 
through an international program.

A User’s View of AOAC Methods
AOAC has served a great purpose, through supplying widely 

acceptable analytical methods for a range of commodities, to 
the regulating authorities in many parts of the world. Still 
more demands exist for AOAC’s consideration on more fruit
ful utilization of existing information on methods and on 
development of more methods for further use.

(1) AOAC methods are considered to be too brief; also 
many back and forth references are made in a method 
to other methods. As a result, the Fertilizer Institute 
Product Quality Committee in the United States has 
produced a Manual on Fertilizer Sampling and Anal
ysis which is considered to be a very useful laboratory 
manual (18). In India, Motsara and Tripathi (19) pro
duced A Laboratory Handbook for Fertiliser Analysts 
wherein all methods included in the Fertiliser (Control) 
Order have been described in detail with the principle 
involved and calculation required in each estimation. 
The description of each method is complete. In view 
of the fact that the AOAC book of methods covers a 
wide range of products, the volume of the book would 
increase enormously if further method details were given. 
However, the acceptability of AOAC methods and their 
use throughout the world may be important consider
ations for publishing lengthier and more complete 
descriptions for convenience of users. Perhaps AOAC 
methods for various commodities should be supplied 
in separate volumes. Pesticides and other related areas 
could also form part of a fertilizer volume.

(2) Methods for estimating some physical qualities of 
fertilizers are not given in AOAC, for example, deter
mination of particle size, bulk density, particle hard
ness, angle of repose, etc.

(3) Some countries have unconventional fertilizers, like 
salica in Japan and guano in some Latin American 
countries, which require the availability of acceptable 
analytical methods.

(4) Methods for estimation of minor constituents and 
impurities present in fertilizers, like Ca(N03)2, free 
phosphoric acid, free acidity, and arsenic, are not given 
by AOAC.

(5) Methods for estimation of micronutrients are not given 
in as great detail as those for major elements.

(6) The applicability and limitations of each method are 
not always given.

(7) In view of the increasing cost of fertilizers, the use of 
bacterial fertilizers like Rhizobium and Azatobecter 
cultures is receiving more and more attention in both 
developed and developing countries. In India, the prep
aration of Rhizobium culture may be brought under 
statutory control for regulating quality since the prod
uct is already appearing on the market. Some countries, 
like Switzerland, already cover bacterial cultures under 
their statutes for regulating fertilizers. The AOAC may 
consider standardizing test methods for this group of 
fertilizers. Also, analytical methods for future chemical 
fertilizers like polyphosphates and micronutrient-for
tified fertilizers may be considered.



MOTSARA: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 4, 1985) 617

Acknowledgments
The author expresses his sincere gratitude to Frank J. 

Johnson and Robert C. Rund, Cochairmen of the Fertilizer 
Centennial Symposium for inviting him and to AOAC for 
enabling his participation. Sincere thanks are due to David
B. MacLean, AOAC Executive Director, for making all the 
arrangements for the visit.

The author is also grateful to the authorities of the Ministry 
of Agriculture, Government of India, for their kind permis
sion to attend the symposium.

To his colleagues, N. Tripathi, Specialist (Soils and Fertil
isers), and Joginder Singh, Assistant Commissioner (Chem
icals and Fertilisers), Ministry of Agriculture, sincere thanks 
are expressed for their help in the preparation of the paper.

R e f e r e n c e s

(1) Fertiliser Legislation, Soils Bulletin No. 20 (1973), FAO, Rome, 
Italy

(2) The Fertiliser (Control) Order (1957), 16th Ed. (1982), Fertiliser 
Assocation of India, New Delhi, India

(3) Schall, E. D. et al. (1978) Anal. Chem. 50, 337A-340A
(4) Official Methods o f Analysis (1984) 14th Ed., AOAC, Arlington, 

VA
(5) Docherty, A. C. (1980) Proceeding No. 194, The Fertiliser Soci

ety of London, London, UK

(6) Determination of P20 5, International Standards (Draft), ISO/ 
DIS/6598 (1983), ISO, Geneva, Switzerland

(7) The Fertiliser (Sampling & Analysis) Regulations (1978) No. 
1108, Her Majesty’s Stationery Office, London, UK (1981)

(8) Viswanathan, T. S., Nagarajan, M., & Haribabu, B. (1980) J. 
Assoc. Off. Anal. Chem. 63, 1248-1253

(9) Technical Bulletin No. 5 (1971) Food & Fertiliser Technology 
Centre, Taiwan

(10) Official Methods o f Analysis o f Fertilisers (1977) The National 
Institute of Agriculture & Sciences, Tokyo, Japan

(11) Woodis, T. C., Jr (1973) The Fertiliser Quality Control in Indo
nesia, NFDC,TVA, USA

(12) Methods for the Analysis of Fertilisers, MS: 1.107:1976, Stan
dards and Industrial Research Institute of Malaysia

(13) Suthdhani, S. (1982) “Quality Control of Chemical Fertilisers 
in Thailand,” paper presented at India/FAO/Norway Seminar 
on Quality Control & Handling of Fertilisers, New Delhi, India

(14) Pakistan Standards 217:1975, Specifications for Urea, Pakistan 
Standards Institution, Karachi, Pakistan

(15) Legislation of Fertilisers in Latin America (1955), FAO Agri
cultural Development Paper No. 40, FAO, Rome, Italy

(16) Motsara, M. R., & Singh, J. (1982) Operational Manual on 
CFCL Quick Fertiliser Testing Kit, CFQC&TI, Faridabad, India

(17) Motsara, M. R. & Singh, J. (1982) Fertiliser News 27, 45-46
(18) Fertilizer Sampling & Analytical Methods, (1974), 3rd Ed. The 

Fertilizer Institute Product Quality Committee, Washington, 
DC

(19) Motsara, M. R., & Tripathi, N. (1983) A Laboratory Handbook 
for Fertiliser Analysts, CFQC&TI, Faridabad, India

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSëSSSS

Symposia
at the 99th AOAC Annual International Meeting 

October 27-31. 1985 — The Shoreham Hotel — Washington. DC 

Quality Assurance
Chairman: Susan Glad Andersen. Hazleton Laboratories America

Safety Training of Laboratory Analysts and Managers
Chairman: Robert Bianchi. Drug Enforcement Administration

Nutritional Analysis
Chairman: Robert C. Benedict. U.S. Department of Agriculture. 

Agricultural Research Services

Immunotoxicity
Chairman: Thomas S. S. Mao. U.S. Environmental Protection Agency

Chromatography of Amino Acids and Determination of Amino 
Acid Composition of Nutritionally Important Protein Sources

Chairman: Charles W. Gehrke. University of Missouri College of 
Agriculture

9SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSëSS



618 YEH-CHEN & HSU: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 4, 1985)

SPICES AND OTHER CONDIMENTS

Liquid Chromatographic Determination of Protein Acid Hydrolysate Content 
in Blended Soy Sauce

SHIH-LING YEH-CHEN and CHIN-TAN HSU
Food Industry Research and Development Institute (FIRDI), PO Box 246, Hsinchu 300, Taiwan, ROC

Five methods were investigated for the determination of levulinic acid 
in soy sauce to determine the addition of protein hydrolysate, mainly 
acid hydrolysate of defatted soybeans. Best results were obtained by 
using liquid chromatography (LC) with 0.004M HC104 as the mobile 
phase and bromcresol purple as a post-column reagent. An innovative 
LC method with 0.1% HjP0 4 as eluant was developed for determina
tion of levulinic acid at 280 nm in soy sauce. This was the most time
saving method.

Protein in soybeans is broken down mainly to amino acids 
through either fermentation or acid hydrolysis to produce soy 
sauce. Fermented soy sauce (FSS) is superior in odor and 
taste to acid hydrolysate of defatted soybeans (AHDS), but 
the maximum degree of protein hydrolysis by fermentation 
is much less than that by acid hydrolysis; moreover, fermen
tation takes much longer. Therefore, it is economically prof
itable to adulterate FSS with AHDS in commercial soy sauce 
products. This study was initiated to develop a rapid and 
accurate method for determination of AHDS in blended soy 
sauce (BSS), and to compare it with methods in the literature.

Acid hydrolysis of protein destroys all the tryptophan and 
part of the tyrosine, methionine, cystine, and serine, etc. (1). 
Fermented soy sauce contains some organic acids, for exam
ple, succinic acid, which were not found in AHDS (2). How
ever, those differences could not serve as indices for discrim
ination between FSS and AHDS because amino acids and 
organic acids might be added artificially to soy sauce

Levulinic acid in AHDS originates from acid action on 
carbohydrates in defatted soybeans (1,3). Under conditions 
usually employed, i.e., 6N HC1, 110°C, and 24 h, the content 
of levulinic acid varies from 900 to 1100 mg/g total nitrogen 
in AHDS (1), depending on the level of carbohydrates in the 
defatted soybeans. Levulinic acid is very stable (4); it is the 
main source of unpleasant acid flavor in AHDS soy sauce 
(5). Ion exchange resin (6) or microorganisms (7) were reported 
to remove part of the levulinic acid from soy sauce, but their 
use is economically impractical. FSS does not contain levu
linic acid, and the latter has never been an additive in FSS. 
Therefore, levulinic acid is a proper index for determination 
of AHDS content in BSS.

Qualitative tests that use levulinic acid to discriminate FSS 
and AHDS include a vanillin-H2S04 method (8), and thin 
layer chromatography (2). Quantitative assays to determine 
AHDS in BSS include the vanillin-H2S04 method (9); spec- 
trophotometric measurement of the reaction of levulinic acid 
and hydrazine at 242 nm (10, 11); gas chromatography (GC) 
(8, 12); silica gel liquid chromatography (13); l-ethyl-3-(3- 
dimethylaminopropyl)carbodiimide hydrochloride colori
metric reaction (14); and liquid chromatography (LC) (15).

We investigated the usefulness of 5 rapid methods for 
determining AHDS in BSS: UV spectroscopy (10, 11), GC 
(12, 16), isotacophoresis (IP) (17), and 2 LC methods (15). 
The first 3 procedures are detailed in the respective reports. 
The 2 LC methods are described here.

Experimental

Soy Sauce Samples
Pure fermented and chemical soy sauces were provided by 

5 main soy sauce manufacturers in the Taiwan area, A, B, C, 
D, and E. Pure fermented soy sauce of another manufacturer 
(K) was used in the recovery test.

Apparatus
(a) Liquid chromatograph.—Model 204 (Water Associ

ates, Milford, MA 01757), equipped with Model M-6000 psi 
pump, Model M-45 4000 psi pump, Model U6K loop injector, 
Model 440 UV detector with sensitivity range 0.005-2.0 
absorbance unit full scale (AUFS) and 280 nm wavelength 
filter, Model 480 variable UV detector with sensitivity range 
0.002-2.0 AUFS, column temperature controller, and Model 
730 recording integrator.

(b) Silica cartridge.—Sep-Pak (Waters Associates).
(c) Cation exchange LC column.—8 mm x 250 mm, 10- 

20 p.m sulfonate type porous styrene-divinyl-benzene copoly
mer (Shodex c-811, ShowaDenko K. K., Minato-ku, Tokyo, 
Japan). Two columns were connected and placed in temper
ature-controlled box.

(d) Cation exchange LC precolumn.—8 mm x 50 mm, 20- 
30 p,m, same packing material described in (c).

(e) Filter.—Type GSWP, 0.22 p,m pore size (Millipore Corp., 
Bedford, MAO 1730).

Reagents
(a) Levulinic acid.—(Sigma Chemical Co., St. Louis, MO 

63118).
(b) Indicator reagent.—For LC at 430 nm: Dissolve 108 

mg bromcresol purple and 8.9535 g Na2HP04- 12H20  in deion
ized water, add 2 mL 20% HC104, and dilute to 1 L with 
deionized water to make 2 x 10_4M bromcresol purple in 
0.25M Na2HP04 and 0.004M HC104 buffer.

(c) Mobile phases.—For LC at 430 nm: 0.004M HC104. 
For LC at 280 nm: 0.1% H3P04.

Sample Preparation
Soy sauce was diluted by adding an equal volume of deion

ized water, and was filtered through membrane filter (0.22 
M-m).

&
Indicator
reagent

Received June 4, 1984. Accepted December 6, 1984. Figure 1. Diagram of post-column detection system for LC at 430 nm.
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Table 1. Recovery of levulinlc acid added to soy sauce,1 measured by 
L.C with detection of 2 wavelengths

Authentic concn,b 
m g /m l

Measured concn,0 
mg/mL Recovery, %

430 nm 280 nm 480 nm 280 nm

0 0 0
2.51 2.59 2.54 103 101
5.02 4.95 5.40 99 108

10.03 10.01 9.62 100 96
15.03 15.40 14.17 102 94

‘ Mean of 2 or 3 measurements.
bA mixture of FSS of K m fr w ith standard solution to  desired 
concentration of levulin ic acid, m ixing ratio: v/v =  1/1. 

‘ Calculated by external standard method, using integrator.

Determination
(a) LC at 430 nm.— Figure 1 shows the LC post-column 

detection system assembled in the laboratory. Levulinic acid 
and 8 other main organic acids in soy sauce were measured 
at 430 nm. Chromatographic conditions were as follows: flow 
rate of mobile phase 1.0 mL/min, flow rate of indicator reagent 
0.5 mL/min, sensitivity range 0.2, chart speed 0.5 cm/min, 
column temperature 38°C, and sample size 10 p.L. Mobile 
phase and indicator reagent were filtered (0.22 p.m) before 
use.

(b) LC at 280 nm .—Sample was injected into the LC sys
tem under the following chromatographic conditions: flow 
rate of mobile phase 1.2 mL/min, column temperature 64°C, 
sensitivity range 0.05, chart speed 1.0 cm/min, and sample 
size 10 p.L.

6

Table 2. pH and absorbance at 430 nm of low concentrations of 
levulinic acid in mixtures (v/v = 1/2) of Indicator reagent and mobile 

phase

Concn,‘  ppm pHb Absorbance'

0 6.815 0.000
3 6.817 0.003
60 6.746 0.051
100 6.673 0.087
300 6.326 0.334

Indicator reagent 7.486
Mobile phase 2.545
Deionized water 6.144

‘ M ix by volume 1 part o f  in d ic a to r  re a g e n t w ith 1 part mobile phase, a nd  
dissolve accurately weighed amount o f levulin ic acid in the m ixture to 
desired concentration. 

bMeasured by pH meter.
‘ Measured by JASCO spectrophotom eter (D2 lamp).

Results and Discussion

Recovery Test
Recovery of levulinic acid added to FSS was measured by 

the 5 methods. Good recovery was obtained with the LC 
methods, but interferences were found when the UV, IP, and 
GC methods were used. However, FSS from sources A, B, 
and C contained apparent levulinic acid when analyzed by 
methods other than LC. LC and GC peaks were identified by 
retention time.

(a) LC at 430 nm .—Only 4 reports concerning LC analysis 
of organic acids in soy sauce were found in the literature (18— 
21). The LC method used in this study was provided by the 
Central Research Laboratory of Kikkoman Co. (Noda, Japan). 
It is a modification of the method in Shodex technical data

Time , min Time , min

Figure 2. Chromatogram of organic acids standard mixture at 430 n m :  Figure 3. Chromatogram of organic acids In soy sauce at 430 nm: 1,
1, citric acid; 2, tartaric acid; 3, malic acid; 4, succinic acid; 5, lactic acid; citric acid; 2, tartaric acid; 3, malic acid; 4, succinic acid; 5, lactic acid; 6,

6, formic acid; 7, acetic acid; 8, levulinic acid; 9, pyroglutamic acid. formic acid; 7, acetic acid; 8, levulinic acid; 9, pyroglutamic acid.
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Figure 4. Chromatogram of levulinic acid in soy sauce at 280 nm.

Table 3. Total nitrogen (TN) of AHDS and FSS from 5 soy sauce 
manufacturers

Mfr

TN,a w/v %

AHDS FSS

A 2.12 1.62
B 1.98 1.52
C 2.03 1.57
D 1.91 1.57
E 2.51 1.61

“Mean of 2 or 3 measurements.

(15), and is based on the same principle described in part 3 
of Yoshida’s report (20). Recovery tests showed that LC with 
detection at 430 nm was the best among the 5 methods tested 
(Table 1). Nine main organic acids were separated and mea
sured in 22 min (Figures 2, 3).

(b) LC at 280 nm.— Recovery for the LC method (Table 
1) was much better than that for the UV, GC, and IP methods. 
At 17 min per analysis (Figure 4), it was also the most rapid 
of the 5 methods tested. Compared to LC at 430 nm, instru
mentation was simpler because no indicator reagent was used. 
LC analysis of organic acids has used 200-220 nm wavelength 
to determine the -COOH group, or used a refractive index 
detector for measurement (18, 19, 22). In our study, analysis 
at 280 nm for the -  CO group of levulinic acid eliminated 
interference from most other organic acids.

Lowest Detection Limit by LC at 430 nm
Table 2 shows the absorbance at 430 nm of various levels 

of levulinic acid in a mixture of indicator reagent and mobile 
phase. According to Hamilton’s “ Calculations of Analytical 
Chemistry” (23), pKa2 of phosphoric acid is 6.7 at 25°C. The 
calculated pH of mobile phase mixed with indicator reagent 
(v/v = 2/1) was 6.68; Table 2 gives the measured pH value 
of the mixture as 6.815. Bromcresol purple is yellow at pH 
<5.2 and purple at pH >6.8 (24). Acids were eluted from the 
column at pH = 2.5 as HA; their ionic forms A” were detected 
by post-column reaction with bromcresol purple at pH 6.7. 
Buffering capacity of phosphate buffer was the greatest at 
pH = pKa. Therefore, at pH 6.7, the amount of acid required 
for a pH value change, i.e., for absorbance at 430 nm to 
change, was the least. Consequently, the method could detect 
a significant amount of acid but was not sensitive enough for 
small quantities of organic acids. The lowest practical detec
tion limit for LC at 430 nm was 100 ppm levulinic acid.

Determination of AHDS in BSS
The degree of hydrolysis of soybean protein by microbiol

ogical fermentation has an upper limit, usually 57%, while 
acid hydrolysis achieves 100% hydrolysis of protein (1). 
Therefore, total nitrogen (TN) of soy protein hydrolysate is 
always higher than that of FSS, and was used as a co-index 
to determine AHDS in BSS (12). To calculate the amount of 
AHDS in BSS, the following formula was used:

% v/v, AHDS in BSS = [(mg/mL levulinic acid in BSS)/ 
(%(w/v) TN in BSS/F)] x  100%

where F = (mg/mL levulinic acid in AHDS)/(% (w/v) TN in 
AHDS).

General factor (F0) in the LC at 430 nm method was about 
average of all the F values of the 5 soy sauce manufacturers. 
For the other methods, higher than average values were cho
sen in order to correspond in the 40-60% mixing range of 
BSS. Fg values of LC at 430 nm and LC at 280 nm were 11 
and 14, respectively.

Total nitrogen of AHDS and FSS for the 5 soy sauce man
ufacturers is shown in Table 3. Tables 4 and 5 show deter
mination of AHDS content in BSS. Best results were obtained 
using LC at 430 nm.

The small amount of levulinic acid detected by LC at 430 
nm in fermented soy sauces from manufacturers D and E 
(Table 4) probably came from either inferior quality caramel 
additive (25), or contamination of residual AHDS from the 
storage tank.

In addition to the level of carbohydrates in raw material, 
many factors affect levulinic acid content and thus the F value

Table 4. Determination of AHDS in BSS, measured by LC at 430 nm

Authentic concn of 
AHDS in BSS,“ 
v/v%

Concn of levulin ic acid,b 
mg/mL

Measured concn of 
AHDS in BSS, v/v %

A B C D Ec A B C D Ec

100 21.19 19.26 23.36 17.97 28.85 91 88 105 86 104
80 16.98 15.57 17.42 14.60 22.09 76 75 82 72 86
60 11.98 10.97 12.76 11.63 16.26 56 56 63 59 69
40 7.73 7.60 8.19 8.72 11.41 39 41 42 46 53
20 4.25 3.96 4.77 5.35 6.45 22 22 26 30 33
0 0 0 0 2.44 1.22 0 0 0 14 7

“Mixtures prepared in the laboratory using AHDS and BSS products from each manufacturer as ingredients. 
bMean of 2 or 3 measurements. 
cSoy sauce manufacturers.
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Table 5. Determination of AHDS in BSS, measured by LC at 280 nm

Authentic concn of 
AHDS in BSS,a 
v/v%

Concn of Levulinic acid,b 
mg/mL

Measured concn of 
AHDS in BSS, v/v %

A B C D E° A B C D Ec

100 23.32 26.21 24.81 20.34 32.32 78 95 87 76 117
80 17.84 20.66 21.86 17.15 26.04 63 78 80 66 102
60 14.13 15.94 14.20 13.46 19.80 53 64 55 54 84
40 9.80 11.19 10.51 9.96 13.80 38 47 43 42 64
20 4.72 5.87 5.37 6.20 8.07 20 26 23 27 41
0 0 0 0 3.00 1.06 0 0 0 14 6

“" “See footnotes in Table 4.

of AHDS. During acid hydrolysis of soybeans at about 100°C, 
levulinic acid content increases during the first 10 h and 
maintains constant thereafter. High temperature favors both 
the degree of hydrolysis and the formation of undesirable by
products, such as humus (reaction products of amino acids 
and furfural), levulinic acid, and formic acid. A low concen
tration of HC1 plus a high ratio (w/w) of HC1 solution vs 
soybeans favors levulinic acid synthesis but depresses the 
formation of humus (1). The manufacturers hydrolyze soy
beans under compromise conditions to obtain the highest 
degree of hydrolysis, least consumption of energy and HC1, 
and least formation of humus.

Calculated from Tables 3 and 4, F values of 5 soy sauces 
range from 9.4 to 11.5, indicating that AHDS was manufac
tured under similar conditions. Therefore, accurate estima
tion of AHDS is applicable to commercial blended products 
using an F0 value of 11 for LC at 430 nm. Results for labo
ratory-prepared blended soy sauce, using AHDS and FSS 
ingredient products from the 5 sources (Table 4), and of a 
survey of 10 commercial soy sauces (unpublished data) show 
that LC at 430 nm is the most accurate method for estimation 
of AHDS adulteration of FSS.

Figure 4 and Table 5 show that LC at 280 nm is also a rapid 
and accurate method and requires less complicated equip
ment and reagents. Therefore, LC at 280 nm is more suitable 
for routine analysis of AHDS in BSS among the 5 methods 
tested.
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Volatile Oil Analysis of Cassia Bark (Cinnamon): Investigation of Systematic Errors

RAYMOND M. WAY1
Crescent Foods, PO Box 3026, Seattle, WA 98134

Results of these studies demonstrate that steam-distillable volatile oil 
within a lot of cassia bark is heterogeneously distributed; that sample 
preparation can contribute a significant part of the overall analytical 
error; and that the latter error can be reduced by specifying that the 
sample be ground to pass a U.S. 20 mesh screen rather than a U.S. 40 
mesh screen. An F-distribution value of 6.7 was calculated for the data, 
from 6 laboratories, used for statistical analysis. The critical F-distri- 
bution is 5.05, suggesting a significant difference in the means of the 
U.S. 20 mesh data and the U.S. 40 mesh data. The problem of sampling 
segregated materials where the functional form of the quality distri
bution is not known is briefly discussed.

The technique currently used to determine the amount of 
steam-distillable volatile oil in spices originated with the work 
done by Clevenger (1) in 1928. A number of studies have been 
made on the method and many improvements have resulted 
(2-8). These efforts culminated in approval of the method by 
the American Spice Trade Association (ASTA) (9) in 1968.

No comprehensive statistical studies were made of collab
orative data on steam-distillable volatile oil of spices until the 
work sponsored by ASTA was completed by the Midwest 
Research Institute (MRI) (10) in 1965. However, it is inter
esting that the standard deviations reported in some early 
work were of the same order of magnitude as those reported 
in the MRI studies.

Little, if any, attention has been paid to the method of 
sampling cassia bark or to the details of preparing samples 
for analysis. The major concern seems to be that the samples 
be stored under refrigeration to prevent loss of volatile oil. 
The MRI report dismissed the question of the origin of sam
ples with the statement that they were furnished by the Chair
man of the ASTA Research Committee. It is clear that the 
objective of the work was to improve the analytical method, 
not to study sample preparation.

Procurement practice is to specify that cassia bark meet a 
minimum requirement of volatile oil content; this practice 
increasingly points out the disagreements between laboratory 
analyses of a given lot of cassia bark.

Preliminary work in the author’s laboratory indicated that 
one of the significant variances is the large differences in the 
amount of volatile oil in the subsamples removed from a given 
lot of imported cassia bark. In light of questions raised by the 
spice trade industry as the result of these observations and 
others, the Executive Committee of the Technical Group of 
ASTA appointed a subcommittee to study 3 issues that could 
contribute to the variances observed by laboratories analyz
ing samples drawn from the same lots of cassia bark; the 
magnitude of subsample variances; the effect of variations in 
sample preparation technique; and the effect of the screen 
mesh.

Experimental

Study 1
Each of 6 firms who routinely run volatile oil analysis on 

cassia bark were asked to take a random sample consisting 
of 10 subsamples from a single lot of cassia bark in their 
inventories and ran a volatile oil analysis in duplicate on each

Received August 20, 1984. Accepted February 20, 1985. 
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subsample. They reported all data, not just averages. ASTA 
method 16.0 (11) was used for the analysis. The results are 
shown in Table 1.

It is evident from the 1-way analysis of variance (Table 2) 
that large differences exist in the volatile oil content of the 
respective subsamples: The sum of squares (SS) values of 
the between-subsample data are large compared with the SS 
values of the duplicates. F-Valucs indicate a significant dif
ference in the volatile oil content at the 95% confidence level 
between subsamples for a given laboratory.

Study 2
The second study was designed to reveal the degree of 

variance contributed by sample preparation, including kind 
of mill used, amount of analytical sample passed through the 
selected screen, and disposition of the oversized particles.

Two lots of thoroughly blended cassia bark were prepared 
at 2 locations. Approximately 1 lb subsamples were removed 
from these lots, coded, and sent to each of 9 participating in- 
house laboratories. The laboratories were asked to run one 
analysis only on each sample, using ASTA method 16.0. They 
were asked to report the analytical results and the following 
information: (a) kind of sample mill used to prepare the sam
ple for analysis (i.e., brand, model no., or description of 
grinding principle (cutting, pulverizing, impact, etc.); (b) 
amount of subsample passed through the mill; (c) mesh size 
of screen used either in the sample mill or after grinding, or 
both, if the mesh size used in the final screening was different 
from that used in the mill. The results and statistical analysis 
are reported in Table 3.

Communication with laboratory 8 revealed that they used 
a cutting mill for sample preparation which had knives that 
had not been sharpened for an extended period. The calcu
lated r value of the Dixon test for outliers was 0.60. The 
rejection limit is r = 0.48 (12). The data set from laboratory 
8 was considered an outlier and was not used in the statistical 
analysis.

The F-ratio of the data was calculated by using an approach 
presented by Youden and Steiner (13). The results support 
the hypothesis that sample preparation does contribute to the 
overall analytical error.

Study 3
Because of comments from the participating laboratories 

regarding the grinding of samples to pass a U.S. 40 mesh 
screen, a study to explore the difference in reported volatile 
oil content of a well blended sample of cassia bark ground to 
pass a U.S. 20 mesh screen and one to pass a U.S. 40 mesh 
screen was established.

One 450 g subsample from a large, thoroughly blended lot 
of cassia bark was sent to each of 9 participating laboratories. 
They were requested to grind one portion of the subsample 
in such a fashion that at least 99% of the cassia bark passed 
through a U.S. 20 mesh screen; the remaining portion of the 
subsample was ground to pass 99% through a U.S. 40 mesh 
screen. The same mill was to be used in grinding each of the 
sample aliquots. The oversized particles were to be dis
carded.

The participants were cautioned to be sure their mills were 
in good working order. The ground, screened samples were
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Table 1. Study 1: Data and statistical analysis for volatile oil of cassia bark (mL/100 g)

Subsample

Dupl. 1 2 3 4 5 6 7 8 9 10

Laboratory 1

A 2.97 2.63 3.26 2.54 2.66 2.51 2.94 2.60 2.71 2.29“
B 3.09 2.86 3.11 2.80 2.63 2.66 2.97 2.63 2.63 2.60

SS between subsamples 0.7645
SS w ith in  analysis 0.0945
F-ratio calculated 8.09
F-ratio critical (5% level) 3.18

Laboratory 2

A 1.28 1.31 1.14 1.20 1.14 1.26 1.37 1.25 1.34 1.23
B 1.23 1.31 1.23 1.23 1.17 1.14 1.26 1.29 1.29 1.17

SS between subsamples 0.0626
SS w ithin analysis 0.0233
F-ratio calculated 2.99
F-ratio critica l (5% level) 3.02

Laboratory 3

A 1.82 2.03 2.34 1.91 2.32 1.91 2.03 1.94 1.63 1.80
B 1.75 2.06 2.20 1.91 2.37 2.05 2.19 2.14 1.66 1.75

SS between subsamples 0.876
SS w ithin analysis 0.058
F-ratio calculated 16.71
F-ratio critica l (5% level) 3.02

Laboratory 4

A 1.89 2.05 2.17 2.17 2.31 1.89 2 03 2.31 1.89 1.89
B 1.89 1.89 1.89 2.17 2.42 1.74 2 03 2.31 1.89 2.03

SS between subsamples 0.605
SS w ithin analysis 0.079
F-ratio calculated 8.50
F-ratio critica l (5% level) 3.02

Laboratory 5

A 2.60 3.00 1.86 2.49 2.86 2.29 2.43 2.57 2.54 2.14
B 2.57 2.89 1.94 2.43 2.86 2.23 2.49 2.66 2.60 2.14

SS between subsamples 1.798
SS w ithin analysis 0.0210
F-ratio calculated 95.48
F-ratio critica l (5% level) 3.02

Laboratory 6

A 1.49 1.71 1.77 1.34 1.86 1.80 1.43 1.51 1.66 1.57
B 1.14“ 1.74 1.77 1.37 1.83 1.74 1.37 1.68 1.74 1.49

SS between subsamples 0.4973
SS w ithin analysis 0.0258
F-ratio calculated 19.27
F-ratio critica l (5% level) 3.18

“Deleted from statistical calculations as an outlier.

blended and stored in tightly sealed glass containers until 
analysis. The analyses were made using ASTA method 16.0 
and only one determination was made of each subsample. 
Any deviation from the protocol was to be reported.

Table 4 lists the data reported and the statistical analysis 
as recommended by Youden (13).

Discussion
The data of Study 1 show that at one extreme the range of 

the steam-distillable volatile oil in the 10 subsamples of lot 
analyzed by laboratory 5 is 1.1-3.8 mL/100 g at one standard 
deviation. At the other extreme, the range is 0.99-1.49 mL/ 
100 g at one standard deviation, reported by laboratory 2. 
With such a large dispersion of the variation in these exam
ples, one should question whether statistics of normally dis
tributed populations are indicated in this case. The industry 
refers to taking a “ representative” sample without defining 
what “ representative” is. The square root of the number of 
units in the lot with a maximum of 10 subsamples does not 
constitute a satisfactory definition.

The data from Study 2 clearly show that no uniform method 
was used to prepare the subsample for analysis. Those lab

oratories equipped with mills to reduce the subsample to a
U.S. 40 mesh size had little trouble; others experienced great 
difficulty and resorted to either blending the oversized par
ticles back into the subsample or discarding them.

From the published literature it appears that no in-depth 
studies have been made on the effect of particle size of the 
analytical aliquot on the reproducibility of the method. MRI
(10) reported running analyses on samples of Korintj and 
Batavia cassia that had been sieved. Two fractions were 
studied, that which passes through a U.S. 270 mesh screen 
and that which would not pass through a U.S. 200 mesh 
screen. They reported no significant difference in the volatile 
oil content. It did not appear that their work addressed the 
question of sample preparation of unprocessed cassia bark.

Study 3 demonstrates that grinding the subsample to pass 
a U.S. 20 mesh screen is desirable to minimize the loss of 
volatile oil, which results from excessive heating in the mill, 
particularly if the condition of the mill is less than optimum.

From a comparison of the Sd values of Studies 2 and 3, it 
is evident that the repeatability of the steam volatile oil anal
ysis for cassia bark can be improved by careful attention to 
sample preparation. At least 99% of the aliquot taken from
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Table 2. Study 1 : One-way analysis of variance of differences between 
means of treatment groups"

Lab.
Mean,

m U 100g
Between-sub.

SS6
W ithin-dup.

SS" F d• c F(calc.)

1 2.77 0.7645 0.0945 3.18 8.09
2 1.24 0.6260 0.0233 3.02 2.99
3 1.99 0.8760 0.0580 3.02 16.7
4 2.04 0.6050 0.0790 3.02 8.50
5 2.48 1.798 0.0210 3.02 95.5
6 1.62 0.4973 0.0258 3.18 19.3

"Groups consist of 10 subsamples. Each subsample w ithin a group is 
considered a treatment.

'’Sum of squares of difference between subsamples.
"Sum of squares o f difference between duplicates.
"Critical F-ratio at the 95% confidence level.

the samples for analysis must be ground to pass a U.S. 20 
mesh screen. Great care must be exercised to keep the mill 
in good working condition to minimize undue heating of the 
sample in the mill.

In addition, it is evident that the repeatability of steam- 
distillable volatile oil analysis of cassia bark can be improved 
by closer attention to the principles of good volumetric anal
ysis techniques such as calibrating traps, running xylene blanks, 
and reading the traps at a standard temperature.

In conclusion, it is necessary that we adjust our expecta
tions to be more commensurate with the limitations of the 
method as applied to the analysis of cassia bark and accept 
the fact that we are not justified in reporting analytical values 
to more than one decimal place. This in itself would be a 
significant step toward better agreement between laborato
ries.

Of equal or perhaps more importance is the recognition 
that lots of cassia bark are not homogeneous with respect to 
their volatile oil content. The sampling error must be addressed 
by establishing a sampling plan that will give the analysis a 
predictable level of confidence. If the analytical report does 
not reflect the quality of the lot within confidence limits agreed

to by the industry, the effort put into this analytical method 
has little value.

It would appear that our problem is one of establishing 
these confidence limits. There are 3 possibilities: First, estab
lish sampling constants as given by Gy (14) and Engamells
(15). This approach is probably not economically feasible 
because at least 4 parameters concerning particle geometry, 
liberation factors, composition factors, and particle size dis
tribution factors for at least 4 varieties of cassia bark would 
have to be studied in depth. Second, adopt the Monte Carlo 
system described by Whitaker (16). The difficulty with this 
system is that it requires large subsamples if the analyte is 
highly segregated within the lot.

Third, use the sampling system called the 3 Class Attribute 
Plan (17) designed specifically for the case when one does 
not have prior knowledge of the functional form of the quality 
distribution. This is the dilemma that the spice trade faces. 
Proper application of the principles of 3 class attributes would 
establish the confidence limits alluded to above.
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Table 3. Study 2: Data and statistical analysis for screening subsample of cassia bark

Spi. 1 Spi. 2
Lab. mL7100g mL/100 g Mill" Screening procedure

1 2.60 2.57 CF Sample 1:60% thru U.S. 30 mesh 
Sample 2:100% thru U.S. 30 mesh

and 75% thru U.S. 40 mesh, 
entire sample blended

2 2.46 2.56 CF 100% thru U.S. 40 mesh
3 3.06 2.98 CW 100% thru U.S. 40 mesh
4 2.77 2.35 CW 100% thru 0.5 mm (0.02 in.) screen

in mill
5 2.57 2.62 H 100% thru 0.020 in. (0.5 mm) screen

in mill
6 2.90 3.00 H 100% thru U.S. 40 mesh
7 3.04 3.07 H 200 g aliquot from sample 1

and 2; 97% thru U.S. 60 mesh;
3% overs blended in w ith 60 mesh

8 1.57 2.00 CW 100% thru 10 mesh 
100 g aliquot thru U.S. 40

9 3.03 3.06 CW 100% thru 2 mm screen in mill 
Sample 1:78% thru 9.5 mm screen 

in mill, overs discarded 
Sample 2:76% thru 0.5 mm screen

in mill, overs discarded
Mean6 2.667 2.690

"H = hammer m ill (Weber & White type);
CW = cutting m ill (Wiley-Thomas type);
CF = cutting m ill (Fritzpatrick type).

"S, = random error = 0.1590;
Sd =  combined effect of systematic error and random error = 0.575; 
F = Sd2/S,2 = 6.25;
Fc = 3.79 at 95% confidence level.
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Table 4. Study 3: Data and statistical analysis on effect of screen size

Lab.

Volatile oil, m!7100 g

20 Mesh 
screen

40 Mesh 
screen

1 2.57 2.34
2 2.70 2.74
3 2.69 2.49
4“ 3.23 3.23
5 2.60 2.63
6" 2.74 3.63
7 2.26 2.34
8° 2.68 3.34
9 2.34 2.28
Mean" 2.527 2.470

These results were deleted from  the statistical analysis fo r the fo llow ing 
reasons:
“ Laboratory 4 results had an excessive difference between the tota l of 
the pairs and the average total difference of all results.

"Laboratory 6 results had an excessive difference between pairs that 
exceeded 2.5 times the average absolute difference of all values. 

"Laboratory 8 reported they d id not use the same mill to prepare each 
analytical sample. 

dS, =  random error =  0.093;
Sd = com bined effect o f systematic error and random error = 0.24;
F = Sd2/Sr2 =  6.7;
Fc =  5.05 at the 95% confidence level.
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MICROBIOLOGICAL METHODS
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A  gas chrom atograph ic  m eth od  that identifies sporeform ers as the 
cau se o f  sp o ilage in sw ollen  cans o f  low -acid  foods w as co llaboratively  
stu d ied  in  2 stages . T w o organ ic  com p oun d s produced  by sp oreform ers, 
D-( -  )-2 ,3 -b u tan ed io l and butyric acid , are m easu red  in the upper  
ph ase a fter cen trifu gation  o f  the liqu id  portion  o f  the can contents. 
E ach  sam p le is assayed  on  2  packed colum ns designed  for the assay o f  
aq u eou s so lu tion s o f  vo la tile  fatty acid s, using flam e ion ization  detec
tors. F or stu d y  1 ,1 6  d u p licate  in ocu lated  can s o f  cream -style corn  and  
b eef nood le soup  w ere sent to  9 collab orators. F or study 2 , 7 co llabo
rators rece ived  11 du p licate  in ocu lated  cans o f  the 2 foods. D uplicate  
u n inoculated  can s o f  each  food served  as negative con tro ls. The inocula  
w ere 6 sp oreform in g  organ ism s (4 Clostridium and 2  gas-form in g  Bacil
lus spec ies) and 2  nonsp oreform ers. A fter the deletion  o f  m arginal 
sam p les, the p ercentages o f  correctly  identified  sp oreform ers and non
sporeform ers in  b ee f nood le soup  w ere 83  (110/132) and  90 (54/60), 
respectively; corresp on d ing  p ercentages for cream -style corn  w ere 80 
(98/123) and  100 (35 /35). T he m ethod  has been adopted  official first 
action .

This report describes the collaborative study of a gas chro
matographic (GC) method using flame ionization detection 
(FID) for identifying 2 compounds produced by sporeforming 
organisms in swollen cans of low-acid foods. The absence of 
these 2 compounds in microbial spoilage with the presence 
of gas production indicates spoilage by nonsporeformers. The 
method was developed and evaluated (1) for use as a rapid 
screening technique to assess the potential health hazard of 
swollen cans of low-acid foods that contain gas as a result of 
microbial activity but no longer contain viable organisms. It 
is not uncommon to find “ autosterilized” cans. No method 
is currently available to evaluate the cause of microbial spoil
age in such sterile swollen cans. In practice, swollen cans are 
routinely examined for the presence of microorganisms. Then 
the potential health hazard is estimated by ascertaining whether 
the microbial contamination resulted from underprocessing 
or from postprocessing contamination caused by seam leak
age. Although there are exceptions, it is common practice to 
assume that the presence of sporeformers alone is indicative 
of underprocessing, whereas a mixture of sporeformers and 
nonsporeformers, or the presence of nonsporeformers alone, 
is indicative of can leakage.

The method used in this study detects 2 metabolic products 
formed by sporeforming organisms, but not formed by non
sporeformers, growing in low-acid foods. The presence of 
either of 2 organic compounds, D-( —)-2,3-butanediol (referred 
to as X6 during method development but hereafter as BD) or
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butyric acid (referred to as X,, during method development 
but hereafter as BA), in the can contents of a swollen can of 
low-acid food indicates that growth of a sporeforming organ
ism has occurred. The absence of both compounds in micro
bial spoilage with gas production indicates that growth of a 
nonsporeformer has occurred. The production of gas in an 
inoculated can is assumed to be the result of microbial activ
ity.

Collaborative Study
The method for the identification and assay of the 2 organic 

compounds produced by sporeformers growing in low-acid 
foods was collaboratively studied with inoculated cans of 2 
foods. For study 1, 9 analysts assayed 16 inoculated cans in 
duplicate; for study 2, 7 analysts assayed 11 inoculated cans 
in duplicate.

Cans of cream-style com (com) and beef noodle soup (BNS) 
with identical can codes were purchased on the local market 
and inoculated with one of the following: 2 strains of Clos
tridium sporogenes (3679 and PA 16), Clostridium butyricum, 
Clostridium thermosaccharolyticum, Bacillus polymyxa, 
Bacillus macerans, Escherichia coli, or Pseudomonas aeru
ginosa. Each inoculated can was sealed in a polyethylene 
bag, held at temperatures ranging from 35 to 55°C until gas 
production occurred, and stored at 5°C for 1-2 months before 
shipment to the collaborators. Each inoculated can swell was 
contained in a vacuum-sealed double bag when shipped at 5- 
15°C. The analysts were instructed to report the cause of 
spoilage in each sample as that from either a sporeformer or 
a nonsporeformer. The correct identification for each sample 
was based on comparison with the organism used to inoculate 
the can. For the preparation of standards and for an assay 
prior to each sample assay, it was suggested that the analysts 
use water that elutes no detectable compounds on the 2 sta
tionary phases used for the assay of samples.

Sporeformers in Low-Acid Canned Foods 

Gas Chromatographic Method 

First Action

46.A01 Principle

Two org. compds produced by sporeforming organisms in low- 
acid canned foods, d-( -)-2 ,3-butanediol (BD) and butyric acid (BA), 
but not produced by nonsporeform ers, are m easured by gas chro- 
matgy. Identification o f BD and BA is based on relative retention 
times (RRTs) to internal std, propionic acid. Identification of 
sporeforming organisms as cause of spoilage is based on ratio of 
peak hts for BD and butyric acid (in external std) and BA and 
butyric acid (in external std).

46.A02 Apparatus

(a) G as ch ro m a to g ra p h .— Suitable for use with 2 heated flash 
vaporizer injectors contg glass sleeves; equipped with flame ioni
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zation detectors (FID); linked to data processor (if available) with 
printer/plotter (Sigma Series Instrument with console and printer/ 
plotter, Perkin-Elmer, or equiv.).

(b) Gas chromatographic columns.—(/) 1.8 m (6 ft) x 2 mm id 
glass column packed with 15% SP 1220/1% H3P 04 on 100-120 mesh 
Chromosorb W(AW); (2) 1.8 m x 2 mm (id) glass column packed 
with 0.3% CW 20M/0.1% H3P 04 on 60-80 mesh Carbopack C 
(Supelco Inc.). Condition both columns, using recommended pro
cedures: purge column at ambient temp. >30 min with carrier gas 
at 20 mL/min; then program from 50° to 150° at 2°/min and hold 
overnight. Cool column 1, attach to detector, and set column temp, 
at 118°. Inject twenty 10 p,L portions of freshly boiled H20  on 
column 2 at 150°. Then cool, attach to detector, and set column 
temp, at 125°.

(c) Operating conditions.—Select 2 methods from available chro- 
matgc data systems software (if data processor is available) that

provide relative retention time (RRT) = 1.00 for internal std. 
Column 1: injector 200°, detector 240°, column 118° for 12 min 
isothermal run; He carrier flow rate 24 mL/min; propionic acid 
elution time 2.70-3.30 min; electrometer range 10, attenuation 4; 
chart speed 5 mm/min; injection vol. 1 pL. For butyric acid, 
retention time = ca 6 min, RRT = 1.7, and peak ht = 60% FSD 
(10 cm). Column 2: injector 200°, detector 240°, column 125° for 25 
min isothermal run; N carrier flow rate 15 mL/min; propionic acid 
elution time 2.25-2.45 min; electrometer range 10, attenuation 2; 
chart speed 10 mm/min; injection vol. 0.3 pL. For butyric acid, 
retention time = ca 6.5 min, RRT = 2.7, and peak ht = 60% FSD 
(10 cm). Theoretical plates for each column >1600.

(d) Syringes.—1 and 5 pL (Hamilton 7001-N and 1705-N, or 
equiv.).

(e) Centrifuge.—With adapters suitable to accept 5 mL mini- 
vials, 1.0 and 5.0 mL capacity, with silicone stopper and screw cap

Table 1. Collaborative results of GC detection of cause of spoilage in inoculated cans (duplicates) of low-acid foods: Study 1

Laboratory

Inoculum 1 2 3 4 5 6 7 8 9 No. correct/ Percent
total correct

Cream-Style Corn

Sporeformers:

C. s p o ro g e n e s  3679 S S S S S S S ___a s 15/15 100
S S S S S S s ___a __b

C. s p o ro g e n e s  PA 16 S NS S s S S s s s 16/18 89
S S S s S S s s NS

C. th e rm o s a c c h a ro - NS NS NS NS NS NS _b NS __b

ly t ic u m c 0/14 0

NS NS NS NS NS NS __b NS _b

C. b u ty r ic u m S NS NS S S S s NS NS 8/18 44
S NS NS NS NS S s NS NS

B. p o ly m y x a  7047 S NS S S S s s S s 15/18 83
S NS S S S S NS S s

B. m a c e ra o s  843 S NS S S S S S S NS 13/18 72
S NS S S S NS S S NS

No. correct/total 10/12 3/12 8/12 9/12 9/12 9/12 9/10 6/10 4/9 67/101 66
Percent correct 83 25 67 75 75 75 90 60 44

Nonsporeformers:

Ps. a e ru g in o s a NS NS NS NS NS NS NS NS NS 18/18 100
NS NS NS NS NS NS NS NS NS

E. c o li NS NS NS NS NS NS NS NS NS 17/17 100
NS NS NS NS NS NS NS NS _b

No. correct/total 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 3/3 35/35 100
Percent correct 100 100 100 100 100 100 100 100 100

Beef Noodle Soup

Sporeformers:

C. s p o ro g e n e s  3679 s S s s s s s s S 18/18 100
s S s s S S s s S

C. s p o ro g e n e s  PA 16 s S s s s s s S S 18/18 100
s S s s s s s s S

C. th e rm o s a c c h a ro - NS NS NS NS NS NS s NS NS 1/18 6
ly t ic u m c

NS NS NS NS NS NS NS NS NS
C. b u ty r ic u m S S S S S S S S S 18/18 100

S S S S S S S s S
B. p o ly m y x a  7047 S NS NS NS NS NS NS NS NS 1/18 6

NS NS NS NS NS NS NS NS NS
S. m a c e ra n s  843° NS NS NS NS S NS S S NS 4/18 22

NS NS NS NS S NS NS NS NS

No. correct/total 7/12 6/12 6/12 6/12 8/12 6/12 3/12 7/12 6/12 60/108 56
Percent correct 58 50 50 50 67 50 67 58 50

Nonsporeformers:

Ps. a e ru g in o s a NS S S NS S NS S NS NS 13/18 72
NS NS NS NS NS NS S NS NS

E. c o li NS NS NS NS NS NS NS NS NS 18/18 100
NS NS NS NS NS NS NS NS NS

No. correct/total 4/4 3/4 3/4 4/4 3/4 4/4 2/4 4/4 4/4 31/36 86
Percent correct 100 75 75 100 75 100 50 100 100

NS = spoilage caused by a nonsporeform ing organism. 
S = spoilage caused by a sporeform ing organism.
"No sample sent to collaborator.
'’Collaborator had problems w ith sample cleanup. 
"Marginal samples deleted in Table 4.
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Table 2. Collaborative results of GC detection of cause of spoilage in inoculated cans (duplicates) of low-acid foods: Study 2

Inoculum

Laboratory

No. correct/ 
total

Percent
correct

1 2 4 5 6 8

Cream-Style Corn

Sporeformers:

C. th e rm o s a c c h a ro - S S NS S S NS 9/12 75
ly t ic u m S S NS S S S

C. b u ty r ic u m S NS S S S S 11/12 92
S S S S S S

B. m a c e ra o s S S S S S NS 11/12 92
S S S S S S

No. correct/total 6/6 5/6 4/6 6/6 6/6 4/6 31/36 86
Percent correct 100 83 67 100 100 67

Beef Noodle Soup

Sporeformers:

C. s p o ro g e n e s  3679 S S S S S s 12/12 100
S S S S S s

C. s p o ro g e n e s  PA 16 S S S S S s 12/12 100
S S S S S s

C. th e rm o s a c c h a ro - S S S S S s 12/12 100
ly t ic u m S s S S S s

C. b u ty r ic u m S s S S S s 12/12 100
S s S S S s

B. p o ly m y x a “ NS s NS NS S NS 4/12 33
NS s NS NS S NS

B. m a c e ra o s S s S NS S NS 7/12 58
NS s S S NS NS

No. correct/total 9/12 12/12 10/12 9/12 11/12 8/12 59/72 82
Percent correct 75 100 83 75 92 67

Nonsporeformers:

Ps. a e ru g in o s a NS NS NS NS NS NS 12/12 100
NS NS NS NS NS NS

E. c o li NS S NS NS NS NS 11/12 92
NS NS NS NS NS NS

No. correct/total 4/4 3/4 4/4 4/4 4/4 4/4 23/24 96
Percent correct 100 75 100 100 100 100

S = spoilage by a sporeform ing organism.
NS = spoilage by a nonsporeform ing organism. 
"Marginal samples deleted in Table 4.

(95010 and 95050, Alltech Associates, Inc.. 2051 Waukegan Rd, 
Deerfield, IL 66015), or equiv.

(f) Disposable Pasteur pipets.—7760-F 30 series (Arthur H. Thomas 
Co.), or equiv.

46.A03 Reagents

(a) Water.—Distd H20  that elutes with no detectable peaks on 2 
columns used for assay.

(b) External std solns.—(/) For column 1, WSFA-2 (Supelco 
Inc.), or equiv. It must contain aq. soln of propionic, isobutyric, 
and butyric acids. Concn of butyric acid should be 0.1%. Concns 
of propionic and isobutyric acids should be sufficient to produce 
peak hts ranging from detectable to 100% scale deflection (SD).

(2) For column 2, dil. WSFA-2 with equal vol. H20  or prep, 
equiv. soln. It must contain aq. soln of propionic and butyric acids. 
Concn of butyric acid should be 0.05%. Concn of propionic acid 
should be sufficient to produce peak ht ranging from detectable to 
100% SD.

(c) Internal std solns.—(I) For column 1, dil. 5 pL reagent grade 
propionic acid to 5 mL with H.O. For injection, take up 1 pL H,0 
into 5 pL syringe, followed by 0.1 pL soln. Modify proportions of 
2 components, if necessary, to give ca 50% FSD for propionic acid 
peak eluting in 2-3 min. (2) For column 2, dil. portion of internal 
std for column 1 with equal vol. H ,0. For injection, take up 0.3 pL 
H20  into 1 pL syringe, followed by 0.02 pL of this diln. Modify 
proportions of 2 components, if necessary, to give ca 50% FSD for 
propionic acid peak eluting in 2-3 min.

46.A04 Assay
Pierce each can aseptically by any microbiologically acceptable 

technic (see 46 .0 6 5 (a ), (c) and 46 .066 ). Transfer portion of liq. can

contents to 5 mL mini-vial, using sterile Pasteur disposable pipet, 
or equiv., and store at ca -20° overnight or longer. Warm 5 mL 
vials to room temp, and then centrf. 15 min at 1000 xg  or until 
phases sep. Transfer portion of clear upper phase to 1 mL mini- 
vial, using sterile Pasteur disposable pipet, or equiv. Store this 
upper phase at -20° overnight or until day of assay.

Let I mL mini-vials of upper phase of centrfd can contents warm 
to room temp. Use syringe to remove (and discard) any particulate 
matter from bottom of cone; then mix sample, using syringe. For 
assays on either column, assay external std to ensure optimal 
instrumental conditions; propionic acid must be eluted in time range 
such that RRT = 1.000; theoretical plates should be ca >1600; and 
butyric acid peak should be ca 60% FSD. Then replace glass liner 
in injector and inject sample of H20 , using sample syringe. Repeat 
H,0 injections, if necessary, until chromatogram has no ghost 
peaks. For assays on column 1, take up 1 p,L portion of sample 
into 5 p.L syringe, followed by 0.1 p,L internal std soln 1 and inject 
into gas chromatograph. For assays on column 2, take up 0.3 p.L 
portion of sample into 1 p.L syringe followed by 0.02 p.L internal 
std soln 2 and inject into gas chromatograph.

46.A05 Interpretation

For each sample, examine chromatograms from both columns, 
together with chromatograms for external std assayed same day. 
On column 1, BD elutes as tailing peak with retention time between 
those for isobutyric and butyric acids; it will not elute on column 2 
in 25 min run. Sample contg BA gives peak eluting in both sample 
chromatograms in retention time range for butyric acid. Measure 
peak ht for BD peak and divide by peak ht for butyric acid in 
external std 1 assayed on column 1. Measure BA peak ht from 
column 2 and divide by peak ht for butyric acid in external std 2
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assayed on column 2. Peak ht ratio for BD >0.39 or peak ht ratio 
for BA >0.30 indicates sporeformers as cause of spoilage. Record 
cause of spoilage as from either sporeformer or nonsporeformer.

Results and Discussion
The critical peak height ratios for BD and BA used to 

identify sporeformers as the cause of spoilage are based on 
all available assay results (both published and unpublished) 
collected during the development and evaluation of the method 
(1). These results represent assays of a total of 55 cans of 
com and 27 cans of BNS inoculated with the same microor
ganisms as those used for the collaborative study. Data from 
these assays were used for a discriminant analysis (2). A line 
joining the points (BD = 0.39, BA = 0) and (BD = 0, BA = 
0.30) was found to yield the best discrimination between 
sporeformers and nonsporeformers.

Table 1 lists the results for study 1. Each analyst was sent 
duplicate cans of each food inoculated with 1 of each of the 
8 strains of microorganisms along with duplicate negative 
controls (uninoculated cans) of each food. Inadvertently, 
analyst 8 received 4 cans of corn inoculated with C. ther
mo sac char oly tic um and no cans inoculated with C. sporo- 
genes 3679. The analyst reported nonsporeformers as the 
cause of spoilage for all 4 cans. For statistical analysis, 2 of 
these 4 results were deleted. The overall percentage of correct 
identifications for the inoculated cans in study 1 was 69 (193/ 
280). The percentage of correct identifications for the corn 
samples was 75 (102/136) and that for the BNS was 63 (91/ 
144). None of the 14 cans of corn for which results were 
reported and only 1 of the 18 cans of BNS inoculated with C. 
thermosaccharolyticum were identified correctly. Of the cans 
inoculated with C. butyricum, only 8 of the 18 cans of corn 
but all of the BNS cans were correctly identified. Of the cans 
inoculated with B. polymyxa, 15 of the 18 cans of corn (83%) 
and only 1 of the 18 cans of BNS were identified correctly. 
All of the negative controls were reported as negative (i.e.,

no peaks above background noise were observed in the RRT 
(relative retention time) ranges for BD and BA). The overall 
percentage of correct identifications reported for the 5 low- 
acid canned foods used in the method development (1) was 
84.

For study 2, each analyst received duplicate cans of BNS 
inoculated with each of the 8 strains of microorganisms and 
duplicate cans of corn inoculated with one of the following:
C. butyricum, C. thermosaccharolyticum, or B. macerans. 
The results of this study are shown in Table 2. One collabo
rator inadvertently deviated from the procedure, and these 
data were not included in the statistical analysis. The overall 
percentage of correct identifications for study 2 was 86 (113/ 
132) with a range of 80-92% for the 95% confidence interval
(3). The percentages of correct identifications for BNS were 
33 for B. polymyxa and 58 for B. macerans. The overall 
percentages of correct identifications were 85 (82/96) for the 
inoculated cans of BNS and 86 (31/36) for the inoculated cans 
of corn. None of the chromatograms for the uninoculated 
cans contained peaks above background noise in the RRT 
ranges for BD and BA.

For both studies, samples of each food were inoculated 
and held 1-2 months before the anticipated shipping date. 
Some of the cultures, i.e., C. thermosaccharolyticum and 
both Bacillus species used for study 1, did not grow as they 
did for the method development and evaluation. Tests on 
replicates of these sets of samples used in studies 1 and 2 
indicated some production of BA and BD, but in concentra
tions that were insufficient for the cause of spoilage to be 
identified by the established criteria as a sporeforming organ
ism. We assumed that the additional holding time in the 
collaborators’ laboratories would allow additional growth but, 
as the data in Table 3 indicate, that assumption was incorrect. 
Table 3 compares the analyses performed before or after the 
samples were shipped with the analyses by the collaborators. 
For 4 sets of replicates the assays were known to be negative

Table 3. Comparison of analyses before or after samples were shipped with analyses by collaborators

_______________________ Study 1________________________________________________Study 2__________________

Beef noodle soup _____ Cream-style corn____________Beef noodle soup Cream-style corn

Anal, before Anal, before Anal, before Anal, before
or after or after or after or after
shipment

%
shipment

%
shipment

%
shipment

%
BD BA correctly BD BA correctly BD BA correctly BD BA correctly
pk ht pk ht identified pk ht pk ht identified pk ht pk ht identified pk ht ht pk identified

Inoculum ratio ratio ID“ by colls" ratio ratio ID by colls ratio ratio ID by colls ratio ratio ID by colls

C. s p o ro g e n e s  3679 ___ C >1.00 S" 100 _ >1.00 S 100 _ >1.00 S 100
— >1.00 S“ — 0.78 S — 0.75 S
— >1.00 S — 0.92 S — >1.00 S

C. s p o ro g e n e s  PA 16 — >1.00 S 100 — 0.96 S 89 — 0.51 S 100
— 0.10 NS' — — NS' — >1.00 S — 0.45 S

C. th e rm o s a c c h a ro ly t ic u m — 0.16 NS' 6 — — NS' 0 — >1.00 S 100 — 0.47 S 75
— >1.00 S — >1.00 S — >1.00 S — 0.53 S

C. b u ty r ic u m — 0.63 S 100 — > 1 .00 S 44 — >1.00 S 100 — 0.71 S 92
0 .14 1.00 S >1.00 — S 0.29 — NS'

B. p o ly m y x a 0.28 — NS 6 >1.00 — S 83 0 .22 — NS' 33
0 .10 — NS' >1.00 — S 0.48 — S > 1 .00 — S

B. m a c e ra n s 0.13 — NS' 22 > 1 .00 — s 72 0.23 — NS 58 > 1.00 — S 92
— — NS — — NS — — NS

Ps. a e ru g in o s a — — NS 72 — — NS 100 — — NS 100
— — NS — — NS — — NS

E. c o li — — NS 100 — __ NS 100 — — NS 92

“ID = cause of spoilage, based on analysis before or after shipment. S = spoilage by a sporeform ing organism. NS = spoilage by a nonsporeform ing 
organism.

"Based on comparison w ith organism used to inoculate can (as shown in Tables 1 and 2).
“■—  = none detected by GC analysis.
"Analysis performed before shipment of samples.
“Analysis performed after shipm ent of samples.
'Sample known (before shipment) to produce peak height ratios of <0.30 (BA) and <0.39 (BD).
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or marginal prior to shipment. The collaborators incorrectly 
identified 85% of the samples in these 4 sets.

The collaborators reported the cause of spoilage (gas pro
duction) in each can swell as that from either a sporeforming 
organism or a nonsporeformer. These binomial results cannot 
be used to compute interlaboratory and intralaboratory esti
mates of variation. Tables 1-3 summarize the data in terms 
of correct identifications based on comparisons with the 
organisms used to inoculate the can. Tables 1 and 2 also show 
the percentages of sporeformers and nonsporeformers that 
were correctly reported by each analyst for each set of sam
ples.

Table 4 presents a summary of the percentages of correctly 
identified samples, using all sets of samples sent to collabo
rators and deleting the sample sets for which preshipment 
assays gave concentrations of BD and BA that were less than 
the levels required for identification of sporeformers. The 
percentages of correctly identified sporeformers and nonspo
reformers were computed for all the sets of samples sent to 
the collaborators for corn and BNS. These data indicate that 
samples inoculated with nonsporeformers had significantly 
higher percentages of correct identifications (94 vs 66%) than 
samples inoculated with sporeformers. The hypothesis that 
the percentages are equal was tested by assuming that the 
normal distribution is a valid approximation (3) to the binom
ial distribution. When the 4 marginal sets of data (replicate 
cans which, after inoculation with sporeformers, were found 
to be negative for spores on the basis of GC analysis or 
produced peak height ratios of <0.39 for BD and <0.30 for 
BA before shipment to collaborators) are deleted, the per
centage of correctly identified sporeformers does not differ 
(at a = 0.05 level) from that for nonsporeformers (83% (110/ 
132) vs 90% (54/60), respectively) for the combined BNS data 
from studies 1 and 2. Similarly, the overall percentages of 
correctly identified sporeformers and nonsporeformers in 
analyses by collaborators (81 vs 94%, respectively) are 
improved, although they are still significantly different (at a 
= 0.05 level), after deletion of the marginal data. The per
centages of correctly identified sporeformers and nonspore
formers in corn are 80 (98/123) and 100 (35/35), respectively, 
with the marginal data deleted.

Chromatograms for the external standard demonstrated 
instrumental problems (possible plumbing leaks) at the time 
Collaborator 2 assayed the study 1 samples; Table 1 shows 
that Collaborator 2 misidentified all 4 samples of corn inoc
ulated with the 2 Bacillus species. The problem had been 
resolved when the study 2 samples were assayed; Collabo
rator 2 correctly identified all 6 cans of the 2 foods inoculated 
with the 2 Bacillus species for study 2 (Table 2).

Most of the collaborators reported difficulty with the prep
aration of a clear upper phase after centrifugation of the can

contents for the cream-style com used in study 1. The prob
lem occurred with both uninoculated and inoculated cans. 
Increasing the centrifugation time usually provided a sample 
suitable for assay. One collaborator was unable to assay 2 of 
the 16 corn samples because of emulsion problems; another 
omitted 4 of the 16 assays. All collaborators reported data 
for all samples in study 2. Those collaborators with little 
experience with GC reported problems in handling the 1 p-L 
syringe. Analysts trying to use on-column injection systems 
had problems with ghost peaks.

With natural swells that are sterile, an analyst using this 
method can consider a sample as suspect for spoilage by 
sporeforming organisms if either BD or BA is present above 
the detection limit, which is defined as that quantity which 
produces a signal that is twice the size of the standard devia
tion of the background. To assess the significance of peak 
heights that are greater than those produced by quantities 
above the detection limit but less than the peak heights required 
for identification of spoilage by a sporeformer, the analyst 
must observe all of the built-in checks for the identification 
of these compounds and eliminate the possibility of syringe 
contamination. An external standard must be assayed each 
day that samples are assayed; an injection of water must 
precede each sample injection; the BD must appear as a 
tailing peak in the column 1 chromatogram with a well defined 
RRT and must not elute from column 2 during the 25 min 
assay; the BA must produce a symmetrical peak and have an 
RRT in the range for butyric acid on both columns.

Measurable amounts of BD and BA were not observed by 
the collaborators in the 60 negative controls (the uninoculated 
cans of the 2 foods) nor in the uninoculated cans assayed 
during the development and evaluation of the method (1).

No data are available that correlate the growth of spore
forming organisms with the production of BD and BA. Using 
the line joining the points (BD = 0.39, BA = 0) and (BD = 
0, BA = 0.30), which is based on data from inoculated cans, 
the collaborators reported nonsporeformers as the cause of 
spoilage for samples that produced BD and BA peaks with 
heights ranging from 1 to 3.4 cm. For the study 1 data, 27/34 
misidentified sporeformers in samples of corn and 25/48 mis
identified sporeformers in samples of BNS produced peak 
heights for BD and BA that were within this range.

The concentration of BA or BD in an inoculated can that 
is required to identify a sporeformer, i.e., the amount that 
gives a peak height ratio >0.30 or >0.39, respectively, can 
be estimated from the peak height for butyric acid in the 
appropriate external standard. External standard 2 contains 
0.05% butyric acid. Thus the upper phase that is present after 
centrifugation of the liquid contents of the can must contain 
>0.015% BA (0.015/0.05 = 0.30). A 0.1% (v/v) solution of 
D-(-)-2,3-butanediol in water produces a tailing peak in the

Table 4. Percentages of correct identifications calculated with and without deletion of marginal samples

Study Group

With all data With samples deleted"

Sporeformers Nonsporeformers Sporeformers Nonsporeformers

1 Cream-style corn 66 (67/101)" 100" (35/35) 77(67/87) 100"(35/35)
2 Cream-style corn" 86 (31/36) — 86(31/36) —
1 Beef noodle soup 56 (60/108) 86" (31/36) 76(55/72) 86 (31/36)
2 Beef noodle soup 82 (59/72) 96" (23/24) 92(55/60) 96 (23/24)

Overall average 66(186/281) 94" (89/95) 81 (177/219) 94" (89/95)

aAll samples deleted were found by GC analysis to be negative fo r spores o r produced peak height ratios of <0.39 fo r BD and <0.30 for BA before 
shipm ent to collaborators.

"Num ber o f correct identifications/num ber o f observations in parentheses.
"Difference between sporeformers and nonsporeformers significant at a =  0.05 level.
"Samples o f nonsporeformers were not sent to  collaborators. This group of samples was not used in the calculation o f the overall averages.
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column 1 chromatogram with a peak height that is about the 
same as that for external standard 1, which contains 0.1% 
butyric acid. Thus the upper phase that is present after cen
trifugation of the liquid can contents must contain >0.039% 
BD (0.039/0.1 = 0.39).

The results from study 1 indicate that the overall percent
age of correct identifications is 69, which is less than the 84% 
obtained in the method development (1). This lower overall 
percentage is due in part to cultures that did not grow in the 
inoculated cans (Table 3). If the marginal samples are excluded 
(Table 4), the overall percentage of correct identifications for 
study 1 is 82.

Nonetheless, a second study was conducted; the overall 
percentage of correct identifications for study 2 is 91 with the 
marginal samples excluded.

Since the absence of a critical peak in the chromatogram 
is an indication that a sporeformer is not the cause of spoilage, 
it is not surprising that for both studies 89 of 95 (94%) non- 
sporeformers were correctly identified compared with 217 of 
317 (68%) sporeforming organisms (marginal samples included). 
The comparison is more favorable (96 vs 83%, respectively) 
if only data from study 2 are considered (marginal samples 
included).

Recommendation
The overall percentages of correct identifications obtained 

for study 1 (82%) and study 2 (91%) do not differ significantly 
from the 84% obtained for the published method (1). There
fore, it is recommended that the method be adopted official 
first action.
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MYCOTOXINS

Quantitative Liquid Chromatographic Method Using Fluorescence Detection for Determining 
Zearalenone and Its Metabolites in Blood Plasma and Urine

MONICA E. OLSEN,1 HANS I. PETTERSSON, KERSTIN A. SANDHOLM, 
and KARL-HEINZ C. KIESSLING
Swedish University o f  Agricultural Sciences, Department o f  Anim al Nutrition and M anagement, S-750 07 
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The liquid chromatographic (LC) method described, suitable for use 
with both blood plasma and urine, is applicable for determination of 
zearalenone and a-zearalenol at levels as low as 0.5 ng/mL plasma and 
5 ng/mL urine. The sample is incubated overnight with f3-glucuronidase 
to analyze for both conjugated and unconjugated forms of zearalenone. 
The next day, the sample is acidified with H3PO4, extracted with chlo
roform, and evaporated to dryness. The residue is dissolved in toluene 
and loaded onto a silica gel cartridge which is washed with toluene and 
eluted with toluene-acetone (88 + 12). The eluate is evaporated, and 
the residue is dissolved in chloroform, extracted with 0.18M NaOH, 
neutralized with H3PO4, and re-extracted with chloroform. The chlo
roform extract is evaporated, dissolved in mobile phase for LC, and 
injected onto a normal phase column under the following chromato
graphic conditions: mobile phase of water-saturated dichloromethane 
containing 2% 1-propanol, and fluorescence detector, excitation wave
length 236 nm, and 418 nm cut-off emission filter. Recoveries of zea
ralenone and its metabolites from blood plasma and urine are 80-89% 
in the range 2.0-10 ng standard/mL plasma, and 81-90% in the range 
10-30 ng standard/mL urine. This method was used to analyze blood 
and urine samples from a pig fed zearalenone-contaminated feed (5 
mg/kg), corresponding to 80 p.g/kg body weight. Zearalenone was 
rapidly metabolized to a-zearalenol, which appeared in the blood only 
30 min after feeding. Almost all zearalenone and a-zearalenol was 
found conjugated with glucuronic acid in both blood plasma and urine.

Several species of Fusarium fungi are capable of producing 
zearalenone, 6-(10-hydroxy-6-oxo-irarts-l-undecenyl)-(3- 
resorcylic acid lactone, an estrogenic mycotoxin. Zearale
none is mainly a contaminant in corn, but it may also occur 
in wheat, barley, oats, sorghum, sesame, and hay (1, 2).

The pig is perhaps the animal most sensitive to zearale
none. A dose of 1 mg zearalenone per day given to a 50 kg 
gilt is sufficient to cause signs of vulvovaginitis on the 8th 
day (3).

To conduct pharmacokinetic studies on zearalenone 
metabolites when zearalenone is given in low doses (1-5 mg/ 
kg in feed), a very sensitive analytical method is needed. This 
method should also include determination of both free and 
conjugated forms of zearalenone and its metabolites, because 
zearalenone is metabolized via 2 pathways—conjugation and 
reduction to zearalenol (4). Mirocha et al. (5) have investi
gated the in vivo metabolism of zearalenone in laboratory 
and farm animals. They found in the urine of a 3-week-old 
piglet given 1.0 g zearalenone both free and glucuronide- 
conjugated zearalenone (63%), a-zearalenol (32%), and (3- 
zearalenol (5%).

A sensitive method which can be used to detect both free 
and conjugated substances is also suitable for detection of 
zearalenone and its metabolites in blood plasma or urine of 
animals suspected of ingesting contaminated feed. Recently, 
2 sensitive methods for free zearalenone and metabolites in
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blood have been published, a liquid chromatographic (LC) 
method by Trenholm et al. (6), and a radioimmunoassay by 
Thouvenot and Morfin (7). Detection limit for the LC method 
was 0.6 ng/mL plasma, and for radioimmunoassay was 5 ng/ 
mL serum.

James et al. (8) described a procedure which detects 270 
ng zearalenone and 500 ng zearalenol/mL urine, both free 
and conjugated forms.

In the present paper we describe a sensitive LC method, 
suitable for use with both blood plasma and urine and which 
detects both free and conjugated forms of zearalenone. Results 
are presented from a zearalenone feeding experiment.

METHOD

Apparatus
(a) Vortex-mixer.—Super-Mixer (Lab-Line Instruments, 

Inc., Melrose Park, IL).
(b) Centrifuge.—Wifug x 1 (Wifug, Stockholm, Sweden).
(c) Liquid chromatography.—Waters 6000 A solvent 

delivery system (Waters Associates, Inc., Milford, MA). LC 
operating conditions: LC column, p-Porasil normal phase, 3.9 
mm id X 30 cm (No. 27477, Waters Associates); constant 
solvent flow, 1.2 mL/min; recorder, chart speed 0.5 cm/min 
(W + W Recorder 1100, W + W Electronic AG, Basel- 
Miinchenstein, Switzerland); fluorescence detector, Kratos 
Model FS970 Spectrofluoro Monitor with excitation wave
length 236 nm, 418 nm cut-off emission filter, range 0.02 p,A 
(zero set at 0.05 p,A), and time constant 3 s (Kratos Analytical 
Instruments, Ramsey, NJ).

(d) Rotary evaporator.—Rotavapor R-110 (Biichi Labor- 
atoriums Technik AG, Flawil, Switzerland).

(e) Sample concentrator.—SC 3 (Techne Ltd, Cambridge, 
UK).

(f) Cleanup column.—Sep-Pak silica cartridge (Waters 
Associates).

(g) Extraction column.—Extrelut® (No. 11737, E. Merck). 

Reagents
(a) Solvents.—Chloroform, toluene, 1-propanol, dichlo

romethane, acetone, all p.a. grade (E. Merck, Darmstadt, 
FRG).

(b) /3-Glucuronidase.—9 mg/50 pL 0.2M sodium acetate 
buffer (pH 5.5). Enzyme activity 550 000 units/g solid (from 
bovine liver type B-l, Sigma Chemical Co., St. Louis, MO).

(c) Sulphatase.—Enzyme activity 5110 units/mL. Prepa
ration also contains (3-glucuronidase 100 000 units/mL (from 
Helix pomatia type H-2, Sigma Chemical Co.).

(d) LC mobile solvent.—Water-saturated dichlorome
thane containing 2% 1-propanol.

(e) Standards.—Highly purified zearalenone (99.8%, 
donated by Commercial Solvents Corp., Terre Haute, IN). 
a- and (3-Zearalenol were made by reduction of zearalenone 
with NaBH4 (9).
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Figure 1. Zearalenone and a-zearalenol content in blood plasma and 
urine from a swine fed zearalenone-contaminated feed (5 mg/kg diet). (A)
Zearalenone (........ ) and a-zearalenol (..........) in blood plasma, expressed
as ng/mL plasma. (B) Total amount zearalenone + a-zearalenol excreted 
In urine expressed as pg excreted/h. Shaded area shows pg a-zearalenol 
excreted/h. Volume of urine (..........) collected expressed as mL urine/h.

Sample Collection
One female pig of Swedish Landrace x Yorkshire breed, 

weighing 65.4 kg, was fed 1.03 kg standard diet A (10) con
taining 5 mg zearalenone/kg diet. Blood samples were taken 
frequently (Figure 1) from a permanent blood cannula, which 
was introduced into the carotid artery (11), and urine was 
collected continuously, until 8 h after feeding, via ballon 
catheter fitted in the urinary bladder. Blood samples were 
collected in heparinized tubes and centrifuged (3000 g, 20 
min), and plasma was removed with a Pasteur pipet. Plasma 
and urine were kept frozen (-20°C) until analysis.

Preparation of Spiked Blood Plasma and Urine Samples
Prepare standard solutions of zearalenone (200 ng/mL 

methanol) and a- and (3-zearalenol (200 and 500 ng/mL meth
anol, respectively). Add 0-750 |xL portions of standard solu
tion to separate 15 mL glass tubes and evaporate to dryness 
under nitrogen and gentle heat (50°C). Transfer 5.0 mL blank 
plasma or urine to tube and redissolve standard solution by 
vortex-mixing. Proceed with incubation and cleanup proce
dures described below.

Incubation
Transfer 5 mL spiked or unspiked plasma or urine to 15 

mL glass tube, add 5 mL 0.2M sodium acetate (pH 5.5) and 
50 p,L (3-glucuronidase plus sulphatase solution (type H-2). 
Incubate 16 h at 37°C. Stop incubation by adding 1 mL 3M 
H3P04.

Sample Cleanup
After incubation, extract sample twice with 25 mL chlo

roform, or pour sample onto extraction column and extract 
with 40 mL chloroform into 100 mL round-bottom flask. 
Evaporate to dryness on rotary evaporator. Dissolve residue 
in 1 mL toluene and load onto silica cartridge. Wash flask 
with 10 mL toluene and wash silica cartridge with same solu
tion. Elute zearalenone and zearalenols with 10 mL toluene- 
acetone (88 + 12) into 50 mL round-bottom flask and evap
orate to dryness. Transfer residue in 2 mL chloroform into 
15 mL conical glass tube. Extract by adding 2 mL 0.18M 
NaOH and vortex-mix thoroughly for three 10 s periods. 
Centrifuge at 4000 x g  for 1 min and remove upper NaOH 
layer with Pasteur pipet into fresh 15 mL conical tube. Neu
tralize basic solution with 0.5 mL 0.4M H3P 04 and re-extract 
twice with 2 mL chloroform by vortex-mixing each time for 
two 15 s periods and centrifuging as above. Discard upper 
aqueous layer and combine chloroform extracts. Remove any 
residues of aqueous layer by adding very small amounts of 
anhydrous sodium sulfate, ca 150 mg, and vortex-mix 15 s. 
Repeat, if any aqueous droplets are left. Centrifuge as above 
and transfer chloroform extract quantitatively into 1.5 mL 
(plasma) or 2.5 mL (urine) glass tube by evaporating to dry
ness under nitrogen and gentle heat (50°C). Immediately before 
injection onto LC column, dissolve plasma and urine residues 
in 50-100 |xL and 500-1000 |xL, respectively, LC mobile 
solvent by vortex-mixing 15 s. Inject 10 p,L sample onto LC 
column.

Determination
Identify zearalenone and a-zearalenol peaks by comparing 

retention times with those of standards. Measure peak areas 
geometrically, and determine zearalenone and a-zearalenol 
contents graphically from comparable standard curve of zear
alenone and a-zearalenol.

Confirmation.— Confirm identity sample peak height ratios 
by sequential LC analyses according to Ware and Thorpe 
( 12) .

Results and Discussion
When elaborating a method for the detection of zearale

none and its metabolites, one needs to consider both free and 
conjugated forms of the toxin. Previous work by Mirocha et 
al. (5) showed that administration of 90 mg zearalenone/kg 
body weight to an 8 kg piglet resulted in 31% of total urinary 
zearalenone in the glucuronide form. No sulfate form of the 
metabolites could be detected.

In our investigation, when giving a very small amount of 
zearalenone to a 65 kg pig, corresponding to 80 |j.g/kg body 
weight, we found in urine both conjugated zearalenone and 
a-zearalenol and only trace amounts of free substances (0.4 
ng/mL). In plasma, all zearalenone and a-zearalenol were 
found conjugated. The amount of free substances in urine 
and plasma was measured by excluding the incubation with 
(3-glucuronidase or sulfatase. Zearalenone and a-zearalenol 
in urine were found to be conjugated with glucuronic acid 
based on the results of an experiment in which urine was 
collected from a pig 7 h after it was fed with zearalenone- 
contaminated feed (5 mg/kg). Before incubation with (3-glu- 
curonidase or sulfatase plus (3-glucuronidase, urine was pre
cipitated with saturated BaCl2 solution to remove any inter
fering sulfate ions, but the addition of sulfatase to the incu
bation did not release any more bound zearalenone or a- 
zearalenol. The mean values of 5 determinations each of free 
zearalenone and free a-zearalenol after incubation with (3- 
glucuronidase (5000 u) were 44.4 ± 4.8 and 68.8 ± 6.7 ng/
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Figure 2. LC chromatograms of (A) zearalenone, 2.4 rig In both plasma 
and urine; (B) a-zearalenol, 2.6 ng in plasma and 3.0 ng In urine; (C) (3- 
zearalenol, 6.0 ng In both plasma and urine. Injected red samples, 1.0 mL 
plasma and 0.05 mL urine. Dotted lines denote response of blanks. See 

text for LC conditions.

mL, and after incubation with p-glucuronidase (5000 u) plus 
sulfatase (255 u) were 40.4 ± 1.8 and 61.2 ± 1.8 ng/mL, 
respectively. This finding is consistent with literature reports 
on the conjugation mechanism (13), which state that pigs 
excrete phenol bound 100% as glucuronides. Because of large 
species variations for glucuronide and sulfate conjugation, 
we used a mixture of p-glucuronidase and sulfatase in our

incubations. This renders the method suitable for species 
other than swine. Preliminary work showed that at least 16 h 
of incubation at 37°C was necessary to release all bound 
substances. The incubations not only liberated bound zear
alenone and a-zearalenol, but also numerous contaminants. 
After cleanup on silica cartridge and acid-base extraction, 
the interference of other substances was removed as shown 
in the LC chromatograms (Figure 2).

Retention times for zearalenone and a-zearalenol were about 
5 min and 11 min, respectively. Preparing a new mobile sol
vent for LC caused retention times to vary up to 0.4 min 
between mobile phases, which necessitated always making 
standard injections. However, these variations did not affect 
resolution of the peaks. The chromatograms (Figure 1) showed 
that both a- and p-zearalenol could be detected by our method 
and that the peaks were resolved from one another. The 
fluorescence of p-zearalenol was weaker than that of zeara
lenone and a-zearalenol, which made the method less sensi
tive for p-zearalenol. The detection limits of zearalenone and 
a-zearalenol were 0.5 ng/mL plasma and 5 ng/mL urine. The 
detection limit of p-zearalenol was about 4 times higher.

Smaller amounts of zearalenone or zearalenols could be 
easily detected by increasing the LC injection volume or the 
initial sample volume.

Figure 3 shows a plot of the fluorescence detector response 
vs amounts of standard zearalenone and a-zearalenol injected 
in the range 0-8 ng. The response was linear over the whole 
range, and the correlations, area to amount, were 0.997 for 
zearalenone and 0.998 for a-zearalenol.

Recovery results (Tables 1 and 2) and fluorescence detector 
response (Figure 3) of zearalenone and zearalenols showed 
that the method was quantitative. There were no differences 
in recoveries between the extraction procedures, but using 
the extraction column was faster.

When detecting such low levels of zearalenone and zear- 
alenol as described in this paper, contamination of the sample 
with zearalenone originating from the LC injector can occur. 
This can happen, for instance, when the LC apparatus has 
previously been used with a more concentrated standard 
solution. The problem was solved, in our case, by rinsing the 
injector with methanol and LC mobile solvent and changing 
the PTFE plug (Waters, No. 96039), which in time became 
scratched.

Figure 3. Plot of fluorescence detector response vs amount of zearale
none and a-zearalenol standard Injected onto LC column; r = correlation 

coefficient.
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Table 1. Recoveries of zearalenone and a- and p-zearalenol from 
spiked blood plasma Incubated with p-glucuronidase + sulphatase for

16 h

Compound
added,
ng/mL

No. of 
analyses Ree., % ±  SD

Zearalenone
2.0 3 83 ±  7.6

10.0 3 83 + 0.6
a-Zearalenol

2.2 3 89 ±  2.9
10.8 3 80 ±  1.0

B-Zearalenol
5.0 3 81 ±  6.4

24.8 3 84 ±  1.1

Table 2. Recoveries of zearalenone and a- and p-zearalenol from 
spiked urine unlncubated* or incubated with p-glucuronidase + 

sulphatase for 16 h

Compound
added, No. of
ng/mL analyses Ree., % ±  SD

Zearalenone
4.0* 3 78 ±  2.6

10.0 3 90 ± 8.1
30.0 6 88 ±  7.6

a-Zearalenol
4.3* 3 72 ±  2.2

10.0 3 81 ± 3.0
32.0 6 82 ±  8.5

B-Zearalenol
10.0* 3 84 ± 2.7

127.0 3 82 ±  6.4

The feeding experiment (Figure 1) showed that zearalenone 
was rapidly metabolized into a-zearalenol. As early as 30 min 
after feeding, 2.0 ng/mL of zearalenone and 3.2 ng/mL of a- 
zearalenol could be detected in the blood plasma. Six samples 
examined during 8 h after feeding showed a plasma content 
of oi-zearalenol 1.5 to 6 times as high as that of zearalenone. 
The maximum amount of zearalenone and a-zearalenol together 
(8.3 ng/mL) in plasma occurred 4.5 h after feeding. In urine, 
the maximum amount was collected between 3.5 and 5 h after 
feeding.

No p-zearalenol could be detected in plasma or urine. 
Mirocha et al. (5) found 5% of total metabolites in pig urine 
to be p-zearalenol when they administered a 1000-fold higher 
amount of zearalenone than that used in this investigation. 
This 5% concentration would, at maximum excretion, cor
respond to 18 ng p-zearalenol/mL urine, which is less than 
the detection limit.

A striking difference between plasma and urine was the 
ratio of zearalenone to zearalenol. The urine excretion of a- 
zearalenol was consistently lower than that of zearalenone 
until 6 h after feeding, when a-zearalenol reached its maxi
mum excretion level. After 6 h, the urine contained more a-

zearalenol than zearalenone. The total amount of zearalenone 
and a-zearalenol excreted in urine during 8 h after feeding 
corresponded to 15.6% of the total ingested zearalenone.

The maximum amounts of zearalenone and a-zearalenol in 
urine corresponded to 216 ng/mL and 153 ng/mL urine, 
respectively. Compared with the maximum level in plasma, 
these amounts are very easily detected. In other words, urine 
can be very suitable for the detection of zearalenone and its 
metabolites in animals suspected of ingesting contaminated 
feed.

The method described here was rapid and sensitive for the 
determination of both free and conjugated zearalenone and 
its metabolites in blood plasma and urine. Pharmacokinetic 
studies of zearalenone metabolism in vivo can be made by 
using the analytical method described, which will be used in 
subsequent investigations at our laboratory.
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Negative Ion Chemical Ionization Mass Spectrométrie Method for Confirmation of Identity of 
Aflatoxin Bx: Collaborative Study
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A n in terlaboratory  stu d y  o f  a negative ion  ch em ical ion ization  m ass  
spectrom etric  (M S) confirm ation  p rocedure for aflatoxin B i w as con 
ducted  in  lab oratories in  the U nited  S tates, E n glan d , and W est G er
m any. T w elve partia lly  purified , dry film  extracts from  naturally  and  
artificially  con tam in ated  roasted  p ean u ts, cotton seed , and  ginger root  
con ta in in g  vary in g  q u an tities o f  aflatoxin  B t w ere d istributed  to the  
partic ipatin g  lab oratories. T h e extracts req u ired  add itional cleanup  
b efore M S  an alysis , u sin g  eith er an acid ic  a lu m in a  colum n and  p rep
arative th in  layer chrom atograph y (TLC ) or  a  2 -d im en sion al TLC  
p roced u re. R ecovery  o f  purified  aflatoxin  B , w as in fluenced b y the  
degree o f  recovery  o f  sam p le from  acid alum ina an d /or the TLC  plate  
and in com plete  e lu tion  o f  aflatoxin  B , from  silica  gel. F actors affecting  
M S con firm ation  in clu d ed  th e  purity and recovery o f  aflatoxin  and  M S  
in stru m ent sensitiv ity . A flatoxin  B t identity w as confirm ed in  19 .5 , 
9 0 .9 , and  100%  o f  sam p les con tain in g < 5 ,  5 - 1 0 ,  and > 1 0  ng aflatoxin  
B ,/g  p rod u ct, resp ective ly , b y  so lid  probe in trodu ction  usin g  full m ass 
scan s. T he M S m ethod  h as been  ad op ted  official first action .

My cotoxins, toxic compounds produced by molds, may be 
present in foods and feeds. Ingestion of mycotoxin-contam- 
inated products can cause pathological responses in animals 
and humans. Aflatoxins, which are produced by the ubiqui
tous molds Aspergillusflavus and A. parasiticus, are the most 
significant mycotoxins on the basis of concern engendered 
and research stimulated. The most potent of the aflatoxins, 
aflatoxin B1; is a hepatocarcinogen and is toxic in many ani
mal species (1).

A great deal of research has been directed to the develop
ment of analytical methods for the determination of low levels 
of aflatoxins in foods and feeds and for the confirmation of 
the identity of aflatoxin B, (2). Both liquid and thin layer 
chromatography (TLC) have been used in the determinative 
step with good precision. However, the procedures for the 
confirmation of aflatoxin B,, based on either physical or 
chemical properties or biological activity, are time consum
ing, and in some cases nonspecific (3). To achieve high spec
ificity in confirmation of aflatoxin identity, various mass spec
trometric (MS) techniques have been investigated, including 
low resolution electron ionization (4), high resolution multiple 
ion monitoring with solid probe sample introduction (5), on- 
column gas chromatography/high resolution MS with ion 
monitoring (6), and MS/MS using solid probe sample intro
duction (R. D. Plattner, U.S. Department of Agriculture, 
Peoria, IL, personal communication, 1983).

'New York Import District, Food and Drug Administration (FDA), Brook
lyn, NY 11232.

2Division of Chemical Technology.
3New York Regional Laboratory, FDA, Brooklyn, NY 11232.
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The purpose of this study was to evaluate the applicability 
of the negative ion chemical ionization (NICI) technique to 
confirm the identity of aflatoxin B, in roasted peanuts, cot
tonseed, and ginger root by using previously developed ana
lytical methods (7, secs 26.026-26.030,26.052-26.056; 8) and 
selected isolation procedures (3; 7, secs 26.030,26.076-26.079; 
9).

Collaborative Study
Nine chemical laboratories were each furnished 12 coded, 

partially purified extracts containing aflatoxin B,, a descrip
tion of the final cleanup method, and a report form. Each dry 
film extract was equivalent to a 10 g sample of roasted pea
nuts, cottonseed, or ginger root naturally and artificially con
taminated with aflatoxin B,. The extracts were prepared by 
methods applicable to the respective types of samples: 26.029 
for peanut butter (7), 26.055-26.056 for cottonseed (7), and a 
special method for ginger root (8). Contamination concentra
tions ranged from nondetectable levels to 50 ng aflatoxin B,/
g. The purified extracts were then given to 6 MS laboratories 
for confirmation of identity of aflatoxin B,. Collaborators 
were also supplied with a practice sample at a concentration 
of 20 ng/g to become familiar with the cleanup and MS con
firmation methods. Reference standards with directions for 
dilution to working concentrations were provided.

Collaborators were instructed to use either (1) acid alumina 
column chromatographic cleanup or (2) 2-dimensional TLC 
cleanup on the extracts and to quantitate the recovered afla
toxin B, before MS analysis (Figure 1). They were instructed 
to quantitatively transfer the entire sample extract to the 
column or TLC plate as applicable, using standard laboratory 
procedures (7).

Aflatoxin B, Identification 

Confirmation Method 

First Action
(Level of confirmation of identity is >5 ng aflatoxin B,/g.)

26.A01 Principle

Partially cleaned up B, exts are further cleaned up by 2-dimensional 
thin layer chromatgy. Presence of aflatoxin B, is confirmed by neg. 
ion chemical ionization mass spectrometry (MS).

26.A02 Apparatus

(a) Thin layer plates.—20 x 20 cm with 0.25 mm silica gel and 
silica gel 60 precoated (E. Merck), or equiv.

(b) Development tank.—Glass tank with ground-to-fit cover and 
metal trough.

(c) Thin layer plate scraper.—Kontes K4I6400-0022, or equiv.
(d) Glass fiber filter paper.—4.25 cm, Whatman GF/A, or equiv.
(e) Membrane filter.—0.5 p.m PTFE, Millex-SR filter unit (Mil- 

lipore Corp. SLS R025NS), or equiv. filter to male Luer outlet of 
5 or 10 mL syringe.



PARK ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 4, 1985) 637

Figure 1. Sample analysis scheme.

(f) Automatic TLC spot eluter.—Camag Eluchrome 75000, or 
equiv.

(g) Concentrator tube.—2 mL, Kontes K422560, or equiv.
(h) Mass spectrometer.—Finnigan MAT 3300 interfaced to IN- 

COS 2300 data system with following operating conditions: 55-655 
Daltons scan range, 3.0 s scan time, 0.7 torr source pressure, 120° 
source temp., CH4 reagent gas, 0.50 mA filament current, and 140 
eV electron energy, or equiv.

26.A03 Reagents

(a) Solvents.—ACS grade: acetone, benzene, CH3CN, CHC13, 
anhyd. ethyl ether, isopropanol, and MeOH. Caution: Do not use 
any solvs stored in plastic ware because leachables may interfere 
in interpretation of mass spectra.

(b) Mass spectrometer calibrants.—Fomblin (PCR, Gainesville, 
FL), or perfluorotributylamine (FC-43) (PCR) spiked with dinitro- 
fluorobenzene, (Aldrich Chemical Co.), and trifluoroacetic anhydride 
(PCR).

(c) Mixed aflatoxin reference std.—B, and G,, 0.5 pg/mL; B2 and 
G2, 0.15 pg/mL in benzene-CH3CN (98 + 2).

(d) Aflatoxin 2J, reference std.—10 pg/mL in acetone.

26.A04 Preparation of Extracts

Prep, ext of roasted peanuts as in 2 6 .0 2 6 -2 6 .0 3 0 , cottonseed as 
in 2 6 .0 5 2 -2 6 .0 5 6 , and ginger root as in JAOAC 63 , 1052(1980).

26.A05 Chromatographic Cleanup

Perform addnl cleanup using 2-dimensional TLC.
Take thin layer plates and score as shown in Fig. 26:A 1. Spot 5 

pL mixed aflatoxin ref. std for development in each direction. 
Dissolve unknown sample in 50 pL CHC13 and spot 2 pL ca 1 cm 
apart from each std spot. Apply remaining sample as single spot in 
corner of TLC plate. Rinse sample vial with 20 pL CHC13 and 
superimpose rinse on sample spot. Develop plate in 2 dimensions, 
using following solvs: first, acetone-CHCl3 (1 + 9) and second, 
anhyd. ethyl ether-MeOH-H20  (96 + 3 + 1). Let plate stand 10 
min in dark between developments to remove solv. After second 
development, let plate stand in hood 5 min to evap. developing 
solv. Locate aflatoxins under longwave UV light, mark, and elute 
from TLC plate as described below. (Caution: Aflatoxin recovery 
will be reduced with prolonged exposure to UV and fluorescent 
light.)

26.A06 Elution of Purified Aflatoxin B,
Elute the sample from 2-dimensional TLC plate by procedure a, 

b , or c:
(a) TLC vacuum scraper.—Proceed after development of TLC 

plate as described in 2 6 .0 7 9 , using TLC scraper 2 6 .076 (b ) or 
2 6 .A 02(c). Use six 1 mL portions of CHC13 to elute aflatoxin from 
the silica gel into 2 dram vial.

(b) Scrape and filter.—Mark aflatoxin spot as in 26.079. Scrape 
spot onto creased, 10 x 10 cm piece of A1 foil and transfer to glass 
fiber filter paper, (d), placed in 25 mm funnel (1 cm stem). Wash A1 
foil and elute aflatoxin B, into 2 dram vial with six 0.5 mL portions 
of CHClj. (TLC spot may also be scraped onto weighing paper and 
transferred dry onto filter without washing the paper.) Alternatively, 
filter scraped silica gel as described, using glass syringe filter, (e). 
Wash aflatoxin B, into 2 dram vial with six 0.5 mL portions of 
CHC13.

(c) In situ elution.—Elute aflatoxin B, spot with 2.5 mL CHC13-  
acetone-isopropanol ( 8 5 +1 5  + 5) into concentrator tube, (g).

Evap. purified aflatoxin soln prepd in (a ), (b), or (c) to dryness 
under N stream in warm H20  bath (50°). Transfer to 2 mL concen
trator tube, (g), if sample is not already in one, and evap. to dryness

FIG. 26:A1— Spotting and scoring patterns for 2-dimensional TLC plate

as described above. Save for mass spectrometry. If necessary, store 
as dry film in freezer.

26.A07 Quantitation of Aflatoxin B1

Analyze by TLC as in 26.031. Dissolve purified aflatoxin B, in 50 
|xL benzene-CH3CN (98 + 2) and spot 5 pL on silica gel TLC 
plate. Also spot 5 and 10 pL mixed aflatoxin ref std. Develop with 
acetone-CHCl, (1 + 9). Rf of aflatoxin B, should be ca 0.5 (see 
26.008-26.013). Evap. remaining ext (45 pL) to dryness under 
stream of N and save for mass spectrometry. If necessary, store as 
dry film in freezer.
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Table 1. Aflatoxin B, found (%) after final cleanup of partially purified 
extracts of roasted peanuts, cottonseed, and ginger root by column 

chromatography or 2-dlmensional (2-D) TLC

Sample

Aflatoxin 
Bi contam., 

ng/g

Cleanup method“ 

Chromatogr, 2-D TLC

Roasted peanuts N D M 0 33(6) 30(10)
11-25 168 (3) 76 (5)

>25 259 (2) 74 (5)
Cottonseed ND-10 ND (2) ND (5)

11-25 2(2) 39 (5)
>25 57 (6) 76(10)

Ginger root ND-10 92 (5) 32(10)
11-25 167 (3) 41 (5)

>25 139 (3) 77 (5)

aNumber o f samples in parentheses. 
"Not detected.

26.A08 Mass Spectrometry

(a) Mass spectrometry o f std aflatoxin B ,.—Transfer up to 10 p.L 
(100 ng) B, ref. std to MS direct inlet probe glass holder.

Analyze samples in neg. ion mode. Calibrate mass scale from m/z 
100 to 500, using appropriate calibrant, such as Fomblin, or FC-43 
(•spiked with dinitrofluorobenzene and trifluoroacetic anhydride to 
provide ref. peaks in lower mass range). Optimize source tuning 
and reagent gas pressure with calibrant. Adjust instrument param
eters to obtain good quality spectrum from 10 ng aflatoxin B, by 
direct probe introduction. (Note: Source temp, has pronounced 
effect on spectrum and must be adjusted and maintained as const 
as possible during course of analysis.) Obtain spectrum of aflatoxin 
B, ref. std (Fig. 26:A2) and repeat 3 times under identical conditions 
to det. instrument reproducibility. Major peaks are m/z 297, 311, 
and 312. Interference peaks should be less than 20%. Spectra 
without ion at m/z 311 have been produced on some instruments.

(b) Mass spectrometry o f sample.—Dissolve purified sample ext 
in acetone to give 10 ng B,/|xL. Add small vol. of acetone to clean 
sample vial, agitate, and evap. to ca 10 p,L. Transfer quant, to inlet 
probe and run to test for ghost peaks. Transfer 10 p,L sample soln 
(100 ng B,) to inlet probe for MS analysis. Repeat analysis of 
aflatoxin B, ref. std to verify instrument performance. Confirm 
presence of aflatoxin B, in sample by comparison of spectrum of 
sample to spectrum of std. Examples are shown in Fig. 26:A2.

Results and Discussion
MS confirmation procedures usually require purity beyond 

the normal cleanup used for chemical confirmation methods. 
The final cleanup procedure, at the option of the analyst, 
must meet certain criteria, including removal or separation 
of interfering substances and sufficient recovery of the sample 
to allow confirmation of identity. Five collaborators used the 
2-dimensional technique suggested by the authors. With the 
exception of some difficulty with fluorescence tailing, this 
procedure proved to be the most successful. One collaborator 
reversed the order of developing solvents and obtained excel
lent results. Another collaborator used silica on aluminum 
TLC plates, cut out the area containing the purified toxin, 
eluted with chloroform-methanol (1 + 1), filtered over a sea 
sand minicolumn, and obtained excellent results.

Purification of aflatoxin B, by chromatography on acid or 
neutral alumina in the authors’ laboratories usually produces 
recoveries between 80 and 90%. However, in the collabora
tive study, none of the 3 collaborators trying this technique 
was successful. Two reported 0-44% recoveries and one 
>200%. One collaborator was given a second set of samples 
and continued the study using the 2-dimensional cleanup 
technique. Another collaborator substituted silica gel (Merck 
60) and reported recoveries ranging from 5 to 38%. Therefore, 
thes'e collaborators were unable to successfully confirm the 
aflatoxin identity in many of the samples. In investigating the 
problem during the study, we found that the most likely cause 
was variability in the commercially available alumina. It must, 
therefore, be emphasized that regardless of the cleanup pro
cedure used, its performance must be checked with standards 
and known samples.

Several techniques were used successfully for removing 
aflatoxin B! from the TLC plate. Six analysts scraped the 
silica gel from the TLC plate and eluted the aflatoxin B! by 
either filtering the silica gel with glass fiber paper or a Milli- 
pore filtering unit. One collaborator used a vacuum plate 
scraper and another used the aluminum-backed TLC plates 
previously described. Some collaborators substituted chlo
roform-methanol (1 + 1) and (97 + 3) for chloroform to elute

Table 2. Collaborative results for aflatoxin Bi confirmation of Identity by NICI/MS

Sample

Aflatoxin Bi, ng/g

<5 5-10 11-20 21-30 >30

+ - + - + - + - + _
Roasted peanuts 3 10 4 1 2 0 1 0 1 0
Cottonseed 3 11 2 0 2 0 1 0 3 0
Ginger root 2 12 4 0 2 0 2 0 1 0
Aflatoxin Bi 19.5 90.9 100 100 100

identity confirmed,
% of samples
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Figure 2. Mass spectra of samples containing aflatoxin B,, showing 
effect of Interfering substances on confirmation of identity of aflatoxin

B,.

the B, from the silica gel. One collaborator observed that 
chloroform stabilized with a nonpolar hydrocarbon will not 
elute all the aflatoxin B, and suggested increasing the polarity 
of the chloroform by adding methanol to improve recoveries. 
Table 1 shows the recovery of aflatoxin Bj obtained by the 
collaborators based on concentrations in the original samples. 
The 2-dimensional TLC technique showed the most consis
tent results.

Six laboratories conducted the NICI/MS analyses, and the 
results are presented in Table 2. These results show a limit 
of confirmation of identity around 5 ng/g. Aflatoxin B, identity 
was confirmed in 19.5, 90.9, and 100% of the samples con
taining <5, 5-10 ng aflatoxin B,/g product, respectively, by 
solid probe introduction using full mass scans. It was nec
essary to introduce about 50 ng aflatoxin B, into the MS 
instrument to override interfering substances remaining in 
the sample extract. The spectra in Figure 2 show the effect 
of interfering substances on the quality of the spectra. Although 
peaks at m/z 297, 311, and 312 are present in relative intens
ities approximating the standard, they could also be daughter 
ions of the higher mass compounds. The major factors affect
ing MS confirmation were purity of the isolated substance, 
recovery of the purified substance from the column and/or 
TLC plate, and poor instrument sensitivity. Obviously, with

CONCENTRATION NG/G

Figure 3. Comparison of aflatoxin Bi Identity confirmation with recovery 
of original contamination. Vertical bars = B, confirmed; solid bars = Bi 

detected but not confirmed; horizontal bars = % recovery.

good recoveries of a highly purified aflatoxin B, and using a 
well-tuned instrument, the limit of confirmation of identity 
could be lowered significantly. Figure 3 shows the relation
ship between recovery and concentration of the toxin with 
respect to confirmation. For samples where aflatoxin B, was 
detected but not confirmed (Figure 2), the sample should be 
subjected to an additional cleanup process and reanalyzed by 
MS to confirm the identity of the toxin.

Recommendation
It is recommended that the NICI/MS method for confir

mation of identity of aflatoxin B, be adopted official first 
action.
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Liquid Chromatographic Determination of Tenuazonic Acid and Alternariol Methyl Ether in 
Tomatoes and Tomato Products

MICHAEL E. STACK, PHILIP B. MISLIVEC,1 JOHN A. G. ROACH,2 and ALBERT E. POHLAND
Food and Drug Administration, Division o f  Chemistry and Physics, Washington, DC 20204

A  liq u id  ch rom atograph ic  (L C ) m eth od  for d eterm in in g tenuazonic  
acid  (T A ) and  a ltern ario l m ethyl eth er (A M E ) in  tom atoes and  tom ato  
p rod u cts is d escr ib ed . T he Alternaría m etab olites are extracted  from  a  
w ater slu rry  o f  th e  sam p le w ith  CHC13, the m ixtu re is cen trifu ged , and  
the extract is fraction ated  on a silica  gel co lu m n. R everse ph ase LC  
w ith  an  u ltrav io let d etector (for T A ) and a fluorescence d etector (for  
A M E ) con n ected  in  series is u sed  for final separation  and  d eterm ina
tion . T he lim it o f  determ in ation  for T A  and  A M E  is 25  and  3  n g/g , 
resp ective ly , w ith  average recoveries from  catsu p  o f  83 and 68% , 
resp ective ly . T he L C  m eth od  a lso  detects a ltern ario l, b ut in terfering  
peak s in  som e sam p les preven t accu rate  q u an tita tion . C h em ical ion i
zation  m ass sp ectrom etry  (C l M S) is u sed  to confirm  T A . S am p les (142) 
o f  tom atoes collected  from  com m ercia l p rocessin g  lines w ere analyzed;  
T A  w as fou n d  in  73  sam p les ( 0 .4 -7 0  p.g/g).

One of the most common groups of molds that contaminate 
foods and feeds is the genus Alternaría. Alternaría are indig
enous to soil, and consequently species of Alternaría are 
frequently found growing on crops before harvest (1). In a 
recent survey of small grains in the United States, species of 
Alternaría were found in 184 of 230 samples (2). In addition, 
Alternaría grow at low temperatures and consequently are 
frequently found on fruits and vegetables subjected to cold 
stress. Rotting of fruits and vegetables caused by Alternaría 
results in considerable economic losses annually to the food 
industry (3). In a recent survey of 146 tomato samples, Alter
naría was the predominant genus present on eastern/mid- 
westem products (P. Mislivec, unpublished data, 1984).

Alternaría produce many metabolites of diverse chemical 
structure (4-6), some of which exhibit mammalian toxicity 
(7, 8). One of these metabolites, tenuazonic acid (TA), has 
been implicated in onyalai, a common hematologic disorder 
of humans in certain areas of Africa (9). Another metabolite, 
alternariol methyl ether (AME) is toxic to both the dam and 
fetus of Syrian golden hamsters, and is cytotoxic and muta
genic (4). At the present time, little information is available 
to evaluate the toxicological importance of human exposure 
to the Alternaría metabolites, because both knowledge of 
exposure to the metabolites and information on their toxi
cological effects are lacking. To provide information on human 
exposure, several analytical procedures, including thin layer 
chromatography (10, 11) and liquid chromatography (LC) 
(12-18), have been developed for analysis of foods and feeds 
for the known major metabolites: AME, TA, alternariol (AOH), 
and altenuene. These methods have been used in limited 
surveys of commodities to detect the presence of the Alter
naría metabolites (11, 14, 17).

‘Division of Microbiology.
2Division of Chemical Technology.
Received October 22, 1984. Accepted January 29, 1985.

Recently there has been interest in developing a chemical 
method for controlling the quality of a processed food by 
analyzing the raw materials used in the preparation of such 
foods for mold metabolites (19). We have considered one 
aspect of this problem: detecting the use of Alternaría-con
taminated tomatoes in the preparation of catsup by detection 
of the Alternaría metabolites in the catsup. A good analytical 
method for analysis of tomatoes and tomato products was 
needed. This paper describes the LC method that was devel
oped.

METHOD

Apparatus
(a) Explosion-proof blender.—Waring Model EP-1 with 1 

L jar and cover.
(b) Centrifuge.—Sorvall Model RC-2B with rotor for 250 

mL polyethylene bottles (Du Pont Instruments, Wilmington, 
DE 19898).

(c) Chromatographic tubes.—22 x 300 mm with Teflon 
stopcock, 250 mL reservoir type.

(d) Liquid chromatograph.—Waters Model 6000A pump, 
U6K injector, Z module radial compression system with C18 
column to fit, Model 440 absorbance detector, and Model 
M730 data module (Waters Associates, Milford, MA 01757); 
Kratos Model FS 970 fluorescence detector (Kratos, West- 
wood, NJ 07675).

(e) Mass spectrometer.—Finnigan 3300 chemical ioniza
tion (Cl) system with INCOS 2300 data system (Finnigan 
MAT, San Jose, CA 95134). Electronics modified to incor
porate dual detectors and ion source pulsed at 10 kHz as 
described in Ref. 20.

Reagents
(a) LC mobile phase.—Methanol-water (85 + 15) with 300 

mg ZnS04.7H20/L.
(b) Standards.—! p.g each of TA, AME, and AOH/mL 

methanol. TA, AME, and AOH are available from the senior 
author.

TA is stored as the copper salt. Reconvert weighed amount 
(2 mg) by passing through Dowex 50W-X8 minicolumn as 
described in Ref. 14, except use methanol instead of methy
lene chloride for the solvent. Measure UV spectrum to deter
mine concentration of ca 25 pg/mL solution. Absorptivity is 
13 000; mol. wt is 197. Dilute to 1 pg/mL methanol. Prepare 
fresh standard every week because TA isomerizes on stand
ing in solution.

(c) Silica gel for column chromatography.—E. Merck sil
ica gel 60, 0.063-0.2 mm.
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retention time, minute«
Figure 1. LC of 1, alternariol; 2, tenuazonic acid; and 3, alternariol methyl 
ether. Upper, fluorescence detector trace; lower, 280 nm absorbance 

detector trace.

(d) Methane.— 99.99% purity (Matheson Gas Products, E 
Rutherford, NJ 07073).

Extraction
Place 50 g sample in blender jar. Add 450 mL water and 

100 mL CHC13, and blend 3 min at high speed. Decant into 
two 250 mL centrifuge bottles. Centrifuge 10 min at 5000 rpm. 
Decant liquid into 500 mL separatory funnel. Collect 50 mL 
lower phase in 50 mL graduated cylinder. At this point 10 |xL 
CHC13 solution of extract can be injected into liquid chro
matograph or, if greater sensitivity is desired, the extract may 
be cleaned up by column chromatography.

Column Chromatography
Place ball of glass wool loosely in bottom of 22 x 300 mm 

chromatographic tube and add CHC13 until tube is ca V2 full; 
then add 25 mL silica gel. Wash sides of tube with ca 20 mL 
CHC13 and stir to disperse silica gel. When rate of settling 
slows, drain some CHC13 to aid settling, leaving 5-7 cm above 
silica gel. Slowly add 10 mL anhydrous Na2S04. Add 50 mL 
sample extract to column and elute at maximum flow rate; 
when level of extract reaches top of Na2S04 layer, add 50 mL 
CHC13. When level of CHC13 reaches top of Na2S04 layer,

Figure 3. Positive ion (top) and negative ion (bottom) Cl mass spectra 
of tenuazonic acid isolated from tomato sample. Methane source pressure 
1 torr, emission current 0.5 mA at 140 eV, source temperature 140°C, 
positive ion multiplier sensitivity set at 10 x negative ion multiplier 

sensitivity.

Figure 2. LC of extract of tomato containing tenuazonic acid (TA), 
1.4 pg/g.

change receiver and add 50 mL CHCl3-methanol (9 + 1). 
When column stops dripping, change receiver and add 50 mL 
methanol containing 300 mg ZnS04.7H20/L to column. Evap
orate each of the 3 fractions to ca 5 mL on steam bath and 
transfer to separate 8 mL vials. Evaporate to dryness on 
steam bath under stream of nitrogen. Dissolve in 1 mL meth
anol.

Liquid Chromatography
Equilibrate column s i  h with mobile phase. Set absorb

ance detector at 280 nm, 0.005 absorbance unit full scale. Set 
fluorescence detector excitation wavelength at 278 nm and 
insert 370 and 389 nm emission cutoff filters. Set sensitivity 
so that injection of 10 ng AOH gives ca full-scale response. 
Inject 10 p,L combined standard. AOH should elute in 5.6 
min, TA in 6.3 min, and AME in 7.5 min. The water-methanol 
ratio of the mobile phase may need to be slightly altered to 
obtain baseline resolution of the 3 standard peaks. Inject 10 
p,L extract. Separately inject the 3 fractions from each sam
ple. AME should be in the CHC13 fraction, AOH in the CHC13-  
methanol ( 9 + 1 )  fraction, and TA in the methanol-ZnS04 
fraction. Calculate amount present by comparing peak areas 
from standards and samples.

Calculation
Calculate concentrations of AME, AOH, and TA in sam

ple:
ng compound/g sample = (AB)IC 

where A = concentration of compound, ng/mL; B -  dilution 
of sample extract, mL; and C = amount of sample repre
sented by extract (25 g).

Confirmation by Mass Spectrometry (MS)
Confirm presence of TA in sample by Cl MS, using meth

ane reagent gas at a source pressure of 1 torr. Repeatedly 
inject the extract containing >10 p.g TA into liquid chroma
tograph and collect TA-containing effluent. To free TA from 
its zinc complex, dilute combined, collected TA solution with 
equal volume of 0.1 N HC1 and extract twice in separatory 
funnel with equal volumes of CH2C12. Let CH2C12 evaporate 
overnight. After redissolving TA in a small volume of CH2C12, 
introduce sample into mass spectrometer via direct insertion 
probe. Acquire full mass scan positive ion and negative ion 
spectra as probe is heated to 200°C. TA should give positive
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ions 141 (M -  56), 198 (M + H), 226 (M + 29), and 238 (M + 41), 
and the negative ion 196 (M -H ).

Alternatively, use gas chromatography/MS. Use on-col
umn injection of 0.5 p,L on 6 m methyl silicone capillary 
column. Operating conditions: temperatures (°C)—injector 
230, column programmed 70-270 at 207min, transfer lines 
240; 6 psi helium head pressure on column. Acquire full mass 
scan positive ion and negative ion spectra.

Results and Discussion
In developing this procedure, advantage was taken of the 

fact that TA, AOH, and AME strongly absorb at 280 nm 
while AOH and AME also exhibit strong fluorescence. TA 
forms a strong complex with Zn2+, which eluted as a sharp 
peak from the liquid chromatograph (Figure 1), and when 
quantitated, showed a linear response between 1 and 1000 
ng. For AOH and AME, the fluorescence detector gave a 
linear response at a concentration range of 0.05-5 ng.

Figure 2 shows the LC trace of a tomato sample spiked 
with TA at the 1.4 p,g/g level. TA was confirmed by Cl MS 
(Figure 3).

The positive ion and negative ion Cl spectra of TA in Figure 
3 were obtained by capillary gas chromatography/MS. This 
separated TA from the propyl homolog investigated by Joshi 
et al. (21). Confirmatory analysis for TA by using a direct 
insertion probe invariably produced a small response (< 10% 
of the TA signal) for the propyl homolog (molecular weight 
183) along with the T A response. Sample extracts were essen
tially free of other coextractives at the level of interest; there
fore, the direct insertion probe was used for routine confir
mation of TA.

The method was applied to catsup, tomato paste, and moldy 
tomato samples. For spiked catsup samples, the limit of 
determination was 25 ng/g for TA and 3 ng/g for AME. In 
catsup, an interfering peak prevented quantitation of AOH. 
The average recoveries for 8 catsup samples spiked at the 50 
ng/g level were 74% (relative standard deviation (RSD) = 
27%) for TA and 48% (RSD = 28%) for AME. At the 1000 
ng/g level (4 samples), the average recoveries were 92% (RSD 
= 11%) for TA and 88% (RSD = 13%) for AME. Similar 
results were found with a smaller number of tomato paste 
samples fortified at the same levels.

A limited survey was made of moldy tomatoes collected 
from the processing lines of several catsup manufacturers. 
Of 142 samples analyzed, 69 were negative for TA, 28 had 
levels of 0.4-1.9 |xg/g, and 45 had 2.0-70 ¡xg/g. These samples 
were analyzed without use of the column cleanup step because

this step is not essential when the method is directly applied 
to tomatoes. With tomatoes, the limit of determination for 
TA was estimated to be 0.4 |xg/g, and the average recovery 
(4 determinations) at the 8 |xg/g level was 55% (RSD = 8%). 
TA in 4 samples was confirmed by using the silica gel column 
and LC isolation steps and Cl MS. Only a few of the 142 
tomato samples showed any fluorescent peaks at the retention 
times of AOH and AME, indicating the possible presence of 
low levels of contamination by these metabolites; these were 
not confirmed.

In conclusion, the LC method described has good potential 
for detecting the use of Alternaria-contaminated tomatoes in 
the preparation of tomato products.
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Thin Layer Chromatographic Determination of Sterigmatocystin in Cheese

OCTAVE J. FRANCIS, Jr, GEORGE M. WARE, ALLEN S. CARMAN, and SHIA S. KUAN 
Food and Drug Administration, Natural Toxins Research Center, 4298 Elysian Fields Ave,
New Orleans, LA 70122

A  on e-d im en sion al th in  layer  ch rom atograph ic  m ethod  h as been  devel
oped  for d eterm in in g  sterigm atocystin  in  ch eese . C heese is extracted  
w ith  a ce to n itr ile -4  % KC1 (85  +  15). A  sim plified  liq u id -liq u id  p arti
tion  clean u p  is u sed , and  th e  sam p le extract is passed  through  a cupric  
carb on ate colu m n  for final p urification . S terigm atocystin  is v isualized  
b y sp rayin g  the p late w ith  a lu m in u m  ch lorid e. T he fluorescence o f  the  
sp o t is en h an ced  10-fo ld  b y ad d ition al p la te  sp raying w ith a silicone-  
eth er m ixtu re, en ab lin g  sterigm atocystin  detection  and  q u antitation  at 
2  and  5 p g /k g , resp ective ly . A verage recoveries w ere 8 8 .3  and 86.4%  
at the 10 an d  25 p g /k g  lev e ls , resp ective ly .

Sterigmatocystin is a mycotoxin that has potent toxic and 
carcinogenic effects (1-3). This metabolite is produced by 
several species of Aspergillus and at least one species of 
Bipolaris (4). Sterigmatocystin occurs naturally in grains (5, 
6), green coffee beans (7), fruit juices and fruit-based infant 
foods (8), and cheese (9, 10). Since sterigmatocystin-produc- 
ing fungi are so ubiquitously distributed, this metabolite must 
be considered as an important contaminant in these com
modities as well as in other foods and feeds. Thus, interest 
was aroused in analyzing cheese for sterigmatocystin to 
determine levels and incidences of contamination.

Methods have been published for the determination of ster
igmatocystin in grains and cereals (11-13) and have been used 
for other commodities; however, these methods were found 
to be unsatisfactory for this project. The method of van Egmond 
et al. (14), which is essentially their earlier method (15) with 
modifications, had been developed for the determination of 
sterigmatocystin in cheese, reportedly with a 5 pg/kg limit of 
detection. We tested this method and concluded that it was 
complex and time consuming, and had a relatively high limit 
of detection along with poor spiked sample recoveries. 
Experimental data collected during the method evaluation 
indicated the potential for the development of a more satis
factory procedure. The thin layer chromatographic (TLC) 
method described here resulted.

METHOD

Apparatus
(a) Chromatographic tube.—Plain, 22 x 250 mm.
(b) TLC plates.—Precoated, Sil G-25 HR No. 66-14-600- 

6 (Brinkmann Instruments, Inc., Cantiague Rd, Westbury, 
NY 11590). Do not activate plates.

(c) TLC apparatus.—Developing tank with cover for use 
with 20 x 20 cm glass plates; spotting template; 10 pL syringe; 
longwave 15 watt UV lamp (use with absorbing eyeglasses) 
or Chromato-Vue cabinet (Ultra-Violet Products, Inc., San 
Gabriel, CA 91778) equipped with one or two 15 watt lamps; 
if available, a thin layer plate densitometer with fluorescent 
capability, excitation wavelength 365 nm and emission wave
length >400 nm (Shimadzu High-Speed TLC Scanner Model 
CS-920, Shimadzu Scientific Instruments, Inc., 7102 River- 
wood Dr, Columbia, MD 21046).

(d) TLC plate sprayer.—Kontes, K-422540.
(e) Blender.—Waring, equipped with 1 L jar and lid.
(f) Filter paper.—Whatman 2V folded circles, 24 cm.

Received December 12, 1984. Accepted February 12, 1985.

(g) Vials.—5 mL conical, tapered inside, with Teflon-lined 
screw cap (No. 13053, Applied Science Laboratories, Inc., 
State College, PA 16801).

Reagents
(a) Solvents.—Reagent grade acetonitrile, hexane, meth

ylene chloride, benzene, methanol, acetic acid, and anhy
drous ethyl ether. (Caution: Benzene is a suspected carcin
ogen. Use necessary safety measures when handling this 
chemical.)

(b) Silicone DC-200.—12 500 centistokes (No. 08107, 
Applied Science Laboratories Inc.).

(c) Silicone-ether spray.—Silicone-anhydrous ether(18 + 
82). If weighing silicone is more convenient, 1 g = 1 mL.
(d) Potassium chloride solution.—Dissolve 4 g KC1 in 100 

mL water.
(e) Aluminum chloride solution.—Dissolve 15 g A1C13 

(A1C13-6H20) in ethanol and dilute to 100 mL.
(f) Calcium chloride.—Anhydrous, granular (8 mesh) (No. 

1309, J. T. Baker). Prepare in advance CaCl2-water (1 + 2, 
w/v). Hasten solution by placing in ultrasonic bath. Remove 
slight cloudiness by filtering through Whatman 2V paper.

(g) Cupric carbonate, Cu (II).—Reagent grade powder (J. 
T. Baker).

(h) Diatomaceous earth.—Hyflo Super-Cel.
(i) Sterigmatocystin standards.—Stock standard.—Pre

pare according to sec. 26.133(e) (16). Working standard.— 
Dilute stock standard to ca 1 ng/p,L benzene.

(j) Boiling chips.—SiC. Float off fines and extraneous par
ticles with water, wash with acetone, and dry.

Extraction
Weigh 36 g composited sample into 1 L Waring blender 

jar. Add 170 mL acetonitrile and 30 mL KC1 solution; secure 
lid and blend 3 min at high speed. Decant extract through 
Whatman 2V paper. Transfer 50 mL filtrate to 250 mL sep
aratory funnel, add 50 mL CaCl2 solution, vigorously shake 
ca 30 s, and let stand until layers separate; separation usually 
occurs within 5 min.

Discard bottom layer. Remove excess water from inside 
the stem of the separatory funnel by drying with laboratory 
wiping tissue, such as Kimwipes. Place a small wad of glass 
wool into the stem of the separatory funnel to serve as a filter 
and drain the remaining phase into a second separatory fun
nel. Add 50 mL water to remaining phase and mix. Add 50 
mL hexane, vigorously shake ca 1 min, and let layers sepa
rate. Transfer bottom layer to another 250 mL separatory 
funnel. Extract, using 50 and 25 mL portions of methylene 
chloride, by shaking first extraction 1 min and second extrac
tion 10 s. Again, complete separation usually occurs within 
5 min. Collect methylene chloride extracts separately and 
save for column chromatography.

Column Chromatography
Loosely place glass wool plug in bottom of chromato

graphic tube and add ca 15 g anhydrous sodium sulfate. Add 
4 g cupric carbonate-diatomaceous earth (1 + 2); lightly pack 
column by holding in upright position and by allowing it to 
drop gently on its tip onto book or writing pad. Add 20 g 
sodium sulfate to top of column.
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Sequentially pass methylene chloride extracts through col
umn, beginning with 50 mL portion. Collect that eluate and 
each successive eluate in 250 mL Phillips beaker. Add 25 mL 
portion to column when first portion has drained to below 
top layer of sodium sulfate. Rinse column with 10 mL meth
ylene chloride.

Add 4-5 SiC boiling chips to Phillips beaker and evaporate 
solvent nearly to dryness on steam bath under gentle stream 
of nitrogen. Cool to room temperature and quantitatively 
transfer with small portions of methylene chloride to 5 mL 
vial. Evaporate solvent to dryness under gentle stream of 
nitrogen. Save sample residue for TLC.

Thin Layer Chromatography
Add 100 p,L benzene (screen <10 ppb) or 200 p,L benzene 

(screen <25 ppb), cap vial, and vigorously mix ca 30 s, pref
erably with Vortex or similar shaker. Puncture Teflon liner 
to accommodate needle of 10 pL syringe. Spot two 5 pL 
portions and one 10 pL portion of sample extract. Overlay 
one 5 pL sample spot with 5 pL sterigmatocystin working 
standard. Spot 2, 4, 6, 8, and 10 pL working standard. Let 
spots air dry. Develop plate with benzene-methanol-acetic 
acid (85 + 1 0  + 5) for 45 min. Solvent front travels 13-15 
cm in 45 min. Remove plate from developing tank and air dry 
10-15 min (5 min at 40°C in forced draft oven). Using A1C13 
reagent, spray plate evenly across upper half of developed 
area. Do not spray to point of visible wetness. Heat plate at 
110°C ca 5 min. Let plate cool slightly, but while still warm 
spray same area with silicone-ether mixture, making several 
passes over area, but do not spray to point of visible wetness. 
Place plate in 110°C oven ca 3 min. Repeat silicone-ether 
spraying and drying before quantitation of sterigmatocystin. 
Examine plate under longwave UV light at 365 nm. Spots of 
sterigmatocystin will give bright yellow fluorescence. If sam
ple pattern exhibits yellow fluorescent spots at same Rf as 
standard, compare fluorescent intensity of sterigmatocystin 
spots of sample with those of standard spots.

If resolution of sterigmatocystin is inadequate for visual or 
instrumental quantitation, use alternative TLC system: Deac
tivate silica gel of TLC plate by placing plate along with 
several small beakers (100-250 mL) containing water in sealed 
container, such as developing tank, and let stand >1 h before 
using.

Table 1. Recovery of sterigmatocystin added to Gouda cheese

Detn No. Found, |j.g/kg Rec„ %

10 |xg/kg Level

1 0, control
2 10.0 100
3 9.9 99
4 8.4 84
5 8.6 86
6 7.9 79
7 8.2 82
Mean 8.8 88.3
Std dev. 0.89
Coeff. o f var., % 10.2

25 ixg/kg Level

1 0, control
2 27.6 110
3 21.4 86
4 19.7 79
5 20.2 81
6 20.0 80
7 20.8 83
Mean 21.6 86.4
Std dev. 2.99
Coeff. o f var., % 13.9

Spot plate as previously described and develop using ben
zene-methanol (95 + 5). Solvent front travels 13-15 cm in 
45 min.

Calculation
Calculate concentration of sterigmatocystin:
M-g/kg = ng/g = (5 x F x V)/(X x W) 

where S = p-L standard equal to unknown, Y = concentra
tion of standard (ng/pJL), V = final volume of sample extract 
(pL),Z  = pL sample extract spotted giving fluorescent inten
sity equal to S, and W = g sample in final extract (9 g).

Results and Discussion
Table 1 shows the percentage recovery of sterigmatocystin 

from spiked Gouda cheese after extraction and cleanup, as 
measured by one-dimensional TLC. The mean recoveries of 
sterigmatocystin added at levels of 10 and 25 pg/kg were 88.3 
and 86.4%, respectively. The coefficients of variation were 
10.2 and 13.9%.

While trying to resolve the problem of sterigmatocystin 
spots fading on TLC, we noticed that spots, particularly those 
of 30 ng and less, were very visible, especially when the plate 
was still warm; however, the spots faded rapidly upon cooling 
of the plate. We also observed that spot intensity could be 
regenerated by reheating the plate. This fading was unlike 
fading shown by aflatoxins, in that aflatoxin fading is mini
mized when plates are protected from light and, in some 
cases, from atmospheric contaminants such as ozone. With 
sterigmatocystin, we surmised that the activity of the silica 
gel was causing the observed behavior. We concluded that 
the problem would be solved if the silica was held in an 
activated state, which could be accomplished by sealing the 
plate with paraffin or silicone. Various mixtures of silicone- 
anhydrous ether were applied by spraying before arriving at 
the mixture described here.

In addition to sealing the plate, the silicone also enhanced 
the fluorescence of the sterigmatocystin spots approximately 
10-fold. This type of fluorescent spot enhancement had been 
noted earlier by other researchers (17), who used viscous 
organic solvents such as mixtures of liquid paraffin and n- 
hexane as a spray.

No significant loss in fluorescent intensity of sterigmato
cystin was observed in plates that were stored unprotected 
from light and moisture for 2 weeks.

A sterigmatocystin standard curve gave a linear response 
in the range from 3 to 106 ng, with a correlation coefficient 
(r) of 0.9994. One ng sterigmatocystin standard is easily 
detected, while 3 ng represents the lowest amount quantitated 
at a signal-to-noise ratio of 3:1.

The proposed method is simple, practical, rapid, econom
ical, and precise. Incorporation of calcium chloride solution 
into the sample extract before hexane defatting and methy
lene chloride partitioning solved emulsion problems previ
ously encountered when using other methods. The elimina
tion of emulsion formation during separatory funnel cleanup 
and partitioning has possibly provided the breakthrough nec
essary to improve analytical methods used for the determi
nation of other my cotoxins. The concentration of calcium 
chloride used may vary among commodities. The minimum 
concentration required to be effective in this method has not 
been thoroughly investigated. Remaining TLC interferences 
are eliminated by passing the methylene chloride extract 
through the cupric carbonate column. Further work is in 
progress on the use of the method to determine other myco- 
toxins.
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Assessment of Extraction Procedures in the Analysis of Naturally Contaminated Grain Products 
for Deoxynivalenol (Vomitoxin)

H. LOCKSLEY TRENHOLM, ROBERT M. WARNER, and DAN B. PRELUSKY
Agriculture Canada, Research Branch, Animal Research Centre, Ottavja, Ontario, K1A 0C6, Canada

A com parison  o f  2  extraction  so lvent system s (ace to n itr ile -w a ter , 21 
4  4  and m eth a n o l-w a ter , 1 +  1) and  3 m ix in g  apparatus (high-speed  
blen d er, w rist-action  sh a k er , and  m echanical stirrer) w as carried  out 
for d ifferen t extraction  tim e p eriod s. M ethods w ere eva luated  using  
u n con tam in ated  corn  sp ik ed  w ith  p ure deoxyn iva len ol (D O N ), field- 
in ocu lated  (Fusarium graminearum) corn , and uncon tam in ated  and  
n atu ra lly  in fected  w h eat in  sw in e d iets. A fter sam ple extraction , a li
q u ots w ere p assed  through  alu m in a-ch arcoal c leanup  co lu m n s, evap 
orated  to d ryn ess, d isso lved  in  8%  aq u eou s m eth an ol, and  injected  
on to  the liq u id  ch rom atograp h . R esu lts confirm  published  reports o f  
recoveries from  D O N -sp ik ed  sam ples; h ow ever , longer extraction  tim es  
( £  120 m in) w ere  req u ired  for  n atu ra lly  con tam in ated  sam p les. U se o f  
the h igh -sp eed  b len d er resu lted  in  faster  extractions, but in  our lab o
ratory m ore  sam p les cou ld  be m ore con ven ien tly  extracted  sim u lta
neou sly  w ith  the w rist-action  sh ak er  o r  m echanical stirrer . L ess car
ryover (co-extraction ) o f  in terfer in g  con tam in an ts w as ob served  w hen  
a ceto n itr ile -w a ter  w as u sed  v s m eth a n o l-w a ter . R esu lts em p hasize the  
im portan ce o f  carefu l eva lu ation  o f  extraction  p roced u res w ith  n ot only  
sp ik ed  sam p les but a lso  n atu ra lly  con tam in ated  sam p les to  establish  
extraction  tim es req u ired  for m axim u m  deoxyn iva len ol recoveries.

Deoxynivalenol (DON, vomitoxin) is a toxic fungal metabo
lite belonging to a class of mycotoxins called trichothecenes 
(1, 2). DON is produced by Fusarium mold which infects 
crops such as wheat, corn, and barley. When contaminated 
grain was mixed and fed to livestock, it was reported that 
decreased feed consumption, decreased weight gain, feed 
refusal, vomiting, and diarrhea occurred (3). Although swine 
appear to be sensitive to ingestion of DON, they can tolerate 
dietary levels up to 2 mg DON/kg feed before serious health 
effects occur (4-6). Research to date indicates that poultry 
and dairy cattle can consume higher DON concentrations 
without adverse effects on health and performance (7-10). In 
1980, DON was identified in wheat produced in eastern Can
ada (11). In 1982, unusual weather conditions in Midwestern 
United States led to scabby wheat and mycotoxin contami-
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nation (12). Extensive surveys were initiated quickly to define 
the nature and extent of contamination and evaluate the safety 
of the use of the infected wheat.

Analysis of contaminants in grains and plant products is 
not simple. Many variables must be carefully controlled, such 
as proper sampling from large quantities of starting material, 
and handling, storage, preparation, and subsampling of initial 
samples to ensure that analysis is carried out on a truly 
representative sample of the test material (13, 14). Analysis 
is further complicated by possible heterogeneity of the start
ing material, and the presence of contaminants in the storage 
or delivery systems (15). On the other hand, during the anal
ysis, variables such as precision, accuracy, and detection 
limit (16) need to be assessed to assure that quantities mea
sured are representative of the starting material and that the 
analytical errors are minimized (17,18). Over the past several 
years, we have found that the final amount of sample used 
for chemical analysis is very important. Precision improved 
markedly when sufficient quantities (50-200 g) of samples 
were used (unpublished results).

Initially, the gas chromatographic-electron capture (GC- 
EC) detector method developed by Scott et al. (19) was widely 
used for quantitative analyses; although more recently, other 
laboratories have reported GC methods (20-23) as well as 
thin layer chromatographic (TLC) (24, 25), gas chromato- 
graphic-mass spectrométrie (GC-MS) (19, 26, 27), MS-MS 
(28), and liquid chromatographic (LC) (29-32) methods. There 
is definite interest, however, both in our laboratory (27) and 
elsewhere (R. M. Eppley, Food and Drug Administration, 
Washington, DC (1984) personal communication) concerning 
the considerable variation in results seemingly demonstrated 
between laboratories or procedures or both. The precision 
and accuracy of the methods used are probably not limited 
by the analytical instrumentation available, but by the pre- 
chromatographic workup of samples, including sampling 
technique (13), and by the diverse extraction and cleanup 
procedures used by various laboratories involved in myco
toxin analyses (14-16).
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When developing trace analytical methods involving non
specific detectors, e.g., LC spectrophotometric detectors, it 
is imperative to use selective cleanup procedures. Regardless 
of the method used, a major problem is the co-extraction of 
endogenous compounds which subsequently interfere in LC 
analyses and hamper attempts to quantitate compounds in 
the submicrogram range. We considered it necessary to com
pare extraction methods and to define optimum parameters 
for quantitative isolation of DON from grain products before 
LC analyses.

This report presents results from a study of alternative 
extraction procedures for DON that may partially explain 
some of the variations among quantitative results reported 
using different analytical methods and among different lab
oratories (27).

Experimental

Apparatus and Reagents
(a) Glassware.—Before use, glassware was thoroughly 

washed and heated 2 h in a muffle furnace at 500°C as described 
previously (33).

(b) Liquid chromatograph.—Spectra-Physics Model SP- 
8000-03 microprocessor-based, fitted with temperature-pro
grammed oven (30°C); autoinjector with 100 |xL sample loop; 
UV detector with auto-zeroing device, cathode ray tube dis
play unit; and autosampler as described previously (33).

(c) Ultraviolet-visible detector.—Variable wavelength, 
Spectro-Flow 773 absorbance detector (Kratos Analytical 
Instruments, Westwood, NJ) set at 220 nm.
(d) LC column— Stainless steel, 25 cm x  4.6 mm id, packed 

with reverse phase RP-18, 5 |xm OD-5A Spheri-5 (Brownlee 
Labs, Santa Clara, CA). Guard column (Part No. 84550, 
Waters Scientific Ltd, Mississauga, Ontario), filled with 
Spherisorb S5 ODS, 5 p,m OD-5 (Cat. No. 1610 0310, Phase 
Separations, Hauppage, NY), was inserted between injector 
and LC column.

(e) LC mobile Phase.—Methanol-water (2 + 23). Metha
nol (LC grade) was filtered through FH-0.5 mM filter (Milli- 
pore Ltd., Mississauga, Ontario); water was double distilled 
in glass and filtered through Millipore filter HA-0.45 mM.

(f) DON standard solution.—20.15 |xg DON/mL acetone; 
pure deoxynivalenol standard was obtained from P. M. Scott, 
Health and Welfare Canada, Ottawa, Ontario, Canada.

(g) Grinder.—Thomas-Wiley laboratory mill, Model 4 
(Arthur H. Thomas Co., Philadelphia, PA).

Sample Preparation
Analyses were carried out on 2 swine diets containing 

naturally contaminated wheat (2.5 mg DON/kg diet) and a 
sample of heavily contaminated, field-inoculated (Fusarium 
graminearum) corn (170 mg DON/kg) from ARC (Animal 
Research Centre) feeding trials. Noncontaminated samples 
of both grain types were used for controls and spiked samples.

Aliquots (20 kg) of each coarsely ground starting material 
(swine diets and corn) were well mixed and stored at 4°C. 
Before analysis, samples of 5 kg wheat and 10 kg corn were 
ground in a Wiley mill and passed through No. 20 mesh 
screen. Analyses were conducted on representative 50 g ali
quots.

Sample Spiking
As part of the recovery studies, noncontaminated corn and 

swine diets were spiked with pure DON. An acetone solution 
of DON was added dropwise and was thoroughly distributed

within the sample. The acetone was removed by passing a 
stream of air over the sample for 1 h at room temperature.

Extraction Methods
Two solvent systems, acetonitrile-water (21 + 4) and 

methanol-water (1 + 1) were evaluated for their efficiency 
to extract DON from mold contaminated and spiked samples 
of finely ground com and wheat-based swine diets.

Three types of commonly used mixing apparatus were eval
uated for their effectiveness during the extraction procedure: 
high-speed blender (Waring 700-B Blendor), wrist-action shaker 
(Wrist-Action Shaker, Burrell Corp., Pittsburgh, PA), and a 
mechanical stirrer equipped with a stainless steel propeller 
blade. Samples were extracted with either of the above-men
tioned solvent systems: high-speed blender, 400 mL aceton
itrile-water or 250 mL methanol-water; wrist shaker, 200 
mL acetonitrile-water in 500 mL ground glass-stopper Erlen- 
meyer flask; and mechanical stirrer, 400 mL acetonitrile- 
water in 32 oz multipurpose, white polystyrene, disposable 
container with tight-fitting lid (Miles Laboratories, Inc., Lab- 
Tek Div., Naperville, IL).

Extraction Sampling
Aliquots of the extracts were taken at different time inter

vals by interrupting mixing briefly. Solids were allowed to 
settle 1 min, and 1 mL extract was transferred quantitatively 
to an alumina-charcoal cleanup column (Figure 1). In the 
mechanical stirring experiments, the container with lid, 
including sample, solvent, and propeller were weighed before 
mixing. Solvent was added to the container to bring contents 
up to the initial weight before extract aliquots were taken, to 
eliminate errors caused by solvent evaporation.

Figure 1. Vacuum system for cleanup of extracts on alumina-charcoal 
columns, showing collection of eluate under vacuum. Multiple samples 
can be run simultaneously by addition of more column units to vacuum 

ports at top of apparatus.
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Figure 2. LC chromatograms of DON standard (25 ng injected) (A) and 
naturally contaminated wheat (B) containing 1.75 mg DON/kg. Dotted line 

under DON peak indicates wheat blank.

Alumina-Charcoal Column Cleanup
Nonactivated charcoal (0.75 g of Darco G-60, 7-E343, Baker 

Chemical Co., Phillipsburg, NJ) was added to a 10 mL dis
posable glass pipet (8 mm id, 13-678-27F, Fisher Scientific, 
Pittsburgh, PA) with a silanized glass-wool plug in the tip 
(Figure 1). To facilitate column loading, the upper restriction 
of the pipet was removed. While vacuum was applied to the 
tip of the column in a vertical position and with gentle tapping, 
the charcoal was compacted to ca % of the original volume 
in the column. Similarly, neutral alumina (0.7 g of 70-230 
mesh, Merck M 01077-36, BDH Chemicals, Toronto) was 
added above the charcoal. A glass-wool plug was fitted above 
the alumina layer, and the column was prewashed with 15 
mL acetonitrile-water (21 + 4). All subsequent steps were 
also carried out under slight vacuum, and at no time was the 
column permitted to run dry.

To determine when DON eluted from the column, 4.0 mL 
DON standard (0.025-25 pg/mL acetonitrile-water, 21 + 4) 
was applied quantitatively to the prewashed column, and 4.0 
mL eluate was collected. The flow rate through the column 
was maintained at 1 drop ca every 10 s by adjusting vacuum 
pressure. More solvent was added to the top of the column, 
and additional 5 mL fractions were collected and analyzed 
for DON by LC. For the current lot of charcoal, it was 
determined that a total of 14 mL eluate was required for 
quantitative elution of DON through this cleanup column.

LC Quantitation
The eluate (14 mL), collected in a round-bottom test tube, 

was evaporated to dryness (N2, 50°C). The resulting residue 
was dissolved in an appropriate volume of 8% aqueous meth
anol to obtain a 10-15 cm peak. The sample aliquot was added 
to an LC sample tube, capped, and placed in the LC auto
sampler for analyses (33). DON standard solutions were pre
pared and analyzed with unknown samples (Figure 2) to quan

titate by comparing ratios of the peak heights of unknowns 
vs peak heights of standards. All plots were linear over a 0.5- 
100 ng DON range of amount injected.

Results and Discussion
Our underlying objective was to develop a simple extrac

tion procedure for DON analysis that would be quantitative 
and allow multiple samples to be processed automatically. In 
earlier work with mycotoxins, we reported GC and LC meth
ods for zearalenone and its derivatives in grain products (34, 
35). When we initiated research on the safety of DON in 
animal feeds, it soon became obvious that a highly sensitive 
method was required to analyze DON levels in suspected 
feed samples submitted by producers experiencing problems 
with livestock and poultry and in diets prepared for feeding 
trials (10, 11).

We chose to develop an LC method because new ultravi
olet-visible detectors are very sensitive and the technique 
does not require derivatization as do GC procedures and can 
be readily adapted to multisample, automated analysis. An 
LC method, however, requires efficient, yet selective, 
extraction of DON to be suitable for routine work.

Several methods are available for extraction of DON from 
wheat and corn samples, but they use 2 solvent systems 
extensively. In 1981, Scott et al. (19) used methanol-water 
(1 + 1) and 5 min high-speed blending. Bennet et al (20) used 
the same solvent system, but extracted 30 min on a wrist- 
action shaker. Ehrlich et al. (29) developed a method with 
methanol-water (17 + 3), although no length of extraction 
time was mentioned. In 1984, Chang et al. (31) used aceton
itrile-water (21 + 4) and 3 min high-speed blending. In a 
recent collaborative study (R. M. Eppley, Food and Drug 
Administration, Washington, DC (1984) personal communi
cation), Eppley evaluated a method using acetonitrile-water 
(21 + 4 )  and 30 min vigorous shaking. Romer et al. (25) 
extracted samples with acetonitrile-water (21 + 4) and mixed 
them in a blender for 5 min or on a gyratory shaker for 60 
min.

Initial work in our laboratory demonstrated that acetoni
trile-water (21 + 4 ) solvent was better than methanol-water 
for LC analysis because it resulted in less co-extraction of 
interfering contaminants. Therefore, simpler, faster cleanup 
procedures could be used in the analysis. The method eval-

Flgure 3. Extraction of DON from spiked (A) and naturally contaminated 
swine diet (■) with acetonitrile-water by Waring blender as a function of 
time. For reference, the naturally contaminated swine diet was also extracted 

(e) using Scott’s methanol-water procedure (19).
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Figure 4. Extraction of DON with acetonitrile-water from spiked (A, 2.5 
mg DON/kg uncontaminated swine diet; A, 92 mg DON/kg corn) and 
naturally contaminated grain products (■, 2.5 mg DON/kg naturally con
taminated swine diet; e, 170 mg/kg corn), using wrist shaker (A) and 

mechanical propeller stirrer (B).

uated was a modification of earlier methods reported by Chang 
et al. (31) and Romer et al. (25). Preliminary studies indicated 
that incomplete extractions might cause some of the vari
ability observed in our results and in those of other labora
tories (27). To clarify the matter, the effect of extraction 
duration on calculated DON concentrations in spiked and 
naturally contaminated grain products was evaluated using a 
high-speed blender, wrist shaker, and mechanical propeller 
stirrer. Aliquots were taken at different time intervals of 
extraction, and DON was measured. The methanol-water (1 
+ 1) extraction procedure of Scott et al. (19) was used as a 
reference method.

A comparison of the rate of DON extraction from a spiked, 
swine diet sample vs a comparable diet containing naturally 
contaminated wheat using a high-speed blender and aceton
itrile-water solvent is shown in Figure 3. The results confirm 
data published by Chang et al. (32) who reported that after 3 
min blending, all DON was extracted from the spiked sample. 
In our laboratory, however, only 53% of DON in the naturally 
contaminated sample was extracted within the same 3 min. 
A minimum of 16 min was required for complete DON extrac
tion from the naturally contaminated sample. As a compari
son, 5 min blending by the Scott’s procedure (20) extracted 
86% of DON from the naturally contaminated sample.

When a wrist shaker was used with the acetonitrile-water 
solvent, DON in the spiked samples (both high and low levels)

was extracted in 7-10 min, whereas DON in the naturally 
contaminated sample required a minimum of 90 to 120 min 
to ensure complete extraction (Figure 4A). In comparison, 
when vigorous mechanical stirring was used with the aceton
itrile-water solvent (Figure 4B), DON in the spiked sample 
was again extracted within 10 min, while the extraction of 
DON from the naturally contaminated material required 90 
min.

The results emphasize the importance of careful laboratory 
evaluation of extraction procedures before routine use. Dif
ferences in sample composition, grinding technique, and 
mechanical mixers can alter the minimum time period needed 
for complete extraction. Use of spiked samples is important 
to test the efficiency of a given method; however, spiked 
samples may not always be adequate substitutes for naturally 
contaminated samples (36). Spiking probably does not rep
resent the actual distribution of DON within naturally con
taminated grains. The results in this report indicate that DON 
in spiked samples is readily extracted because the mycotoxin 
is located at or near the surfaces of granules. In contrast, 
milling studies with naturally contaminated wheat (37) sug
gest that DON is well distributed throughout wheat kernels. 
This would explain, at least partially, why longer extraction 
periods are needed to remove DON from deeper within the 
sample particles.

In 1983, Rothberg et al. (27) compared results for the quan
titation of DON by various analytical methods (GC-EC; com
bined TLC, GC and MS; and negative chemical ionization- 
mass spectrometry (NCI-MS)) for samples of contaminated 
corn, wheat, and mixed feed. Considerable variation was 
observed between laboratories regardless of method used. 
Data for DON extraction as a function of time (Figures 3 and
4) offer an explanation for some of the intra- and interlabo
ratory variation. If the extraction times, and subsequent fil
tration or separation steps, were not carefully controlled, 
variations in DON results would occur when the extraction 
periods were less than that required for complete extraction. 
Variation might also occur as a result of different extraction 
rates for different samples. The good agreement between the 
NCI-MS and Scott’s GC-EC method can be partially attrib
uted to use of the same extraction solvent (methanol-water) 
for both methods (27).

The data presented in this report for the effect of extraction 
time on the recovery of DON have much broader implica
tions. Researchers planning or developing analytical methods 
for biological samples should carry out initial studies using 
samples spiked with pure standards in noncontaminated 
material. Every effort should be taken to ensure effective 
dispersion of the standard throughout the sample to be ana
lyzed. The results will provide background information on 
recoveries, and on interferences resulting from superimposed 
or poorly resolved peaks. Once the method appears to be 
working well with spiked samples, analyses should be repeated 
with naturally contaminated biological samples at different 
extraction time periods to ensure complete extraction.

The following comments concern sample cleanup before 
LC analysis: We have had success with extracts equivalent 
to s0 .8  g grain sample passed through nonactivated charcoal- 
alumina columns that are prepared under vacuum; DON 
recoveries were consistently in the 90-100% range. When 
larger quantities of extracts were used (10-20 mL extracts 
from 2-4 g sample), the cleanup column was overloaded 
which resulted in increased interference by contaminating 
peaks and decreased recoveries of DON.

The extraction apparatus indicated in Figure 1 provides an 
effective and simple cleanup method. Because no solvent
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transfer of the dried extracts to other containers is necessary, 
extraction time is minimized and precision is improved.

In summary, after examination of several LC methods 
currently in use, we believe the following procedure is well 
suited to rapid, sensitive, and quantitative analysis of DON 
in naturally contaminated grain products: samples finely 
ground, 50 g subsample taken for analysis; extraction with 
250 mL acetonitrile-water (21 + 4 )  on wrist shaker for 120 
min (high speed blending and mechanical stirring are ade
quate if enough time is allowed); cleanup of 4 mL extract on 
charcoal-alumina column; and LC analysis.
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PRESERVATIVES

Liquid Chromatographic Analysis of Dehydroacetic Acid and Its Application to Wines

PAUL L. M. WELLING, MARIANNE C. van DUYVENBODE, and BEN H. KAANDORP 
Food Inspection Service, Hoogte Kadijk 401, 1018 BK Amsterdam, The Netherlands

A  sim p le liq u id  chrom atograph ic  proced u re is d escribed  for determ i
nation o f  the preservative dehydroacetic acid  (DH A) in  w ine. N o cleanup  
proced u re is n ecessary; the sam ple is injected  onto  an N H 2 colum n  
w ithout furth er p retreatm en t. The m obile phase is a 9 +  1 m ixtu re o f  
aceto n itr ile -so d iu m  acetate  b uffer adjusted  to pH  4 w ith acetic  acid . 
T otal ru n  tim e is less than  10 m in . D eh ydroacetic acid  is d eterm ined  
by using the ab sorb an ce a t 307 nm ; the detection  lim it is estim ated  to  
be 0 .2  p p m . T h e m ethod  m ay also be su itab le for detecting D H A  in  a 
variety  o f  foodstu ffs in  low  concentrations.

In 1947, Coleman and Wolf (1) discovered the antimicrobial 
action of dehydroacetic acid (DHA) (3-acetyl-6-methyl-2//- 
pyran-2,4(3//)-dione). This compound appears to be effective 
even in the high pH range, but has never acquired great 
significance because of its relatively high toxicity. Methods 
were described in a number of publications for the determi
nation of DHA in wine (2-5), beer (6), cheese (2, 7), and 
squash (8,9).

According to the U.S. Code o f Federal Regulations, Title 
21, §172.130, DHA and its sodium salt are only permitted for 
treating cut or peeled squash. The maximum permissible 
residue is 65 ppm. In Europe, dehydroacetic acid is not per
mitted as a food preservative. However, Haller and Junge (3) 
reported the possible use of DHA as a preservative in wines.

Various techniques have been used to determine DHA in 
food, including gas (10) and liquid chromatography (11). All 
the techniques described require a number of manipulative 
steps in the sample cleanup. In this paper we describe a 
sensitive liquid chromatographic method for determination 
of DHA in wine, without any necessary sample cleanup.

Experimental

Apparatus and Reagents
(a) Liquid chromatograph.—Perkin-Elmer, consisting of 

Series 3B pump, Model LC-75 variable wavelength detector 
(Perkin-Elmer, Norwalk, CT), recorder BD40 (Kipp en zonen, 
Delft, Holland), and Rheodyne Model 7125 injector equipped 
with 20 (jlL  loop (Rheodyne Inc., Berkeley, CA). Chromato
graphic conditions: flow rate, 2.0 mL/min at 20 bar; detector 
wavelength 307 nm, detector sensitivity 0.08 AUFS for 5 ppm 
DHA; column temperature ambient.

(b) Column.— LiChrosorb 10 NH2, 25 cm x 4.6 mm id 
(Merck, Darmstadt, FRG).

(c) Buffer solution— Prepare 15mM sodium acetate solu
tion in water. Adjust to pH 4.0 with acetic acid, reagent grade.

(d) Mobile phase.—Acetonitrile-sodium acetate buffer (9 
+ 1 v/v). Pass eluant through Millipore sandwich with 0.45 
p.m membrane and degas in ultrasonic bath. Flow rate, 2 mL/ 
min.

Procedure
Let chromatographic system equilibrate ca 1 h. Inject, in 

duplicate, 20 p.L 5 ppm standard in water into liquid chro
matograph, at sensitivity of 0.08 AUFS. Start with buffer

Received June 4, 1984. Accepted January 11, 1985.

concentration of 15mM in mobile phase. At same sensitivity, 
inject wines to be investigated, without further pretreatment.

If it is necessary to increase the k’ of DHA, decrease the 
buffer concentration.

Results and Discussion
The chromatographic separation technique presented here 

is based on a combined reverse phase liquid partition and ion 
exchange. Most of the matrix components of the wine elute 
according to a reverse phase mechanism, but DHA is sepa
rated merely by ion exchange. This makes it possible to elute 
most of the matrix components before DHA. Variation of the 
acetate concentration allows one to position the DHA peak 
in the chromatogram without influencing the position of other 
peaks.

Figure 1 illustrates influence of the acetate concentration 
on the k' of DHA. In this application, the buffer concentration 
was varied from 5.0 to 15.0mM sodium acetate at pH 4, 
depending on the nature of the sample matrix. Response was 
shown to be linear over 3 orders of magnitude (0.5-500 ppm).

Figure 2 shows examples of white and red wines, port, and 
sherry which have been spiked with 5 ppm DHA. All samples 
were injected directly onto the column.

The method described does not use an internal standard 
and therefore quantitation depends solely on injection volume 
reproducibility. The standard deviation for repetitive injec
tions of a standard solution was always <2%. The reprodu
cibility of response for a red wine sample spiked with 5 and 
50 ppm, respectively, was measured by injecting the sample 
10 times. The mobile phase consisted of a 9 + 1 mixture of 
acetonitrile-7.5mM sodium acetate, pH = 4. The coefficient 
of variation (100j /x %, where s = standard deviation and x

Figure 1. Influence of acetate concentration on capacity factor k ' of DHA.
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Figure 2. Chromatograms of wine samples spiked with 5 ppm DHA. Acetate concentration, 7.5mM.

= mean) was 4.5% for the 5 ppm and 3.5% for the 50 ppm 
spiked wine. The 95% confidence interval of the mean was 
5.0 ± 0.2 ppm and 50.0 ± 1.2 ppm respectively, measured 
as x (95%) = t • s/Vn where t is the Student f-value. These 
results could be improved by using a lower buffer concentra
tion in the eluant.

Samples of 4 different types of wines were spiked at 3 
levels (Table 1). The average recovery was 101.3%. The 
detection limit was estimated to be 0.2 ppm (S = 3N), using 
a 20 p.L injection loop.

During this survey, 6 white, 7 red, 1 rosé, and 1 sparkling 
Californian wines were analyzed for DHA. None of these
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Table 1. Recovery data fo r 4 samples of wine (mobile phase, 9 +  1 
m ixture o f acetonitrile-7.5m M  sodium acetate, pH = 4)

Wine DHA added, ppm DHA found, ppm Ree., %

100 99.0 99.0
Red wine 50 49.1 98.1

5 5.1 102.6

100 92.9 92.9
W hite wine 50 49.1 98.1

5 5.1 101.8

100 100.9 100.9
Sherry 50 52.4 104.8

5 5.1 102.6

100 100.8 100.8
Port wine 50 54.0 108.6

5 5.3 105.1

A v. 101.3

wines showed the presence of this preservative. The pro
posed method should also be tested to determine DHA in 
other foodstuffs in low concentrations. The method is simple

and rapid, especially for wine where no pretreatment is nec
essary.
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DRUGS IN FEEDS_______________________________________

Liquid Chromatographic Determination of Carbadox Residues in Animal Feed

JOSE E. ROYBAL, ROBERT K. MUNNS, and WILBERT SHIMODA
Food and Drug Administration, Animal Drug Research Center, 500 U.S. Customhouse, Denver, CO 80202

A liquid chromatographic (LC) method for determining residues of 
carbadox in the 0.01-10 ppm range in swine feed is described. Car
badox is extracted from ground feed with 25% acidified methanoi- 
CHC13, removed from emulsion-forming coextractables via an alumina 
column, separated from highly colored pigments by acid-base liquid- 
liquid partitioning, and Anally isolated from interferences on a second 
alumina column. Isocratic reverse phase LC at 305 nm is used for 
quantitation. The average overall recovery at the 0.1,0.5, and 1.0 ppm 
spike levels was 83.0% with a standard deviation of 2.04% and a 
coefficient of variation of 2.46%.

Carbadox (hydrazinecarboxylic acid, (2-quinoxalinylmethy- 
lene)-, methyl ester, N ', /V4-dioxide), trade name Mecadox, 
is a new animal drug used to increase the rate of weight gain, 
improve feed efficiency, and control swine dysentery and 
bacterial enteritis. Carbadox is a suspected carcinogen, and 
no residues are allowed in swine tissue (1). When using any 
of the available methodology (1-3), residue levels of carba- 
dox/metabolite may be found in swine and other edible animal 
tissues as a result of misuse or accidental consumption of the 
drug.

To monitor and minimize cross-contamination of feeds with 
carbadox and therefore reduce the possibility of carbadox/ 
metabolite residues in edible animal tissue, a method must 
be capable of reliably and selectively detecting carbadox in 
feeds down to levels of 0.01 ppm. In reviewing the literature, 
1972 to present, only one method (4) was found for the deter
mination of residue levels of carbadox in feeds. The method 
has a sensitivity of 24 ppb and the ability to separate carbadox 
from feed materials, other active drug ingredients, and pos
sible carbadox decomposition products. This method appeared 
to satisfy the requirements of sensitivity and specificity but 
lacked consistency in recovery. As the level of carbadox 
decreased, it was necessary to increase the size of the feed 
sample to obtain the sensitivities reported. This caused the 
drug binding/matrix effect, which the author described, to be 
more pronounced.

The following liquid chromatographic (LC) procedure, which 
involved modification of certain medicated feed techniques 
(5, 6), in addition to having the sensitivity and specificity 
required, meets the requirements of reproducibility and reli
ability.

METHOD
Caution: Solutions of carbadox are light-sensitive. Protect 

both feed extracts and standard solutions from sun or artificial 
(fluorescent) light. Conduct analysis under conditions of dif
fused light. An example of an acceptable laboratory is one 
that is illuminated entirely by artificial light with the source 
of light at least 4 m from the work area.

Reagents
(a) Solvents.—Methanol and CHC13, distilled-in-glass 

(Burdick & Jackson Laboratories, Inc., Muskegon, MI).
(b) N,N-Dimethylformamide (DMF).—Certified ACS 

(Fisher Scientific Co.).

Received August 24, 1984. Accepted January 10, 1985.

(c) Acidified methanol.—1% HCl-methanol.
(d) Solution A — Acidified methanol—CHC13 (1 + 3).
(e) Alumina.—80-200 mesh (A-540, Fisher Scientific Co.).
(f) Celite 545.—Acid-washed (Johns Manville, Denver, CO).
(g) Carbadox standard solutions.—Store all standard solu

tions in low actinic glassware. Stock solution.—100 pg/mL. 
Accurately weigh 10.0 mg carbadox reference standard (Pfizer, 
Inc., Groton, CT) into 100 mL volumetric flask, dilute to 
volume with methanol-CHCl3(l + 3), and mix well. Working 
solution.— 1.0 pg/mL. Pipet 1.0 mL stock solution into 100 
mL volumetric flask, dilute to volume with methanol-CHCl3 
(1 + 3), and mix well. LC solution.—1.0 pg/mL. Pipet 10.0 
mL working solution into 100 mL pear-shape flask. Rotary- 
evaporate to dryness. Dissolve in 10.0 mL methanol-water 
(3 + 7).

(h) Mobile phase.—Methanol-water (35 + 65)at40°C. 

Apparatus
(a) Chromatographic tubes.—300 x 22 mm id (Kontes K- 

420300).
(b) Chromatographic columns—400 x 22 mm id, fitted 

with coarse porosity fritted glass disks and Teflon stopcocks 
(Kontes K-420540).

(c) Rotary evaporator.—Rotavapor-R vacuum evapora
tor; water bath temperature 45-50°C (Brinkmann).

(d) Receiving flasks.—250 and 500 mL short-neck 24/40 
glass-stopper joint, flat bottom (Corning No. 4100).

(e) Acetylation flasks.—100 mL pear-shape, short-neck 24/ 
40 glass-stopper joint (Kontes K-608700).

(f) Liquid chromatograph.—Hewlett-Packard Model 1084B, 
equipped with variable wavelength detector, variable volume 
injector, and automatic sampling system. Operating condi
tions: chart speed 0.5 cm/min; attenuation 2 j  3; zero offset 
15%; mobile phase flow 1.0 mL/min; detector setting, sample 
305 nm and reference 500 nm; column temperature ambient; 
column pressure 190 bar (2755 psi); volume injected 20 pL.

(g) LC column.—Resolve™ 15 cm x 3.9 mm id stainless 
steel, packed with 5 pm spherical C18 (P/N 85711, Waters 
Associates, Milford, MA).

(h) Filter paper.—Glass fiber, grade GF/A, 2.4 cm diam
eter (Whatman).

Table 1. Recovery of 0.01-10 ppm added carbadox

Day Assay No. Added, ppm Ree., ppm Ree., %

1 1 0.010 0.008 77.4
2 0.052 0.046 88.2
3 0.105 0.090 85.4
4 1.05 0.871 83.0
5 10.9 7.38 67.7

2“ 1 0.010 0.007 67.6
2 0.010 0.007 67.6
3 0.105 0.083 79.3
4 1.05 0.831 79.1
5 10.9 7.837 71.9

“ Final LC solution kept in re frigerator over weekend before injection on 
liquid chromatograph.
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Table 2. Recovery data on carbadox

Assay No. Added, ppm Ree., ppm Ree., %

Day 1 1 0.105 0.086 81.9
2 0.105 0.085 81.0
3 0.105 0.085 81.0
4 0.105 0.088 83.8
5 0.105 0.086 81.9

x, % 81.9
SD, % 1.143
CV, % 1.40

Day 2 1 0.524 0.448 85.5
2 0.524 0.431 82.3
3 0.524 0.422 80.5
4 0.524 0.448 85.5
5 0.524 0.422 80.5
6 0.524 0.444 84.7

x, % 83.2
SD, % 2.375
CV, % 2.86

Day 3 1 1.05 0.910 86.7
2 1.05 0.870 82.9
3 1.05 0.843 80.3
4 1.05 0.882 84,0
5 1.05 0.882 84.0
6 1.05 0.894 85.1

x, % 83.8
SD, % 2.156
CV, % 2.57

Overall
x, % 83.0
SD, % 2.044
CV, % 2.46

Table 3. Recovery of carbadox from 2 types of feed

Feed Assay No. Added, ppm Ree., ppm Ree., %

Hog 1 0.101 0.075 74.6
concentrate-40" 2 0.101 0.079 78.6

3 1.01 0.857 84.9
4 1.01 0.831 82.3

Swine 1 0.101 0.083 82.2
builder (A)b 2 0.101 0.089 87.7

3 1.01 0.952 94.3
4 1.01 0.945 93.6

Solution A. Wash Phillips beaker with 50 mL Solution A and 
transfer washing to column. Let column drain completely. 
With hand bulb, expel remaining solvent into receiving flask. 
Rotary-evaporate eluate just to dryness. Dissolve residue in 
50 mL CHCI3.

Acid-Base Extraction
Transfer 50 mL CHC13 extract in 500 mL receiving flask to 

125 mL separatory funnel. Rinse receiving flask with 10 mL 
IN NaOH and transfer to 125 mL separatory funnel. Stopper 
funnel and shake vigorously 30 s. Let phases separate (ca 5 
min). Drain and discard lower CHC13 layer, keeping any emul
sions. Wash receiving flask with 50 mL CHC13 and transfer 
wash to separatory funnel. Stopper funnel and shake vigor
ously 30 s. Let phases separate (ca 5 min). Drain and discard 
lower CHC13 layer, keeping any emulsions. Add 12 mL IN 
HC1 to separatory funnel. Rinse 500 mL receiving flask with 
50 mL CHC13 and add rinse to aqueous layer in 125 mL 
separatory funnel. Stopper and shake vigorously 30 s. Let 
phases separate (ca 5 min). Drain lower CHC13 layer into 250 
mL receiving flask via 35-40 g Na2S04. Repeat rinsing and 
extracting with two 50 mL portions of CHC13. Rotary-evap
orate combined CHC13 extracts to dryness. Dissolve residue 
in 5 mL DMF and proceed to Alumina Column Isolation.

Alumina Column Isolation
To chromatographic tube (a), with plug of glass wool par

tially inserted into stem followed by filter paper as support, 
add alumina to height of 3 cm followed by wad of glass wool. 
Prewet column with 25 mL DMF. Transfer DMF solution 
from 250 mL receiving flask to column. Complete transfer 
with 2 more 5 mL portions of DMF. Wash column with three 
10 mL portions of DMF. Wash column with three 25 mL 
portions of CHC13, rinsing 250 mL receiving flask each time 
with CHC13 washes before adding to column. Discard all 
eluates to this point. Place 100 mL pear-shape flask under

"High protein feed, 40% crude protein.
'’High alfa lfa-containing feed.

Extraction
Grind feed to pass 2 mm sieve. Weigh 50 g ground feed 

into 500 mL centrifuge bottle. Add 200.0 mL Solution A, 
stopper, and shake on mechanical shaker 30 min. Centrifuge
5 min at 1500 rpm. To chromatographic tube (a), with plug of 
glass wool and filter paper as support, add ca 8-10 g Celite 
followed by plug of glass wool. Prewet Celite with 50 mL 
Solution A. Quantitatively transfer 100 mL supemate to col
umn, using 100 mL graduate cylinder. Rinse walls of graduate 
cylinder with 10 mL Solution A and add to column. Wash 
sides of column with 10 mL Solution A and let washing enter 
column bed. Wash graduate cylinder with 50 mL Solution A 
and add wash to column. Rinse tip of column with Solution 
A. Collect all eluates in 250 mL Phillips beaker. (Pressure 
may be applied with hand bulb to speed flow during this 
filtering step.)

Alumina Column Cleanup
To chromatographic column (b) add alumina to height of 

15 cm followed by wad of glass wool. Add 50 mL Solution A 
to column and let drain. Discard eluate. Place 500 mL receiv
ing flask under column. Transfer solution in 250 mL Phillips 
beaker to prepared column. Let solution enter column bed. 
Rinse walls of Phillips beaker with 10-20 mL Solution A and 
add rinse to column. Rinse walls of column with 10 mL

1____ I____ I____ I I I I I
0  4 ^ 0  4

MI NUTES
Figure 1. Chromatograms of carbadox (1.05 pg/mL) prepared in different 
solvents. A, methanol; B, DMF; C, 30% methanol-water. In each case 20 

pL (21 ng) was injected.
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Figure 2. Chromatograms of A, carbadox standard (1.05 pg/mL, 20 pL injected (21 ng)); B, unspiked feed (10 g/mL); C, D, and E, feed spiked with 0.1,
0.5, and 1.0 ppm carbadox, respectively.

M I N U T E S

Chromatograms of A* unsplked hog concentrate-40 (12.5 g/mL); A,, spiked hog concentrate-40 (0.1 ppm); B0, unspiked swine builder (A)
(12.5 g/mL); Bi, spiked swine builder (A) (0.1 ppm).

Figure 3.
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column. Elute carbadox with 60 mL methanol-CHCl3 (1 + 
3). Let column drain completely. With hand bulb expel 
remaining solvent into flask. Rinse tip with methanol.

Liquid Chromatography
Rotary-evaporate methanol-CHCl3 solution containing 

carbadox just to dryness. Dissolve residue in appropriate 
volume (2.0 mL) of 30% methanol-water to obtain concen
tration of ca 1 p,g carbadox/mL. Inject 20 p.L sample and LC 
carbadox standard solutions into liquid chromatograph. 
Bracket sample with injections of carbadox standard solu
tion.

Calculation
Carbadox, ppm = (Asam/Astd)

X (CIW) x D x (VstdIVsam)
where Asam and Astd = peak area of sample and standard, 
respectively; C = concentration of carbadox, p-g/mL; W = 
sample weight, g; D = dilution of sample, mL; Vstd and 
Vsam = volume of standard and sample injection, respec
tively.

Results and Discussion
Recovery of carbadox from feeds was performed on a 

nonmedicated, locally produced, commercial hog finishing 
feed. This feed was spiked by adding a known amount of 
carbadox standard solution to a clean 500 mL centrifuge 
bottle and allowing it to air dry. Feed was weighed into the 
centrifuge bottle, mixed, and analyzed as described in the 
method. Wet spiking of feed was avoided to prevent carba- 
dox-solvent-feed matrix interaction.

Single rather than multiple extraction was chosen because 
multiple extractions, in addition to being more time consum

ing, did not improve recovery and increased unwanted exci
pients.

Thorpe (5) reported that carbadox medicated feeds in pellet 
form generally required a water pretreatment to release the 
drug absorbed on feed ingredients during the pelleting pro
cess. Luchtefeld (4) reported that apparent drug binding to 
feed material became more pronounced at increased levels 
of feed material and decreased drug levels. We also found 
this to be the case. When the 1.0 ppm spike was added only 
to the supernate, the recovery was 94.7%; when the spike 
was added to the extracting solvent and feed, recovery was 
74.5%; and when it was added directly to the feed, recovery 
was 6 8 .6%. Thus the carbadox was not being bound by the 
coextractables, but rather by the actual feed matrix, which 
was functioning as an absorbent. This interaction between 
feed matrix and carbadox becomes significant when perform
ing drug residue determinations. An extraction system that 
would extract carbadox from feed efficiently and quantita
tively while being compatible with the previously reported 
method (7) was investigated. Several solvents and solvent 
combinations were tried without success.

Since we knew that (1) carbadox would be extracted into 
CHC13 from an acid-buffered media, (2) carbadox is insoluble 
in water, and (3) the interaction between carbadox and the 
feed matrix was probably due to H-bonding, acidification of 
the extracting solvent seemed a logical approach. This was 
accomplished by combining the acid with methanol. The aci
dified methanol was then used to prepare the extracting sol
vent, 25% methanol-CHCI3. This step would require the 
removal of any acid or water before addition to the alumina 
column, which was accomplished by extracting the CHC13 
with water to remove the acid and by filtering the CHC13 
through anhydrous Na2S04 to remove the water.

M I N U T E S
Figure 4. Chromatograms of A, carbadox standard (1.05 pg/mL, 20 pL Injected (21 ng)); B, unspiked feed (12.5 g/mL); C, D, E, and F, feed spiked with

0.01, 0.05,0.1, and 1.0 ppm carbadox, respectively.
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MI NUT ES
Figure 5. Chromatograms showing separation of carbadox from other 
veterinary drugs. A, a, nitrofurazone (5.1 pg/mL); b, furazolidone (7.5 pg/ 
mL); c, carbadox (1.05 pg/mL). Attenuation 2 f  3. B, a, nitrofurazone (10.2 
pg/mL); b, furazolidone (15.0 pg/mL); c, carbadox (1.05 pg/mL). Attenu- 

tation 2 f  4. C, same as A except attenuation 2 f  4.

Several acids, acetic, citric, sulfuric, formic, nitric, and 
hydrochloric, as well as water, were used as 1% solutions in 
methanol. Except for acetic acid, all produced recoveries 
>70%. Hydrochloric acid gave the best recovery, 81.9%. 
Different percentages of hydrochloric acid, up to 10%, in 
methanol were then tried. As the percentage of hydrochloric 
acid was increased, the contribution to release of carbadox 
from the feed matrix was decreased due to either the forma
tion of an amine salt, which is soluble in water and was lost 
in the initial water wash, or the hydrolysis to the carboxal- 
dehyde with a resulting change in solubility, UV absorbance, 
and/or retention time. The method was later modified to elim
inate the initial water wash and include the first alumina 
column cleanup step.

The average partition coefficient of carbadox into CHC13 
from an acidified aqueous solution was 0.89, and this was 
sufficient to recover 99% of the carbadox with three 50 mL 
CHC13 extractions. Table 1 shows the range at which the 
proposed method was tested, 0 .0 1 -1 0  ppm, and the recov
eries observed. Recoveries of carbadox are shown in Table 
2; day-to-day as well as overall variations are noted. The 
recovery of carbadox from feeds containing large amounts of 
alfalfa and protein is shown in Table 3.

Figure 1 shows the effect of using different solvents for the 
final dilution for LC. Although the peak shapes and heights 
varied depending on which solvent was used, the total peak 
areas and retention times (RT) remained relatively constant: 
A = 15 740 (RT 4.69 min), B = 15 430 (RT 4.61 min), and C 
= 15 760 (RT 4.73 min). Therefore, we can choose the final

solvent for LC that is more compatible with the sample matrix 
encountered without adversely affecting the calculation when 
using peak areas for quantitation.

The solvent of choice was 30% methanol-water because it 
not only gave better peak shape and height for quantitation 
by either area or height, but also allowed greater sensitivity 
of detection. The solubility of carbadox in DMF is greater 
than in 30% methanol-water; however, the problem of lim
ited solubility can be easily overcome by increasing the mix
ing time of the solvent with the residue. DMF also solubilized 
unwanted materials, which might tend to affect the column 
with time.

Figure 2 shows typical LC chromatograms of control feed 
and feed spiked with carbadox at different levels. The LC 
system resolves the analyte from background interferences 
at the 0.1 ppm level; background no longer is an influencing 
factor at >0.5 ppm levels. No attempt was made to identify 
the peak in the control feed, which has a relative retention 
time (RRT) of 1.15 with respect to carbadox. The background 
that may be encountered in feeds with high protein or high 
alfalfa content at the 0.1 ppm level is shown in Figure 3. The 
only dominant peak (RRT 1.15) in the control feed is well 
resolved from carbadox for quantitation. Typical LC chro
matograms showing the range of the proposed method are in 
Figure 4, which indicates the obvious resolution and sensi
tivity of the procedure. Under the LC conditions described, 
separation of widely used veterinary drugs that are likely to 
be encountered in swine feeds is possible with baseline res
olution, as shown in Figure 5. Figure 5 shows that carbadox 
is still well resolved for quantitation in the presence of nitro
furazone and furazolidone at concentrations of 10 and 15 
times greater than carbadox, respectively. Feeds were spiked 
with these 2 drugs and it was found that they were removed 
before the LC step. Another drug, pyrantel tartrate (ultravi
olet maximum 312 nm), commonly found in combination with 
carbadox, does not elute under these LC conditions but is 
retained on the column. It may be removed by eluting with a 
higher percentage of methanol (80%).

The results indicate that the proposed method is acceptable 
for routine determination of carbadox residues in animal feeds. 
However, because of the large variations in feed composition, 
it is suggested that duplicate spiked feed samples be included 
for each type of feed being analyzed to determine the effect 
of that particular feed on carbadox recovery.
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Liquid Chromatographic Determination of Carbadox and Desoxycarbadox in Medicated Feeds 
and in Porcine Gastrointestinal Tract

GERRIT J. DE GRAAF and THEODORUS J. SPIERENBURG
Central Veterinary Institute, Department o f Analytical Chemistry and Toxicology, Edelhertweg 15, 8219 PH 
Lelystad, The Netherlands

A liquid chromatographic method for the assay of carbadox and desoxy
carbadox in medicated feeds and porcine stomach and intestinal con
tents is described. Samples were extracted with dimethylformamide- 
water and cleaned up on an alumina column. The eluate was chro
matographed using either gradient elution for simultaneous assay of 
both compounds or isocratic elution for carbadox only. Detection of 
carbadox by its native fluorescence yielded a sensitive and specific assay 
without interferences by metabolites or matrix components. The opti
mal UV absorption of desoxycarbadox was at 280 nm. Mean recoveries 
of carbadox in spiked feed and stomach contents were 104 and 97%, 
respectively; mean recovery of desoxycarbadox in stomach contents 
was 106%. The day-to-day reproducibility for carbadox in different 
feed samples and stomach contents samples had a coefficient of varia
tion of 6-13%.

Carbadox (methyl-3-(2-quinoxalinylmethylene) carbazate- 
A',A'4-dioxide) is used in swine feed as a growth-promoting 
substance to improve feed efficiency. It is also used as a 
prophylacticum against swine dysentery (Treponema 
hyodysenteriae). In feeding experiments to study toxicolog
ical and pharmacological properties of carbadox in pigs, a 
sensitive and reproducible assay was needed for carbadox 
and one of its metabolites, desoxycarbadox (methyl-3-(2-qui- 
noxalinylmethylene) carbazate), in feed, and in stomach and 
intestinal contents. These experiments will be reported else
where.

Previously published methods described the determination 
of carbadox using spectrophotometry (1, 2) or liquid chro
matography with UV detection (3-7). Gas chromatography/ 
mass spectrometry was used for confirmatory identification 
of carbadox-related residues in swine liver (8). The procedure 
presented here provides a more sensitive determination of 
carbadox in feed, and can also be applied to stomach and 
intestinal contents, using liquid chromatography with fluo
rescence detection. In addition, a gradient elution program 
was developed for simultaneous assay of carbadox and 
desoxycarbadox in stomach and intestine contents, with UV 
detection.

METHOD

Apparatus and Reagents
(a) Liquid chromatograph.—Spectra-Physics Model SP 8700 

with SP 4100 computing integrator, and detectors connected 
in series. UV detection (Spectra-Physics Model SP 8400) of 
desoxycarbadox at 280 nm at 0.01 absorbance unit full scale; 
fluorescence detection (Perkin-Elmer fluorescence spectro
photometer Model PE 3000) for carbadox at excitation 310 
nm and emission 487 nm.

(b) Chromatographic column.—Chrompack 10RP18 or 
Chrompack CP Spher C,8, 25 cm x 4.6 mm id, connected 
with a guard column (10 cm x 4.6 mm id) containing pellicular 
reverse phase packing.

(c) Mobile phase.—For carbadox assay in absence of 
desoxycarbadox, an isocratic mixture of acetonitrile-water 
(16.5 + 83.5) was used at a flow rate of 1.5 mL/min. For

Received November 6, 1984. Accepted February 8, 1985.

simultaneous assay of carbadox and desoxycarbadox, a gra
dient elution program was used. Starting at acetonitrile-water 
(10 + 90) until t -  1 min, composition was linearly pro
grammed to (50 + 50) at / = 11 min, holding this composition 
until f = 12 min. Flow rate was 1.5 mL/min. Solvents used 
were acetonitrile LiChrosolv (Merck) and LC-grade water (J. 
T. Baker Chemicals).

(d) Sample extraction solvent.—Mixture of N./V-dimeth- 
ylformamide (pro analyse, Merck) and LC-grade water (J. T. 
Baker Chemicals) (95 + 5).

(e) Cleanup column.—5 g basic aluminum oxide, 70-230 
mesh, activity I (Merck, Art No. 1076) in cotton-plugged 8 
mm id chromatographic tubes.

(f) Stock standard solutions.—Accurately weigh ca 25 mg 
carbadox (Pfizer B.V., Rotterdam, Lot 194-15) and ca 50 mg 
desoxycarbadox (Pfizer B.V., Rotterdam, Lot 8735-171-1) 
into separate 100 mL volumetric flasks. Dilute to volume with 
extraction solvent. Use low actinic glassware and protect 
from light.

(g) Working standards.—Dilute stock standard solutions 
with extraction solvent to final concentrations of 0.25 pg/mL 
of carbadox and 0.5 pg/mL of desoxycarbadox. Use low 
actinic glassware and protect from light.

Preparation of Sample Extract
Freeze-dry stomach and intestinal content samples. Grind 

dried samples and feed samples in mortar and accurately 
weigh 0 .1-1  g sample, depending on expected concentration, 
into 100 mL glass-stopper Erlenmeyer flask.

Add 10 mL extraction solvent and swirl on shaking machine 
2 h; let stand overnight. Proceed with extraction and cleanup 
according to Thorpe’s method (4). Inject 50 pL of cleaned 
extract onto liquid chromatographic column.

X (nm)

Figure 1. Fluorescence spectra of carbadox, 10 pg/mL in acetonitrile- 
water (50 + 50). A, Excitation spectrum, 487 nm. B, Emission spectrum, 
310 nm. Slit width excitation and emission, 15 and 5 nm, respectively. 

Scan speed 30 nm/min.



DE GRAAF & SPIERENBURG: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 4, 1985) 659

A

I--- 1----T
0 2 4

T
6

CARBADOX

1--- 1--- 1--- 1--- 1--- 1--- 1
8 10 12 14 16 18 20

-  MIN

Figure 2. Liquid chromatography of duodenum contents of carbadox-fed swine; Chrompack CP Spher Cie column, gradient elution acetonitrile-water.
A, Fluorescence detection, 310 nm/487 nm. B, UV detection, 280 nm.

Results and Discussion
Preliminary experiments showed that carbadox exhibits 

native fluorescence; Figure 1 presents the fluorescence exci
tation and emission spectra. In this study, the fluorescence 
phenomenon was used to develop a liquid chromatographic 
analysis of carbadox.

An example that shows the advantages of fluorescence 
detection compared with UV detection is given in Figure 2. 
A sample of duodenum contents of a pig fed carbadox was 
extracted and cleaned as described. The cleaned extract was 
chromatographed twice under identical chromatographic 
conditions (gradient elution) using UV detection (Figure 2A) 
or fluorescence detection (Figure 2B). The UV tracing shows 
a less stable baseline, while desoxycarbadox and other un
identified metabolites are detected. When amounts of car
badox metabolites are not of interest (e.g., feed samples or 
pharmacokinetic studies in experimental animals), fluores
cence detection is the method of choice because of its selec
tivity and its almost 2-fold gain in sensitivity compared with 
UV detection at 305 nm. If a simultaneous assay of carbadox 
and desoxycarbadox is preferred, the optimal wavelength for 
UV detection is 280 nm for desoxycarbadox or 305 nm for 
carbadox.

Minimum detectable amounts of carbadox with fluores
cence detection are about 0.1 ng. The corresponding minimal 
concentration of carbadox detectable in a 1 g sample accord
ing to this method is about 20 ppb. For desoxycarbadox, 
these quantities for a 1 g sample are 0.2 ng and 40 ppb, 
respectively. Response for carbadox and desoxycarbadox 
was linear in the range 2.5-100 ng.

In a series of experiments, feed samples were spiked with 
carbadox and swine stomach contents were spiked with car
badox and desoxycarbadox to determine recoveries. Carba

dox was assayed using fluorescence detection, desoxycar
badox using U V detection at 280 nm. Because of the relatively 
high sensitivity of the detection, it was possible to perform 
recovery experiments with small amounts of matrix material 
(0.1-1 g), spiked at different concentrations. This minimized 
matrix effects and effects of interfering compounds. Results 
are presented in Table 1. The day-to-day reproducibility of 
the carbadox assay by fluorescence detection was tested by 
analyzing 3 feed samples and 3 swine stomach contents sam
ples 13 times during a 46-day period. All carbadox concen
trations were unknown at the time of analysis. The results 
are presented in Table 2 and show about 10% variation over 
a 100-fold concentration range and an almost 7-week period. 
This indicates a reliable assay.

Table 1. Mean recoveries of carbadox and desoxycarbadox In spiked 
feed samples and swine stomach contents samples

Assay

Range of 
concn, 
mg/kg

Mean
rec.,
% SD Analyses

Carbadox In feed 1-200 104 7 40
Carbadox in stomach 1-50 97 8 13
Desoxycarbadox In stomach 1-50 106 10 23

Table 2. Means, standard deviations (mg/kg), and coefficients of 
variation (%) of 13 carbadox assays in 3 feed samples (A to C) and 

swine stomach contents samples (D to E) during 46-day period

Statistic

Feed Stomach

A B C D E F

Mean 1.15 73 128 1,09 77 108
SD 0.12 5.6 9.0 0.07 8.4 13.9
CV 10.4 7.6 7.0 6.1 11.0 12.9
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In conclusion, this method permits the quantitative deter
mination of carbadox and desoxycarbadox in biological mate
rial. It is more sensitive and selective than previously pub
lished methods. Interfering compounds were not observed, 
and reproducibility is quite satisfactory.
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DRUG RESIDUES IN ANIMAL TISSUES

Sensitive Enzyme Immunoassay of Colistin and Its Application to Detect Residual Colistin in 
Rainbow Trout Tissue

TSUNEHIRO KITAGAWA, WATARU OHTANI, YOSHIKO MAENO, KUNIO FUJIWARA, 
and YUKIO KIMURA1
Nagasaki University, Faculty o f Pharmaceutical Sciences, 1-14 Bunkyo-machi, Nagasaki 852, Japan

An antibody against colistin (CL), an antibiotic effective for gram
negative bacteria, was produced in rabbits immunized with a colistin- 
protein conjugate. The conjugate was prepared by a novel and con
venient procedure devised to couple an amino group of CL to thiol 
groups of bovine serum albumin (BSA) introduced by thiol exchange 
reduction of its disulfide bonds with dithiothreitol, using A'-(m-maleim- 
idobenzoyloxyjsuccinimide (MBS) as a cross-linker. Enzyme labeling 
of CL with p-D-galactosidase was performed by utilizing another cross
linker, A,-(y-maleimidobutyrvloxy)succinimide, by means of a conve
nient labeling method. A double antibody enzyme immunoassay of CL, 
which could determine as little as 30 ng/mL of CL, was developed using 
labeled CL and anti-CL antiserum. With this assay, drug levels were 
easily determined in fish tissue after CL administration. The enzyme 
immunoassay should provide a useful tool for detection and quantita
tion of residual drugs in foods and related products.

Veterinary drug residues in food-producing animals are of 
great concern because of their health hazard potentials. 
Methods for detecting residual drugs in food products of 
animal origin have been studied extensively (1). Still, no 
completely acceptable method is available for use under 
industrial conditions. The usual analytical methods for drug 
detection require time-consuming separation procedures that 
are impractical.

Recent development of a variety of immunological assays, 
especially enzyme immunoassay (El A) (2-5), has made pos
sible highly sensitive, specific, precise, rapid, and convenient 
measurement of drug concentrations. We previously intro
duced a new method for selectively modifying proteins by 
using hetero-bifunctional reagents of a maleimide succinim- 
idyl ester type (6- 8), and applied the reagent in a new enzyme
labeling method of antigens or antibodies (7-10) and also in 
a new method for preparing hapten immunogens (11-14). 
Using the 2 methods in studies on colistin (CL), a peptide 
antibiotic that is widely used in Japan as a veterinary drug 
(15-17), we were able to prepare an enzyme-labeled CL and 
a rabbit anti-CL antiserum. With these 2 preparations as 
immunoreagents, we developed a highly sensitive enzyme 
immunoassay (EIA) for CL. The present paper reports on 
these studies together with application of EIA of CL for easy 
detection of residual CL in fish tissue.

METHODS

Materials
(a) /3-d-Galactosidase (Gal).—From Escherichia coli (EC 

3.2.1.23). Reagent grade for EIA (Boehringer Mannheim Bio
chemicals, Indianapolis, IN 46250).

(b) Antibiotics.—Commercial products: cephalexin 
(Shionogi Pharmaceutical Ind., Osaka, Japan), ampicillin 
(TakedaChemical Ind., Osaka, Japan), dihydrostreptomycin

Received July 11, 1983. Accepted February 6, 1985.
'Mukogawa Women’s University, Faculty of Pharmaceutical Sciences, Eda- 

gawa-cho 4-16, Nishinomiya 663, Japan.

(Kaken Kagaku Co., Tokyo, Japan), and colistin (Meiji Seika 
Co., Tokyo, Japan).

(c) Cross-linkers.—/V-(m-Maleimidobenzoyloxy)succini- 
mide (MBS) and N-(y-maleimidobutyryloxy)succinimide 
(GMBS) were prepared by published methods (7, 10, 18).

(d) Reagents.—Other reagents were all reagent grade.

Assay Media
Buffer A: 0.02M sodium phosphate buffer, pH 7.0, con

taining 0.1M NaCl, ImM MgCl2, 0.1% bovine serum albumin 
(BSA), and 0.1% NaN3. Buffer B: phosphate-EDTA buffer, 
pH 7.4 (0.03M sodium phosphate dibasic-lmM EDTA diso
dium salt, containing 0.1% BSA).

Preparation of Immunogen for CL
A 3-step synthesis was used as shown in Figure 1.
Step 1: MBS-acylated colistin.—A solution of CL (7 pmol) 

in 0.05M sodium phosphate buffer (pH 7.0, 3 mL) was incu
bated 30 min at 30°C with tetrahydrofuran solution of MBS 
(2.2 mg/0.3 mL, 7 pmol), with occasional stirring. Tetrahy
drofuran was removed by flushing with nitrogen, and excess 
MBS was extracted from the reaction mixture with three 5 
mL portions of methylene chloride. The aqueous layer was 
used for step 3.

Step 2: Reductive cleavage o f disulfide bonds in BSA.—A 
solution of BSA (0.1 p.mol) in 2 mL 0.2M tris-hydrochloride 
buffer (pH 8 .6) containing 8M urea was incubated with 1.54 
mg dithiothreitol (DTT) (10 pmol) 1 h at 30°C. The reduced 
BSA was precipitated by adding 3 mL 10% trichloroacetic 
acid. After washing twice with 1 mL water, the precipitate 
was dissolved in 0.02M phosphate-buffered 6M urea and the 
solution was used for the next step.

Step 3: Conjugation o f MBS-acylated colistin to reduced 
BSA.—The solution of reduced BSA (step 2) was incubated 
2 h at 25°C with the aqueous layer of MBS-acylated colistin

CL-NH2

Figure 1. Scheme for preparing CL immunogen by using a hetero-bifunc- 
tional cross-linker, MBS: CL-NH2, colistin; MBS, N-(m-maleimidobenzoy- 

loxy)succlnimlde; DTT, dithiothreitol; BSA, bovine serum albumin.
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Figure 2. Elution profiles of CL-Gal from a Sepharose CL 6B column. 
Enzyme activity of conjugate (closed circles) measured with 5 pL of each 
fraction for 5 min at 30°C; immunoreactive enzyme activity (open circles) 
determined by EIA as described except that 5 pL conjugate and a 1:1000 
solution of anti-CL-MBS-BSA antiserum were used in absence of CL; 
immunoreactive enzyme (open squares) determined in competition with 

50 pg CL in same manner.

(step 1), and the mixture was chromatographed on a 2 .8  x 
48 cm Sephadex G-100 column with 3M urea as eluant. The 
conjugate fractions were pooled and stored at 4°C until used 
for immunization.

Immunization
Two female New Zealand white rabbits were injected sub
cutaneously and intramuscularly with 1.3 mL conjugate solu
tion (ca 1.0 mg protein) emulsified in an equal volume of 
complete Freund’s adjuvant. Two booster injections of half 
the first dose were given at monthly intervals. The rabbits 
were bled from the ear veins before immunization and 2 
weeks after each injection. The sera were stored at -30°C.

Preparation of Colistin-fi-o-Galactosidase (CL-Gal) Conjugate 
A tetrahydrofuran solution of GMBS (0.1 p.mol/30 p.L) was 
added dropwise to a solution of 1.2 mg CL in 1 mL 0.02M 
sodium phosphate buffer (pH 7.0), with vortex-mixing, and 
was incubated 30 min at 30°C. The mixture was then added 
dropwise to a solution of Gal (50 pg, 93 pmol in 1 mL) in the 
same buffer and the mixture was incubated 2 h at 30°C. The 
solution was loaded onto a 1.4 x 43 cm Sepharose CL-6B 
column and eluted with buffer A. The enzyme and immune 
activity of 5 pL of each fraction (3.1 mL/tube) were measured 
as described below.

Measurement of Enzyme Activity
Five pL diluted enzyme solution was incubated 30 min at 
30°C with 0.15 mL 0.1 mM 7-(3-D-galactopyranosyloxy-4- 
methylcoumarin in buffer A. The reaction was stopped by 
the addition of 2.5 mL 0.2M glycin-NaOH buffer, pH 10.3, 
and the 7-hydroxy-4-methylcoumarin liberated was measured 
by spectrofluorometry. The amount of CL-Gal was expressed 
in units of Gal activity, and 1U of enzyme activity was defined 
as the amount that hydrolyzes 1 pmol substrate/min.

Enzyme Immunoassay (EIA)
Buffer B was used as the dilution and incubation medium for 
EIA unless otherwise stated. The assay was performed by 
the double antibody method. CL-Gal (50 pU) and a known 
amount of CL or a sample were incubated 3 h at 25°C with 
50 pL of 100 000-fold diluted solution of anti-CL-MBS-BSA 
antiserum in a final assay volume of 250 pL. Then 50 pL

0.25% solution of normal rabbit serum and 50 pL 5% solution 
of goat anti-rabbit IgG were added. After further incubation 
overnight at 25°C, 1 mL buffer A was added and the mixture 
was centrifuged at 4°C for 15 min at 2500 rpm. The superna
tant fraction was removed and the enzyme activity in the 
immune precipitate was measured.

Measurement of Tissue Levels
A solution of CL (1 mg/0.5 mL) was injected into the efferent 
branchial artery of rainbow trout (weight 110 ± 20 g). The 
fish was killed by decapitation 2 h later. The organs were 
removed and homogenated in 5 volumes of ice-cold 5% tri
chloroacetic acid (19) using a Polytron Model PT 10 (Brink- 
mann Instruments, Westbury, NY). The homogenates were 
centrifuged at 4°C for 15 min at 2500 rpm and the supemates 
were collected and adjusted to pH 7.2 with 1 .ON NaOH, and 
were used to quantitate the CL by EIA. Control samples of 
tissues and body fluids obtained from rainbow trout injected 
with saline were processed in the same manner.

Results

Preparation of CL-MBS-BSA Conjugate (CL Immunogen)
Preparation of the CL immunogen, with the formation of 
covalent bonds between the amino groups of CL and the thiol 
groups of chemically modified BSA, was achieved using the 
heterobifunctional cross-linker, GMBS (Figure 1). CL-MBS- 
BSA conjugate was isolated by chromatography on a Seph
adex G-100 column.

Enzyme Labeling of CL
CL was labeled with Gal according to our earlier method (13), 
using the limited molar amount of a hetero-bifunctional reagent, 
GMBS. The GMBS-acylated CL formed in the reaction mix
ture was used directly for enzyme labeling of CL without 
processing to separate unreacted GMBS. No reduction in the 
enzyme activity was observed during the enzyme labeling 
process. The preparation was chromatographed on a Sephar
ose CL-6B column to remove any free CL remaining. The 
peak fraction of enzyme activity was parallel with that of 
immune specificity as judged by the enzyme immunoassay of 
CL (Figure 2).

Antibody Response
Antibodies against CL were produced in 2 rabbits immunized 
with the CL-MBS-BSA conjugate and were detected by the

Figure 3. Qualitative estimation of anti-CL antibody. Samples 1 (closed 
circles), 2 (open squares), 3 (open circles), and 4 (open triangles) are 
antisera collected 1 month, and 2,4, and 6 weeks, respectively, after first 
injection. NRS sample (closed squares) obtained from rabbit bled before 

Immunization.
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Figure 4. Standard curves for EIA of CL (open circles) and cross-reac
tivities with ampicillin (closed circles), cephalexin (open triangles), and 
streptomycin (open squares). Curve shows amount (percentage) of bound 
enzyme activity for various doses of CL (B) (3-100 ng) and 3 antibiotics 

with respect to that bound using CL-Gal alone (Bo).

Figure 5. Serum CL levels In rainbow trout kept in CL bath (200 pg/mL). 
Blood was collected from 6 fish, weighing about 110 g each, and the mean 

of serum CL contents was estimated.

reaction of the diluted antiserum with the CL-Gal conjugate. 
The uptake of CL-Gal conjugate by the precipitate gave a 
quantitative measure of the bound antibody. Figure 3 shows 
typical binding curves for the sera from one of the 2 rabbits; 
the curves were obtained by using EIA procedure described 
without the competition of CL. The antibody titer in the 
serum against CL-Gal reached maximum 1 month after the 
first injection and was not affected by the booster injections. 
The titer was excellent and a 10 000 000-fold diluted solution 
of the antiserum could bind with CL-Gal, showing about a 
2-fold enzyme activity value of that of the blank.

Enzyme Immunoassay
Inhibition of the binding of the CL-Gal conjugate to anti- 
CL-MBS-BSA antiserum by CL is shown in Figure 4. Addi
tion of increasing amounts of the drug resulted in a progres
sive decrease of the conjugate precipitated.

Precision studies on the method are summarized in Table 
1. Good recoveries (100.0-102.4%) were obtained for 4 CL 
samples, with coefficients of variation of less than 17.8 and 
30.4% for within-day and between-day assays, respectively, 
with an overall mean of 19.1% (Table 1). CL in rainbow trout 
serum samples (50 pL) was also measured after known con
centrations were added (Table 1); the standard curve was 
essentially the same as that obtained from the buffer system 
described above.

Antibody Specificity
The specificity of the anti-CL antiserum against CL was 
examined by cross-reaction studies applying EIA of CL.

Antibiotics such as dihydrostreptomycin, ampicillin, and 
cephalexin were examined by EIA and none showed signifi
cant inhibition (Figure 4).

Experiments with a microbiological assay using Esche
richia coli NIHJ were done to compare sensitivity for that 
method of CL detection with that of the EIA. Results showed 
that the maximal sensitivity of the microbiological assay, 
using 20 pL CL solution in a paper disk method, allowed 
detection of 10 pg/mL. This was 333 times less sensitive than 
the EIA (0.03 pg/mL).

Measurement of Tissue CL Levels
CL was administered i.a. to fish, and the drug levels of the 

tissues were measured after 2 h (Table 2). The CL level in 
muscle was too low to measure directly according to the 
procedure described. Therefore, CL was extracted by 
homogenizing 20 g muscle with 100 mL 5% acetic acid. The 
acetic acid solution was separated by centrifuging and the 
precipitate was further extracted with three 50 mL portions 
of 99% ethanol. The extracted solutions were pooled and 
condensed under vacuum at <30°C, and then lyophilized. 
The residue was used as the assay sample.

Experiments were also designed to measure the recovery 
of CL from the various samples. One hundred pg of CL was 
added to 1 g control tissue and its recovery in the standard 
or modified (muscle) procedure was determined (Table 2). 
The CL level assayed was then adjusted on the basis of the 
recovery percentage. As shown in Table 2, CL was found in 
all tissues tested.

The serum CL levels of rainbow trout kept in drug baths 
of different CL concentrations were measured; serum level

Table 1. Accuracy and precision of enzyme immunoassay of colistin

Sample
Added,
ng/tube

Found,8
ng/tube Rec„ % CV,',% N ‘

W ithin-day assay 3 3 ± 0.50 100.0 16.7 8
10 10.0 ± 1.10 100.0 11.0 8
30 30.5 5.43 101.7 17.8 8

100 102.4 ± 15.09 102.4 14.7 8

Between-day assay 3 2.94 0.71 98.0 24.2 5
10 10.3 ± 2.15 103.2 20.8 5
30 31.6 ± 9.62 105.3 30.4 5

100 100.1 ± 17.15 100.1 17.1 5

Fish serum 3 3.08 ± 1.48 102.7 48.1 3
(50 p.L), within-day 10 10.3 ± 0.6 103.0 5.8 3
assay 30 30.0 ± 4.8 100.0 16.0 3

100 105.7 22.3 105.7 21.1 3

“Mean ±  SD.
b%  Coefficient of variation. 
“Number of assays.
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Table 2. Distribution of CL in rainbow trout tissues and fluids 2 h after 
injection of 1 mg CL into efferent branchial artery (fish weighed about 

110 geach)

Tissue CL detected, (xg/g tissue" Ree., b%

Muscle 0.37 ±  0.04 40.6
Liver 9.40 ±  1.59 38.5
Kidney 32.16 ±  10.83 27.2
Spleen 12.57 ±  2.15 32.9
Serum0 44.60 ±  13.46 (|xg/mL) 92.3
Bile" 2.24 ±  0.51 (ptg/mL) —

"Mean ± SD (n = 5). Results adjusted for recoveries shown, except on 
bile fo r w hich recovery was not performed.

6100 p.g CL was added to  1 g control tissue and recovery was 
determ ined by the procedure described (modified procedure for muscle 
tissue).

c5 |xL used for assay.
"10 |xL used fo r assay.

variation with time is shown in Figure 5. The level reached 
the maximum within 2 h.

Serum CL levels were then measured for fish kept for 2 h 
in baths of 10, 100, and 200 pig CL/mL and were 0.66 ± 0.23, 
3.50 ± 0.28, and 5.60 ± 0.95 pig/mL, respectively. These 
serum CL levels were only 2.8- 6 .6% of the bath concentra
tion.

Discussion
CL, a peptide antibiotic, is a potent agent for gram-negative 

microorganisms and is used in veterinary drugs for animals 
and fish in Japan. As part of a series of studies on the detection 
of residual drugs in food-related products by sensitive enzyme 
immunoassay (13, 20), an enzyme immunoassay for CL was 
developed based on novel methods for preparing a hapten- 
protein conjugate and an enzyme-labeled hapten using a com
bination of 2 hetero-bifunctional reagents (11). Both methods 
are based on thiol addition to the maleimide function, as 
originally developed by several investigators (2 1 , 22).

The preparative method for CL immunogen was very mild 
and gave a homogeneous conjugate as judged by SDS elec
trophoresis. CL shows no distinct ultraviolet absorption, and 
the exact number of CL molecules coupled per BSA was not 
determined, although for most hapten-MBS-BSA conju
gates prepared by this method the coupling number of hapten 
molecules is about 15 (19; unpublished data). Both rabbits 
immunized with the conjugate produced highly specific and 
sensitive antibodies to CL.

CL was labeled according to the convenient labeling method
(18) in a continuous 2-step process using another cross-linker, 
GMBS. GMBS differs from MBS in the substitution of N- 
butyric acid for benzoic acid, to avoid cross-reaction of CL 
antibody with MBS, because MBS was used as the cross
linker for preparation of the CL immunogen.

Using anti-CL serum and CL-p-Gal as a tracer, we devel
oped the sensitive double-antibody EIA for quantitation of 
CL described in this report. The optimal assay procedure was 
established through testing the reagent concentrations and 
the incubation periods.

This assay can sensitively and reproducibly detect 3 ng/ 
tube, as shown by an overall mean coefficient of variation of 
19.1% for within- and between-day assays at 4 different CL 
levels. This EIA is specific to CL. Only 3 antibiotics were 
examined for cross-reactivities by this EIA, as shown in 
Figure 4, because a minor modification at a functional group

in a hapten molecule gave a large reduction in the affinity of 
anti-hapten antibody (19, 23), and structurally different anti
gens always showed negligible cross-reactivities.

The immunoassay was used to follow CL levels in several 
fish organs after the drug had been injected i.a. at a dose of 
1 mg/fish. The CL level was highest in kidney tissue and 
lowest in muscle tissue (Table 2). Serum CL levels of rainbow 
trout, kept in baths of different CL concentrations, were also 
measured.

This EIA permits not only easy detection of the residual 
drug but also easy quantitation of CL in rainbow trout serum 
as well as tissue such as muscle and liver. A number of 
samples can be tested at the same time. EIA methods are one 
of the most promising ways for easily detecting residual drugs 
in foods and their related products.
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Liquid Chromatographie Monitoring of the Depletion of Carbadox and Its Metabolite 
Desoxycarbadox in Swine Tissues
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A liquid chromatographic method was used to monitor a depletion 
study of carbadox (and its most important metabolite, desoxycarbadox) 
in young pigs fed carbadox-treated rations for 1 week. Carbadox was 
found in blood (20 ppb), blood serum (26 ppb), and muscle tissue 24 h 
after withdrawal from treated ration; residues were reduced to a trace 
(<  2 ppb) in 48 h, and eliminated by 72 h. Desoxycarbadox, although 
not detected in blood, was found in muscle (17 ppb) 24 h after with
drawal; it was reduced to 9 ppb at 48 h and to a trace by 72 h. Although 
no carbadox was detected in liver 24 h after withdrawal, appreciable 
desoxycarbadox (125 ppb) was found in liver 24 h after withdrawal; it 
was reduced to 17 ppb at 48 h and to a trace by 72 h. Whereas only a 
trace of carbadox was found in kidney 24 h after withdrawal, 186 ppb 
desoxycarbadox was found in kidney at 24 h, 34 ppb at 48 h, and a 
trace at 72 h. No metabolite of carbadox other than desoxycarbadox 
was found in extracts of swine tissues during this medicated feed trial, 
and no metabolite was found in blood extracts by using the established 
methodology. The effect of tissue storage (aging) at — 20°C on levels of 
the drug and its metabolite was a modest alteration of residue levels. 
The inadvertent use of feed adulterated with furazolidone and initially 
medicated with chlortetracycline, sulfamethazine, and penicillin G, did 
not affect the uptake of carbadox in this depletion study or interfere 
with the analytical methodology.

During the final developmental stages of the recently pub
lished liquid chromatographic (LC) analysis for carbadox, 
desoxycarbadox, and nitrofurazones in pork tissues (1), a 
preliminary carbadox feeding trial involving 2 piglets (one 
test, one blank) was undertaken to assess the adequacy of 
the newly developed LC method for assay of fresh pork 
tissues for carbadox residues and one of its metabolites, 
desoxycarbadox. The method was tested for ability to detect 
residues arising from in vivo incorporation compared with in 
vitro (spiked) fortification.

We also wished to assess the utility of the method for 
analyzing blood samples for carbadox and desoxycarbadox 
residues. Such a procedure might prove valuable to veteri
narians and health inspectors in determining that live hogs 
were free of such drug residues before slaughter.

As a result of the interest generated by the preliminary 
feeding trial data as well as a need for independently deter
mined data on carbadox body burden for regulatory infor
mation, a second, larger carbadox feeding trial, involving 4 
piglets and a shortened, 1-week feeding duration, was under
taken to verify preliminary data. In the second trial, both 
blood and blood serum samples were analyzed to determine 
what effect blood clotting would have on carbadox and 
desoxycarbadox levels in whole blood and its serum. The 
second trial also generated a source of known, fresh tissue 
samples for assessing the effect of storage (aging) on carbadox 
and desoxycarbadox levels.

Swine Carbadox Feeding Trial
Medicated ration.—Medicated swine ratio was prepared 

by the Animal Resources Division, Health Protection Branch, 
by blending carbadox directly into commercially prepared 
ration (crumbles) and using a feed mixer to provide ca 50 g/

'Direct inquiries to this author.
Received September 25, 1984. Accepted January 10, 1985.

ton (2000 lb) (0.0055%) of finished feed. A portion was retained 
for assay.

Piglets.—Four piglets (2 males, 2 females), ca 7 weeks old 
and 10 kg each, were obtained from the same litter, free from 
any antibiotic exposure. All pigs were fed the regular, car- 
badox-free ration for a period of adjustment. The usual animal 
medical assessments were made by the Animal Resources 
Division as required by their protocol before clearance was 
given for the feeding trial.

Blood samples.—Blood serum was collected during diag
nostic assessment of the piglets, before the feeding trial. 
Whole blood and blood serum samples were obtained from 
all pigs (including the control) 24 h after withdrawal from the 
treated ration. Additional blood samples were collected just 
before slaughter at 48 or 72 h, respectively, refrigerated until 
analyzed, and then frozen.

Tissue samples.—Muscle, kidney, and liver tissues, removed 
from each pig at slaughter, were analyzed by the previously 
developed LC method (1). Fat was removed from fresh tis
sues before each was cut into small pieces (less than 1 cu. 
cm) with kitchen scissors. All material cut from each tissue 
was pooled, the material was stirred with a spatula to make 
a uniform sample, then aliquots (10 g) were weighed and 
individually wrapped in plastic film before being stored at 
— 20°C.

Experimental
The reagents, apparatus, and LC conditions were the same 

as used in the previous tissue study (1), and the same stringent 
precautions were observed in cleaning glassware, restricting 
light, and handling suspected carcinogenic material.

As a result of installing a new, but identical, column 
[Brownlee RP-10A, reverse phase, C-8(RP-8)] and effecting 
minor repairs to the LC system prior to undertaking this 
study, a new set of calibration curves was established as 
previously reported (1).

t to o
A B C D

R= -CH=N NHCOOCH3

LC characterization o f other possible carbadox decom
position products.—Four potential decomposition products 
of carbadox: quinoxaline-N1, N4-dioxide (A), dihydroxyqui- 
noxaline (B), methyl-3-(2-quinoxalinylmethylene)carbazate- 
N4-oxide (C), and m ethyl-3-(2-quinoxalinylm ethy- 
lene)carbazate-A7-oxide (D) were obtained from R. G. 
Luchtefeld (Food and Drug Administration, Kansas City, 
MO 64106, personal communication, 1982) for LC character
ization under our conditions.

Blood Analysis
Reagents.—Carbadox and desoxycarbadox (Pfizer Can

ada, Inc., 17300 Trans-Canada Hwy, Kirkland, Quebec, Can-
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Table 1. LC analysis of preliminary swine feeding trial samples'

Tissue Time o f anal.

Carbadox Desoxycarbadox

ppb
Peak ht, 

mean SD CV,% ppb
Peak ht, 

mean SD CV,%

Control Pig6

Serum mid. none — — — none — — —

Serum kill none — — — none — — —

Muscle kill none — — — none — — —

Liver kill none — — — none — — —

Kidney kill none — — — none — — —

Treated Pig6

Serum mid. 16 124 2.9 2.3 none _ — —

Serum kill 19 146 6.6 4.5 none — — —

Muscle kill 5 44.3 3.9 8.8 34 162.3 32.8 20
Liver kill none — — — 50 240 53.5 22
Kidney kill <2 — — — 94 451 40.7 9
Liver6 kill none — — — 54 258 12.9 5.0

Note: CV = SD x 100/Peak Ht Mean.
'Based on antibiotic-free ration treated w ith carbadox (50 g/ton of finished feed) and zero withdrawal time fo llow ing 3-week feeding duration.
“Both pigs o f th is tria l were females from the same litter.
“Repeat assay performed in absence of incandescent light as described earlier (1).

Table 2. Carbadox8 levels (ppb) in swine blood and blood serum by LC analysis

Gender W ithdrawal, h

Before treatment 24 h 48 h 72 h

Serum Blood Serum Blood Serum Blood Serum Blood

Male 24 none NS6 26 19
26 20

Female 48 none NS 28 22 <2 <2
29 24 <2 <2

Female 72 none NS 34 31 NS NS none none
35 32

Male control none NS none none NS NS none none
none none

"No desoxycarbadox was found in any sample. 
6No sample.

ada, H9R 4V2); 1M KH2P04 solution; ethyl acetate (glass- 
distilled, LC grade).

Apparatus.—Rotary shaker (Labquake, Labindustries- 
Canadian Laboratory Supplies); bench-top centrifuge (Inter
national, Model HN-S).

Assay procedure.—Pipet 2 mL blood (or serum) into 15 
mL screw-cap tube. Add 1 mL 1M KH2P04 solution and 10 
mL ethyl acetate. Extract 15 min on rotary shaker; centrifuge 
10 min at 2500 rpm in bench-top centrifuge.

Remove ethyl acetate layer to small evaporating flask, and 
repeat extraction with 10 mL ethyl acetate (15 min), centri
fuge (10 min), and combine the ethyl acetate layers. Evapo
rate extracts to dryness, dissolve residue in 500 jjlL  mobile 
phase, and inject 100 p,L onto LC column.

Tissue Analysis
Prepare, extract, clean up, and analyze muscle, liver, and 

kidney tissue samples as described previously (1).

Feed Analysis
Reagents.—Dimethylformamide (BDH Analytical Reagent) 

diluted to 95% with water; aluminum oxide, 80-200 mesh 
(Baker Analyzed Reagent suitable for chromatographic use; 
pH of 10% slurry at 25°C is 6.3); methanol (glass-distilled, 
LC grade).

Apparatus.—Chromatographic column, 1 x 30 cm glass, 
restricted at one end to ca 4 mm; Büchner funnel, 300 mL 
capacity.

Assay procedure.—Prepare extract of feed by method of 
Thorpe (2); then filter mixture through coarse filter paper, 
and transfer 15 mL filtrate onto chromatographic column 
containing ca 5 g alumina, prepared as follows; shake alumina 
(100 g) in water (500 mL) for 30 min, filter mixture in Büchner 
funnel, and rinse to dry with methanol (3 x 50 mL). Plug 
column with glass wool, and gently introduce prepared alu
mina into column with tapping.

Collect eluate, and inject directly 2 p-L onto LC column.

Mass Spectrometric Analysis of Furazolidone 
Apparatus.—Hewlett-Packard 5985A mass spectrometer. 
Sample preparation.—Extract control feed (10 g) by using 

Thorpe method (2). Subject extract to LC analysis, collect 
eluate corresponding to furazolidone, evaporate under nitro
gen, and subject residue to probe MS analysis.

Microbiological Analysis of Control Feed for Chlortetracy cline 
Preparation o f extract.—(Unpublished method (1983), Lyse 

Larocque, Bureau of Drug Research, Health Protection 
Branch, Health and Welfare Canada). Prepare extract of feed 
by blending 20 g feed in 80 mL acidified acetone (4N HC1- 
acetone-water: 1 + 13 + 6). Stir mixture 2 min, let settle 2 
min, and stir again. Adjust pH to 1.0-1.2 with IN HC1 (4 
drops). Blend mixture 3 min at high speed, then centrifuge 
15 min at 2000 rpm. Adjust pH of supernate to 4.0 with IN 
NaOH solution before proceeding with microbiological assay 
or Bratton-Marshall test.
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Table 3. LC monitoring of carbadox depletion and metabolism to desoxycarbadox in swine"

Tissue

Carbadox, ppb Desoxycarbadox, ppb

Control 24 h 48 h 72 h Control 24 h 48 h 72 h

Serum none 26 <2 none none none none none
Blood none 20 <2 none none none none none
Muscle none 19 <2 none none 17 9 <2
Liver none none none none none 125 17 <2
Kidney none 2 <2 none none 186 34 <2

"Assay levels below 10 ppb sensitivity are unreliable; precision ±  5 ppb.

Table 4. Effect of storage on residue levels of carbadox and desoxycarbadox, analysis by LC

Pig Tissue

Carbadox, ppb Desoxycarbadox, ppb

Kill 1 week 2 weeks 3 weeks 4 weeks Kill 1 week 2 weeks 3 weeks 4 weeks

Blood none none
Serum none none

Control Muscle none none none none none none none none none none
Liver none none none none none none none none none none
Kidney none none none none none none none none none none

Blood 26 none
Serum 20 none

24 h Muscle 19 14 9 12 4 17 15 15 28 16
Liver none none none none none 125 133 133 115 72
Kidney 2 <2 <2 <2 none 186 91 112 130 92

Blood <2 none
Serum <2 none

48 h Muscle <2 <2 none none <2 9 4 6 6 5
Liver none <2 none none none 17 16 4 10 12
Kidney <2 _a <2 none none 34 10» 28 29 25

Blood none none
Serum none none

72 h Muscle none <2 none none none <2 <2 none none none
Liver none none <2 none none <2 3 <2 2 2
Kidney none <2 <2 none none <2 <2 <2 <2 none

"Problems w ith extraction; unable to  measure accurately.

Analysis.—Use standard, diffusion, agar-plate microbiol
ogical method (3).

Modified Bratton.-Marshall Test for Sulfamethazine
The Bratton-Marshall test (4) for sulfa drugs was modified 

as follows for testing presence of sulfamethazine in control 
feed extract:

Treat feed extract (3 mL), as prepared above, with 0.1% 
sodium nitrite solution (1.0 mL) and concentrated HC1 (1.0 
mL) and let stand 3 min. Treat mixture with 0.2% ammonium 
sulfamate solution (1.0 mL) and let stand an additional 
3 min. Shake, and treat with 1.0 mL 0.1% A'-(l-naph- 
thyl)ethylenediamine dihydrochloride (NED, dye reagent) 
solution; rosy-pink color indicates positive result.

Results and Discussion

Swine Carbadox Feeding Trials
Preliminary trial.—In the preliminary study, one piglet was 

maintained on carbadox-treated ration (50 g/ton finished feed) 
for 3 weeks before slaughter; the other piglet, used as the 
control for blank samples, was fed the same ration without 
carbadox. At slaughter (zero withdrawal time), blood serum 
of the test pig contained 19 ppb carbadox but no desoxycar
badox (Table 1); muscle tissue contained 5 ppb carbadox and 
34 ppb desoxycarbadox; the liver contained no carbadox but 
contained 50 ppb desoxycarbadox; and the kidney, surpris
ingly, showed only a trace of carbadox (<2 ppb) but 94 ppb 
desoxycarbadox, practically double that of liver, the gener
ally recognized target organ (5).

Blood and tissue analysis for major trial.—Table 2 sum
marizes the carbadox levels found in the blood and blood

serum of each of the 3 test pigs and the control pig 24 h after 
withdrawal of carbadox-treated ration. Table 2 also indicates 
the gender of each pig together with the corresponding with
drawal time (or control), and the level of carbadox in blood 
and blood serum of each pig at the time of slaughter.

The results of the depletion study for carbadox and desoxy
carbadox levels in blood and tissues of pigs fed carbadox- 
medicated ration are summarized in Table 3 for the effect of 
withdrawal time on residue levels, and in Table 4 for the 
effect of storage time on residue levels. Data presented in 
these and other tables discussed herein are based on the 
calibration curve determinations of Table 5.

The carbadox level in blood and in blood serum 24 h after 
withdrawal of the medicated feed (Table 3) is essentially the 
same, within the allowed precision of analysis ( ± 5 ppb). The 
blood carbadox level found in this study after 24 h withdrawal 
is also essentially identical to that found in blood serum (19 
ppb) at zero withdrawal time in the preliminary study (Table 
1) conducted with the same level of carbadox medication in 
the ration consumed over 3 weeks. These carbadox blood 
data serve to confirm the belief that pigs ingesting 50 g car- 
badox/ton finished feed would achieve a steady-state blood 
carbadox level in 1 week. The separate blood and serum 
analyses (Tables 2 and 3) also confirm the preliminary finding 
of no desoxycarbadox in blood serum, and provide evidence 
that neither carbadox nor desoxycarbadox was lost from 
blood through clotting to obtain serum. The blood data also 
show that carbadox is quickly reduced to a trace at 48 h and 
eliminated from the blood by 72 h.

The analysis of muscle shows comparable levels of car
badox (19 ppb) and desoxycarbadox (17 ppb) at 24 h with
drawal time (Table 3) compared with the previous levels of 5
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Table 5. Calibration curves for reference compounds*

Carbadox Desoxycarbadox Nitrofurazone Furazolidone

Peak Peak Peak Peak
Amt, ht, Std ht, Std ht, Std ht, Std
ng mm dev. CV, % mm dev. CV, % mm dev. CV, % mm dev. CV, %

2 26.1 1.1 4.0 17.1 0.9 5.3 31.4 0.8 2.5 26.9 1.0 3.8
10 115 3.5 3.1 76 4.0 5.3 139 2.4 1.8 121 2.6 2.1
20 223 6.9 3.1 150 8.1 5.4 271 3.8 1.4 238 4.6 1.9
30 305 11.9 3.9 216 11.5 5.3 376 9.7 2.6 333 8.2 2.5
40 384 14.3 3.7 276 13.3 4.8 475 13.6 2.9 428 12.4 2.9

y  = 9.4x +  18.6 y  =  6.8x +7.4 y = 11.7x +  20.1 y = 10.5X + 14.2
corr. = 0.997 corr. =  0.999 corr. = 0.998 corr. =  0.999

“All peak heights normalized fo r attenuation setting 4; average of at least 2 Injections using 2 dilutions o f 3 solutions.

and 34 ppb, respectively, of the preliminary study obtained 
at zero withdrawal time. It is not clear why the muscle level 
of carbadox at 24 h should be higher than at zero withdrawal 
time unless the difference is due to gender; however, the 
muscle carbadox burden is comparable to that of the blood 
for the male pig. The lower desoxycarbadox level (one-half) 
in muscle at 24 h compared with 34 ppb of the preliminary 
study at zero time could be accounted for by the rate of 
elimination (50% every 24 h) of desoxycarbadox as seen for 
muscle from 24 to 74 h (Table 3). Carbadox appears to be 
eliminated from muscle even more quickly.

The apparent absence of carbadox burden in liver (Table 
3) supports the similar, preliminary finding; however, the 
much higher level of desoxycarbadox (125 ppb) in liver at 24 
h compared with the preliminary, zero time (50 ppb) (Table 
1) is difficult to account for, especially when no desoxycar
badox is found in the blood and when the zero time level (50 
ppb) was obtained after feeding for 3 weeks instead of 1 week. 
Desoxycarbadox, however, appears to be rapidly eliminated 
from the liver (Table 3). Satisfactory understanding of such 
variation would require additional studies involving a larger 
number of animals.

Only a trace of carbadox was found in the kidney (Table 
3), confirming the preliminary finding. The kidney, however, 
with 186 ppb desoxycarbadox at 24 h (Table 3 and Figure 
1)—twice the 94 ppb level found at the preliminary, zero 
time—must be recognized as the target organ, as found in the 
preliminary trial, in place of liver, the generally regarded 
target organ (5).

Effect of Storage Time on Tissue Residue Levels
The results of analyzing uniform aliquots of muscle, liver, 

and kidney for carbadox and desoxycarbadox at weekly inter
vals over a period of one month are summarized in Table 4.

Storage time appears to result in a modest decrease in 
carbadox content in muscle which might be attributed to the 
effect of more tenacious drug retention by the tissue as it 
ages, dehydrates, and undergoes slow, physical alteration 
during storage at -20°C. Because of the virtual absence of 
carbadox in both liver and kidney at slaughter (24 h with
drawal), no significant trends were noted for carbadox resi
dues in these organs over time.

Desoxycarbadox levels in muscle and liver tissue taken 24 
h after the withdrawal time appear to show a modest elevation 
on storage followed by a modest decrease. A similar phenom
enon appears to hold also for kidney following an initial 
decrease of desoxycarbadox in the first week of storage. 
Alteration of the tissues through physical change, dehydra
tion, etc., during storage at -20°C may result in the release 
of originally bound and unavailable desoxycarbadox, i.e., the 
reverse effect noted for carbadox. (Carbadox, being more 
polar than desoxycarbadox, would likely be more readily 
bound by tissue.) It is unlikely that enzymatic release of drug 
could account for such changes either during storage at — 20°C 
or during the short (5 min) thawing and sample workup period.

No significant changes were noted for desoxycarbadox 
levels on storage of tissue taken 48 h after slaughter presum
ably because the longer withdrawal time had already reduced 
the metabolite concentration to a relatively low level.

Effect of Long-Term Storage on Blood Serum and Tissues
Muscle, liver, and kidney tissues and blood serum analyzed 

for carbadox and desoxycarbadox in the preliminary feeding 
trial were stored at -  20°C for 7 months and re-analyzed as 
part of this study to assess the effect of longer term storage. 
The results of Table 6  show an increase of carbadox level (+  
12 ppb) in serum perhaps caused by sample concentration 
through dehydration during storage. Since the carbadox lev-

Figure 1. LC tracings for pork kidney tissues: control sample (left) showing minimal background at attenuation setting 4, and test sample (right), 
obtained 24 h after withdrawal of carbadox-treated ration and recorded at attenuation setting 7, showing trace of carbadox (R, 5.09 min) and 186 ppb

desoxycarbadox (R, 9.94 min). Each sample injection was 100 pL.
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Table 6. Effect of prolonged storage on residue levels in blood serum and tissue samples

Carbadox, ppb Desoxycarbadox, ppb

Sample Sept/82 Apr/83 Diff. Sept/82 Apr/83 Diff.

Control:
Serum nil nil none nil nil none
Muscle nil nil none nil nil none
Liver nil nil none nil nil none
Kidney nil nil none nil nil none

Treated:
Serum 19 31 + 12 nil nil none
Muscle 5 trace - 5 34 38 + 4
Liver nil trace + 50 60 + 10
Kidney trace nil — 94 59 -3 5

•£ -  CM » *n IB No peaks were found in any LC chromatograms of the

Figure 2. LC tracings of composite solution of possible carbadox met
abolic products including desoxycarbadox (left), and re-injectlon of same 
composite followed by co-injection of 10 ppb carbadox (Rt 5.08 min) and 
10 ppb desoxycarbadox (Rt 10.59 min) (right). Each injection was 20 p.L, 
and attenuation setting 4 was used for each recording. (See text for 

identity of A, B, C, and 0.)

tissue or blood extracts that could be attributed to any of the 
additional, possible carbadox decomposition products.
Feed Analysis

The results of LC analysis of in-house prepared carbadox- 
treated swine ration and of the corresponding control ration, 
following extraction of samples of each by the method of 
Thorpe (2) are shown in Figure 3. Analysis of the treated 
ration confirmed the desired level (0.0046%) of carbadox 
medication but revealed the presence of another substance 
identified by retention time, as furazolidone (0.0009%). LC 
analysis of the control ration also revealed the same level of 
furazolidone whose identity was confirmed by in-house mass 
spectrometric analysis (Figure 4) of residue obtained by col
lection of the LC eluant.

Independent analysis of the treated and control rations by 
the Feed and Fertilizer Laboratory, Agriculture Canada, for 
carbadox by a colorimetric procedure confirmed the carba
dox level (0.0049%) and verified the presence of furazolidone 
by LC analysis (no quantitation).

Investigation of Feed Labeling
Since a feed label, supplied at the same time of the second 

request for additional feed samples for analysis, indicated 
that the feed supply was medicated with chlortetracycline

els in muscle, liver, and kidney tissues were originally low 
(trace levels, i.e., below the stated level of reliable measure
ment), no significant change of carbadox level was observed 
in these samples. No significant change of desoxycarbadox 
levels was seen with muscle tissue, but a modest increase 
was observed in liver likely due to dehydration of the liver 
during storage. A significant decrease in desoxycarbadox 
level was observed with kidney tissue after 7 months of stor
age. Perhaps degeneration of the finely chopped tissue and 
denaturization of protein results in binding of some of the 
original desoxycarbadox, or perhaps the metabolite is degraded 
by enzymes and/or other chemicals present in kidney.

LC Characterization of Other Possible Carbadox 
Decomposition Products

The results of LC characterization of the 4 possible decom
position products of carbadox (quinoxaline-N1 ,/V4-dioxide (A), 
dihydroxyquinoxaline (B), methyl-3-(2-quinoxalinylmethy- 
lene)carbazate-/V4-oxide (C), and methyl-3-(2-quinoxalinyl- 
methylene)carbazate-A'-oxide (D)) under identical condi
tions used for tissue analysis, are illustrated in Figure 2. 
Solutions of the decomposition products were prepared of 
the approximate concentration 50 (xg/50 (xL mobile phase 
(acetonitrile-O.OlM ammonium acetate-ethanol 25 + 70 +
5). A similar elution order was found for the 4 compounds as 
reported by Luchtefeld (6) under somewhat different LC 
conditions and correspondingly different retention times.

c

Figure 3. LC analysis of treated ration (A) and control ration (B), each 
extracted with 95% DMF (2), showing carbadox (C) and furazolidone (F) 

in A and furazolidone (F) only in B.
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Figure 4. El mass spectra (70 eV) of suspected furazolidone residue collected from LC analysis (top) and furazolidone standard (bottom).

(0.011%), sulfamethazine (0.011%), and penicillin G (0.0055%), 
a second LC analysis was performed on the extract prepared 
for microbiological testing. Standard solutions of the above 
3 antibiotics were prepared in the mobile phase and subjected 
to LC analysis under the conditions of this study. While 
sulfamethazine gave a good response at 350 nm, no response 
was obtained from the other 2 drugs. Figure 5 shows the 
results of LC analysis of sulfamethazine standard, sulfameth
azine and furazolidone in the control feed, and the confir
mation effect of spiking the control feed sample with sulfa
methazine. The presence of sulfamethazine in the feed supply 
was also supported by the result of a positive Bratton-Mar- 
shall test (4) performed on an extract of the feed.

The presence of chlortetracycline in the feed supply was 
confirmed by means of specific microbiological analysis for 
chlortetracycline (3) performed on the same feed extract.

Work schedules precluded analyzing for penicillin G; how
ever, the feed extract has been retained frozen for possible 
later investigation.

Non-detection of chlortetracycline and penicillin G under 
the LC conditions of this study may be accounted for by the 
fact that penicillin G is weakly UV-absorbing at 350 nm, and 
chlortetracycline, with maximum absorption at 380 nm and 
expected appreciable absorption at 350 nm, apparently did 
not extract from the feed in sufficient quantity for detection.

The presence of the 3 antibiotics chlortetracycline, sulfa
methazine, and penicillin G together with the adulterant fur
azolidone in the feed supply, although not appearing to have 
interfered with the uptake of carbadox by the pigs, may have 
exerted a synergistic effect resulting in the observed much 
greater burdening of liver and kidney tissue with the metab
olite, desoxycarbadox, at 24 h withdrawal time than found at 
zero withdrawal time, all other factors being equal. From an 
analytical concern, it should be noted that the presence of 
chlortetracycline, sulfamethazine, penicillin G, or furazoli
done did not interfere with our LC methodology (1), devel
oped as a screening procedure for carbadox, desoxycarba
dox, furazolidone, and nitrofurazone.
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Figure 5. LC analysis of sulfamethazine standard (A) (10 |xL of 0.011% 
solution), extract of control feed (B) (2 pL of prepared extract) showing 
presence of sulfamethazine (S) and furazolidone (F), and sample of same 
feed extract (2 pL) spiked with sulfamethazine standard (S) (10 pL, 0.011%).

Earlier peaks arise from other soluble feed material.
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FRUIT AND FRUIT PRODUCTS

Interlaboratory Variability of Methods Used for Detection of Economic Adulteration in Apple 
Juice

JOHN ZYREN and EDGAR R. ELKINS
National Food Processors Association, Eastern Regional Laboratory, 1401 New York Ave NW, Washington, 
DC 20005

Thirteen laboratories participated in a study to determine the interlab
oratory variability of 4 methods used to detect economic adulteration 
in apple juice. The methods included the determination of individual 
sugars, 5-(hydroxymethyl)-2-furaldehyde, chlorogenic acid, organic 
acids, and L-malic acid. The coefficients of variation found depended 
on the method and level of analyte, but were often 5% or less. At this 
point, the most important test for detecting economic adulteration is 
the total malic/L-malic acid ratio. Any ratio of 0.9 or less would indicate 
a nonauthentic sample. The 0.9 ratio represents an addition of 20% 
synthetic malic acid in the unknown juice sample. A 0.75 ratio would 
indicate 50% adulteration, while a 0.5 ratio would indicate a totally 
synthetic juice. Fumaric acid, a minor contaminant in synthetically 
produced malic acid, shows great promise as an indicator of economic 
adulteration. The results support the view that the methods are now 
ready for AOAC collaborative study.

A number of methods have recently been published for 
detecting economic adulteration in apple juice (1-3). These 
include analysis of sugars, sugar ratios, carbon isotope ratios, 
polyphenols, organic acids, sorbitol, and proline. Together, 
these tests give useful information about the quality and 
authenticity of a particular apple juice sample. An individual 
laboratory can perform these assays very precisely. But what 
is the expected variability when more than one laboratory 
performs these analyses on the same sample? Interlaboratory 
variability can be important when a regulatory agency and a 
commercial firm report apparently conflicting results or results 
that indicate that a juice is on the borderline between authen
tic and adulterated.

The purpose of this study is to determine the interlabora
tory variability of certain analytical methods that are com
monly used to detect adulteration in apple juice.

Protocol for the Interlaboratory Study
Four samples were supplied to the participating laborato

ries: 3 different types of juice and a blind duplicate. Each 
sample consisted of 4 plastic vials containing about 15 mL 
juice. Four bottles of each sample were supplied to minimize 
the possibility of microbial or mycological contamination of 
the sample between analyses. The authentic apple juice was 
designated sample C, the synthetic juice was labeled sample 
B, the third juice was a mixture of the authentic and synthetic 
juices; blind duplicates of this juice mixture were designated 
as samples A and D.

The participants were requested to analyze and quantitate 
the following compounds: fructose, glucose, sucrose, 5- 
(hydroxymethyl)-2-furaldehyde (HMF), chlorogenic acid, total 
malic acid, L-malic acid, and fumaric acid. The analytical 
methods used for determining the sugars, HMF, and chlo
rogenic acid were those currently employed in the partici
pating laboratories. The analytical methods used to determine 
L-malic acid and other organic acids are described in this 
paper.
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Experimental

Preparation of Apple Juice Samples
The samples consisted of a known authentic juice, a syn

thetic juice prepared from concentrate, and a mixture of these 
2 juices. The authentic juice was apple juice supplied by a 
member of NFPA (National Food Processors Association). 
An appropriate amount of 37% formaldehyde was added to 
this juice so the final concentration was 0.4%. This level is 
necessary to prevent bacterial or mycological growth.

Table 1. Reported levels o f fructose (%) in prepared ju ice samples

Apple ju ice sample

Lab. A B C D

6 5.36 4.83 6.10 5.25
11 5.25 4.67 5.64 5.28
12 5.34 4.8 5.88 5.2
15 5.2 4.7 6.0 5.4
17 5.41 4.69 5.69 5.16
19 5.24 4.56 6.86 5.21
20 4.80" 4.30“ 5.40“ 4.90“
22 5.38 4.57 5.89 5.31
27 5.12 4.59 5.64 5.13
32 5.02 4.6 5.65 5.2
33 5.2 4.6 5.7 5.9“
35 5.3 5.01 6.0 5.11
38 6.03“ 5.32“ 6.59“ 6.01“

Mean 5.256 4.693 5.823 5.225
SD 0.118 0.139 0.167 0.088
CV,6 %
SDC = 0.102 
CV," % = 2.0

2.2 3.0 2.9 1.7

“Not used in statistical summary; elim inated by Thompkins and Willke
test (4).

“Coefficient o f variation.
“ Intralaboratory SD (estimate).
“ Intralaboratory CV (estimate).

Table 2. Reported levels of glucose (%) in prepared ju ice samples

Lab.

Apple ju ice sample

A B C D

6 3.96 5.11 2.82 3.91
11 3.97 5.03 2.84 4.0
12 4.08 4.99 3.1 4.11
15 4.1 5.3 3.1 4.1
17 4.29 5.13 3.07 4.13
19 4.02 5.01 2.90 4.07
20 3.8 4.7 2.90 3.80
22 4.16 4.92 3.03 4.09
27 3.97 4.97 2.85 4.03
32 3.28“ 5.12 2.0" 3.28“
33 4.1 5.2 2.8 4.5“
35 4.14 4.86 3.17 4.24
38 4.05 4.96 3.02 4.09

Mean 4.053 5.023 2.967 4.052
SD 0.124 0.154 0.129 0.117
CV,1’ % 3.0 3.1 4.3 2.9
SD“ = 0.049
CV,“ % = 1.2

““ ‘'See previous table.
“Not used in statistical summary; elim inated by Dixon text.
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Table 3. Reported levels of sucrose (%) In prepared juice samples

Lab.

Apple ju ice sample

A B C D

6 1.01 0.50 1.49 1.00
11 1.00 0.50 1.48 1.04
12 1.04 0.57 1.44 1.04
15 1.2 0.7 1.5 1.3
17 1.03 0.50 1.42 0.99
19 1.09 0.56 1.58 1.09
20 1.00 0.30 1.50 0.80
22 1.02 0.49 1.53 1.04
27 0.97 0.49 1.42 0.97
32 1.22 0.71 1.54 1.22
33 1.0 0.5 1.6 1.0
35 1.05 0.42 1.6 0.72
38 1.11 0.58 1.51 1.07

Mean 1.057 0.525 1.508 1.022
SD 0.078 0.107 0.061 0.150
CV,6 % 7.4 20.4 4.1 14.7
SD“ =  0.079 
CV," % = 7.6

“'"See previous tables.

Table 4. Calculated glucose/fructose ratios in prepared juice samples

Apple ju ice samples

Lab. A B C D

6 0.739 1.058 0.462 0.745
11 0.756 1.077 0.504 0.758
12 0.764 1.040 0.527 0.790
15 0.788 1.128 0.517 0.759
17 0.793 1.094 0.540 0.800
19 0.767 1.099 0.495 0.781
22 0.773 1.077 0.514 0.770
27 0.775 1.083 0.505 0.786
32 - J 1.113 _ / __f

33 0.788 1.130 0.491 — f

35 0.781 0.970 0.528 0.830

Mean 0.772 1.079 0.508 0.780
SD 0.017 0.045 0.022 0.026
CV,6 %
SD° = 0.016 
CV," % =  2.0

2.1 4.2 4.4 3.3

“"“See previous tables.
'Not calculated due to ou tlie r value.

The synthetic juice sample was prepared from an apple 
juice concentrate that had the characteristics of a totally 
synthetic product. One part (by weight) concentrate was mixed 
with 6 parts distilled, deionized water. Again, formaldehyde 
was added to make a final concentration of 0.4%.

The mixed juice was prepared by mixing equal volumes of 
the above 2 samples.

The samples were individually packaged and shipped in 
scintillation vials, with about 15 mL juice in each vial. The 
vials had previously been washed with detergent, rinsed thor
oughly with distilled water, and dried. The samples were 
frozen before shipment and the participating laboratory was 
instructed to freeze the samples upon receipt.

Analytical Procedures
The analytical methods used in this study are described 

below. For organic acids, the procedure was followed exactly; 
for other compounds, the procedures used were similar but 
may not have been exactly as described below.

Sugars.—Fructose, glucose, and sucrose were individually 
quantitated by liquid chromatography (LC) on a Waters car
bohydrate analytical column (30 cm x 4.9 mm) under the 
following conditions: ambient temperature, mobile phase of 
acetonitrile-water (80 + 20) at 1.5 mL/min, and refractive 
index detector. Samples were analyzed by diluting with an

equal volume of water, filtering through a 0.45 p.m filter, 
injecting 15 p.L, and measuring peak heights.

HMF and chlorogenic acid.—These 2 compounds were 
determined by using an LC method modified from Brause 
and Raterman (1): reverse phase C-18 column (25 or 30 cm 
long), ambient temperature, mobile phase of 0.033M KH2P04-  
methanol-acetic acid (80 + 20 + 4) at 1.0 mL/min, and 
variable wavelength UV detector at 300 nm. Samples were 
analyzed by filtering the juice through a 0.45 p.m filter and 
injecting 15 p,L.

l-Malic acid.—This acid was determined using an enzy
matic assay procedure. A commercial kit is available from 
Boehringer Mannheim Biochemicals (Kit No. 139 064). To 
minimize pipetting errors, the samples were analyzed in 
duplicate and the results were averaged.

Organic acids.—The participants were requested to use 
the following LC procedure {Anal. Abstr. 37, 4F48 (1979)) 
modified by the U.S. Food and Drug Administration in Buf
falo, NY. Malic acid (total) and fumaric acid were determined 
using a C-18 reverse phase column (25 or 30 cm long) packed 
with 5 |im spherical particles, under the following conditions: 
ambient temperature, mobile phase of 0.01M KH2P04 in 0.75% 
phosphoric acid at 0.8 mL/min, and a UV detector at 214 (or 
210) nm. Samples were analyzed by diluting 5.00 g juice with 
5.00 g water, mixing thoroughly, filtering through 0.45 p,m 
filter, and injecting 20 p,L (or standard loop).

Statistical Treatment of Results
The data for the various analyses are the values reported 

by the laboratories participating in this study; the ratio values

Table 5. Reported levels of HMF (ppm) In prepared juice samples

Lab.

Apple ju ice sample

A B C D

6 15.0 28.7 1.1 15.7
11 13.9 25.9 1.45 14.0
12 17.0 30.7 7.8“ 16.0
15 16.0 29.3 1.82 16.1
17 15.5 27.5 0 15.9
19 15 27 0 15
20 15.0 27.0 1.50 15.1
22 14.5 27.5 1.1 14.9
33 11.8 23.0 0.8 10.7“
35 17.6 26.3 1 30.3“

Mean 15.13 27.29 0.92 15.34
SD 1.62 2.09 0.65 0.72
CV,° % 10.7 7.7 70.7 4.7
SD“ =  0.34 
CV," =  2.2

“" “See previous tables.

Table 6. Reported levels of chlorogenic acid (ppm) in prepared juice 
samples

Apple ju ice sample

Lab. A B c D

6 10.0 0 19.3 10.0
11 9.4 0 20.7 9.5
15 11.14“ 1 23.08“ 11.42
17 9.4 0 18.5 9.5
19 10 0 20 10
22 10.1 0 20.3 10.1
33 10.1 0 19.5 8.9
35 9.9 0 18.8 8.8

Mean 9.84 _9 19.59 9.78
SD 0.31 —3 0.81 0.83
CV,C % 3.2 _9 4.1 8.4
SD“ =  0.44
CV,"%  = 4.5

“"'See previous tables. 
»Statistics not calcu ated.
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Table 7. Calculated HMF/chlorogenic acid ratios in prepared Juice 
samples

Lab.

Apple juice sample

A B c D

6 1.50 _h 0.057 1.57
11 1.48 _b 0.070 1.47
15 — f _b __f 1.41
17 1.65 _b 0.0 1.67
19 1.50 _b 0.0 1.50
22 1.44 __h 0.054 1.48
33 1.17 _b 0.041 _ J

35 1.78 _b 0.053 __f

Mean 1.503 0.0354 1.517
SD 0.189 0.0278 0.091
CV," % 12.6 78.5 6.0
SD" =  0.027 
CV,d % =  1.8

"~°See previous tables.
"Large number; not calculated because of zero In denominator.

(viz, glucose/fructose ratio, HMF/CGA ratio, and L-malic 
acid/total malic acid ratio) were calculated from the supplied 
data. All data submitted were first subjected to the Thompson 
and Willke test and Dixon’s test to eliminate outliers (4) 
before being included in the summary statistics. However, 
data in the ratio tables were not so treated, and all values 
therein were included in the statistical calculations. The mean, 
standard deviation, and coefficient of variation of the data in 
each table were calculated; these statistics represent a mea
sure of interlaboratory variability of the assay methods.

An estimate of the intralaboratory variability was made 
from the values for the blind duplicate.'

Results and Discussion
Sugars.—The results for determination of individual sugars 

are very good as can be seen from the data in Tables 1-3. 
Interlaboratory coefficients of variation (CV) of results for 
fructose and glucose are 4.3% or less, while those for sucrose 
range up to 20.4%. The standard deviations for sucrose are 
similar to those for the other 2 sugars, so the large CV values 
are probably due to the lower sucrose content in the juice 
samples.

The coefficients of variation for the glucose/fructose ratios 
(Table 4) are 4.4% or less, which makes this ratio precise 
enough to be useful in detecting addition of a sugar solution 
to authentic apple juice. Data published in the literature sug
gest an expected range of glucose/fructose ratio in apples and 
apple juices from 0.16 to 0.67 (1, 5, 6). Summary statistics in 
Table 4 show that samples A (and its duplicate D) and B have 
values for the glucose/fructose ratio greater than normal so 
that these samples would be considered economically adul
terated. As prepared, sample A is 50% adulterated and B is 
entirely nonauthentic. Thus, samples with a high percentage 
of adulteration can be detected using this ratio. However, 
because of the wide natural variability for this ratio, the sugar 
content of a nonauthentic apple juice sample can be adjusted 
rather easily with non-apple-derived sugars (e.g., high fruc
tose com syrup, invert beet sugar), so the glucose/fructose 
ratio is limited in its usefulness for detecting economic adul
teration of apple juice.

HMF/chlorogenic acid.—The variability of results for anal
yses for 5-(hydroxymethyl)-2-furaldehyde (HMF) was greater 
than that for the sugars (Table 5). The statistical summary

‘The estimate is based on the use of Formula 3 on page 18 of Youden and 
Steiner (4).

Table 8. Reported levels of total malic acid (mg/100 g) in prepared 
juice samples

Apple ju ice sample

Lab. A B C D

11 426 529 354 442
12 494° 515 544" 491"
15 405 505 377 417
17 399 527 285" 397
19 426 506 344 428
22 442 542 354 445
27 430 507 368 433
32 430‘ 499' 379’ 446'
33 391 512 337 410
35 466" 613" 410° 491"

Mean 418.6 515.8 359.0 427.3
SD 17.9 14.0 16.1 17.9
CV," % 4.3 2.7 4.5 4.2
SD" =  8.1 
CV,d % = 1.9

•""See previous tables.
Value obtained using Bio-Rad HPX-87H column.

shows coefficients of variation of about 10%, except for sam
ple C which has a very low HMF content and a correspond
ingly higher CV value. Much of the interlaboratory variability 
may result from the difficulty of quantitating the HMF peak 
from the chromatogram because, with the mobile phase and 
column conditions used for this determination, the HMF peak 
elutes near the solvent front, along with other, interfering 
peaks. An important observation is that authentic apple juice 
contains low levels of HMF whereas synthetic samples can 
contain significantly greater amounts (unpublished data); for 
example, compare the 0.9 ppm level found in the authentic 
juice (sample C) with the 27 ppm found in synthetic juice 
(sample B).

The data obtained for chlorogenic acid (CGA) (Table 6) 
show an interlaboratory variability of 8.4% or less. Chloro
genic acid is a naturally occurring polyphenolic compound in 
apples, and the demonstrated lack of this substance in a 
sample would indicate that the particular juice was not derived 
from apples. The authentic juice sample used for this study 
(sample C) contained a normal level of CGA, whereas the 
synthetic juice (sample B) contained only a trace.

The calculated ratios for HMF/CGA from the individual 
data sets are shown in Table 7. Authentic samples of apple 
juice have HMF/CGA ratios of 0.2 or less, whereas nonauth
entic samples can have much larger values for this ratio 
(unpublished data). The statistical summary of these data

Table 9. Reported levels of L-malic acid (mg/100 g) in prepared juice 
samples

Apple ju ice sample

Lab. A B C D

6 279 245 311 269
11 294 171" 329 297
15 376" 336" 425" 379"
17 294 261 323 292
19 291 269 345 314
22 294 250 331 299
32 259 227 293 256
33 286 243 328 280
35 269 280 261 241
38 269 258 307 276

Mean 281.7 254.1 314.2 280.4
SD 13.2 16.5 25.1 22.9
CV," %
SD" = 9.3 
CV,d % = 3.3

4.7 6.5 8.0 8.2

"'"See previous tables.
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Table 10. Calculated L-malic acid/total malic acid ratios In prepared 
Juice samples

Apple ju ice sample

Lab. A B C D

11 0.69 __f 0.93 0.67
17 0.74 0.50 __1 0.74
19 0.68 0.53 1.00 0.73
22 0.67 0.46 0.94 0.67
32 0.60 0.45 0.77' 0.57
33 0.73 0.47 0.97 0.68

Mean 0.685 0.482 0.960 0.677
SD 0.050 0.033 0.032 0.061
CV,6 %
SDC = 0.023 
CV,i % = 3.4

7.3 6.8 3.4 8.9

“"'See previous tables.
'Not used in calculation of statistics.

Table 11. Reported levels of fumarlc acid (mg/100 g) In prepared juice 
samples

Apple ju ice sample

Lab. A B C D

11 0.73 1.18 0.30 0.74
12 1.1 1.5 0.4 0.9
15 0.91 1.54 0.48 1.16
17 0.90 1.46 0.37 0.93
19 0.93 1.46 0.41 0.93
22 0.88 1.40 0.31 0.87
27 0.46“ 0.74“ 0.22“ 0.46“
33 0.9 1.5 0.3 0.9
35 0.5 0.9 0.5 0.6

Mean 0.856 1.368 0.384 0.879
SD 0.175 0.219 0.079 0.161
C V,b % 20.5 16.0 20.5 18.4
SDC = 0.084
CV," % = 9.7

“" “See previous tables.

shows a wide variation of the precision of the results. The 
means for duplicate samples agree closely, but coefficients 
of variation for interlaboratory variability of different samples 
range from 6% to 79%. The data show that the mixed apple 
juice sample (A and D) has a value of HMF/CGA = 1.5 which 
is significantly higher than the expected value for authentic 
samples. The small standard deviations for the HMF/CGA 
data demonstrate that the ratio value obtained for a particular 
sample is sufficiently precise to detect economic adulteration 
of apple juice at high levels.

Malic acid determinations.—L-Malic acid content and total 
malic acid content in apple juice is measured because the 
ratio of these 2 compounds has great significance in the detec
tion of economic adulteration. Apple juice normally contains 
between 150 and 910 mg/100 g of L-malic acid (6); and no d - 
malic acid should be present. But natural L-malic acid is much 
more expensive to manufacture (and purchase) than synthetic 
malic acid, which is a 50/50 mixture of the d - and L-isomers. 
The synthetic malic acid (theoretically) contains only 50% of 
the L- (or naturally occurring) isomer; in other words, the 
ratio of L-malic acid to total malic acid is 0.50 for the synthetic 
malic acid, compared with a 1.0 ratio for natural apple juice. 
If synthetic malic acid has been added to authentic juice to 
achieve the proper level of total acidity, we would expect the 
ratio of L-malic acid to total malic acid to be between 0.5 and 
1.0 for such an adulterated apple juice. The lower the value 
of this ratio for a particular juice, the more synthetic acid has

ficients of variation are 4.5% or less. For this study, the 
participating laboratories were requested to follow a specific 
method for the analysis of total malic acid, which resulted in 
a significant reduction of the analytical variability from that 
obtained in a previous study where methodology was not 
specified (unpublished data).

Results for L-malic acid are shown in Table 9. The precision 
of the data was quite good with coefficients of variation in 
the range of 8.2% or less, and with means of duplicate samples 
agreeing quite closely.

Table 10 contains the calculation of the ratio of L-malic to 
total malic acid from data in Tables 8 and 9. The summary 
statistics indicate coefficients of variation for this data range 
from 3.4 to 8.9%.

It can be seen that the mean of the malic acid ratio for the 
authentic sample is very close to 1.0 and the mean for the 
synthetic sample comes near 0.5 as was predicted earlier. 
The mean for the sample mixture comes about halfway between 
these 2 values. The data in this table can give us an indication 
of the minimum level of synthetic malic acid that could be 
added to authentic apple juice and still be detected. From the 
summary statistics, using the average value obtained for the 
authentic juice (mean = 0.96) and bracketing it by twice the 
standard deviation (SD = 0.03), which for this data set is
0.06, it can be calculated that the expected ratio for an authen
tic sample could range from 0.90 to 1.0 (at the 95% confidence 
level). Any ratio value obtained which is less than 0.9 would 
likely have been derived from a nonauthentic juice sample. 
This value of the acid ratio of 0.9 is equivalent to an addition 
of 20% synthetic malic acid in the unknown juice sample 
before we could be certain (at the 95% confidence level) of 
adulteration.

Fumaric acid.—'One additional indicator our laboratory is 
currently investigating is fumaric acid. This acid is a minor 
contaminant in synthetically produced malic acid and is read
ily detectable in very minute quantities by using LC. It has 
been suggested by Junge and Spadinger (2) that quantities of 
fumaric acid in apple juice of greater than 3 mg/L indicate the 
addition of synthetic malic acid, although this figure may have 
to be revised upward for juice made from concentrate.

The variability of the fumaric acid data is shown in the 
summary statistics of Table 11, which indicate that the inter
laboratory coefficients of variation are 20% or less at the 1 
mg/100 g level. It is readily observed that the synthetic juice 
contains much larger amounts of fumaric acid than does the 
authentic sample.

Conclusion
This study indicates that variability of results among lab

oratories depends on the method, but it can be small for 
experienced laboratories. The interlaboratory variabilities 
found in this study show that the lowest amount of adulter
ation that could be confidently detected is about 20%. Newer 
methodologies, or refinements of the current ones, could 
improve this figure. We now plan to subject these methods 
to an AO AC collaborative study.
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VITAMINS AND OTHER NUTRIENTS

Determination of Total Dietary Fiber in Foods and Food Products: Collaborative Study

LEON PROSKY, NILS-GEORG ASP,1 IVAN FURDA,2 JONATHAN W. DeVRIES,2
THOMAS F. SCHWEIZER,3 and BARBARA E HARLAND4
Food and Drug Administration, Division o f  Nutrition, Washington, DC 20204
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D. T. Gordon; A. Menger; T. F. Schweizer; W. Seibel

A collaborative study was conducted to determine the total dietary fiber 
(TDF) content of food and food products, using a combination of 
enzymatic and gravimetric procedures. The method was basically the 
same as published earlier (J . Assoc. Off. Anal. Chem. (1984) 67 ,1044- 
1052), with changes in the concentration of alcohol and buffers, time 
of incubation, sample preparation, and some explanatory notes, all 
with the intent of decreasing the coefficient of variation (CV) of the 
method. Duplicate blind samples of soy isolate, white wheat flour, rye 
bread, potatoes, rice, wheat bran, oats, corn bran, and whole wheat 
flour were analyzed by 9 collaborators. TDF was calculated as the 
weight of the residue minus the weight of protein and ash. CV values 
of the data from all laboratories for 7 of the samples ranged from 1.56 
to 9.80%. The rice and soy isolate samples had CV values of 53.71% 
and 66.25%, respectively; however, each sample contained only about 
1 % TDF. The enzymatic-gravimetric method for determining TDF has 
been adopted official first action.

A previous interlaboratory study revealed that an enzymatic- 
gravimetric approach for the determination of total dietary 
fiber (TDF) in foods, food products, and total diets was fea
sible (1). The collaborative study reported here used basically 
the same procedure, with changes in the concentration of 
alcohol and buffers, length of time of incubation with the 
enzymes, sample preparation, and explanatory notes, all with 
the purpose of decreasing the coefficient of variation (CV) of 
the method. The study was designed according to the rules 
of Youden and Steiner (2).

Collaborative Study
The 9 collaborators participating m this study were analysts 

in food companies, universities, and government laboratories 
representing 5 countries. Collaborators were sent 9 duplicate 
blind samples for analysis: (a) soy isolate—donated by Ral
ston Purina Co., St. Louis, MO, and used as received; (b) 
white wheat flour, low extraction (0.45% ash, 12% protein)— 
donated by General Mills, Inc., Minneapolis, MN, and used 
as received; (c) rye bread—Deli-Rye (Giant Foods, Inc., 
Washington, DC), dried for 4 h at 80°C; (d) potatoes, instant 
(Giant Foods); (e) rice, enriched long grain (Giant Foods); (f) 
wheat bran, A ACC certified food grade—purchased from 
AACC, St. Paul, MN, and used as received; (g) oats, quick

'University of Lund, Department of Food Chemistry, S-22077 Lund, Swe
den.

2General Mills, Minneapolis, MN 55427.
3Nestlé Research Department, CH-1814 La Tour-de-Peilz, Switzerland.

_ “Present address: Howard University, Department of Human Nutrition and 
Food, Washington, DC 20059.
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cooking—donated by Quaker Oats Co., Barrington, IL; (h) 
corn bran—donated by A. E. Staley Manufacturing Co., 
Decatur, IL, Lot No. CFL 2601 A-G, Fine, used as received;
(i) whole wheat flour, high extraction (14.0% protein)—donated 
by General Mills, Inc., and used as received.

The rye bread, potatoes, rice, and oats were ground to a 
uniform size of 350 pm in a Microjet 10 centrifugal mill (Quartz 
Technology, Inc., Westbury, NY). No heating of the samples 
occurred during this procedure.

All samples were placed in 25 mL plastic scintillation vials 
with screw caps, with a sample letter taped to each vial. None 
of the samples had > 5% fat; therefore, fat extraction was 
not recommended. Each sample was to be dried at 70°C in a 
vacuum oven, or in a 105°C air oven overnight, and stored in 
a desiccator until analyzed.

The collaborators were further instructed to weigh the sam
ples to the nearest 0.1 mg and express % TDF to 2 decimal 
places on the data sheets provided. The formula for the cal
culation of % TDF was also provided to each collaborator.

The collaborators were also sent the 3 enzymes, Termamyl, 
amyloglucosidase, and protease, needed to carry out the study.

Total Dietary Fiber in Foods 

Enzymatic-Gravimetric Method 

First Action

43.A14 Principle

Duplicate samples of dried foods, fat-extd if contg>5% fat, are 
gelatinized with Termamyl (heat-stable a-amylase), and then en
zymatically digested with protease and amyloglucosidase to remove 
protein and starch. Four vols of EtOH are added to ppt sol. dietary 
fiber. Total residue is filtered, washed with 78% EtOH, 95% EtOH, 
and acetone. After drying, residue is weighed. One duplicate is 
analyzed for protein, and other is incinerated at 525° and ash is 
detd. Total dietary fiber = wt residue -  wt (protein + ash).

43.A15 Apparatus

(a) Fritted crucible.—Porosity No. 2 (Pyrex No. 32940, coarse 
ASTM 40-60 pm; or Coming No. 36060 buchner, fritted disk, Pyrex, 
60 mL, ASTM 40-60 pm). Clean thoroly, heat 1 h at 525°, and soak 
and then rinse in H20. Add ca 0.5 g Celite to air-dried crucibles 
and dry at 130° to const wt (> 1 h). Cool and store in desiccator 
until used.

(b) Vacuum source.—Vac. pump or aspirator equipped with in
line double vac. flask to prevent contamination in case of H20  
backup.

(c) Vacuum oven.—70°. Alternatively, 105° air oven can be used.
(d) Desiccator.
(e) Muffle furnace. *
(f) Water baths.—(I) Boiling. (2) Constant temperature.—Ad

justable to 60°, with either multistation shaker or multistation mag. 
stirrer to provide const agitation of digestion flasks during enzymatic 
hydrolysis.
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Table 1. Collaborative results (blind duplicates) of determination of TDF by the enzymatic-gravimetric method

Coll.
Soy

isolate
W hite wheat 

flou r
Rye

bread Potatoes Rice
Wheat
bran Oats

Corn
bran

Whole wheat 
flour

1 3.18s 2.40 6.22 5.41" 0.91 42.32 10.30 85.14 10.54
0.00 2.41 6.51 5.75 0.35 41.86 11.66 86.32 11.96

2 0.73 2.63 5.61s 7.30 0.42s 40.64 9.99 83.81" 12.02
__d 3.08 8.07 8.08 2.18 41.41 10.93 84.04 11.49

3 1.34 2.40 6.75 6.02 0.54 42.79 11.30 86.90 13.48
1.23 2.40 7.05 6.70 0.55 42.32 11.79 87.96 13.15

4 1.19 2.79 6.30 7.85 1.28 44.01 10.98 86.70 12.70
1.18 2.78 6.40 6.94 1.14 41.24 10.65 86.76 12.28

5 1.17 2.90 7.02 7.19 0.74 44.38 10.87 87.21 12.62
0.00 2.91 6.35 7.38 0.82 41.75 11.25 86.80 12.43

6 0.75 2.67 6.11 7.06 0.90 42.34 10.98 87.59 13.03
0.78 3.02 6.44 6.81 1.42 42.19 10.29 87.84 13.62

7 2.52 3.09"“ 6.60 6.99 0.27 43.43 12.99" 88.25 12.58
_d 8.42 6.34 7.15 0.77 44.31 12.48 87.89 13.15

8 2.25 3.14 6.88 7.22 1.91 43.60 11.80 87.31 13.50
1.99 3.00 7.34 7.90 1.74 44.20 10.75 88.42 12.68

9 2.70 3.08 6.35 7.97 1.49 41.96 11.70 87.47 13.11
1.76 2.89 6.58 7.51 1.26 43.00 11.05 87.14 12.91

“Cochran outlier, results used.
"Cochran outlier, results eliminated.
“Grubbs outlier, results used.
"Erroneous results due to  filtra tion  problems. 
“Grubbs outlier, results elim inated.

(g) Beakers.—Tail-form, 400 mL.
(h) Balance.—Analytical, capable of weighing to 0.1 mg.

43.A16 Reagents

(a) 95% Ethanol.—v/v, tech, grade.
(b) 78% Ethanol.—Place 207 mL H20  into 1 L vol. flask. Dil. to 

vol. with 95% EtOH. Mix and dil. to vol. again with 95% EtOH if 
necessary. Mix.

(c) Acetone.—Reagent grade.
(d) Phosphate buffer.—0.05M, pH 6.0. Dissolve 0.875 g Na 

phosphate dibasic, anhyd. (Na2HP04) (or 1.097 g dihydrate) and 
6.05 g Na phosphate monobasic monohydrate (NaH2P04) (or 6.84 
g dihydrate) in ca 700 mL H20. Dil. to 1 L with H20. Check pH 
with pH meter.

(e) Termamyl (heat-stable a-amylase) soln.—No. 120 L, Novo 
Laboratories, Inc., Wilton, CT 06897. Store in refrigerator.

(f) Protease.—No. P-5380, Sigma Chemical Co. Keep refriger
ated.

(g) Amyloglucosidase.—No. A-9268, Sigma Chemical Co. Keep 
refrigerated.

Alternatively, a kit contg all 3 enzymes (pretested) is available 
from Sigma Chemical Co. Cat. No. KR-185.

(h) Sodium hydroxide soln.—0.171N. Dissolve 6.84 g NaOH ACS 
in ca 700 mL H20  in 1 L vol. flask. Dil. to vol. with H20.

(i) Phosphoric acid soln.—0.205M. Dissolve 23.64 g H3P04 ACS 
(85%) in H20  in 1 L vol. flask. Dil. to vol. with H20.

(j) Celite C-211.—Acid-washed, Fisher Scientific Co.

43.A17 Enzyme Purity

To ensure absence of undesirable enzymatic activity in enzymes 
used in this procedure, run materials listed in table thru entire 
procedure each time lot of enzymes is changed, or at max. interval 
of 6 months to ensure that enzymes have not degraded.

Test Sample
Activity
Tested

Sample 
Wt, g

Expected 
Rec., %

Citrus pectin pectinase 0.1 95-100
Stractan (larch gum) hemicellulase 0.1 95-100
Wheat starch amylase 1.0 0-1
Com starch amylase 1.0 0-2
Casein protease 0.3 0-2
p Glucan (barley gum)“ p-glucanase 0.1 95-100

» (Biocon US Inc., Lexington, KY 40509)

43.A18 Sample Preparation

Det. total dietary fiber on dried sample. Homogenize sample and 
dry overnight in 70° vac. oven, cool in desiccator, and dry-mill

portion o f sample to 0 .3 -0 .5  mm mesh. If sample cannot be heated, 
freeze-dry before milling. If high fat content (>5%) prevents proper 
milling, defat with pet. ether (3 times with 25 mL portions/g sample) 
before milling. Record loss o f  wt due to fat and/or H20  removal 
and make appropriate correction to final % dietary fiber found in 
detn. Store dry-milled sample in capped jar in desiccator until 
analysis is carried out.

43.A19 Determination

Run blank thru entire procedure along with samples to measure 
any contribution from reagents to residue.

Weigh duplicate 1 g samples, accurate to 0.1 mg, into 400 mL 
tail-form beakers. Sample wts should not differ >20 mg. Add 50 
mL pH 6.0 phosphate buffer to each beaker. Check pH and adjust 
if necessary. Add 0.1 mL Termamyl soln. Cover beaker with A1 
foil and place in boiling H20  bath 15 min. Shake gently at 5 min 
intervals. Increase incubation time when number of beakers in 
boiling H20  bath makes it difficult for beaker contents to reach 
internal temp, o f 100°. Use thermometer to indicate that 15 min at 
100° is attained. Total o f 30 min in H20  bath should be sufficient.

Cool solns to room temp. Adjust to pH 7.5 ±  0.1 by adding 10 
mL 0.171N NaOH soln.

Add 5 mg protease. (Protease sticks to spatula, so it may be 
preferable to prep, enzyme soln just before use with ca 0.1 mL 
phosphate buffer and pipet required amt.)

Cover beaker with A1 foil. Incubate 30 min at 60° with continuous 
agitation. Cool. Add 10 mL 0.205M H3P 0 4 soln to adjust pH to 4.5 
±  0.2. Add 0.3 mL amyloglucosidase, cover with A1 foil, and 
incubate 30 min at 60° with continuous agitation. Add 280 mL 95% 
EtOH preheated to 60° (measure vol. before heating). Let ppt form 
at room temp, for 60 min.

Weigh crucible contg Celite to nearest 0.1 mg, then wet and 
redistribute bed of Celite in crucible by using stream o f 78% EtOH 
from wash bottle. Apply suction to draw Celite onto fritted glass as 
even mat. Maintain suction and quant, transfer ppt from enzyme 
digest to crucible.

Wash residue successively with three 20 mL portions o f 78% 
EtOH, two 10 mL portions o f 95% EtOH, and two 10 mL portions 
o f acetone. Gum may form with some samples, trapping liq. If so, 
break surface film with spatula to improve filtration. Time for 
filtration and washing will vary from 0.1 to 6 h, averaging 'h h per 
sample. Long filtration times can be avoided by careful intermittent 
suction thruout filtration.

Dry crucible contg residue overnight in 70° vac. oven or 105° air 
oven. Cool in desiccator and weigh to nearest 0.1 mg. Subtract 
crucible and Celite wt to det. wt o f residue.
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Analyze residue from 1 sample of set o f duplicates for protein by 
47.021-47.023, using N  x  6.25 as conversion factor.

Incinerate second residue sample of duplicate 5 h at 525°. Cool 
in desiccator and weigh to nearest 0.1 mg. Subtract crucible and 
Celite wt to det. ash.

43.A20 Calculations

Detn o f blank:

Blank = mg blank residue -
(% protein in blank + % ash in blank) x  mg blank residue 

100
TDF (%) = mg residue -  [(% protein in residue +  % ash 

in residue) x  mg residue] -  
blank x  100 

mg sample (wt)

Results and Discussion
An interlaboratory study (1) had indicated that the enzy

matic-gravimetric procedure for determining TDF in foods 
and total diets was feasible and desirable. Further discussion 
of this method at the 2nd International Symposium on Dietary 
Fiber held in Washington, DC, showed that this method was 
one of the 2 most widely accepted procedures for determining 
TDF (3). In this collaborative study we have sought to: (a) 
determine at what levels the method is not reproducible; (b) 
assess the extent of starch degradation because incomplete 
removal of the starch will interfere with the determination of 
TDF; (c) evaluate mesh size for adequacy in determining 
TDF; and (d) improve the CV values for the determination 
of TDF by clarifying directions and altering some of the 
concentrations of the solutions.

The results of the individual analyses are shown in Table
1. Most problems occurred with the soy isolate; 2 laboratory 
values were discarded because of filtration problems and 1 
was a Cochran outlier (2). The Cochran outlier was used in 
the statistical evaluation because including the value did not 
significantly alter the CV. For white wheat flour, the results 
of Collaborator 7 were not used in the final statistical analysis 
of the data because the value was a Cochran and Grubbs 
outlier (2). The TDF values for potatoes (Collaborator 1) and 
for oats (Collaborator 7) were not used in the statistical anal
yses; both were Cochran outliers. All TDF values were used 
in the final statistics for rye bread, rice, wheat bran, corn 
bran, and whole wheat flour.

The measures of precision for determining TDF are shown 
in Table 2. Seven food samples that had TDF values >2.78% 
hadCV values <10%. Whenthefoods contained > 1.5% fiber, 
the CV was about 66%. We have substantially reduced the 
CV values of the food samples compared with the interlab
oratory study (1). The 2 samples with low fiber content,

Table 2. Measures of precision for determining TDF

Sample
Average % 

dietary fiber
Repeatability 

CV, %
Reproducibility 

CV, %

Soy isolate 1.42 66.25 66.25
W hite wheat flou r 2.78 5.55 9.80
Rye bread 6.58 3.94 5.29
Potatoes 7.25 5.66 7.49
Rice 1.04 45.62 53.71
Wheat bran 42.65 2.33 2.66
Oats 11.03 5.30 5.30
Corn bread 86.86 0.56 1.56
Whole wheat flou r 12.57 3.67 5.92

namely, 1.42 and 1.04% for soy isolate and rice, which have 
large CV values, may indeed be unimportant because of their 
low fiber content. On the other hand, the method seems to 
give good results at the 2.78% dietary fiber level (white wheat 
flour) or higher.

The changes in the time of enzyme incubation, concentra
tion of buffers and reagents, and directions for carrying out 
the procedure have made the TDF method more rugged.

At the Spring 1981 AO AC Workshop in Ottawa (4) and 
after considerable discussion, the consensus was that dietary 
fiber for nutritional purposes should be that fraction of the 
food sample that is not digestible under the conditions of the 
test that was to be collaboratively studied. To ensure that the 
enzymes being used were in fact adequate for digesting nat
urally occurring starches under the conditions of the test 
method, a procedure was established for validating the effi
cacy of the enzyme treatment. This validation consisted of 
analyzing various starches with the method and confirming 
the absence of significant recoverable residue. We believe 
that this approach is still proper.

Among the samples that had recently undergone interlab
oratory study (1), both potatoes and white flour had very high 
starch contents, yet the enzyme digested all of the starch. 
Lack of homogeneity of the rice sample made the starch in 
this sample unavailable for hydrolysis. In the present collab
orative study, the mesh size has been defined, and therefore 
the matrix played no role in the enzymatic procedure.

Recommendation
It is recommended that the enzymatic-gravimetric method 

for TDF be adopted official first action.
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Assessment of Protein Quality Methodology for Infant Formulas
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Rat bioassay was used to assess the protein quality of powdered infant 
formulas and to evaluate the feasibility of using modified casein diets 
(containing the same source and level of fat and carbohydrate contrib
uted by the infant formulas) as reference standards. Modification of 
the casein diet to match the milk-based formulas caused a significant 
reduction in weekly protein efficiency ratios (PER) and net protein 
ratios (NPR) at the third and fourth weeks. Modification of the casein 
diet to simulate the soy-based formulas had no significant effect on 
NPR values; PER values were more varied. When PER and NPR values 
of the powdered milk-based formulas were expressed relative to the 
unmodified reference standard, the relative values were lower than 
when each matched reference was used. With few exceptions, the 
relative weekly PER values of the soy-based formulas were similar 
regardless of the standard used. The relative NPR values of the for
mulas had a pattern similar to the relative PER values. The data 
indicate that protein quality evaluation of infant formulas using rat 
bioassay warrants the use of matched casein reference diets for each 
type of formula.

Standardized methodology for measuring the protein quality 
of infant formulas is lacking. Currently, the most widely used 
technique for evaluating quality of proteins in foods is the 
bioassay (1-4), and the official method (1) in the United States 
is the protein efficiency ratio (PER). However, a number of 
food categories such as infant formula pose specific problems 
that prevent strict adherence to protein quality evaluation 
methodology (5, 6).

The PER method (secs 43.212-43.216 (1)) defines the limit 
of dietary components in the protein evaluation basal diet. 
The guidelines suggest that proximate analyses be used to 
adjust diets so that all comparisons between samples and 
reference material are made with diets having the same con
tent of nitrogen, fat, ash, moisture, and crude fiber. The 
procedure does not describe how to make these dietary 
adjustments when complex foods are evaluated. One of the 
main problems encountered when using bioassay to evaluate 
infant formulas is how to deal with dietary components in the 
formulas that fall outside the limits of the assay. Several 
reports (5-8) have indicated that the composition of certain 
food products can influence the determination of the PER, 
and without care in handling and interpreting the final results, 
conflicting values for protein quality can be obtained. Some 
of the problems that infant formulas pose include high mois
ture, high fat, high ash, and low protein and high lactose 
content (5, 6).

This study was undertaken to determine the feasibility of 
using matched casein reference controls and nonprotein groups 
to evaluate the protein quality of powdered infant formulas 
using the PER and net protein ratio (NPR) methods. The 
reference and nonprotein diets were formulated to contain 
sources and levels of fat and carbohydrate equal to those 
found in the individual infant formulas.

Experimental

Protein Sources
(a) ANRC reference casein.—87.49% protein, N x 6.25 

(Humko Chemical Division, Witco Chemical Corp., Lynd- 
hurst, NJ).

Received November 12, 1984. Accepted February 22, 1985.

(b) Milk-based formula / .—Nonfat milk, coconut and corn 
oils, and lactose.

(c) Milk-based formula II.—Nonfat milk, demineralized 
whey, oleo, coconut and soy oils, oleic acid, lecithin, and 
lactose.

(d) Soy-based formula I.—Soy protein isolate, coconut 
and com oils, lecithin, and com syrup solids.

(e) Soy-based formula II.—Soy protein isolate, soy oil, 
lecithin, sucrose, tapioca, and dextrin.

The protein sources were analyzed according to AOAC 
methods (1) for fat (sec. 16.217), ash (sec. 16.214), nitrogen 
(sec. 47.023), and moisture (sec. 16.205). Carbohydrate was 
determined by difference.

Animals
Male weanling Sprague-Dawley rats, 21-28 days old, and 

weighing 45-55 g, were housed in individual stainless steel 
cages with suspended bottoms in a room maintained at 22 ± 
2°C, 50 ± 10% relative humidity, with alternating 12-h peri
ods of light and dark.

The rats were fed a commercial rat chow for 2 days. They 
were then weighed and the animals at the extremes of the 
weight distribution curve were discarded.

Assay Groups
The rats were divided into 13 groups of 10 animals each. 

One group received the unmodified ANRC reference casein 
diet; the other groups were given the test diets (Table 1). 
Each diet contained 10% protein (N x 6.25). The total num
ber of rats in each test group was the same and the average 
weight of rats in any one group on the day beginning an assay 
period did not exceed by >5 g the average weight of the rats 
in any other group.

Assay Period
The AOAC method (sec. 43.215 (1)) was followed except 

that the body weight of each rat was recorded at the beginning 
of the assay period, and on days 7, 14, 21, and 28. Diet (Table 
1) and water were provided ad libitum, and food intake was 
recorded weekly.

Calculations
The cumulative weight gain and protein (N x 6.25) intake 

for each rat were calculated for 1, 2, 3, and 4 weeks. The 
individual rat and average group PER and NPR values were 
calculated weekly.

PER = weight gain of test animal/protein consumed by 
test animal

NPR = (weight gain of test animal + weight loss of non
protein group)/protein consumed by test animal

Relative PER (RPER) = (PER of infant formula/average 
PER of reference protein) x 100

Relative NPR (RNPR) = (NPR of infant formula/average 
NPR of reference protein) x 100

Statistical Analyses
The average unadjusted PER and NPR values for the casein 

reference diets were evaluated using one-way analysis of 
variance; when F values were significant the individual means 
were compared by Duncan’s multiple range test (9). The
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Table 1. Diet formulations

Diet ingredient6

Diet“ 6
Protein 

source, %
Fat

source, %

Sucrose- 
cornstarch 
(2 + 1),%

Other
carbohydrate, %

Casein, ANRC 11.43 8.00 74.57 __d

Casein
(milk-based 1) 11.43 24.09 16.12 42.36

Casein
(milk-based II) 11.43 23.85 15.88 42.84

Casein
(soy-based 1) 11.43 16.42 36.76 29.39

Casein
(soy-based II) 11.43 14.50 38.80 29.27

Milk-based 1 79.62 — 14.38 —

Milk-based II 79.37 — 14.63 —

Soy-based 1 58.62 — 35.38 —

Soy-based II 56.50 — 37.50 —

Nonprotein
(milk-based 1) — 24.09 27.55 42.36

Nonprotein
(milk-based II) — 23.85 27.31 42.84

Nonprotein
(soy-based 1) — 16.42 48.19 29.39

Nonprotein
(soy-based II) — 14.50 50.23 29.27

“Names in parentheses indicate the form ula used to  establish the fat and 
carbohydrate level and source. All diets contained 10% protein.

“Carbohydrate and fa t sources and levels: milk-based I, lactose and 
coconut-corn  oils (1 +  1); milk-based II, lactose and o leo -coconut oil 
o r o leic ac id-soy o il (1 + 1 + 1 +  1); soy-based I, corn syrup solids 
and coconut-corn  o ils (1 + 1); soy-based II, sucrose-dextrin  (6 + 1) 
and soy oil.

“Each diet contained 4.0% mineral mix (Bernhart Tomarelli, ICN 
Nutritional Biochemicals, Cleveland, OH), 1.0% cellulose (Alphacel, ICN 
Nutritional Biochemicals), and 1.0% vitam in mix (Teklad Test Diets, 
Madison, Wl).

“ Dash denotes no addition o f dietary ingredient.

Table 2. Composition (%, w/w) of Infant formulas

Component
Milk

form ula I
M ilk

form ula II
Soy

form ula I
Soy

formula II

Fat 30.3 30.1 28.0 25.7
Carbohydrate 53.2 54.0 50.1 51.8
Protein 12.6 12.6 17.1 17.7
Ash 2.8 2.5 3.3 3.6
Moisture 1.1 0.8 1.5 1.2

coefficients of variation (CV) for each protein diet at each 
week were determined to give an indication of precision.

R esults and D iscussion

Composition of Infant Formulas
All diets containing protein sources were isonitrogenous 

(Table 1). Only matched control diets and corresponding 
infant formula diets were isocaloric. The dietary formulations 
contained fat levels ranging from 8 to 24%; the lactose content 
of some diets was approximately 42% of the diet. Table 2 
shows the composition of the infant formulas. The protein 
content of the soy-based formulas was higher and the fat and 
carbohydrate levels were lower than the milk-based formulas.

Nonprotein Groups
One of the major criticisms of the PER method is that it 

does not provide a means of evaluating maintenance require
ments (10,11). The NPR method was designed to resolve this 
problem by using a nonprotein group. The weight loss of 
animals fed the nonprotein diet is considered equivalent to 
the maintenance requirement of the rats tested. The weight 
loss of the nonprotein groups used in this study is shown in 
Table 3. Modifications in the carbohydrate and fat level and

source had no significant effect on weight loss. These results 
suggest that the feeding of one nonprotein diet would be 
adequate in determining the NPR values of infant formulas. 
In this study the individual matched nonprotein groups were 
used to calculate NPR values.

PER and NPR Values of Reference Diets
Modification of the carbohydrate and fat level and source 

in the casein reference diet to match the milk-based formulas 
caused a significant reduction in the PER values for each of 
the 4 weekly periods (Table 4). The PER values of the mod
ified diets increased with time, which appears to be related 
to increased adaptation to the lactose-containing diets result
ing in increased food consumption and better protein utili
zation. The average weekly food consumption of the rats fed 
the milk-based diets for weeks 1-4 was 41, 51, 65, and 68 g, 
respectively. The development of diarrhea by rats (normally 
associated with lactose intolerance) was observed mainly 
during the first week of feeding the test diets. Burnette and 
Rusoff (12) indicated that high-lactose products represent a 
special category of foods because of the adverse reactions of 
rats to lactose. These authors suggested that the control diet 
should contain a level of lactose equal to that of the test diet 
and that acclimation diets formulated to contain 20% lactose 
should precede the feeding of test diets containing more than 
20% lactose. Steinke (6) concluded that dietary factors such 
as lactose could have a detrimental effect on PER values and 
could make test samples appear lower in protein than their 
true value.

The weekly PER pattern for the unmodified casein refer
ence diet was similar to casein (soy-based formula I) but not 
casein (soy-based formula II) at weeks 2 and 3. However, at 
the end of the 4-week test period, the PER values of the 
groups were not significantly different, suggesting that one 
reference standard would be practical for a 4-week assay for 
evaluating soy-based formulas.

For all diets, the CV was greatest the first week and decreased 
by the end of the second week. The CV values for the third 
and fourth weeks were similar, but generally lowest at the 
fourth week. PER values for modified casein diets simulating 
the milk-based formulas had the greatest variability. This was 
mainly a result of higher variability of the weight gain of rats 
fed the modified casein diet simulating the milk-based for
mulas. The average CV values for the weight gain of this 
group of rats at weeks 1, 2, 3, and 4 was 6 8 , 37, 19, and 17%, 
respectively. The average CV values for the other groups was 
16, 17, 12, and 11%, respectively.

Modification of the casein reference diet resulted in weekly 
NPR values that showed a pattern similar to that of the PER 
values. The NPR values of the modified casein diets contain
ing the fat and carbohydrate level and source of the milk- 
based formulas were significantly lower than all other groups 
at the third and fourth weeks. The weekly CV values for the 
NPR were generally lower than the CV values for the PER. 
The data indicate that, regardless of the rat bioassay used, 
ingredients in the milk-based formula had a detrimental effect 
on the absolute protein quality values. These data point to 
the need for a separate reference standard for milk-based 
formulas.

Comparison of RPER and RNPR Values
Table 5 shows the absolute PER and NPR values of infant 

formulas and a comparison of the RPER and RNPR values 
using the different reference standards. Since a comparison 
of the absolute PER and NPR values for the infant formulas 
would be misleading because of the effects of some of the
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Table 3. Effect of dietary modifications on weight loss of rats fed 
nonprotein diets”

Diet“ Week Mean, g

W eight loss 

SEM,“ g CV, %

Nonprotein
(soy-based form ula 1) 1 10.6 1.61 47.9

2 19.8 0.51 8.2
3 22.4 0.64 9.0
4 26.1 0.55 5.6

Nonprotein
(soy-based form ula II) 1 11.6 0.56 15.3

2 18.8 0.42 7.0
3 24.0 0.47 6.2
4 25.9 0.48 5.9

Nonprotein
(milk-based form ula 1) 1 13.7 0.45 10.4

2 21.3 0.47 7.0
3 26.3 1.10 13.2
4 29.0 0.76 8.3

Nonprotein
(milk-based form ula II) 1 13.0 0.30 7.3

2 20.9 0.23 3.5
3 25.3 0.33 4.2
4 28.0 0.42 4.8

”Ten rats per group.
“ Names in parentheses indicate the form ula used to establish the fat and 
carbohydrate level and source.

“Standard error o f the mean.

ingredients in the formula on protein quality values, for com
parative purposes all data are expressed relative to either the 
unmodified casein reference diet or the casein reference diets 
corresponding to each individual formula. All casein refer
ence diets were given a value of 100. When both the PERs 
and NPRs were expressed relative to the unmodified casein 
reference diet, the weekly relative values for the milk-based 
formulas were lower than when matched casein controls were 
used. The largest difference was seen with the RPER values 
of milk-based formula II. The magnitude of difference was as 
high as 158 units for milk-based formula II at the first week. 
With few exceptions, the unmodified casein standard and the 
modified standards gave similar weekly rankings for the pro

tein quality of soy-based formulas I and II and when PER 
values were used. The rankings of proteins using the modified 
and unmodified casein reference diets and NPR values had a 
pattern similar to that obtained with the PER values. How
ever, the magnitude of difference between rankings using the 
2 types of reference standards was much larger for the milk- 
based formulas. These data suggest that the testing of infant 
formulas using the 2 methods warrants the use of matched 
casein controls for each type of formula (soy-based, milk- 
based).

A comparison of the methods used to rank the proteins 
indicated that in most cases the PER method consistently 
underestimated the value of the infant formulas when the 
unmodified casein reference diet was used. When the indi
vidual reference diets were used, there were similarities and 
differences in the RPER and RNPR values. The RPER values 
for milk-based formula II were higher than the RNPR values 
and the RPER values for soy-based formula I were signifi
cantly lower than the corresponding weekly RNPR values. 
These data suggest the need for an in-depth study to clarify 
which method gives the most appropriate value when indi
vidual reference controls are used for testing the quality of 
infant formulas.

A 14-day assay to determine NPR (13) and reduction of 
assay time in the PER method by half or to 21 days without 
loss of accuracy (14—16) have been recommended. The results 
of the present study indicate that, regardless of the standards 
used, the unit change in RNPR values from 14 to 28 days was 
< 6 . With the exception of milk-based formula I, there were 
small or no increases (CV) in precision during this time. These 
data lend support to a 14-day NPR assay. The change in 
RPER values from 14 to 28 days was <38 units. There was a 
significant increase in precision from 2 to 4 weeks for the 
milk-based formulas. The magnitude of the RPER rankings 
was similar for the third and fourth weeks and there were 
small increases in precision. These data do not support a 2- 
week assay for determining the PER values of infant formulas 
but do support the work of researchers (14, 17) who recom
mend a 3-week PER assay.

Table 4. Effect of dietary modifications on protein value of the reference casein diet”

Diet“ Week

PER“ NPR“

Mean SEM“ CV, % Mean SEM“ CV, %

Casein 1 3.7' 0.36 9.6 5.0' 0.13 7.8
2 3.4' 0.23 6.9 4.4' 0.06 4.5
3 3.3' 0.14 4.3 4.1' 0.06 4.5
4 3.2' 0.13 4.1 3.8' 0.05 4.1

Casein 1 3.6' 0.36 9.9 4.9' 0.12 7.5
(soy-based 2 3.1 '•* 0.29 9.2 4.2’ * 0.10 7.3
form ula I) 3 3.2’ * 0.22 6.8 4.0' 0.07 5.7

4 3.1' 0.19 6.1 3.8' 0.06 5.4

Casein 1 3.3' 0.43 12.8 4.8' 0.12 7.8
(soy-based 2 2.9* 0.33 11.3 4.0*'* 0.09 7.5
form ula II) 3 3.1' 0.16 5.2 4.0' 0.05 3.8

4 3.2' 0.25 8.0 3.9' 0.08 6.5

Casein 1 1.2' 0.55 45.2 4.5*'* 0.09 6.3
(milk-based 2 1.6* 0.49 31.2 3.8* 0.08 6.6
form ula I) 3 2.0* 0.26 12.8 3.7* 0.05 4.5

4 2.3* 0.24 10.3 3.6* 0.06 5.7

Casein 1 1.0* 0.76 75.7 4.4* 0.21 7.8
(milk-based 2 1.4* 0.41 28.3 3.8* 0.13 7.5
form ula II) 3 1.9* 0.24 12.7 3.6* 0.11 3.8

4 2.1* 0.16 7.9 3.4* 0.06 6.5

“Ten rats per group.
“ Names in parentheses indicate the form ula used to establish the fat and carbohydrate level and source.
“Each dietary treatment was compared at the same week. Values w ith the same superscript symbol are not s ignificantly different. 
“Standard error o f the mean.
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Table 5. Comparison of RPER and RNPR data for Infant formulas using different reference standards8

RPER6 RNPR6

Ref. std Ref. std

Diet Week PER A B o < NPR A B CV°

Soy-based 1 2.4 68 66 24 3.8 78 76 12
formula 1 2 2.1 69 64 14 3.4 81 78 8

3 2.3 73 70 12 3.3 82 81 7
4 2.4 77 74 8 3.2 86 84 5

Soy-based 1 3.1 94 83 10 4.7 98 93 4
form ula II 2 2.5 85 74 16 3.7 91 84 9

3 2.5 82 78 15 3.5 89 87 10
4 2.6 82 80 10 3.4 87 88 9

Milk-based 1 1.2 98 32 58 5.7 129 114 52
formula 1 2 1.5 96 45 25 3.6 96 84 19

3 2.0 99 60 13 3.6 98 88 15
4 2.1 90 64 9 3.3 92 86 9

Milk-based 1 2.1 208 50 22 4.5 104 90 8
form ula II 2 2.2 154 66 20 4.0 103 91 11

3 2.4 122 72 10 3.7 102 90 8
4 2.4 116 75 6 3.4 102 90 5

‘All values are relative to a casein standard given a value o f 100.
“ A  = individual reference contro ls were used; B =  unmodified casein reference control.
‘ Using the same method, the CV was the same regardless o f the reference standard used. Therefore, one listing of the CVs is given fo r each method.
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Liquid Chromatographic Determination of Vitamin K, Trans- and Cw-Isomers in Infant 
Formula

SHIE-MING HWANG
R oss Laboratories, 625 Cleveland Ave, Columbus, OH 43216

The normal phase liquid chromatographic (LC) method for determi
nation of tram- and cA-isomers of vitamin Ki (phylloquinone) in infant 
formula described here uses an Apex silica column, isocratic elution, 
and UV absorption detection at 254 nm. Vitamin K! is extracted quan
titatively from the product matrix by pretreating the as-fed liquid with 
concentrated ammonium hydroxide and methanol, and then extracting 
it with a 2:1 mixture of dichloromethane and isooctane. The extract is 
cleaned up by silica open-column chromatography and concentrated 
for LC analysis. For trans-vitamin K,, the method precision is <  3.3% 
RSD (relative standard deviation), and the spike recovery is 98 ± 4% . 
For cis-vitamin K,, the precision is £12% RSD, determined at levels 
near the detection limit, and the spike recovery is 95 ± 9%. The 
detection limit is 0.3 ng for both isomers at signal/noise = 3.

The demand for vitamin K, (phylloquinone) testing has been 
increasing, especially after legislation of the U.S. Infant For
mula Act of 1980 (1), which requires determination of vitamin 
K, in all infant formulas. Previously vitamin K, in infant 
formulas was determined by the chick bioassay, using the 
method of Almquist (2) with modifications. The chick bioas
say, however, is not practical for routine testing because it 
is very costly and time-consuming, and the results are quite 
variable with a precision of approximately 20% RSD (relative 
standard deviation). Therefore, a more reliable, faster, and 
less expensive method for vitamin K, testing is necessary.

Several existing vitamin K methods (3) other than the chick 
bioassay have been reviewed. These include the techniques 
of gas chromatography (GC) (4,5), thin layer chromatography 
(TLC) (6), spectrophotometry (7, 8), photochemical fiuoro- 
metry (9), electrochemistry (10-12), and liquid chromato
graphy (LC) (13-25). Among these, the LC method is pre
ferred because it has better resolution, sensitivity, precision, 
and speed of analysis for detecting very low levels (ppb range) 
of vitamin K, in a variety of complex infant formula matrices. 
The approach of radioimmunoassay was also considered but 
not used, because the vitamin K, specific binding protein (or 
antibody) is not available.

Several methods using liquid chromatography (LC) to 
determine vitamin K, in infant formula (14-16, 25) and other 
biological materials (18-22) have been reported. These meth
ods use reverse phase LC and determine only the total vita
min K,; however, vitamin FL has turns- and cA-isomers which 
display dissimilar biological activities. The trans-isomer is 
essentially responsible for the antihemorrhagic activity of the 
vitamin, whereas the cA-isomer has little or no such activity 
(3, 26). The natural form of vitamin K, is the trans-isomer, 
but commercially available vitamin K, usually contains both 
isomers. Therefore, it is desirable to be able to separate and 
determine both isomers in infant formula, especially the trans- 
isomer, which is the active component of vitamin K,.

Shearer et al. separated trans- and cA-isomers of vitamin 
K, on a Partisil-5 silica column as part of sample cleanup 
before analysis by reverse phase LC (13, 14). Hiroshima et 
al. separated and determined both isomers in rat plasma on 
a Zorbax Sil silica column, using an electrochemical detector
(17).

We have developed a normal phase LC method that can 
separate and determine both trans- and cA-isomers of vitamin

Received December 12, 1984. Accepted April 1, 1985.

K, in infant formulas. Vitamin K, is extracted quantitatively 
from product matrix for further cleanup and analysis. No 
prior degradation of the lipids in the product by a strong alkali 
or enzymatic hydrolysis, used by other LC methods (16, 25), 
is required. This paper describes the method and the results 
of its application to various infant formulas.

METHOD

Apparatus
(a) Open-column assembly.—Bio-Rad 1.0 cm id x 30 cm 

standard glass Econo-column (with polyethylene bed sup
port) fitted with 100 mL capacity polypropylene funnel in top 
reservoir and Luer 3-way nylon stopcock on bottom tip (Bio- 
Rad Laboratories, Richmond, CA).

(b) Liquid chromatograph.—Beckman Model 110A pump 
with pressure filter; Waters WISP 710B autosample injector, 
or Beckman Model 210 sample injection valve with 40 p.L 
sample loop and 1 mL syringe with 22 gauge flat-tip needle 
for manual injection; Beckman Model 160 or Waters Model 
440 absorbance detector with 254 nm filter; and Beckman 
strip-chart recorder (Beckman Instruments, Inc., Berkeley, 
CA, and Waters Associates, Inc., Milford, MA); LC analyt
ical columns, Apex silica column (A) and Spherisorb ODS 
column (B), both 4.5 mm id x 25 cm with 5 p.m particles 
(Jones Chromatography, Inc., Columbus, OH).

(c) Yellow fluorescent lamp. —General Electric F40GO gold 
(General Electric Co., Richmond Heights, OH).

Reagents
(a) Solvents.—Methanol, dichloromethane, isooctane, 

acetone, isopropanol, all distilled-in-glass LC grade (Burdick 
& Jackson Laboratories, Inc., Muskegon, MI); water, dis
tilled.

(b) Chemicals.—Concentrated ammonium hydroxide and 
granular anhydrous sodium sulfate are reagent grade (J. T. 
Baker Chemical Co., Phillipsburg, NJ).

(c) Vitamin K, standards.—Vitamin K, USP Reference 
Standard contains 10.0% cA-isomer (U.S. Pharmacopeial 
Convention, Inc., Rockville, MD). Prepare in isooctane solu
tion at least 2 concentrations covering range of samples. Store 
in dark or under yellow fluorescent light.

(d) LC mobile phases.—(A) Isooctane-dichloromethane- 
isopropanol (70 + 30 + 0.02, v/v) for normal phase LC, and 
(B) tetrahydrofuran-methanol-water (27 + 67 + 6, v/v) for 
reverse phase LC. Degas both before use by ultrasonication 
for 10 min at atmospheric pressure.

Assay
Carry out entire assay under yellow fluorescent light. Keep 

samples and vitamin K, standards from exposure to any source 
of white light because vitamin K, degrades upon such expo
sure (27, 28, and unpublished data).

Sampling.—Pipet or weigh adequate amount of product 
into 500 mL separatory funnel. For ready-to-feed liquid prod
ucts, sample size is 20.0 mL. For concentrated liquid or 
powder products, sample size is equivalent to 20.0 mL as- 
fed liquid, which is obtained by diluting or reconstituting 
product with water to 20 mL. For example, dilute 10.0 mL
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Figure 1. Typical LC chromatograms of lipid extracts of milk-based (A) 
and soy protein-based (B) liquid infant formulas and of vitamin Ki stan
dard (C); peak 1: cIs- vitamin Ki, peak 2: trans-vitamin K,. See text for 

chromatographic conditions.

of concentrated liquid with 10.0 mL water, or reconstitute 
2.634 g powder with 18 mL water. To reconstitute powder 
sample, add water to funnel first and then add preweighed 
powder. Swirl funnel gently until all powder is well dispersed 
in water. Make sure that no lumps are present.

Extraction.—Add 4.0 mL concentrated ammonium 
hydroxide to liquid sample in separatory funnel, and swirl to 
mix for 60 s. Add 60 mL methanol, and swirl to mix for 30 s. 
Extract immediately with mixture of 100 mL dichlorome- 
thane and 50 mL isooctane. Repeat extraction once more, 
and combine 2 organic extracts (lower layer) in 1 L flat- 
bottom flask. Evaporate extract under vacuum at 70°C. Fur
ther dry oil residue by co-evaporation with 20 mL acetone 3 
times, and flush with dry nitrogen. Dried oil residue should 
be clear.

Cleanup.—Clean up dried oil residue by silica open-column 
chromatography. Freshly prepare cleanup column by dry
packing 5.0 g activated (heated at 110°C overnight) silica 
(SilicAR cc-4, Mallinckrodt, Inc., Paris, KY) in dry 1.0 cm 
id x 30 cm glass open column assembly, adding 2.0 g dried

(heated at 110°C overnight) granular anhydrous sodium sul
fate on top of silica packing. Condition column with 20 mL 
isooctane containing 0.01% isopropanol. Dissolve dried oil 
residue in 10 mL isooctane containing 0.01% isopropanol, 
and load onto column. Rinse flask twice with additional 5 mL 
of same solvent, and load 2 rinses onto column. Rinse column 
wall and reservoir above packing with several portions of 
same solvent, totaling 10 mL. Discard all above effluent.

Quantitatively elute retained vitamin K, from column with 
predetermined amount of isooctane-dichloromethane-iso- 
propanol (85 + 15 + 0.02, v/v), generally 100 mL. Collect 
eluate in 250 mL flat-bottom flask and evaporate to near 
dryness under vacuum at 70°C.

Determination.—Reconstitute oil residue in isooctane to 
5.00 mL, and analyze it by LC using column A and mobile 
phase A at 1.0 mL/min (chart speed 1.0 cm/min). Set detector 
sensitivity to 0.005 AUFS, and use 40 or 20 pL injection 
volume, depending on sample concentration. Adjust flow 
rate, if necessary, so that retention time of frarcr-vitamin K, 
peak falls between 7.5 and 8 min. Run time is 10-11 min for 
standard and 42-47 min for sample.

Determine concentration of each isomer in sample by com
paring peak heights with those of external standards covering 
concentration range of sample. Calculate as-fed concentra
tion of each isomer in original as-fed liquid by accounting for 
a 4-fold concentration factor (20.0 mL to 5.00 mL). Determine 
total vitamin K, from sum of both isomers.

Column regeneration.—Analytical LC silica column used 
generally needs to be regenerated with sufficient (usually 180— 
200 mL) mobile phase after every 4 consecutive injections of 
sample.

Results and Discussion
This method has been applied successfully to 9 infant for

mulas from 4 domestic manufacturers for the determination 
of trans- and c/s-isomers of vitamin Kj and their total by 
summation, except the powder products where only the trans- 
isomer was determined. The products included both milk- 
based and soy protein-based ready-to-feed liquids, concen
trated liquids, and powders. At least 2 lots were tested for 
each product, except one soy protein-based concentrated 
liquid where only one lot was tested. A total of 38 lots of the 
9 products were tested. Seventeen lots were analyzed in 
quadruplicate (at least one lot from each product). The 
remaining lots were analyzed in duplicate, triplicate, or hex- 
aplicate.

Chromatography
Figure 1 shows typical LC chromatograms of the lipid 

extracts of milk-based and soy protein-based liquid infant 
formulas, and that of the vitamin K, standard. Figure 2 shows 
LC chromatograms of the lipid extracts of powder products 
and of the standard. Chromatograms of the lipid extracts of 
the milk- and soy protein-based liquid products are very 
similar. Those of the milk- and soy protein-based powder 
products are also similar to each other; however, chromato
grams of powder products are somewhat different from those 
of liquid products.

Peak identification of trans- and cis-isomers of vitamin K, 
by LC analysis was confirmed by the chromatographic behav
ior of both isomers on silica gel by TLC (29) and on an LC 
silica column (14, 17) reported in the literature, and was 
further confirmed by mass and proton-NMR (nuclear mag
netic resonance) spectroscopic analyses of each peak col
lected from LC analysis.
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Figure 2. Typical LC chromatograms of lipid extracts of milk-based (A) 
and soy protein-based (B) infant formula powders and of vitamin Ki 
standard (C); peak 1: cis-vitamin K,, peak 2: trans-vitamin Ki. See text for 

chromatographic conditions.

In the sample chromatograms, the peak of irans-vitamin 
K, is well separated from the others, and thus trans-vitamin 
K, in all the products tested can be determined accurately. 
c/s-Vitamin K, in the liquid products tested can also be deter
mined, although its peak falls on the slope of a large and 
broad peak cluster (Figure 1). The cis-vitamin K, isomer, 
however, cannot be determined accurately in the powder 
products tested because its peak has an interference (Figure 
2). This interference was later confirmed to be from corn oil, 
a common ingredient of the powder products.

We attempted to resolve the cis-isomer peak from its inter
ference by varying the polarity of the mobile phase, but were 
not successful. No further effort was made because the cis- 
isomer is only a minor component and is not responsible for 
the biological activity of the vitamin K, added in most infant 
formulas.

Analytical Results
Table 1 shows part of the results from analysis of 9 infant 

formulas: one lot for product number 8, and 2 lots for each

of the remaining 8 products. Each concentration (|xg/L, as 
fed) is presented with its standard deviation, and the number 
of replicate analysis for each lot is shown in the last column.

Precision
The overall precision of the method for the determination 

of trans-vitamin K, is £3.3% RSD (relative standard devia
tion), that for c/s-vitamin K, is £12% RSD, and that for the 
total vitamin K, is £4.1% RSD. These precisions were eval
uated at the concentrations of trans-vitamin K, ranging from 
30 to 225 pg/L, as fed, c/s-vitamin K, ranging from 3 to 33 
pg/L, as fed, and the total vitamin K, ranging from 33 to 249 
pg/L, as fed. The larger uncertainty for the determination of 
c/s-vitamin K, was caused by the low levels of the analyte 
near the detection limit.

Sensitivity
The linear response of peak height to concentration of the 

vitamin K, standard was confirmed up to 2800 pg/L, or 700 
pg/L in the as-fed product. The detection limit of the assay 
at signal/noise = 3 was 0.3 ng for both isomers, equivalent 
to 2 pg/L of the analyte in the as-fed product, and was sen
sitive enough for our purpose.

Accuracy
The spike recovery of trans-vitamin K, was 98 = 4%, that 

of c/s-vitamin K, was 95 ± 9%, and that of total vitamin K, 
was 97 ± 4%. The spike recovery was determined from the 
average of 33 determinations for trans-vitamin K, at spiking 
levels ranging from 44 to 92 pg/L, as fed, and from the average 
of 26 determinations for c/s-vitamin K, and total vitamin K, 
at spiking levels ranging from 5 to 12 and 49 to 102 pg/L, as 
fed, respectively, covering all the products tested. The results 
indicate that the spike recovery of the method was quanti
tative and the loss of vitamin Ki during the whole assay was 
negligible.

Storing (refrigerated) spiked samples for up to 1 week before 
analysis had no effect on the recoveries. Therefore, the 
extraction efficiency of both the spiked and the intrinsic vita
min K, is believed to be quantitative. This is further supported 
by the findings that no more vitamin K, was found in the 
additional extracts of the remaining aqueous phase, and that 
more than 99% of the fat was extracted out of the sample 
matrix.

The loss of vitamin K, was further checked at each of the 
remaining assay steps and was found to be negligible. Even 
though vitamin K, is unstable in strong alkaline solutions (16, 
27) or upon heating over 100°C (27), we found no detectable 
degradation under our experimental conditions.

The results of the LC method generally agreed with those 
of the chick bioassay (2) on replicate samples (unpublished 
data). However, the results of the chick bioassay were widely 
scattered (e.g., 34% RSD for 9 batches of products theoreti
cally fortified with the same amount of vitamin K,), while 
those of the LC method were much more consistent (e.g., 
4.1% RSD for the 9 corresponding batches of products), and 
were within the expected range. It should be noted that the 
chick bioassay determines only the trans- vitamin K, and other 
biologically active K vitamins, e.g., K2 vitamins.

Specificity
The peak specificity of each isomer in the chromatogram 

of the lipid extract was demonstrated by comparing the pho
todegradation rate of each isomer in the lipid extract with 
that in the standard, and by rechromatographing each isolated 
peak on a second type of column. It was shown in this labo-
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Table 1. Results for LC determination of Individual vitamin Ki Isomers and their total in several milk-based and soy protein-based infant formulas

Product“ Type6 Lot

Vitamin Ki, (xg/L, as fed

tra n s c is Total n c

1 RTF 1 130 ±  4 16 ± 2 146 ±  6 2
2 138 ±  1 14 ±  1 152 ±  2 6

2 RTF 1 55 ±  1 7.0 ±  0.6 62 ±  2 2
2 75 ±  1 3.3 ±  0.3 78 ±  1 4

3 RTF 1 30 ±  1 2.8 ±  0.2 33 ±  1 2
2 32 ±  1 3.9 ±  0.5 36 ±  1 4

4 CL 1 132 ±  1 13 ± 1 145 ±  1 4
2 131 ±  1 16 ±  1 146 ±  1 4

5 PWD 1 92 ±  2 __d — 4
2 90 ±  1 — — 2

6 RTF 1 205 ±  4 25 ±  1 230 ±  5 4
2 225 ±  2 23 ±  1 248 ±  2 3

7 CL 1 202 ±  1 27 ±  3 228 ±  4 4
2 211 ±  1 31 ±  1 242 ±  1 2

8 CL 1 120 ± 2 7.2 ±  0.5 127 ±  2 4
9 PWD 1 175 ±  1 — — 2

2 195 ±  5 — — 6

“Products cover 4 manufacturers and 17 different lots of commercial infant formula. Products 1-5 are milk-based and products 6 -9  are soy protein- 
based.

‘ RTF = ready-to-feed liqu id ; CL = concentrated liquid ; PWD =  powder.
“Number of replicate analyses.
‘'C/s-Vitamin K, in powder products cannot be determined accurately because of peak interference.

ratory that vitamin K, is stable under yellow fluorescent light, 
but decomposed upon exposure to cool-white fluorescent 
light. Thus, a pooled lipid extract in a capped clear glass vial 
was exposed to cool-white fluorescent light at an intensity of 
210 foot-candles. The remaining vitamin K, during the light 
exposure was determined by LC analysis at several time 
intervals: 0, 4, 8, 12, 24, and 48 h. A vitamin K, standard in 
isooctane solution was also exposed concurrently and was 
analyzed under the same conditions. The results showed that 
the degradation rates of both isomers in the lipid extract were 
very close to those of the corresponding isomers in the stan
dard.

Figure 3A compares the photodegradation curve of the cis- 
vitamin K, in the lipid extract with that in the standard. 
Figures 3B and 3C compare photodegradation curves of trans- 
vitamin K| and total vitamin K, (sum of both isomers), respec
tively, in the lipid extract with those in the standard. Curve 
l is the degradation curve of each analyte in the standard, 
and curve 2 is that in the lipid extract. In each case curves 1 
and 2 are almost identical. The amount of either trans-vitamin 
Kj or the total vitamin K, decreases with time, while that of 
cis-vitamin K, increases and then decreases with time during 
the light exposure. The increase and then decrease of the cis- 
vitamin K, isomer could only be explained by isomerization 
of the trans-isomer to the c/s-isomer, followed by decompo
sition of the c/s-isomer during light exposure.

Furthermore, each isomer peak was isolated, reconstituted 
in isopropanol, and rechromatographed on column B, using 
mobile phase B (see Method). Each of the trans- and cis- 
isomer peaks isolated from either the lipid extract or the 
vitamin K, standard eluted as a single peak. All of them had 
the same retention time, 8 min (flow rate 1.0 mL/min), as that 
of the vitamin K, standard (trans- and di-isomers eluting 
together).

Ruggedness
In the method, the volume ratio of the amount of sample 

(20 mL), concentrated ammonium hydroxide (4.0 mL), meth
anol (60 mL), and extracting solvent (100 mL dichlorome- 
thane and 50 mL isooctane) is fairly critical for quantitative 
extraction of vitamin K, from the product matrix, and for 
preventing the formation of foam during the extraction. The 
ratio of isooctane and dichloromethane of the extracting sol

vent is not so critical; however, use of only dichloromethane 
or only isooctane to extract the pretreated sample resulted in 
low recovery.

The silica open-column chromatographic step for cleaning 
the lipid extract before LC analysis is necessary. Direct injec
tion of the lipid extract into the liquid chromatograph was 
tried, but the performance of the silica LC column deterio
rated after one injection. The recorder baseline continued to 
rise and required a long time to return to an acceptable back
ground level. With the cleanup step, the silica LC column 
can analyze several hundred samples without deterioration 
of its performance. The column, however, should be regen
erated with approximately 180-200 mL mobile phase after 
every 4 consecutive sample injections because of a series of 
broad and late-eluting peaks which occur in some samples, 
starting at approximately 160 minutes after the injection, that 
would affect the analysis.

As indicated previously, 100 mL eluant was enough to 
quantitatively elute the retained vitamin K, from the silica 
cleanup column for all of the infant formulas tested. How
ever, the volume of the eluant needed was shown to be 
affected by the amount and the type of the lipid loaded on 
the column. Therefore, for an unknown matrix, the necessary 
elution volume should be determined experimentally. Gen
erally, the same chromatographic conditions would apply 
when the lipid of the sample loaded on the column weighs 
between 0.72 and 0.80 g. We did not use alumina in the 
cleanup column because vitamin K, was found to be decom
posed on the alumina column.

Other Applications
In addition to infant formula, the method was applied to 

milk products, such as a commercial homogenized milk. 
Although no vitamin Ki was detected (<2 p.g/L), the quan
titative recovery (101%) of spiked vitamin K, indicates the 
applicability of the method to this product. Either isomer of 
vitamin Ki at 2 p.g/L or higher in homogenized milk should 
be detectable. Vitamin Ki levels in cows’ milk ranging from 
3.6 to 17.8 |xg/L have been reported (15).

Soy oil, corn oil, and coconut oil were also analyzed by 
this method. The results were 1.8 ppm of irans-vitamin K, in 
the soy oil, 0.13 ppm in the com oil, but less than 0.06 ppm 
in the coconut oil. Haroon et al. reported 1.93 ppm vitamin
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K, in soy oil, 0.03 ppm in corn oil, and less than 0.01 ppm in 
coconut oil (15), while Schneider et al. reported 4.5-6.3 ppm 
in soy oil, 0.5-0.7 ppm in corn oil, and less than 0.1 ppm in 
coconut oil (30).

A

EXPOSURE TIME (hour*)

B

C

Figure 3. Photodegradation of c/'s (A) and tr a n s  (B) isomers of vitamin 
K, and their total (C) in the standard (curve 1) and in the lipid extract 
(curve 2), upon exposure to cool-white fluorescent light at intensity 210 

foot-candles.

In addition, a vitamin premix and 2 commercial sources of 
vitamin K, were analyzed by diluting each sample in isooc
tane and directly injecting into the liquid chromatograph. The 
vitamin K, trans- and cis-isomeric composition of each sam
ple was thus determined, and the c/s-isomer was found to 
constitute 9.2-15.3% of the vitamin K, in these samples.

The described method is useful for the determination of 
trans- and c/s-isomers of vitamin K, or their total in infant 
formulas not containing corn oil. Only the trans-isomer of 
vitamin K, can be determined accurately in those products 
containing corn oil. The method is more accurate and precise, 
and less expensive than the chick bioassay. Two assays can 
be completed in 8 hours. The method has also been shown 
to be applicable to other biological materials, with possible 
modifications.
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Corrected Relative Net Protein Ratio (CRNPR) Method Based on Differences in Rat and 
Human Requirements for Sulfur Amino Acids

GHULAM SARWAR, ROBERT W. PEACE, and HERBERT G. BOTTING
Health and Welfare Canada, Food Directorate, Health Protection Branch, Tunney’s Pasture, Ottawa, Ontario, 
Canada K1A 0L2

The requirement for sulfur amino acids was calculated for growing 
rats fed 8% protein diets. The rat and human requirements for sulfur 
amino acids were compared and a correction factor was developed to 
reflect the differences. This correction factor was used to determine 
corrected relative net protein ratio (CRNPR) values for a number of 
potential meat extenders and their mixtures with beef. The methionine 
+ cystine requirement of growing rats was estimated to be 4% of 
protein for 8% protein diets. The methionine + cystine requirement 
of rats was about 50% higher than that of humans (2.65% of protein). 
Based on this comparison (rat/human), a correction factor of 1.5 was 
developed to correct RNPR values of those protein products that were 
deficient in sulfur amino acids for rat growth. The CRNPR values of 
beef, casein, soybean protein products, pea concentrate, and peanut 
meal were 100, 100, 91-97, 75, and 73, respectively. Mixtures (50:50 
protein basis) of beef with casein, soybean concentrate, soybean isolate, 
pea concentrate, peanut meal, rapeseed concentrate, rapeseed isolate, 
sunflower isolate, or wheat gluten were equal to beef in CRNPR values. 
The CRNPR method is a good predictor of protein quality for humans 
of those protein products that are deficient in sulfur amino acids.

Methods for assessing protein quality of foods were recently 
discussed at the third session of the Codex Committee on 
Vegetable Proteins (1). It was concluded that the most appro
priate approach for evaluating protein quality is the one based 
on dietary amino acids adjusted (as needed) for protein diges
tibility and/or amino acid bioavailability. Data on true diges
tibility of protein and amino acids in various foods are required 
to determine the nature of the digestibility adjustment(s) (1).

The desirability of correcting relative net protein ratio 
(RNPR, NPR of test diet expressed relative to a value of 100 
for the NPR of a reference diet) to reflect differences in 
essential amino acid requirements of rats and humans was 
also suggested at the Codex Meeting (1). The RNPR method, 
unlike the protein efficiency ratio (PER) method, credits the 
protein used for both growth and maintenance. The RNPR 
method (2 weeks) is shorter than the standard PER method 
(4 weeks) and therefore less expensive, and is probably the 
most suitable rat assay for routine use in protein quality 
evaluation (2). Recent collaborative studies (3, 4) have con
firmed that RNPR is more accurate and reproducible than 
PER. The Health Protection Branch is seriously considering 
replacement of PER with RNPR as the official method for 
regulating protein quality of foods. The adoption by AOAC 
of the NPR (expressed as RNPR) method as official first
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action as an alternative to the PER method was recommended 
by Happich et al. (5).

Happich et al. (5) specified the use of unsupplemented 
ANRC casein as the reference protein, but ANRC casein 
supplemented with methionine was used as the reference 
protein in other collaborative studies (3, 4). Diets containing 
8-10% protein from unsupplemented ANRC casein were defi
cient in sulfur amino acids for rat growth but the methionine- 
supplemented (8% protein) casein diet gave the highest pro
tein quality results and was of uniform nutritional quality (3, 
4,6).

Sarwar (7) determined amino acid-digestibility scores (cor
rected for true protein digestibility) and available amino acid 
scores (corrected for true digestibility of individual amino 
acids) for 17 foods and reported highly significant positive 
correlations (R = 0.92) between scores and RNPR using 
casein + methionine as the reference diet. However, Sarwar 
(7) used the FAO/WHO 1973 human pattern (8) for calculating 
scores, which also suits the rat amino acid requirements (9). 
Extensive experiments on essential amino acid requirements 
of 21-27 month-old children have been conducted by Pineda 
et al. (10) and Torun et al. (11). These estimates (11) (estab
lished by INCAP, Institute of Nutrition in Central America) 
for most essential amino acids were similar to values in the 
FAO/WHO 1973 (8) pattern, but the methionine + cystine 
value (2.7% of protein) was almost identical to the value (2.6% 
of protein) in the NRC 1980 (12) pattern. This suggested that 
the NRC 1980 (12) pattern is more suitable than the FAO/ 
WHO 1973 pattern (8) for scoring proteins. Sarwar et al. (13) 
used the NRC 1980 pattern (12) in calculating amino acid 
scores, amino acid-digestibility scores, and available amino 
acid scores for 17 protein products. The amino acid scores, 
amino acid-digestibility scores, and available amino acid scores 
were up to 32, 30, and 19 units higher than corresponding 
RNPR values, respectively. The lower ratings by the RNPR 
compared with the available amino acid score would be caused 
by higher essential amino acid requirements of the growing 
rat compared with humans.

It is generally agreed that the requirements of rats for 
methionine + cystine are much higher than those of humans 
and that any rat growth assay will underestimate the protein 
quality for humans of any protein product deficient in sulfur 
amino acids (1). In predicting protein quality for humans by 
rat bioassays, modifications for higher essential amino acid 
requirements of rats compared with humans have been sug
gested (14).
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Table 1. Data used in estimating methionine + cystine requirement of the growing rat (Figure 1)

Diet
Methionine, 

g/100 g protein
Cystine, 

g/100 g protein

True digestibility, %
RNPR

(casein + methionine = 100)Methionine Cystine

Lentil* 0.80 0.94 78 82 37
Fababean* 0.75 1.25 78 86 40
Pea flou r“ 1.11 1.51 77 84 54
Wheat flou r + pea flou r“ 1.16 1.73 84 93 66
Wheat flou r + beef“ 1.95 1.62 89 89 79
Casein“ 3.02 0.47 96 83 86

“Unpublished data. Amino acid contents were determined in duplicate by previously reported procedures (18). True digestib ility (rat balance method) 
values were determ ined in duplicate on pooled feces o f 8 rats/diet. RNPR data were average of 8 individual values (8 rats/diet).

'’Methionine and cystine data (determed in duplicate by 7 collaborating laboratories) were taken from Sarwar et al. (18), true digestib ility  data 
(determined in duplicate on pooled feces of 6 rats/diet) were taken from Sarwar (7), and RNPR data (determined by 6 collaborating laboratories using 
mostly 8 rats/diet) were taken from Sarwar et al. (4). Samples studied in these 3 investigations were taken from the same batches.

The current NRC requirement for rat growth for total sulfur 
amino acids is 0.6% of the diet (9). This requirement is based 
on a diet containing 12% protein (having 100% true digesti
bility and 100% biological value) and 3.6 kcal of metabolizable 
energy (ME) per g of diet (assuming 95% of the digestible 
energy is metabolizable). Amino acid requirements for rat 
growth are related to dietary protein concentration and should 
be adjusted for caloric density of the diet (9). If expressed as 
percent of the diet, the requirement for an amino acid tends 
to increase as protein content increases. But the requirement 
may remain constant or decrease slightly if expressed as 
percent of dietary protein (9). When expressed as percent of 
protein, the NRC requirement for rat growth for sulfur amino 
acids would be 5%. Other reports have suggested that this 
requirement may be too high (15, 16). Peace et al. (16) esti
mated the methionine + cystine requirement of the growing 
rat at the 8% protein level and reported a value of 4.1% of 
protein. Pick and Meade (17) reported that the sulfur amino 
acid requirement of the growing rat fed 9.4% protein diets 
was 4.26% of protein.

The objectives of the present work were (a) to obtain more 
information on sulfur amino acid requirement for rat growth,
(b) to develop a correction factor for correcting RNPR, based 
on differences in rat and human requirements for sulfur amino 
acids, and (c) to determine RNPR and corrected RNPR 
(CRNPR) values of a number of potential meat extenders and 
their mixtures with beef.

Experimental
The data used in estimating the methionine + cystine 

requirement of the growing rat are given in Table 1. Diets 
containing 8% protein and 3.8 kcal ME/g were used in obtain
ing data on true digestibility of amino acids and RNPR (casein 
+ methionine = 100) contained in Table 1. ME was calcu
lated by using the Atwater factors of 4, 9, and 4 kcal/g for 
protein, fat, and available carbohydrates, respectively. It has 
been shown that a diet containing 8% protein from ANRC 
casein plus 0.2% L-methionine meets (or exceeds) the sulfur 
amino acid requirement for rat growth at this protein level 
when NPR is used as the performance criterion (6).

Ten protein sources and their mixtures were studied in 
RNPR determinations. The samples of beef (lean grade minced 
beef, freeze-dried and defatted), ANRC casein, and rapeseed 
protein concentrate were obtained from the same batches 
studied in previous collaborative investigations (4, 18). The 
samples of soybean protein concentrate and pea protein con
centrate were provided by Griffith Laboratories, Toronto, 
Ontario. Soybean protein isolate was purchased from Frank
E. Dempsey and Sons, Toronto, Ontario. The samples of 
peanut meal and wheat gluten were purchased from Teklad 
Mills, ARS/Sprague-Dawley Division of the Mogul Corp., 
Madison, WI. The samples of rapeseed and sunflower protein

isolates were supplied by the POS Pilot Plant Corp., Saska
toon, Saskatchewan.

Diets containing 8% protein (N x 6.25) from casein +
0.2% L-methionine (reference diet), beef, casein, soybean 
concentrate, soybean isolate, pea concentrate, peanut meal, 
rapeseed concentrate, rapeseed isolate, sunflower isolate, 
wheat gluten, or mixture (50:50 protein basis) of beef with 
each one of the nonmeat protein products, and a N-free diet 
were included in the rat feeding study. The N-free (or basal) 
diet contained (air-dry basis): comoil, 10.0%, alphacel, 1.0%, 
mineral mixture (19), 3.5%, vitamin mixture (20), 1.0%, and 
cornstarch, 85.5%. Each of the protein sources or mixtures 
was added to the basal diet to provide 1.3% dietary N (or 8% 
protein) at the expense of cornstarch. The protein diets were 
made isonitrogenous by the addition of L-glutamic acid.

The 21 diets were fed to male weanling (54-63 g) CD Spra- 
gue-Dawley rats in a randomized complete block design using 
8 blocks (based on initial body weights) of 21 rats as reported 
previously (4). Prior to the start of the feeding study, rats 
were kept in stock cages and fed a commercial rat chow diet 
for 2 days. Rats were then allocated into groups of 8 having 
approximately the same mean weights.

During the test period, rats were housed individually in 
stainless steel screen-bottom cages at 24-25°C and 40-50% 
humidity. Food and water were provided ad libitum for 4 
weeks (2 weeks for the N-free diet), and records of weekly 
weight gains and food consumption were kept.

NPR and RNPR values (2 weeks) were calculated by using 
the following formulas:

NPR = (wt gain of test animal
+ wt loss of nonprotein animal)/

(protein consumed by test animal)

Table 2. Comparison of human and rat requirements tor essential 
amino acids

Amino acid, 
% of protein Rat* Human“

Rat/human
ratio

Isoleucine 4.17 3.65 1.14
Leucine 6.25 7.15 0.87
Lysine 5.84 5.75 1.01
Methionine +  cystine 4.00 2.65 1.51
Phenylalanine + tyrosine 6.67 7.10 0.94
Threonine 4.17 3.60 1.16
Tryptophan 1.25 1.17 1.07
Valine 5.00 4.30 1.16

“Values fo r all amino acids except methionine +  cystine for rat growth 
were taken from NRC (9). Value fo r methionine + cystine was that 
estimated in present investigation. Arginine (5.00% of protein) and 
histidine (2.50% of protein) are also essential fo r rat growth (9). 

“Values were average of INCAP (11) and NRC 1980 (12) reference 
patterns. Latter pattern (12) also includes a requirement fo r histidine 
(1.70% of protein).
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Table 3. NPR and RNPR values of beef, some potential meat 
extenders, and their mixtures with beef

Protein sources NPR RNPR

Casein + Met (control) 5.60 100
Beef 5.12 91
Casein 4.65 83
Soybean concentrate 3.66 65
Soybean isolate 3.43 61
Pea concentrate 2.82 50
Peanut meal 2.72 49
Rapeseed concentrate 4.86 87
Rapeseed isolate 4.59 82
Sunflower isolate 2.06 37
Wheat gluten 1.75 31
B e e f +  n o n m e a t p ro d u c ts :
Casein 4.82 86
Soybean concentrate 4.27 76
Soybean isolate 4.11 73
Pea concentrate 4.03 72
Peanut meal 4.11 73
Rapeseed concentrate 4.94 88
Rapeseed isolate 4.84 86
Sunflower isolate 4.36 78
Wheat gluten 4.34 77

NPR values for each diet were calculated by averaging values 
for all 8 blocks.

RNPR = (NPR of test diet/NPR of ref. diet) X 100

Moisture and nitrogen were determined by AOAC (1980) 
procedures (21). Samples were hydrolyzed with 6N HC1, 
performic acid + 6N HC1, and 4.2N NaOH, and amino acids 
were determined by ion exchange chromatography using a 
Beckman 121MB analyzer (18).

Results and Discussion
RNPR (casein + methionine = 100) data (Table 1) were 

plotted against available methionine + cystine (total amino 
acid x true amino acid digestibility, as determined by rat 
balance method) contents (Table 1) in estimating the methi
onine + cystine requirement for rat growth (Figure 1). A 
straight line was fitted to the points (R = +0.99) and the line 
was extended. The methionine + cystine requirement level 
for rat growth was considered achieved when RNPR reached 
100. According to this approach, the methionine + cystine 
requirement for rat growth (at the 8% protein level) was 
estimated to be 4% of protein (Figure 1). This confirmed 
previous studies (15, 16) which suggested that the current 
NRC requirement (9) for rat growth for sulfur amino acids 
(5% of protein) is rather high. The higher NRC-specified 
requirement is to make allowance for the active role of methi
onine as a methylating agent over the minimum needed for 
protein synthesis (9). Since the vitamin mixture used in the 
present study provided an adequate level (0.1%) of dietary

choline, the requirement for methionine as a methyl donor 
may have been reduced.

Essential amino acid requirements of humans and rats are 
compared in Table 2. The rat requirement for methionine + 
cystine was about 50% higher than that of humans (Table 2). 
The differences between the requirements for other essential 
amino acids were relatively small. Based on these compari
sons (Table 2), a factor of 1.5 was chosen to correct the RNPR 
of protein products deficient in sulfur amino acids for rat 
growth. The use of the correction factor would be appropriate 
in predicting protein quality (CRNPR) for adults and children 
but not for infants because the amino acid requirements of 
infants may be different (higher) than those used for adults 
in Table 2 (2, 12).

The samples of beef, casein, soybean concentrate, soybean 
isolate, pea concentrate, peanut meal, rapeseed concentrate, 
rapeseed isolate, sunflower isolate, and wheat gluten tested 
in this investigation contained 95.2, 94.7, 70.2, 92.2, 57.0, 
61.2, 68.3, 87.3, 92.7, and 87.0% protein (N x 6.25, dry 
basis), respectively. NPR and RNPR values of beef, the 9 
potential meat extenders, and their mixtures with beef are 
shown in Table 3. None of the nonmeat protein products was 
equal to beef in RNPR ratings (Table 3). The RNPR values 
of the rapeseed protein products, 82-87, were higher than 
those for other vegetable protein products. Wheat gluten had 
the lowest RNPR of 31. The RNPR values of the soybean 
protein products, pea concentrate, peanut meal, and sun
flower isolate were 61-65, 50, 49, and 37, respectively. In 
most cases, addition of beef substantially improved RNPR 
values (Table 3). The beneficial effect of the addition of beef 
was most noticeable in the case of wheat gluten and sunflower

AVAILABLE METHIONINE + CYSTINE (% OF DIETARY PROTEIN)

Figure 1. Estimation of methionine + cystine (corrected for true diges
tibility, available) requirement of growing rats fed 8% protein diets, using 

RNPR as performance criterion.

Table 4. Amino acid composition (g/16 g N) of protein products studied In this investigation*

Product lie Leu Lys Met + Cys Phe + Tyr Thr Trp Val

Beef6 4.18 7.75 7.94 3.27 7.02 4.21 1.03 4.54
Casein6 5.36 10.16 8.44 3.49 11.50 4.64 1.31 6.85
Soybean concentrate 4.40 7.60 6.40 2.60 9.00 3.80 1.80 4.90
Soybean isolate 4.64 8.00 6.02 2.34 8.92 3.82 1.33 4.85
Pea concentrate 4.27 7.67 7.68 2.62 8.49 4.17 0.87 4.96
Peanut meal 3.23 6.05 3.19 2.11 8.09 2.45 0.78 3.55
Rapeseed concentrate6 4.16 7.84 5.70 4.43 7.06 4.19 1.50 5.24
Rapeseed isolate 4.51 7.79 5.07 3.62 7.52 4.42 1.44 5.30
Sunflower isolate 4.34 6.32 2.24 2.50 8.49 3.23 1.38 5.06
Wheat gluten 3.23 6.29 1.50 3.30 7.55 2.34 0.96 3.58

‘ Abbreviations fo r amino acids: lie = isoleucine, Leu =  leucine, Lys = lysine, Met — methionine, Cys — cystine, Phe — phenylalanine, Tyr tyrosine, 
Thr = threonine, Trp =  tryptophan, Val = valine.

“Data fo r beef (all am ino acids except tryptophan), casein, and rapeseed concentrate were taken from Sarwar et al. (18). Beef was re-analyzed for 
tryptophan content in present investigation.
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Table 5. Essential amino acids provided by protein sources expressed as % of rat requirements for amino acids (% of protein) as noted in Table 2‘

Protein sources lie Leu Lys Met + Cys Phe + Tyr Thr Trp Val

Casein + Met 128 164 145 150 172 110 109 137
Beef 99 125 137 826 105 100 86 91
Casein 128 164 145 87 172 110 109 137
Soybean concentrate 105 123 110 65 134 90 150 98
Soybean isolate 110 129 104 58 133 91 111 97
Pea concentrate 102 124 132 65 127 99 72 99
Peanut meal 77 98 55 53 121 58 65 71
Rapeseed concentrate 99 126 98 111 105 100 125 105
Rapeseed isolate 107 126 87 90 112 105 120 106
Sunflower isolate 103 102 39 62 127 77 115 101
Wheat gluten 77 101 26 82 113 56 80 72
B e e f +  n o n m e a t p ro d u c ts :  
Casein 114 144 141 84 138 105 97 114
Soybean concentrate 102 124 124 73 120 95 117 94
Soybean isolate 105 127 120 70 119 95 98 94
Pea concentrate 100 124 135 73 116 100 79 95
Peanut meal 88 111 95 67 113 79 75 81
Rapeseed concentrate 99 126 118 96 105 100 105 98
Rapeseed isolate 103 125 112 85 108 103 102 98
Sunflower isolate 101 113 88 72 116 89 100 96
Wheat gluten 88 113 81 74 109 78 82 85

•Abbreviations fo r amino acids are defined in Table 4. 
6First lim iting am ino acid is underlined.

Table 6. CRNPR values of products limiting in sulfur amino acids for 
rat growth

Product CRNPR8

Beef 100
Casein 100
Soybean concentrate 97
Soybean isolate 91
Pea concentrate 75
Peanut meal 73
B e e f +  n o n m e a t p ro d u c ts :  
Casein 100
Soybean concentrate 100
Soybean isolate 100
Pea concentrate 100
Peanut meal 100
Rapeseed concentrate 100
Rapeseed isolate 100
Sunflower isolate 100
Wheat gluten 100

“The CRNPR values >100 were considered as 100.

isolate, in which the RNPR values were more than doubled 
(Table 3). The supplementary effect of beef noted in most 
cases can be attributed to the higher lysine or methionine + 
cystine contents of beef than those of vegetable protein prod
ucts (Table 4). This suggested that in regulating nutritional 
adequacy of extended meat products, the requirement for 
protein quality (and quantity) should be placed on the final 
extended product and not on the extender. This method will 
make allowance for supplementary effect of meat in meat- 
vegetable protein mixtures on protein quality.

To obtain information on limiting amino acids in test pro
teins for rat growth, essential amino acids provided by protein 
sources (Table 4) were expressed as a percent of rat require
ments (Table 5). The samples of beef, casein, soybean con
centrate, soybean isolate, pea concentrate, peanut meal, and 
all mixtures with beef were most limiting (or first limiting) in 
methionine + cystine (Table 5). The remaining 4 products 
(rapeseed concentrate, rapeseed isolate, sunflower isolate, 
and wheat gluten) were most limiting in lysine. These calcu
lations (Table 5) did not include corrections for true digesti
bility of individual amino acids. Such corrections would be 
required to accurately predict the first limiting amino acid 
especially in those cases where 2 or more amino acids are 
equally limiting. Most of the products tested in this investi
gation were clearly limiting in either methionine + cystine

(casein, soybean concentrate, soybean isolate, and all mix
tures of beef with nonmeat products except rapeseed protein 
concentrate) or lysine (sunflower isolate and wheat gluten) 
(Table 5). The differences between the first and second lim
iting amino acids in the remaining 6 products such as beef, 
pea concentrate, peanut meal, rapeseed concentrate, rape- 
seed isolate, and beef + rapeseed concentrate were not as 
large (less than 10 percentage units). However, the correc
tions (not shown here) for true digestibility of amino acids in 
the 6 products (mostly unpublished data) did not change the 
nature of amino acid deficiency.

The RNPR values (Table 3) of the protein products defi
cient in sulfur amino acids for rat growth (Table 5) were 
multiplied by the factor of 1.5 to obtain CRNPR values (Table
6). The CRNPR values for beef or casein and the soybean 
protein products were 100 and 91-97, respectively. The sam
ples of pea concentrate and peanut meal had CRNPR values 
of 75 and 73, respectively. All mixtures of beef + nonmeat 
products were equal to beef or casein in CRNPR ratings 
(Table 6).

The CRNPR data suggested that soybean concentrate was 
comparable to beef or casein while soybean isolate was about 
10% lower in protein quality when compared with beef or 
casein (Table 6). The slightly higher CRNPR value of soybean 
concentrate over soybean isolate could be attributed to the 
marginally higher methionine + cystine content of the former 
product (Tables 4 and 6). Recent studies with young men 
have demonstrated that the protein quality of soybean isolate 
is comparable to that of milk or beef (22-24).

Unlike RNPR and other rat growth assays for assessing 
protein quality, the CRNPR method would not discriminate 
against proteins with lower sulfur amino acid content. The 
correction factor of 1.5 developed in this investigation (to 
reflect differences between sulfur amino acid requirements 
of humans and rats) can be refined as new information on 
amino acid requirements of humans and rats becomes avail
able. Further studies are required to determine the need for 
developing similar correction factors for other essential amino 
acids. The practical application of the correction factor devel
oped in this investigation would be limited to those protein 
products that have been shown to be first limiting in sulfur 
amino acids for rat growth. Some examples of such protein 
sources include soybean protein products, peanuts, and grain 
legumes or pulses, i.e., peas, beans, and lentils (25-30).
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Improved Liquid Chromatographic Determination of Riboflavin in Milk and Dairy Products

SAMY H. ASHOOR, MICHAEL J. KNOX, JACQUELYN R. OLSEN, and DRU ANN DEGER 
Arizona State University, Division of Agriculture, Tempe, AZ 85287

Reported here is a simple liquid chromatographic (LC) method for the 
determination of riboflavin in milk (liquid, evaporated, and dry), yogurt, 
and cheese. The method involves passing liquid samples or filtrates of 
semisolid and solid samples through a Cls cartridge. Retained ribof
lavin is then eluted with an aliquot of 50% methanol in 0.02M acetate 
buffer of pH 4. A volume of the eluate is injected into the LC system 
consisting of a C]8 column, a solvent of water-methanol-acetic acid 
(65 + 35 + 0.1, v/v) with a flow rate of 1 mL/min, and a UV detector 
set at 270 nm. The method is precise and accurate and compares 
favorably with the present AOAC method. Moreover, it involves fewer 
sample preparation steps and has a total analysis time of less than 1 h.

The present AOAC method for the determination of riboflavin 
in milk and dairy products (1) is time consuming and involves 
many sample preparation steps. Moreover, the sample is 
treated with oxidants to remove background fluorescence, 
and this may destroy riboflavin (2). Another fluorometric 
method for the determination of riboflavin in milk was devel
oped (3); the method is simple and rapid, but it lacks speci
ficity.

Several liquid chromatographic (LC) methods for the 
determination of riboflavin in foods have been reported (4- 
6). These methods are more specific than fluorometric meth
ods because they separate riboflavin from interfering com-
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pounds before quantitation; however, these methods involve 
considerable sample preparation.

In a previous study (6), we developed an LC method to 
determine riboflavin in eggs and dairy products. In this report, 
we describe an improved LC method for riboflavin determi
nation in dairy products, which is simpler and more rapid.

Experimental

Apparatus
(a) Liquid chromatograph.—Waters Associates equipped 

with Model 6000A pump, Model U6K injector, and data mod
ule (Waters Associates, Milford, MA 01757).

(b) LC column.—250 x 4 mm Bio-Sil ODS-5S C18 column 
(Bio-Rad Laboratories, Richmond, CA 94804).

(c) Detector— UV, Gilson Model 222 (Gilson Medical 
Electronics, Middleton, WI 53562), set at 270 nm, and sen
sitivity unit of 0.02.

Reagents

(a) Water.—Pass distilled, deionized water through 0.45 
pm filter membrane.

(b) Methanol.—Anhydrous, chromatography grade.
(c) LC mobile phase.—Water-methanol-glacial acetic acid, 

analytical grade (65 + 35 + 0.1).
(d) Acetate buffer.—0.02M, pH 4.0.
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RETENTION TIME, MIN

Figure 1. LC chromatograms of standard riboflavin (A), and whole milk 
(B). Riboflavin peak is marked by arrow and represents 46.5 and 40 ng, 

respectively. See text for chromatographic conditions.

RETENTION TIM E, MIN

Figure 2. LC chromatograms of plain yogurt (A), and cottage cheese (B). 
Riboflavin peak Is marked by arrow. See text for chromatographic 

conditions.

(e) Eluting solution.—Mix equal volumes of acetate buffer
(d) and methanol.

(f) Riboflavin standard solution.—5 p-g/mL. Accurately 
weigh 5 mg riboflavin (anhydrous, Sigma Chemical Co., St. 
Louis, MO 63178), and dissolve, by stirring, in 900 mL acetate 
buffer in 1 L volumetric flask covered with aluminum foil. 
When riboflavin is completely dissolved, dilute to volume 
with acetate buffer, mix well, and refrigerate.

Sample Preparation
Protect samples from light during preparation. Cover tubes 

and flasks with aluminum foil and work under subdued light
ing conditions.

(a) Skim milk, 2% fat milk, and whole milk.—Warm refrig
erated milk samples to room temperature. Connect C18 car
tridge (Sep-Pak, Waters Associates) to 30 mL glass syringe 
with metal Luer-Lok tip (VWR Scientific, Norwalk, CA 90650). 
Activate cartridge by passing through 5 mL methanol fol
lowed by 5 mL water. Pipet 10 mL milk sample into syringe, 
then pass through cartridge. Wash cartridge twice with 10 
mL water and discard washings. Pipet 5 mL eluting solution
(e) , pass through cartridge, and receive eluate in screw-cap 
tube. Mix thoroughly, cap tube, and refrigerate until LC 
analysis. Reactivate cartridge for next sample.

(b) Evaporated milk.—Mix equal volumes of evaporated 
milk and water. Pipet 10 mL of mixture into syringe and pass 
through cartridge. Proceed as in (a).

(c) Dry milk.—Stir 10 g dry milk with 10 mL water in 
beaker. After complete suspension, transfer quantitatively to 
100 mL volumetric flask and dilute to volume with water. 
Pipet 10 mL milk into syringe and pass through cartridge. 
Proceed as in (a).

(d) Dairy products.—Blend appropriate weight (25 g yogurt, 
25 g cottage cheese, 10 g cheddar cheese, 10 g Monterey Jack 
cheese, 10 g process cheese) with 70 mL 0.02M acetate buffer 
for 5 min in Waring Blendor at low speed (adjust speed with 
variable transformer, VWR Scientific, if necessary to mini
mize heat). Filter blend quantitatively through Whatman No. 
4 paper, and receive filtrate in 100 mL volumetric flask. Dilute 
to volume with 0.02M acetate buffer, and mix thoroughly. 
Pass 25 mL of filtrate through activated cartridge (in small 
portions). Proceed as in (a).

LC Analysis
Set detector at 270 nm and sensitivity at 0.02. Set flow rate 

at 1 mL/min. Bring refrigerated riboflavin standard solution 
and sample eluate to room temperature. Inject 10 ¡jlL of 
riboflavin standard solution into LC system. Establish reten
tion time and peak area, and calibrate data module accord
ingly (external standard method). Inject 25 p,L of sample 
eluate into LC system, and record amount of riboflavin from 
calibrated data module. Calculate riboflavin content in |xg/ 
mL for liquid samples or pcg/g for semisolid and solid samples. 
Recheck data module calibration at regular times by injecting 
10 p,L of riboflavin standard solution into LC system.

Recovery Study
Add proper volume of riboflavin standard solution to sam

ple so that riboflavin content of spiked sample is approxi
mately doubled. Prepare spiked sample, and determine its 
riboflavin content as described above. Calculate percent 
recovery.

RETENTION TIME, MIN
Figure 3. LC chromatograms of process cheese (A) and Cheddar cheese 
(B). Riboflavin peak is marked by arrow. See text for chromatographic 

conditions.
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Table 1. Effect of heating on riboflavin content of milk 
and dairy products

Riboflavin content“

Sample Unheated sample Heated sample

Whole m ilk 1.28 ±  0.05 1.11 ±  0.07
Nonfat dry milk 16.4 ±  0.7 15.1 ±  0.6
Yogurt (plain) 0.56 ±  0.03 0.47 ±  0.02
Process cheese 1.68 ±  0.08 1.54 ±  0.02
Cheddar cheese 2.51 ±  0.04 2.00 ±  0.07

“Average of 6 determ inations ±  SD, (xg/mL milk, p,g/g other samples.

Table 2. Riboflavin content of milk and dairy products

Sample Riboflavin content“ CV, %

Skim milk 1.25 ±  0.02 1.6
2% Fat milk 1.24 ±  0.07 5.6
Whole m ilk 1.28 ±  0.05 3.9
Evaporated m ilk 2.53 ±  0.10 4.0
Nonfat dry m ilk 16.4 ±  0.7 4.3
Yogurt (plain) 0.56 ±  0.03 5.4
Cottage cheese 0.56 ±  0.02 3.6
Process cheese 1.68 ±  0.08 4.8
Monterey Jack cheese 1.52 ±  0.09 5.9
Cheddar cheese 2.51 ±  0.04 1.6

“Average of 6 determ inations ±  SD, p.g/mL fo r firs t 4 samples, pg/g 
others.

AOAC Method
The riboflavin content of the dairy products was also deter

mined by the AOAC official method (1). The results obtained 
by the AOAC method were then compared with those of this 
LC method.

Preparation of Heated Samples
To study the effect of heating on riboflavin content, selected 

dairy samples were heated under the conditions stated in the 
AOAC method (1). The heated samples were then cooled to 
room temperature, filtered through Whatman No. 4 paper, 
and treated as in Sample Preparation. The riboflavin content 
of the heated samples determined by this LC method was 
compared with that of identical samples without the heat 
treatment.

Results and Discussion
The LC conditions used in this study for the separation and 

quantitation of riboflavin in milk and dairy products were 
similar to the conditions we reported previously (6). The 
percent methanol in the solvent system was increased in this 
study to 35% to shorten analysis time. Under the present LC 
conditions, the riboflavin peak is resolved at a retention time 
of 9.4 min with no interference from other milk components, 
as shown in Figures 1, 2, and 3. The identity of the riboflavin 
peak was confirmed by spiking or coinjecting samples with 
known amounts of standard riboflavin. Only the riboflavin 
peak increased proportionally upon spiking or coinjecting.

The present AOAC method for the determination of ribo
flavin (1) calls for acidifying milk and dairy products with 
0.1N HC1 to less than pH 4.5, and then autoclaving at 121— 
123°C for 30 min. Proteins are precipitated, and bound ribo
flavin is liberated by such treatments. However, when milk 
and dairy products were acidified and heated according to 
the AOAC method, there was no increase in riboflavin con
tent when compared with unacidified and unheated identical 
samples, as shown in Table 1. These results indicate that the 
riboflavin content of milk and dairy products is not affected 
by acidification and heating. They confirm our previous find
ings (6) and those of others (3).

Table 2 shows the riboflavin content of milk and selected 
dairy products obtained by this LC method. These data show 
that the method is versatile and precise, with coefficients of 
variation (CV) between 1.6 and 5.9%. Recoveries of ribo
flavin from spiked samples by this LC method ranged from 
94.1 ± 0.23 to 100.7 ± 3.2, with CV values of 0.24 to 5.9% 
(Table 3). These results indicate that the method is also accu
rate.

The riboflavin content of milk and dairy products analyzed 
by this LC method and by the AOAC method compares 
favorably, as shown in Table 4.

In addition to the specificity, precision, and accuracy of 
the described LC method, it is also simple and convenient. 
It involves minimal preparation steps and requires short anal
ysis time. In our previous method (6), proteins in milk and 
dairy products were first precipitated by acidification, and 
then removed by centrifugation. In this LC study, there was 
no need to precipitate milk proteins in any of the samples 
analyzed. Currently, the average riboflavin analysis time for 
a milk sample is 20-25 min, and that of the dairy products is 
30-45 min. Some dairy products yielded late peaks not pres
ent in milk (Figures 2 and 3), which necessitated longer anal
ysis time. None of the samples analyzed, however, required 
analysis time longer than 1 h under the conditions used.

Another advantage of the present LC method over other 
LC methods (4-6) is that the eluate injected is free of milk 
proteins, because none of the milk proteins are retained on 
the C,8 cartridge with riboflavin. This results is much lower 
column back-pressure, fewer column washings, and longer 
column life.

It is essential to test the efficiency of the C,8 cartridge by 
passing through 5 mL of riboflavin standard solution, eluting, 
and quantitating riboflavin. The cartridge should not be used 
when the efficiency is lower than 95%, i.e., less than 95% of 
riboflavin is retained. In our laboratory, one C18 cartridge is 
used for 5 milk samples or 3 dairy product samples before 
being discarded. Regeneration of the used C,8 cartridges will 
be investigated in the future.

Table 3. Recovery of riboflavin from spiked samples by LC method

Sample Ree., %" CV, %

Skim milk 99.0 ±  3.3 3.3
2% Fat milk 94.6 ±  5.6 5.9
Whole m ilk 95.1 ±  2.3 2.4
Evaporated m ilk 94.1 ±  0.23 0.24
Nonfat dry m ilk 97.8 ±  2.8 2.9
Yogurt (plain) 100.7 ±  3.2 3.2
Monterey Jack cheese 94.5 ±  5.2 5.5
Cheddar cheese 96.8 ±  3.0 3.1

“Average of 6 determ inations ±  SD.

Table 4. Riboflavin content of milk and dairy products by
LC and AOAC methods

Riboflavin content“ CV, %

Sample LC" AOAC" LC AOAC

Skim milk 1.25 ± 0.02 1.06 ±  0.01 1.6 0.94
Whole m ilk 1.28 ± 0.05 1.27 ±  0.02 3.9 0.79
Evaporated m ilk 2.53 ± 0.10 2.27 ±  0.06 4.0 2.6
Nonfat dry m ilk 16.5 ± 0.7 15.5 ±  0.7 4.3 4.5
Yogurt (plain) 0.56 ± 0.03 0.68 ±  0.04 5.4 5.9
Cottage cheese 0.56 ± 0.02 0.54 ±  0.02 3.6 3.7
Process cheese 1.68 ± 0.08 1.89 +  0.03 4.8 1.6
Cheddar cheese 2.51 ± 0.04 2.60 ±  0.02 1.6 0.77

*p,g/mL fo r the firs t 3 samples, ng/g fo r others. 
"Average of 6 determ inations ±  SD.
"Average of 2 determ inations ±  SD.
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EXTRANEOUS MATERIALS

Extraction of Light Filth from Whole Peppermint Leaves: Collaborative Study

JACK BOESE, MARVIN NAKASHIMA, and LARRY E. GLAZE1
Food and Drug Administration, Division o f Microbiology, Washington, DC 20204

Collaborators: C. L. Cox; W. L. Davis, Jr; J. LaGreca; R. W. Potter; M. C. Stricklin; F. C. Zimmerman

R esu lts are reported  for a co llab orative study o f  a m ethod for the  
extraction  o f  ligh t filth from  w h ole  p epperm int leaves. A 5 g sam ple is 
defatted  w ith  isop rop an ol in  a  sim p le reflux ap p artu s. R at h a irs, insect  
fragm ents, and w h ole  in sects are iso lated  b y w et siev in g  on a N o . 230  
sieve, a d eaeratin g  boil in  40%  isopropanol so lu tion , flotation w ith  
Tw een 80-N a4E D T A  (1 +  1) and  m ineral o il-h ep ta n e  (85 +  15), and  
trappings in  a  W ild m an  trap  flask . A verage recoveries obtained  by 6  
collaborators for 3  sp ik e levels o f  rat hairs (5 , 10, 15) w ere 8 3 .3 , 8 7 .5 ,  
and 82 .2 % , resp ective ly . F or w h ole  insects ( 5 ,1 0 ,1 5 )  recoveries aver
aged 8 5 .0 , 8 0 .0  and  77.2%  respectively; for  insect fragm ents (20 , 30 , 
50) recoveries averaged  7 9 .6 , 8 8 .3 , and  8 4 .8 % , respectively . T he aver
age recoveries for  th e  3 levels o f  each  an alyte  w ere  n o t significantly  
different. The m ethod  has b een  adopted  official first action .

Peppermint belongs to a large group of botanicals for which 
there are no official methods for separating filth. These prod
ucts usually consist of plant parts such as flowers, leaves, 
seeds, and roots, which are ground and blended for teas or 
used for flavorings and the production of extracts. Initial 
investigations centered on common leafy botanicals. This 
collaborative study involves only whole leaf peppermint. The 
proposed method can also be performed satisfactorily on 
other botanicals, i.e., alfalfa, lemon balm, papaya, and spear
mint. The proposed method will be collaboratively studied 
with these products in the future.

The method involves defatting a 5 g sample with isopro
panol in a simple reflux apparatus (Dent, R. G. (1982) J. 
Assoc. Off. Anal. Chem. 65,1089-1092) for 10 min. Rat hairs, 
insect fragments, and whole insects are isolated by wet siev
ing on a No. 230 sieve, a deaerating boil in 40% isopropanol 
solution, flotation with Tween 80-Na4EDTA (1 + 1) and 
mineral oil-heptane (85 + 15), and trappings in a Wildman 
trap flask. A standing period of 5 min following the magnetic 
stirring of the flotation liquid and vigorous agitation of flask 
contents at intervals during the flask fill aided the recoveries 
of whole insects.

Collaborative Study

Three levels of analyte spike were used in this study. The 
low level consisted of 5 rat hairs (2.5-5 mm), 20 insect frag
ments (elytral squares of Tribolium sp., ca 0.5 sq. mm), and
5 whole insects (adult Lasioderma serricorne, cigarette bee
tle). The intermediate level was 10 rat hairs, 30 insect frag
ments, and 10 whole insects; the high level was 15 rat hairs, 
50 insect fragments, and 15 whole insects. The spike was 
placed in randomly numbered vials, and 2 vials of each ana
lyte level were sent to each of 6 collaborators, together with
6 preweighed samples of product. The collaborators were 
instructed to report their analysis times and to return the
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extraction papers so that their results could be checked by 
the Associate Referee.

Light Filth in Whole Peppermint Leaves 
Flotation Method 

First Action
44.A06 Apparatus and Reagents

(a) Simple reflux apparatus.— 4 4.125(e).
(b) Tween 80-40% isopropanol.— 44.0 0 3 (x ).
(c) Tetrasodium EDTA-40% isopropanol.— 44.003(z).

44.A07 Pretreatment

Add 5 g sample and 500 mL isopropanol to 1 L beaker. Boil 10 
min with mag. stirrer, using reflux app.

44.A08 Isolation

Wet-sieve product on No. 230 sieve with hot H ,0 until washings 
are clear. Quant, transfer residue to 2 L trap flask with 40% 
isopropanol. Fill flask to 400 mL with 40% isopropanol. Boil on hot 
plate for 10 min with slow mag. stirring, 44 .002 (n ). Cool to 20-25° 
in H20  bath. Add 100 mL premixed Tween 80-Na4EDTA (1 + 1) 
down stirring rod. Hand-stir gently 1 min. Let stand 5 min. Fill flask 
to 800 mL with 40% isopropanol. Add 50 mL flotation liq., 44 .0 0 3 (k ), 
down stirring rod. Mag. stir, 44 .0 0 5 (c), 5 min. Let stand 5 min. Fill 
flask successively to 1200 mL, 1600 mL, and into neck with 40% 
isopropanol down stirring rod, agitating contents vigorously (up- 
down) with rod and wafer for 3-4 s after each fill. Let stand 5 min. 
Again vigorously agitate flask contents. Let stand 25 min. Trap into 
400 mL beaker, washing neck, wafer, and rod with 40% isopropanol 
and add rinse to beaker. Add 35 mL flotation liq. Hand-stir (up- 
down) for 30 s. Let stand 20 min. Trap into original beaker, washing 
neck, wafer, and rod with isopropanol and add rinse to beaker. 
Filter onto ruled filter paper, wash beaker with isopropanol, and 
filter washings. Examine papers microscopically at 30 x .

Results and Discussion
In no instance was excessive plant material evident on filter 

papers returned to the Associate Referee. The collaborators 
took an average of 2.8 h/subsample to perform the extraction 
procedures (range 2-4 h) and an average of 0.5 h/subsample 
to count the plates (range 0.125-1.25 h).

Comparisons of mean percentage recoveries for experi
mental data with ranges from the collaborative study (Tables 
1-3, Associate Referee counts) demonstrate good agreement; 
these recoveries are 81 vs 82-88% for rat hairs, 95 vs 77-85% 
for whole insects, and 82 vs 80-88% for insect fragments.

Most of the collaborators obtained good recoveries of rat 
hairs (Table 1). Collaborator A had consistently low recov
eries that ranged from 50 to 60%, for which no explanation 
could be found. The recoveries reported by Collaborator E 
also appeared to be consistently low, but a check of the plates 
showed that a number of hairs had not been counted. It was 
learned that Collaborator E based the counts on what was 
believed to be the predominant hair size, rather than on the 
size range given in the collaborative study instructions. The 
actual recoveries for rat hairs are given in parentheses in 
Table 1. Correcting the counts substantially reduced the 
apparent variation in the recovery data.
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Table 1. Collaborative results for recovery of rat hairs 
(blind duplicates)

Spike level

Coll. 5 10 15

A
B
C
D
E
F

4(3)“ 3 
5 5 
9(4) 6(5) 
5 4(5) 
2(4) 3(4) 
6(5) 2

5 5 
10 11 
9(10) 11(10) 

10 8(9) 
6(8) 9(11) 
9 7

9(8) 7(8) 
15(13) 14 
14 14(15) 
12 12(10) 
10(13) 6(12) 
14(15) 15(14)

X 4.5(4.17) 8.33(8.75) 11.83(12.33)
x, % 90.0(83.33) 83.33(87.5) 78.89(82.22)
SD

Repeatability 1.53(0.91) 1.35(1.12) 1.35(0.82)
Reproducibility 2.02(1.04) 2.21(2.17) 3.25(2.57)

CV, %
Repeatability 34.0(21.82) 16.21(12.8) 11.41(6.65)
Reproducibility 44.89(24.94) 26.53(24.8) 27.47(20.84)

“Associate Referee counts are in parentheses if different from those of 
collaborator.

The recoveries of whole or equivalent insects (W/E), although 
somewhat variable, were generally acceptable (Table 2). Because 
Collaborator A considered any major body part, such as a 
thorax-abdomen or an abdomen, to be an equivalent insect, 
the counts were considerably inflated. As defined in the collab
orative study instructions, an equivalent insect consists of at 
least a head. The corrected counts are in parentheses.

Collaborators B and C had consistently low recoveries of W/ 
E insects. However, both had noted additional W/E insects 
rising to the interface following the second (final) trapping. 
Collaborator B also stated that, because no specific time was 
given for the intermittent agitation during the flask filling, this 
operation was performed for 30, 30, and 45 s, respectively. The 
duration for these steps should have been only a few seconds 
to simply agitate the flask contents. Excessive agitation at these 
points could have shaken insects from the flotation liquid.

No significant problems were noted with insect fragment 
(IF) results (Table 3). The data are in agreement with the 
consistent recoveries noted in the ruggedness test results for 
IFs (Table 4).

Finally, Student’s /-tests were performed to compare per
centage recoveries for levels of each analyte (Tables 1-3). 
No significant differences were found (P > 0.05).

Recommendation
On the basis of the satisfactory analyte recoveries and clean 

filter papers, it is recommended that the proposed method be 
adopted official first action.
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Table 2. Collaborative results for recovery of whole or equivalent 
Insects (blind duplicates)

Spike level

Coll. 5 10 15

A 6(5)“ 9(5) 8 17Ö(10) 13(12) 14(9)
B 5 2 5 9(10) 9(8) 10(9)
C 1(2) 5 6 5(6) 8(7) 15
D 5 4 8 9 14 14
E 5(4) 5 10(9) 9(8) 15(14) 5(6)
F 4(5) 4 8 8(9) 15(16) 15

X 4.58(4 .25) 7.73(8.0) 12.25(11.58)
X, % 91.67(85.0) 77.27(80.0) 81.67(77.22)
SD

Repeatability 1.66(1 .32) 1.28(1.63) 3.55(3.4)
Reproducibility 1.66(1 .32) 1.71(1.63) 3.55(3.57)

CV, %
Repeatability 36.24(31.06) 16.56(20.38) 28.98(29.36)
Reproducibility 36.24(31.06) 22.12(20.38) 28.98(30.83)

“Associate Referee counts are in parentheses if d ifferent from those of 
collaborator.

“Outlier by Dixon test; not included in calculations.
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Table 3. Collaborative results for recovery of insect fragments 
(blind duplicates)

Spike level

Coll. 20 30 50

A 9 8 23 27(28) 40(35) 46(48)
B 18(19)“ 20(19) 27(26) 27 40 38
C 19(17) 9 19(20) 24(23) 37 31
D 20 18 30 30 50 47(50)
E 19(17) 18(19)31(28) 26(28) 43(45) 39
F 21(19) 17 26(27) 27(28) 47(49) 46(47)

X 16.33(15.92) 26.42(26.5) 42.0(42.42)
x , % 81.67(79.58) 88.06(88.33) 84.0(84.83)
SD

Repeatability 3.24(2.53) 2.36(1.73) 2.92(4.56)
Reproducibility 

CV, %
4.88(4.63) 3.4(3.13) 5.63(6.69)

Repeatability 19.84(15.89) 8.93(6.53) 6.95(10.75)
Reproducibility 29.88(29.08) 12.87(11.81) 13.4(15.77)

“Associate Referee counts are in parentheses if different from those of 
collaborator.

Table 4. Ruggedness test data for extraction of light filth* in whole peppermint leaves: comparison of variations

Operation as performed 
in proposed method

Variation 1 Variation 2

Signif.
d iff.“

in recoveriesOperation

Ree.,6 %

Operation

Ree.,6 %

RH IF W/E RH IF W/E

Solvent saver boil, 10 min 10 min 81 75 90 25 min 75 86 68 no
Hot plate boil, 10 min 9 min 74 75 75 15 min 82 86 82 no
Cool to 20-25°C 15-19°C 79 81 90 26-30°C 78 80 68 no
Magnetically stir, 5 min 4 min 79 76 65 8 min 78 85 92 no
Let stand 5 min 5 min 81 85 82 10 min 75 76 75 no

no vigorous
Vigorous s tirring during flask filling stirring 81 75 72 stirring 75 86 85 no

“RH =  rat hairs; IF =  insect fragments; W/E = whole or equivalent insects. 
“ Four replications (20 RH, 20 IF, 10 W/E).
“Between variations 1 and 2 (P >  0.05).
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Determination of Internal Insect Infestation of Oats: Collaborative Study

RICHARD L. TRAUBA
Food and Drug Administration, 240 Hennepin Ave, Minneapolis, M N  55401 

Collaborators: R. B. Bradicich; C. C. Freeman; M. J. Nakashima; J. T. Quaife; W. Senff; A. Whiteman

A n im proved  m eth od  has been  develop ed  for d eterm in in g internal 
in sect in festation  o f  oat k en n els. T he m ethod  involves a lcohol defatting  
and acid  hyd rolysis o f  the crack ed  oats, w et s iev in g  to rem ove the acid , 
tran sfer to a 2 L  W ild m an  trap  flask , deaeration  b y b o iling , and  
treatm ent w ith  T w een  80 -N a4E D T A . In sects are extracted  w ith  light  
m ineral o il. R ep orts from  6 co llab orators sh ow ed  that recoveries aver
aged 88.98% for  ad u lt in sect h eads and  97.22% for larvae. T he m ethod  
has been ad op ted  official first action .

The present official AOAC method for internal insect infes
tation in grain (1) produces an excessive amount of plant 
material which floats and is trapped off with the heptane layer. 
As a result, 30-35 readable extraction papers are needed per 
sample, and in some samples, the trapped plant material 
cannot be filtered. For these reasons, the present AOAC 
method is unsatisfactory for oats.

In the proposed method, a 25 g sample is used. The sample 
is cracked, treated with isopropanol to dissolve the plant 
waxes, and sieved while the isopropanol and dissolved waxes 
are removed with water. The material is then hydrolyzed 
with HC1 to break down the starch. The hydrolyzed sample 
is placed on a sieve and washed with water to remove the 
acid to prevent any chemical reaction between HC1 and 
Na4EDTA. The material is then transferred to a 2 L trap 
flask with 40% isopropanol, deaerated, and treated with Tween 
80-Na4EDTA solution to prevent the plant material from 
floating with the oil. Mineral oil is added and the contents are 
mixed. Because the trapped-off oil layer contains very little 
plant debris, 2 clean filter papers are produced for counting.

In the method reported by Trauba (2), the grain is cracked 
by using a Labconco mill, or equivalent, or an electric coffee 
grinder set to give a particle size of about 0.061 in. The 
Norelco “ dial-a-bean” coffee grinder, mentioned in the 
method, is no longer manufactured. Other coffee grinders of 
this type are available and should be satisfactory for cracking 
the grain.

The particle size of the cracked oats, about 0.061 in., can 
be checked by passing the 25 g of cracked oats through a No. 
14 sieve (3). The amount of cracked oats retained on the sieve 
should range from 75 to 80% by weight, and the amount 
passing through the sieve should range from 20 to 25% by 
weight.

When the Labconco mill is used, the blade-adjusting wheel 
should be rotated counterclockwise until the cutting blades 
are touching. Then, the adjusting wheel should be rotated 
clockwise Vi of a revolution. This setting should give cracked 
oats within the desired particle size range.

Collaborative Study
Six collaborators each examined six 100 g spiked samples 

of previously cracked oats by the official method and the 
same number of spiked 25 g samples by the proposed method.
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The spikes in all samples consisted of the adult heads of 15 
Sitophilus oryzae and 15 Rhyzopertha dominica, and 5 whole 
Sitophilus oryzae larvae.

Insect Infestation (Internal) in Oats 

Cracking Flotation Method 

First Action

44.A01 Reagent

Tween 80—NatEDTA [(ethylenedinitrilo)-tetraaeetic acid tetra- 
sodium salt] premix soln.—Measure 420 mL 40% isopropanol in 
500 mL graduate. Add 80 mL Tween 80 (polysorbate 80) to 100 mL 
g-s graduate. Invert 100 mL graduate over 2 L glass beaker and 
drain briefly. Rinse 100 mL graduate with several portions of the 
420 mL 40% isopropanol, pouring each rinse into beaker. Add rest 
of 40% isopropanol to beaker, add mag. stirring bar, 44.002(n), and 
start mag. stirring. Add 10 g Na4EDTA to beaker while stirring 
rapidly. Add 500 mL 40% isopropanol and stir until uniform. Mixed 
reagent stored in g-s flask is stable 1 week.

44.A02 Preparation of Sample

Mix grain by passing 6 times thru Jones sampler, recombining 
sepns before each pass. Sep. slightly >25 g and weigh 25 g. Transfer 
weighed sample, small amt at a time, to 5 or 8 in. No. 12 sieve, and 
with stiff bristle brush, work insects thru sieve as completely as 
possible.

Grind screened sample in cutting-type mill set at 0.061 in. (Elec, 
coffee grinder can be used.) Particle size of cracked oats, ca 0.061 
in., can be checked by passing the 25 g cracked oats thru No. 14 
sieve, 44.002(r). Amt of cracked oats retained on sieve should range 
from 75 to 80% by wt and amt passing thru sieve should range from 
20 to 25% by wt. When using Labconco mill, rotate blade adjusting 
wheel counterclockwise until cutting blades are touching. Then 
rotate adjusting wheel clockwise V* revolution. This setting should 
give cracked oats within particle size range mentioned above. Dry 
damp or tempered grain in forced-draft oven 1 h at 70-80° or 2 h 
in oven without draft.

44.A03 Isolation

Transfer cracked grain, including any residue in mill, to 2 L glass 
beaker contg mag. stirring bar, 44.002(n), and add 600 mL isopro
panol. Cover beaker and stir gently while boiling 5 min on hot plate.

Transfer sample to No. 100 sieve, 44.002(r), with gentle stream 
of hot tap H,0. Wash material on sieve with very gentle stream of 
hot (55-70°) tap H ,0 to remove isopropanol. Quant, transfer material 
on sieve to original 2 L beaker with H,0. Add mag. stirring bar, 
44.002(n), and mixt. of 600 mL H ,0 + 50 mL HC1. Cover beaker 
and mag. stir contents gently while boiling 15 min on hot plate. 
Transfer material to No. 100 sieve, 44.002(r), with gentle stream of 
hot tap H,0. Wash material on sieve with very gentle stream of hot 
(55-70°) tap H,0 until washings show no acidity when tested with 
blue litmus paper.

Add mag. stirring bar, 44.002(n), to 2 L trap flask, 44.002(h)(4). 
Place wide-stern funnel in flask opening and quant, transfer material 
on sieve to flask with 40% isopropanol. Add 40% isopropanol to 
total vol. of 800 mL.

Clamp stirring rod so stopper or wafer is above liq. in flask. (Trap 
flask may stand overnight at this point.) Stir gently while boiling 7 
min ± 10 s on mag. stirring hot plate. Remove flask from hot plate 
and wash down sides with min. of 40% isopropanol and immediately 
add 100 mL Tween 80-Na4EDTA soln slowly down rod. Hand-stir 
gently 1 min and let stand 3 min.
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Table 1. Collaborative results fo r recovery o f adult Insect heads (30 added) and larvae (5 added) from  oat kernels by the proposed method

Adult heads Larvae

Coll. A B C D E F A B C D E F

1 21 29 29 26 25 26 4 5 5 5 5 4
2 29 19 25 27 28 25 5 5 5 4 5 5
3 28 22 23 29 28 25 5 5 5 5 5 4
4 30 30 29 29 20 28 5 5 5 5 5 5
5 27 27 25 27 27 29 5 5 5 5 5 5
6 28 30 27 28 28 28 5 4 5 5 5 5

Av„ % 88.98 97.22
SD

Repeatability 2.808 0.357
Reproducibility 2.808 0.357

CV, %
Repeatability 10.52 7.34
Reproducibility 10.52 7.34

Add 50 mL mineral oil, 44.003(p), down stirring rod. Stir mag., 
44.005(c), 5 min on cool mag. stirrer, and let stand 3 min.

Fill flask with 40% isopropanol, added slowly down stirring rod 
to avoid mixing or agitation of flask contents, and let stand 20 min 
undisturbed. Trap off into beaker, rinsing neck of flask with 40% 
isopropanol, and add rinse to trapping in beaker.

Transfer trapping to ruled filter paper, rinsing beaker well with 
isopropanol. Add 35 mL mineral oil, 44.003(p), to flask and hand- 
stir 1 min. Clamp stirring rod so stopper or wafer is at midpoint of 
flask. Let stand 5 min, spin stirring rod to free settlings from stopper 
or wafer, and adjust oil level with 40% isopropanol to ca 1 cm above 
fully raised stopper. Let stand undisturbed 15 min. Trap off into 
beaker, rinsing neck of flask well with isopropanol and adding 
rinsings to trapping in beaker. Transfer trapping to ruled filter paper, 
rinsing beaker well with isopropanol. Examine papers at 15 x , 
counting only whole insects, insect heads, cast skins, and head 
capsules.

Results and Discussion
Table 1 shows the recoveries of the spiked elements. Aver

age recoveries of adult insect heads and larvae by the pro
posed method were 88.98 and 97.22%, respectively. The 
method gave good average recoveries and precision for the 
adult insect heads and larvae and 2 clean, easy-to-read extrac
tion papers.

The official method was determined to be unsatisfactory 
for oat kernels because of the excessive amount of plant 
material that was trapped off with the heptane layer. From 
30 to 35 readable extraction papers were needed per sample, 
and in some samples the trapped material could be fil
tered. For these reasons, the collaborators were instructed

not to make counts of the extraction papers from the official 
method. Therefore, no recovery results for the official method 
are presented.

Recommendation
The proposed method produces clean extraction papers 

and high recoveries for both adult and larval whole or equiv
alent insects. No toxic solvents, which need special precau
tions, are used. Therefore, it is recommended that the pro
posed method for the determination of internal insect infes
tation of oat kernels be adopted official first action.
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OILS AND FATS

Mass Spectrometry and Identification of Sterols in Vegetable Oils as Butyryl Esters and Relative 
Quantitation by Gas Chromatography with Flame Ionization Detection

WILLIAM C. BRUMLEY, ALAN J. SHEPPARD,1 THEODORE S. RUDOLF,1 CHIH-SHANG J. SHEN,1 
PARVIN YASAEI,2 and JAMES A. SPHON
Food and Drug Administration, Division o f  Chemical Technology, Washington, DC 20204

Electron ionization mass spectrometry (MS) of sterol butyrates is 
described. Fragmentation of common sterol butyrates is related to 
structure and is discussed in relation to the fragmentation of free sterols 
and of commonly used sterol derivatives. Derivatized samples of veg
etable oils are introduced using a 10 m capillary gas chromatographic 
(GC) column for complete separation of the sterol butyrates. Quanti
tation of sterol butyrates in vegetable oils by packed column GC/flame 
ionization detection is based on percent relative area of peaks identified 
by MS. Results of analyses of sunflower, castor, rapeseed, and virgin 
olive oils, and other oils are presented. These techniques have been 
applied to the rapid screening of marketed olive oils for possible adul
teration.

Sterols are the principal component of the unsaponifiable lipid 
fraction of vegetable oils. However, they constitute only 
about 1% of the total lipids. The major lipid fraction, the 
saponifiable fraction, makes up about 95% of the lipid and 
consists of triacylglycerols (1).

Many papers have been published on the quantitative and 
qualitative sterol composition of vegetable oils. Itoh et al. (2) 
reported a detailed analysis of Spanish olive oils and Fedeli 
(3) reviewed the lipid content of various olive oils. Mannino 
and Amelotti (4) determined the sterol content of a variety of 
vegetable oils. The sterol fraction of edible oils has been 
suggested for use in identifying the oil and detecting adulter
ation (1, 3, 5, 6). Standard methods of sterol determination 
include extraction, thin layer chromatography (TLC), and 
gas chromatography (GC) of the trimethylsilyl (TMS) ether 
derivatives (2,7).

The most common 4-desmethylsterols found in vegetable 
oils include cholesterol (trace levels), brassicasterol, cam- 
pesterol, stigmasterol, (3-sitosterol, and A5-avenasterol (1-3). 
In addition, the 4-methyl- and 4,4-dimethylsterols have been 
characterized in vegetable oils (1-3). Itoh et al. (8) continued 
the application of GC to sterol determination, using sterol 
acetates. Acetate and other derivatives are often used to 
facilitate GC and to avoid peak tailing. The use of butyryl 
esters of sterols was described for the determination of sterols 
in food (9) based on the work of Nelson et al. (10). Sterol 
butyrates provided improved GC resolution compared to other 
derivatives.

GC/mass spectrometry (MS) has been extensively applied 
to the characterization of plant sterols (1-3). The electron 
ionization (El) MS of sterols (11, 12) and other steroidal 
compounds (13-16) has been described. Knights (17) com
pared the El fragmentation of A5, A7 and diunsaturated sterols 
and their acetyl, trifluoroacetyl, and TMS ether derivatives. 
Under El conditions, sterols and certain of these derivatives 
produce a molecular ion and in all cases afford characteristic 
fragment ions that can be correlated with structure.

In this paper we describe the El MS of sterol butyrates. 
Fragmentation is related to structure and compared with the
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fragmentation of free sterols and their commonly used deriv
atives. Sterol butyrates are identified by MS in derivatized 
samples of vegetable oils by using a 10 m capillary GC column 
to completely separate the major sterol constituents. Quan
titation of sterols as butyrates is based on percent relative 
area and is achieved by packed column GC/flame ionization 
detection (FID). Results of analyses of several vegetable oils 
are presented, and application of these techniques to the 
screening of olive oils for adulteration is discussed.

Experimental

Apparatus and Reagents
(a) Gas chromatograph-mass spectrometer.—Finnigan- 

MAT (San Jose, CA) 3300F quadrupole mass spectrometer 
operated under the following conditions: electron energy 70 
eV; emission current 0.50 mA; preamplifier and multiplier 
10- 8 A/V and -1400 V. The electron multiplier detector was 
modified to include conversion dynode/multiplier (Finnigan 
No. 4007-60210/Galileo No. 4752) similar to that used on 
Finnigan 4000 series instrument. Additional feed-through for 
the dynode high voltage was provided by using the cup feed
through connector for the signal lead and the normal signal 
feed-through for the dynode high voltage, which was operated 
at - 3  kV.

Finnigan 9500 gas chromatograph was operated under the 
following conditions: injector 240°C; column temperature held 
at 40°C for 1 min following injection and then ballistically 
elevated to 300°C; separator and transfer lines held at 250°C. 
The capillary column (10 m, SE 54, fused silica, Hewlett- 
Packard, Avondale, PA) was directly connected to the ion 
source by removing the glass jet separator and using a ‘/ t t - ’A 
in. adaptor (No. LHR4/16, Scientific Glass Engineering (SGE), 
Austin, TX). The original packed column injector was mod
ified first by replacing it was a splitless injector (SGE No. 
SCI-AK) and then modifying it as follows: The glass-lined 
stainless steel tubing that is part of the SCI-AK injector insert 
and enters from the bottom of the injector was replaced with 
13.4 cm glass tubing made of joined 3 and 4 mm id glass. This 
modified glass injector insert then overlaps both the glass- 
lined tubing left in the insert and also the neck of the septum 
purge head (SGE No. PH8 or part of No. SCI-AK) that enters 
from the top of the injector. The advantage of the modified 
system is that injector contamination can be seen and the 
used insert can be easily cleaned. A 7 cm needle syringe is 
required for the modified injector.

(b) Gas chromatograph.—Perkin-Elmer Sigma 3B, with 2 
m x 4 mm id pyrex column packed with 1% SE-30 on 100- 
120 mesh Gas-Chrom Q. Operating conditions: temperature 
(°C)—injector 300, column 250, detector 300. The relative 
retention times (min) for the major sterols in this study were: 
cholesterol 0.60-0.62, brassicasterol 0.68-0.70, campesterol 
0.80-0.82, (3-sitosterol 1.00. Carrier nitrogen flow was ca 40 
mL/min with minor flow rate adjustments to elute cholesterol 
in ca 15 min.
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(c) Methylene chloride, methanol, pyridine, and n-hex- 
ane.—Distilled in glass (Burdick & Jackson Laboratories, 
Muskegon, MI).

Preparation of Standards
Cholesterol, campesterol, and (3-sitosterol standards were 

derivatized as previously described (9). Briefly, aliquots of 
standard dissolved in hexane were evaporated to dryness and 
refluxed with 4 mL butyric anhydride-pyridine (2 + 1) for 
30 min. Solutions were then evaporated to near dryness and 
diluted to volume with hexane.

Preparation of Samples
Rapeseed, castor, and sunflower oils were used directly 

without further purification or extraction to prepare the butyrate 
derivatives of the sterols as previously described (9).

For peppercorns, 25 g pink berries was homogenized in a 
Model 45 Macro-Virtis homogenizer equipped with a 250 mL 
bowl containing ca 175 mL methylene chloride-methanol (2 
+ 1). The sample was homogenized ca 30 min until the berry 
fragments appeared finely divided. The homogenate was 
extracted by the procedure of Chen et al. (18). The total 
sterols were isolated from the extract by using preparative 
TLC plates of 0.5 mm Baker silica gel 7GF, using the solvent 
system and developing conditions of Malins and Mangold
(19), which were further described by Mangold (20). The 
sterol band of the plate was located using an iodine vapor 
chamber, boundaries were scored, and the area was scraped 
into a 70 mm funnel containing an S&S 588 (or equivalent) 
filter paper. The sterols were extracted with five 10 mL por
tions of methylene chloride into a 100 mL beaker and evap
orated to near dryness under a nitrogen stream on a steam 
bath. The sterols were then transferred to a 50 mL Erlen- 
meyer flask and diluted to volume with methylene chloride. 
An aliquot of this solution was derivatized as previously 
described. Olive oil, soybean oil, tobacco, and cocoa bean 
were extracted by the method of Chen et al. (18), and the 
sterol fraction was isolated using preparative TLC and deri
vatized as described above.

Results and Discussion 

El MS of Sterol Butyrates
Figure 1 illustrates the chromatography as the total ion 

current that was obtained using capillary column GC/MS for 
cholesterol, campesterol, stigmasterol, and (3-sitosterol stan
dards as their butyryl esters. Brassicasterol butyrate elutes 
between cholesterol and campesterol butyrate. Figures 2A- 
E present the mass spectra of these 5 common sterol butyr
ates. As a reference point of discussion, the mass spectrum 
of cholesterol butyrate (Figure 2A) is considered in detail. 
The highest mass ion observed is found at m/z 368 and may 
be represen ted  as (M -ROH)+ ions, where R = 
CH3CH2CF[2C(0). This behavior is in contrast to TMS ether 
derivatives of A5 sterols, which often show appreciable 
molecular ions as well as the (M-TMSOH)+ ion (17). Acetate 
and trifluoroacetate derivatives also yield relatively abundant 
(M-R'OH)+ ions, where R1 represents the acetyl or trifluoro- 
acetyl group (17). However, the specificity of the mass spec
trum of cholesterol butyrate remains high because of the 
characteristic fragment ions observed. Fragment ions above 
m/z 200 include m/z 353, 260, 255, 247, and 213, correspond
ing to ions represented as (M-ROH-15)+, (M-ROH-108)+ , 
(M-ROH-SC) + , (M-ROH-121)+, and (M-ROH-SC-42)+, where 
SC = side chain group (113 u for cholesterol butyrate) (17). 
This fragmentation pattern most closely resembles that found

Figure 1. Total ion current (100-500 u) chromatogram (El, 70 eV) of sterol 
butyrates. A, cholesterol; B, campesterol; C, stigmasterol; and D, p-sitos

terol.

in the spectra of sterol acetates (17), and is repeated in the 
spectra of the other A5 sterol butyrates of campesterol and (3- 
sitosterol (Figures 2B and D) with appropriate changes in 
mass due to different side chains. The spectra of diunsatur- 
ated sterol butyrates of brassicasterol and stigmasterol (Fig
ures 2E and C) afford similar fragmentation but differ in the 
greater relative abundance of the ions at m/z 255 (M-ROH- 
SC)+ and 253 (M-ROH-SC-2H)+ as well as in the presence 
of m/z 282. The latter ion may represent loss of most of the 
side chain with possible cleavage between C20 and C22 accom
panied by hydrogen rearrangement. The A5-22 sterol butyrates 
show a relatively greater abundance for the ion represented 
as (M-ROH-43)+ as well (17). Since the fragment ions in the 
spectra of sterol butyrates all involve loss of ROH in addition 
to other units, the overall pattern above m/z 200 is simpler 
than that found in spectra of free sterols and other sterol 
derivatives, which show additional fragment ions not involv
ing loss of the R‘OH unit (i.e., water, acetate, and TMSOH).

The fragment ion patterns below m/z 200 are generally 
indicative of sterols. They consist of ion clusters centered at 
m/z 107,119,133,145,159,173,185, and 199. Fragmentations 
leading to these ions are probably complex. Ions represen
tative of the butyryl group such as m/z 71 are present at about 
the same relative abundance as ions in the limited mass range 
usually scanned (100-500 u). In contrast, positive ion chem
ical ionization (methane) spectra are dominated by m/z 89 
representative of protonated butyric acid and weak ions 
indicative of the sterol structure (unpublished observations). 
Thus, chemical ionization MS does not appear to be as useful 
as El MS for identification of sterol butyrates.



BRUMLEY ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 68, NO. 4, 1985) 703

Figure 2A. El mass spectrum (GC introduction, 70 eV) of cholesterol butyrate.

Figure 2B. El mass spectrum (GC introduction, 70 eV) of campesterol butyrate.
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Figure 2C. El mass spectrum (GC introduction, 70 eV) of stigmasterol butyrate.

Figure 2D. El mass spectrum (GC introduction, 70 eV) of p-sitosterol butyrate.
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Figure 2E. El mass spectrum (GC Introduction, 70 eV) of brasslcasterol butyrate.

El MS of Virgin Olive Oil
Figure 3A illustrates the total ion chromatogram obtained 

from a sample of virgin olive oil. Typically, 3 components 
are found with retention times (RTs) longer than (3-sitosterol. 
We have tentatively identified the components at RT = 12:18 
mirnsec as cycloartanol (m/z 408 = M-ROH)+ ) and at RT = 
12:37 min:sec as 24-methylenecycloartanol (m/z 422 = (M- 
ROH)+ ) Figures 3B and C). The spectrum of the latter com
pound reveals characteristic fragment ions at m/z 407, 379, 
353, 339, 325, and 300 corresponding to (M-ROH-15)+, (M- 
ROH-43)+, (M-ROH-69)+, (M-ROH-83)\ (M-ROH-97)+, and 
(M-ROH-122)+ . This tentative identification was further cor
roborated by obtaining spectra of the free sterols in the unde- 
rivatized sample and comparing them with reference spectra 
(21).

The third component observed at RT 12:47 mirnsec appears 
to be steroidal in nature, but ions afforded by the butyryl 
ester above m/z 200 do not result in a fragmentation pattern 
readily related to one of those already described. Ions were 
observed at m/z 398, 355, 326, 310, 295, 267, 241, and 227. 
High resolution GC/MS mass measurements were consistent 
with elemental compositions of C27H42O2 for m/z 398, C24H35O2 
for m/z 355, and C23H34 for m/z 310. Examination of the mass 
spectra afforded by the underivatized sample indicated that 
an additional minor component present was likely a 4,4-dime- 
thylsterol such as cyclobranol or the A25 isomer, but no com
ponent was observed in the free sterols that could be related 
to the butyryl ester of the unknown. The lack of obvious 
correlation of the spectrum of the unknown in the derivatized 
sample with known compounds prevents identification.

Other Sterol Butyrates
We also report the spectra of the butyryl esters of fucost- 

erol, lanosterol, and stigmastanol (Figures 4A-C) for com
parison with results already discussed. The spectrum of 
fucosterol butyrate (Figure 4A) resembles those of the other 
sterol butyrates, including stigmasterol butyrate, with the 
highest mass ion corresponding to (M-ROH)+ at m/z 394. 
Ions at m/z 281, 255, 253, and 213 are also common to the

spectrum of stigmasterol butyrate. The most notable feature 
of the spectrum of fucosterol butyrate is the base peak at 
m/z 296 corresponding to (M-ROH-88)+ resulting from cleav
age between C22 and C23 with hydrogen transfer to the neutral 
fragment. Ions at m/z 314 and 296 are observed in the spec
trum of the free sterol corresponding to (M-88)+ and (M- 
H20-88)+ .

Figure 3A. Total Ion current (100-500 u) chromatogram (El, 70 eV) of 
sterol butyrates from virgin olive oil.
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Figure 3B. El mass spectrum of components at RT 12:18.
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Figure 3C. El mass spectrum of components at RT 12:37.
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