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L im it e d  P r e - P u b l i c a t io n  O ffer... L im it e d  P r e - P u b l ic a t io n  O ffer...

The U.S. EPA Manual 
of Chemical Methods 

for Pesticides and Devices, 
Second Edition

C h a r le s  J. Stafford, Everett S. G reer, A d r ia n  W . Burns, D ean  F. H ill,  Ed ito rs

A c t  n o w  a n d  t a k e  a d v a n ta g e  o f  
th is  s p e c ia l  p r e - p u b l i c a t i o n  offer.
S c h e d u l e d  fo r  A pril  1, 1992 
r e l e a s e ,  T h e  U.S. EPA Manual of 
Chemical Methods for Pesticides 
and Devices is  a  c o m p e n d i u m  o f  
c h e m i c a l  m e t h o d s  for t h e  a n a l y ­
s i s  o f  p e s t i c i d e s  in  t e c h n ic a l  
m a te r i a l s ,  c o m m e r c i a l  p e s t i c id e  
f o r m u l a t i o n s  a n d  d e v ic e s .  T h e  
m a n u a l  c o n t a i n s  2 8 7  m e t h o d s  
t h a t  h a v e  b e e n  c o n t r i b u t e d  b y  
f e d e r a l  a n d  s t a t e  a g e n c i e s  a n d  
p r iv a t e  in d u s t r y .

A l th o u g h  n o t  c o l l a b o r a t iv e l y  
t e s t e d  offic ia l  A O A C  m e t h o d s ,  
m o s t  h a v e  b e e n  v a l i d a t e d  in 
e i t h e r  EPA  o r  s t a t e  l a b o r a to r i e s .
T h e s e  p r o c e d u r e s  a r e  b e l i e v e d  
to  b e  t h e  m o s t  s u i t a b l e  a n d ,  in 
s o m e  c a s e s ,  t h e  o n ly  m e t h o d s  
a v a i l a b l e  fo r  a  p a r t i c u l a r  
f o r m u la t io n .

To order: Send your name and address and payment. AOAC International accepts checks (US 
funds on US banks only, please) and VISA, MasterCard or Diners credit cards. When paying by 
credit card, please include: type of card, card number, expiration date and your signature.
Send to: AOAC International - J, 1970 Chain Bridge Road, Dept. 0742, McLean, VA 22109-0742.
Credit card orders may also be placed by phone +1 (703) 522-3032, or FAX +1 (703) 522-5468.

T h is  n e w l y  r e v i s e d  e d i t i o n  o f fe rs  
a n  u p d a t e d  f o r m a t  a n d  18 n e w  
m e t h o d s .  S o m e  m e t h o d s  p r e s e n t  
in  t h e  p r e v i o u s  e d i t io n  a n d  u p ­
d a t e s  h a v e  b e e n  e l im in a te d ,  s u c h  
a s  t h o s e  fo r  p e s t i c i d e s  t h a t  a r e  
n o  l o n g e r  r e g i s t e r e d  a n d  t h o s e  
fo r  w h i c h  a n  e q u i v a l e n t  p r o ­
c e d u r e  e x i s t s  in  Official Methods 
of Analysis of the AOAC. T h e  
r e s u l t  is  a  c o n c i s e ,  u p - t o - d a t e  
m a n u a l  d e s i g n e d  to  s e r v e  all 
a n a ly t i c a l  s c i e n t i s t s  i n v o lv e d  in 
p e s t i c i d e s  a n d  d e v ic e s .

S c h e d u le d  f o r  p u b lic a tio n  A pril 1, 
1992. S e c o n d  ed ition . A p p ro x im a te ly  
790  pa g es. 3 -h o le  drill w ith  b inder. 
ISBN 0 -9 3 5 5 8 4 -4 7 -1 . S p e c ia l  p r e -  
p u b l i c a t io n  p r i c e s  va lid  u n til M arch  
31, 1992: $ 1 1 7 . 9 0  in N orth  A m erica  
(USA, Canada, M exico), $ 1 3 8 . 6 0  o u t­
s id e  N orth A m erica . P rices in effect 
a fte r  M arch 31, 1992: $ 1 3 1 . 0 0  in  
N orth A m erica , $ 1 5 4 . 0 0  o u ts id e  
N orth  A m erica .
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Keep Your Skills On the Cutting Edge 

w ith AOAC International’s

1992 SH O R T  C O U R S E S
Make Your Plans Now to Attend!

Quality Assurance for Analytical Labs 

Quality Assurance for Microbiological Labs 

Laboratory Waste Disposal and Environmental Compliance

Statistics for Methodology 

Improving Your Technical Writing Skills 

How to Testify as an Expert Witness

Alexandria, VA San Francisco, CA
April 20-25, 1992 June 15-20, 1992

Cincinnati, OH
August 29-30,1992 and September 3-4,1992 

Here’s what past participants have said ...

“• • ■ a tremendous source of valuable “Well paced program covering a
information. Cited case studies...a plus. ” wealth of information”

“The workshop I shortcourse was so “Very useful as to new regulations”
informative that I would like to invite the
instructor to my university for a mini- Lots of good ideas & suggestions...can 
seminar.” be activated with minimum expense”

For m ore inform ation, d a tes and location s, call th e  AOAC M eetings D epartm ent at  
+ 1 (7 0 3 )  5 22 - 30 3 2  or fax, +1 (7 0 3 )  522 -5468 .
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For Your Information

Meetings
M arch 25, 1992: MidAtlantic Re­

gional Section Meeting, College Park, 
MD. Contact: Charles P. Lattuada, 
USDA-FSIS, Bldg 322, Barc-E, Belts- 
ville, MD 20705, telephone 301/504- 
8514.

M a y 1 1 -1 2 , 19 9 2 : Northeast Re­
gional Section Meeting, Nova Scotia, 
Canada. Contact: Ben Harnish, Nova 
Scotia Dept of Agriculture and Market­
ing, Box 550, Truro, NS, B2N 5E3, 
Canada, telephone 902/893-6562.

M ay 14 ,1992: New York/New Jersey 
Regional Section Meeting, Cook Cam­
pus Center, Biel Rd, New Brunswick, 
NJ. Contact: A lex MacDonald, 
Hoffmann La Roche, Inc., 340 Kings- 
land St, Nutley, NJ 07110, telephone 
201/235-4641

June 2 -4 ,1 9 9 2 :  AO AC Board of Di­
rectors Meeting, AOAC, Arlington, 
VA. Contact: Nora Petty, AOAC, 
2200 Wilson Blvd, Suite 400, Ar­
lington, VA 22201-3301, telephone 
703/522-3032.

June 8 -10 , 1992: Midwest Regional 
Section Meeting, Champaign, IL. Con­
tact: Karen Harlin, University of Illinois, 
Department of Veterinary Bioscience, 
2001 S. Lincoln, Urbana, IL 61801, 
telephone 217/244-1569.

June 2 4 -2 6 ,1 9 9 2 :  Pacific Northwest 
Regional Section Meeting, Olympia, 
WA. Contact: Norma J. Corristan, Ore­
gon Dept of Agriculture, 635 Capitol 
St NE, Salem, OR 97310-0110, tele­
phone 503/378-3793.

A ugust 3 0 S e p te m b e r  3 ,1 9 9 2 : 106th 
AOAC Annual International Meeting 
and Exposition. Cincinnati, OH. Con­
tact: AOAC Meetings Department, 
Suite 400,2200 Wilson Blvd, Arlington, 
VA 22201-3301, telephone 703/522- 
3032.

A ugust 3 0  and Septem ber 4, 1992: 
AOAC Board of Directors Meeting, 
Cincinnati, OH. Contact: Nora Petty, 
AOAC, 2200 Wilson Blvd, Suite 400,

Arlington, VA 22201-3301, telephone 
703/522-3032.

M arch  2 9 -3 0 , 1993: Europe Re­
gional Section Meeting, Barcelona, 
Spain. Contact: J. Sabater, Laboratorio 
Dr. J. Sabater Tobella, Calle de Londres 
6, 08029 Barcelona, Spain, telephone 
34/3-410-9343

July 2 6 - 2 9 ,1 9 9 3 :107th AOAC An­
nual International Meeting and Exposi­
tion, Washington, DC. Contact: AOAC 
Meetings Department, Suite 400, 2200 
Wilson Blvd, Arlington, VA 22201- 
3301, telephone 703/522-3032.

New Corporation Formed 
to Administer Test Kit 
Confirmation Program
A new corporation, the AOAC Research 
Institute, has been formed. The program 
for third-party review of proprietary, 
commercial test kits to confirm 
manufacturers’ claims for performance, 
originally initiated under the auspices of 
AOAC International, will be adminis­
tered by the Institute.

The Institute, incorporated in the 
state of Virginia in the United States, is 
a nonprofit scientific and educational 
membership association with AOAC In­
ternational as its only member.

The Institute will have a 5-member 
Board of Directors separate from AOAC 
International, but will lease facilities and 
employees from AOAC International. It 
will also operate under a license from 
AOAC International for use of the 
AOAC name in its research activities. 
The Institute Board will provide admin­
istrative, budgetary, and policy over­
sight. The staff Program Administrator, 
under supervision of the Program Direc­
tor and Executive Director, will have 
budgetary and policy implementation 
responsibility, including recruiting and 
tracking technical reviewers, recruiting 
and contracting independent testing lab­
oratories, granting confirmation status

on the basis of recommendations, grant­
ing renewals for unchanged kits or kits 
with minor changes, and submitting 
documented appeals.

A pplication  and Testing fo r  K it C on­
firm ation.—The general operating prin­
ciples of the test kit confirmation 
program were developed by the AOAC 
test kit task force and received the sup­
port of AOAC International’s Board of 
Directors prior to transfer of the pro­
gram to the AOAC Research Institute. 
As proposed, applicants will submit a 
defined data package; an application, in­
cluding indemnification of the AOAC 
Research Institute; and an application 
fee. Technical reviewers will be chosen 
to determine the adequacy of the data 
package, develop the independent labo­
ratory test protocol, evaluate the test re­
sults, and make a recommendation to the 
Program Administrator.

Independent testing laboratories will 
be chosen according to predetermined 
qualifications, including appropriate ac­
creditation, adherence to good labora­
tory practice requirements, and the like.

The independent testing laboratories 
will test production lot kits for critical 
performance claims, according to the 
predetermined protocol that has been ac­
cepted by all parties.

Confirmation status will be granted 
on the basis of the reviewers’ evaluation 
and laboratory data that meet the limits 
of the confirmation protocol.

F e e s  a n d  P a y m e n ts .—Applicants 
seeking the AOAC Research Institute’s 
independent confirmation of their kit’s 
performance specifications will pay a 
fee for the initial application for kit con­
firmation; a discounted fee will be avail­
able for multiple kit applications of a 
similar nature. Holders of existing cer­
tificates of confirmation will pay an an­
nual renewal fee for each renewal of 
confirmation status for unchanged kits 
or kits with minor changes.

Separate testing laboratory fees will 
be set as part of the protocol to be ac-

36A Journal Of AOAC International Vol. 75, No. 2,1992



Measure Sulfur 
the easy way 

with the Model 8 8 0 !!
VERTICAL FURNACE

• Simple Combustion Tube and Lance
• Easy Tube Replacement
• Crucibles do not Touch Ceramics
• Low Cost Maintenance

COUNTER FLOW DRYER
• Minimal Dessicant Consumption
• Lower Consumable Costs

The Model 880 is
precise, reliable 
and simple to 
operate. Its low 
cost per sample 
makes it the 
analyzer of choice 
for measuring % 
level sulfur in 
solids and non­
volatile liquids.

AUTO/SEMI AUTO 
OPERATION

• Easy Sample Loading
• Hot Crucibles Handled by Analyzer

F or M o r e  In fo rm a tio n  C o n ta c t :  
Houston Atlas
A  B a k e r  H u g h e s  c o m p a n y  
9 4 4 1  B a y th o r n e  D r iv e  
H o u s to n ,  T e x a s  7 7 0 4 1 - 7 7 0 9  
P h o n e :  ( 7 1 3 ) 4 6 2 - 6 1 1 6  
F a x : ( 7 1 3 ) 4 6 2 - 1 8 3 1

A M odem  
Complement 
To Kjeldahl 

Testing

C om bustion  M ethod. T h e
PE 2410 Series II N itrogen  

Analyzer does in m inutes what Kjeldahl
testing does in hours. 
T his m icroprocessor- 
controlled analyzer 
is a great com plem en ­
tary tool for m easur­
ing nitrogen and/or 
protein. Add the 60- 
position A utosam pler  
and get results even  
faster.

T he PE 2410 Series II features m ulti­
tasking operation. It lets you run samples, 
add new sam ples and print re su lts -a ll at 
the sam e tim e for im proved laboratory 
efficiency.

For m ore inform ation on  the PE 2410  
Series II N itrogen Analyzer, contact your 
local Perkin-Elmer office. For product liter­
ature in the U.S., call 1-800-762-4000.

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

P E R K I N  E L M E R

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

CIRCLE 72 ON READER SERVICE CARD



A n  I m p o r t a n t  N e w  R e f e r e n c e  

f r o m  A O A C  I n t e r n a t i o n a l

Richard Gorham, Editor

A nyone involved in  fo o d  storage, 
p ro cessin g , d is tr ib u tio n  o r  re g u la tio n  will 
fin d  th is  fully  i l lu s tra te d  b o o k  to  b e  th e  
e sse n tia l so u rc e  o f in fo rm a tio n  on  food 
p e s t  m an ag e m en t.

It is a c o m p re h e n s iv e  co m p ila tio n  o f 
th e  w o rk  o f  lead in g  sc ien tis ts  in  th e  field, 
p re p a re d  u n d e r  th e  d ire c tio n  o f th e  U.S. 
F o o d  a n d  D rug  A d m in is tra tio n . S tarting  
w ith  th e  basics, th e  b o o k  c o n tin u e s  all th e  
w ay  th ro u g h  th e  ‘‘s ta te  o f th e  a r t ’’ 
te c h n iq u e s  b e in g  e m p lo y ed  today .

P o ten tia l u se rs  in c lu d e  food  in d u s try  
p ro fe ss io n a ls  re sp o n s ib le  fo r o r  in te re s te d  
in  food  san ita tion , p e s t co n tro l a n d  quality  
a ssu ra n ce , w o rk in g  fo r fo o d  p ro c esso rs , 
re ta ile rs , w h o lesa le rs , s to rag e  facilities, 
im p o rte rs  a n d  ex p o rte rs , r e s ta u ra n ts  a n d  
o th e r  fo o d  services, food  ban k s; e d u c a ­
tio n a l in s titu tio n s  w ith  d e p a r tm e n ts  o f 
fo o d  science, ag r ic u ltu re  a n d  en tom ology ; 
a n d  re g u la to ry  agencies.

In add ition , it p rov ides a vital re so u rce  
fo r th o se  en g ag ed  in  p ro ac tiv e  effo rts  to 
p re se rv e  a n d  e n s u re  c lean  a n d  a d e q u a te  
w o rld  food  su p p lies .

C o n te n ts :  Ecology, P revention , Survey 
a n d  C ontro l, H ealth  A spects, R egulation  
a n d  In sp e c tio n  a n d  M an a g em en t o f s u c h  
p e s ts  a s  m ic ro o rg a n ism s /d e c o m p o se rs , 
m ites, in sec ts  (cockroaches, beetles, spring- 
tails, m o th s, flies, ants), a n d  v e r te b ra te s  
(ro d en ts , b ird s, a n d  bats); G lossary  a n d  
T ax o n o m ic  a n d  S ub ject Indexes.

595 pages. Illu s tra ted . H a rd b o u n d .
ISBN 0-935584-45-5.

To order: sen d  y o u r  nam e and  address, an d  
paym ent. AOAC In terna tional 
accep ts  checks (US fu n d s on  US 
banks only, please) an d  cred it cards: 
VISA, M asterC ard o r D iners. W hen 
paying by cred it ca rd  p lease  include: 
type of c red it card, ca rd  num ber, 
expira tion  date  a n d  y o u r  signature.

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

A O A C

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



For Your Information

cepted by all parties. This fee will be 
billed back to the applicant firm.

Technical reviewers will receive 
an honorarium.

C o n firm a tio n  a n d  L ic e n s in g .—A 
certificate of confirmation, with a 1-year 
expiration date, will be issued to the ap­
plicant of each kit confirmed. A licens­
ing agreement between the applicant 
and the AOAC Research Institute will 
spell out rules, rights, and obligations, 
including right to use the Institute certi­
fication mark and specified language in 
advertising, kit inserts, and the like.

Certificates of confirmation will be 
documented and numbered to permit 
control and tracking.

Renewals, Changes, C om plain ts.— 
Holders of certificates of confirmation 
must submit annual renewal applica­
tions, either certifying no changes in the 
original tested kit, or identifying minor 
changes with supporting data. Kits 
changed in a major way, in the opinions 
of the manufacturer or Program Admin­
istrator, must be retested.

Adverse comments and complaints 
regarding kit performance will be re­
quired to be submitted to the manufac­
tu rer for in itia l reso lu tion . Only 
unresolved complaints will be permitted 
to be brought to the Institute for final res­
olution, under standardized procedures.

Inform ation and P ublication .—The 
AOAC newsletter, The Referee, under 
agreement between AOAC and the 
AOAC Research Institute, is designated 
as the initial medium for information 
dissemination. Notices will be published 
regarding test kits received for confir­
mation, test kits granted confirmation 
status, and test kits for which confirma­
tion status has been revoked or expired.

A compendium will be also be pub­
lished periodically, listing all success­
fully tested kits and a summary of the 
testing protocol and data developed on 
each kit.

C onflicts o f  Interest, Antitrust, and  
D ue P rocess.—In so far as possible,

v

technical reviewers and testing labora­
tories will be selected which do not have 
a competing interest with the applicant. 
Possible conflicts will be required to be 
disclosed. The AOAC Research Institute 
will operate so as not to favor or exclude 
any segment of possible applicants. Pro­
tocols for the process will be written and 
followed, all parties to the process will 
be notified of pending actions and ac­
tions taken, and a process for appeals, 
separate from review and confirmation, 
will be followed.

F u r th e r  I n f o r m a t io n .—Anyone 
wanting further information, and per­
sons or laboratories interested in serving 
as technical reviewers or testing labora­
tories, contact the AOAC Research In­
stitute, 2200 Wilson Blvd, Suite 400, 
Arlington, VA 22201-3301, telephone 
703/522-2529.

Three Pre-Meeting Workshops 
Planned for 1992

AOAC will offer 3 workshops just prior 
to the start of the 1992 AOAC Annual 
International Meeting in Cincinnati, 
OH, on August 30-September 3,1992.

In addition to the Workshop on Anti­
biotics and Drugs in Feeds, a “hands- 
on” Workshop on Methods of Analysis 
for the Determination of Juice and 
Flavor Composition and Authenticity is 
being organized by the Technical Com­
mittee for Juice and Juice Products, 
and a Workshop on Quality Assurance 
of Benchtop Mass Spectrometric Data 
is also planned. All workshops are 
scheduled the weekend preceding the 
meeting.

AOAC introduced “pre-meeting” 
workshops with the first Antibiotic and 
Drug Workshop at the 1989 AOAC An­
nual International Meeting in St. Louis, 
MO. The Association of American Feed 
Control Officials (AAFCO) and the
U.S. Food and Drug Administration 
were co-sponsors. The success of this

r-i min in

New Batch 
Processing 
Equipment

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

For more information 
contact Robert Hughes, 
800-824-1646 or 
FAX 601-956-5758.
CIRCLE 63 ON READER SERVICE CARD

J o u r n a l  O f  A O A C  In t e r n a t io n a l  V o l . 75, N o . 2 ,1 9 9 2  39A



F o r  Y o u r  I n f o r m a t i o n

first workshop, organized by Mary Lee 
Hasselberger of the Nebraska Depart­
ment of Agriculture, launched this 
AOAC program, which has become an 
integral part of the AOAC annual inter­
national meetings.

The Antibiotic and Drug Workshop 
was initiated by the Laboratory Meth­
ods and S erv ices  C om m ittee  of 
AAFCO to review, update, and per­
haps supplant older official AOAC 
methods. The slate of assays selected 
for the initial workshop will continue to 
appear on the program until problems 
with the assays are resolved or new anal­
yses are adopted to replace them. Other 
topics for the program are selected by 
canvassing previous attendees. These 
have included presentations on tech­
nique, QA/QC, and safety.

The program organizer, Mary Lee 
Hasselberger, says, “I have been very 
gratified by the enthusiastic response 
of the attendees, the cooperation of 
the presenters, and the support of 
AAFCO, AOAC, FDA, and the Ne­
braska Department of Agriculture.”

Allan Brause, organizer of the Juice 
and Flavor Composition Workshop, 
reports that this workshop will include 
14 training stations where participants 
will have the opportunity to perform 
chemical analyses or view simulations 
of techniques for the determination of 
isotopic compositions. The analytical 
methods to be conducted include LC 
determinations of sugars (including 
the Low method), organic acids, an- 
thocyanins, flavonoids, d,l-malic acid, 
sodium benzoate, and polyphenols; 
atomic absorption spectroscopic deter­
m ination of metals; spectroscopic 
determination of pulpwash in orange 
juice; and GC/MS analyses of flav­
ors. The simulation stations will in­
c lu d e  S N IF /N M R , C SIR A , and 
OS IRA, and computer pattern recog­
nition analyses. The instructors will be 
experts in these techniques. Early reg­
istration is advised because the num­

ber of participants must be limited to 
perm it the “hands-on” aspects of 
this workshop.

“ A llan  B rause is w ell-know n 
throughout AOAC International for his 
ability to organize an excellent scientific 
program. I believe this workshop will be 
the first of many because I am confident 
that attendees will be impressed not only 
by the quality of the instruction but also 
with the care and attention to detail for 
which Brause is well-known,” enthused 
Margaret R. Ridgell, AOAC Director of 
Administration and Meetings.

The Workshop on Quality Assurance 
of Benchtop Mass Spectrometric Data is 
being organized by Joan Fisk and James 
Baron of the U.S. Environmental Pro­
tection Agency, Washington, DC. It will 
emphasize “benchtop” applications. 
The ease of operation of mass spectrom­
eters permits their use by analysts with­
out extensive experience in mass 
spectrometry. Their use for regulatory 
and other applications with legal consid­
erations necessitates careful consider­
ation of criteria for confirmation of 
analyte identity and quantitation. Data 
comparability among the several types 
of commercially available benchtop in­
struments will also be discussed.

For additional information on any of 
these workshops, call the AOAC Inter­
national Meetings and Education De­
partment at 703/522-3032.

New Task Force to Address 
Methods Needs in Nutrient 
Labeling Area

The Board of Directors at its Decem­
ber 5, 1991, meeting authorized forma­
tion of a new Task Force on Methods for 
Nutrient Labeling Analyses. The group 
is charged with developing a strategy for 
identifying methodology deficiencies, 
improving existing validated methods, 
recruiting interlaboratory studies lead­
ing to additional validated methods, and

incorporating standard reference materi­
als in nutrient methods use. A focused 
effort is needed in this area because of 
activities in Europe in setting standards 
and methods for the European Commu­
nity common market, and activities in 
the United States related to the pro­
posed Nutritional Labeling and Educa­
tion Act.

It is expected that the task force will 
identify deficiencies in current method­
ology, including the lack of any ade­
quate method; identify and publicize 
validated methods available for nutrient 
analyses; identify what revisions are 
needed in existing methods, and what 
additional methods are needed; develop 
an approach for recruiting researchers 
and getting necessary studies under 
way; identify and publicize available 
standard reference materials; identify 
needs for standard reference materials; 
and develop an approach for incorporat­
ing the use of reference materials in nu­
trient analytical methods.

Anyone interested in serving on the 
task force or receiving informational 
materials as the group proceeds with 
its work should contact AOAC Techni­
cal Services at the AOAC Interna­
tional address.

New Sustaining Members

AOAC welcomes the following new 
sustaining members: Central Science 
Laboratory, Ministry of Agriculture, 
Fisheries and Food, Berkshire, England; 
NIR Systems, Inc., Silver Spring, MD; 
and Laboratoria Tecnologico Del Uru­
guay (LATU), Montevideo, Uruguay.

Methods Adopted First Action

As directed by the Board of Directors, 
the Official Methods Board is responsi­
ble for consideration of methods for first 
action approval. The following methods
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F o r  Y o u r  I n f o r m a t i o n

were adopted first action at the Official 
Methods Board meeting January 23-25, 
1992, in San Diego, CA, and became of­
ficial at that time. These methods will be 
published in the fourth supplement 
(1993) to the 15th edition (1990) of Of­
ficial Methods o f Analysis.

■ Pesticide Formulations and Disinfec­
tants: M ethamidophos in Technical 
Products and Pesticide Formulations, 
Liquid Chrom atographic Method, 
CIPAC-AOAC Method.

Methazole in Technical and Pesticide 
Formulations, Liquid Chromatographic 
Method.

■ Foods I: Sampling of Milk from Bulk 
Tanks and Other Storage Equipment, 
Automated Method (Modification of 
970.26).

■ Foods II: Analysis of Milk-Based In­
fant Formula, Phase V (Folic Acid, 
Pantothenic Acid, Vitamin E, and Vita­
min A).

Corn-Derived Acetic Acid in Apple 
Cider Vinegar, Detection by Carbon Sta­
ble Isotope Ratio Analysis.

Sugar Beet-Derived Syrups in Fro­
zen Concentrated Orange Juice, ô180  
Measurements in Water, Stable Isotope 
Ratio Mass Spectrometric Method.

■ Microbiology and Extraneous Mate­
rials: Light Filth from Fish Products 
Containing Spice, Flotation Method.

Motile and Non-Motile Salmonella 
in Foods, Polyclonal Enzyme Immuno­
assay Method.

Light Filth in Sauces Containing Soy 
Sauce, Thickeners, and Spices, Flota­
tion Method.

Light Filth in Tofu, Sieving Method.

■ Environmental Qua/ify/Pesticides in 
Water, Liquid Chromatographic Method 
with Ultraviolet Detector (National Pes­
ticide Survey Method 4).

MICROANALYTICAL ENTOMOLOGY 
FOR FOOD SANITATION

by
Ja m es W . G en try , K en to n  L. H a rr is  a n d  Jam es W . G en try , Jr.

NOW IN PUBLICATION—LIMITED EDITION
T w o  h a r d  c o v e r  v o l u m e s  •  O v e r  1 5 0 0  c o l o r  p h o t o m i c r o g r a p h s

C o n t a i n s  l i f e  h i s t o r i e s , d i s t r i b u t i o n  a n d  k e y s  t o  i d e n t i f i c a t i o n  o f  a l l  m a j o r  

f o o d  i n f e s t i n g  a n d  c o n t a m i n a t i n g  i n s e c t s ;  a l s o  d e t a i l e d  m o r p h o l o g i c a l  d e s c r i p t i o n s  

w i t h  d i a g n o s t i c  c o lo r  p h o t o m i c r o g r a p h s  o f  s t r u c t u r a l  f r a g m e n t s .

•  •  •

■ U .S. $250 Pre-publication, U.S. $295 after 31 January 1992
C an adian  orders a d d  U .S . $ 1 0  •  O th e r  n o n -U .S . o rders a d d  U .S . $ 1 0 0  fo r  sh ip p in g

To order send check or m oney order to:
O.D. Kurtz Associates, Inc.
2411 S. H arbor City Blvd.
M elbourne, FL 32901

For additional inform ation call (407) 723-0151 .
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Books in Brief

Chromatography, 5th edition: Fun­
damentals and Applications of Chro­
matography and Related Differential 
Migration Methods. Edited by E. 
Heftmann. Published by Elsevier Sci­
ence Publishers, PO Box 211,1000 AE 
Amsterdam, The Netherlands, 1992. 
Part A: Fundamentals and Techniques: 
552 pp. Price: US $179.50/Dfl. 350.00. 
ISBN 0-444-88236-7. Part B: Applica­
tions: 630 pp. Price: US $189.50/Dfl.
370.00. ISBN 0-444-88404-1.

This is a completely new book, organ­
ized according to the successful plan of 
the previous 4 editions. Part A covers the 
theory and fundamentals of such meth­
ods as column and planar chromatogra­
phy, countercurrent chromatography, 
field-flow fractionation, and electropho­
resis. Affinity chromatography and su­
percritical-fluid chromatography are 
covered for the first time. Part B pres­
ents various applications of these meth­
ods. New developments in the analysis 
and separation of inorganic compounds, 
amino acids, peptides, proteins, lipids, 
carbohydrates, nucleic acids, their con­
stituents and analogs, porphyrins, phe­
nols, drugs, and pesticides are reviewed 
and summarized. Important topics, such 
as environmental analysis and the deter­
mination of synthetic polymers and fos­
sil fuels, are covered for the first time.

Trace and Ultratrace Analysis by 
HPLC. By Satinder Ahuja. Published 
by John Wiley & Sons, Inc., 1 Wiley Dr., 
Somerset, NJ 08875-1272, 1992. 
419 pp. Price: $75.00. ISBN 0-471- 
51419-5.

Of the various separation techniques used 
for trace and ultratrace analyses, high per­
formance liquid chromatography is by far 
the most popular and commonly used. 
HPLC’s heightened capacity for analyz­
ing and discovering new compounds has 
been essential to the success of trace and

ultratrace analyses. This new mono­
graph provides the first definitive, tech­
nically up-to-date look at the theory, 
equipment, and applications of what is 
becoming chemistry’s most powerfully 
reliable analytical technique. Trace and 
Ultratrace Analysis by HPLC outlines in a 
clear, progressive format the state of the art 
of the technique, covering the scope of 
trace and ultratrace analysis by HPLC; 
considerations for HPLC equipment; sen­
sitive detectors in HPLC; sample prepara­
tion; method development for trade and 
ultratrace analysis; selectivity optimiza­
tion for trace and ultratrace analysis; com­
puter-based optimization; and optimizing 
detectability.

Atomic Absorption Spectrometry: 
Theory, Design, and Applications. Ed­
ited by S.J. Haswell. Published by Elsev­
ier Science Publishers, PO Box 211, 
1000 AE Amsterdam, The Netherlands,
1992. 530 pp. Price: US $177.00/Dfl.
345.00. ISBN 0-444-88217-0.

Atomic absorption spectroscopy is now 
a well-established technique for the de­
termination of trace elements covering a 
wide range of analyte types. The early 
theory and instrumentation chapters in­
corporate recent trends in instmmental 
design and methodology, in particular 
those associated with electrothermal 
techniques and background correction. 
The major thrust of the book is repre­
sented by 14 application chapters that 
give an extensive well-referenced re­
view of the practical use of the tech­
niques written by experts drawn from 
their own specialty areas. These include 
the determination of trace elements in 
areas as diverse as environmental, 
chemical, and industrial analysis.

The National Toxicology Program’s 
Chemical Data Compendium. By
Lawrence H. Keith and Douglas B. Wal­
ters. Published by Lewis Publishers,

Inc., 2000 Corporate Blvd, NW, Boca 
Raton, FL 33431,1991. Eight volumes,
10 297 pp. Price: US $l,800.00/0utside 
US $2,472.00. ISBN 0-87371-723-6.

This compendium provides a vast 
amount of information about potentially 
toxic chemicals to regulatory agencies, 
consultants, academics, and libraries. 
The National Toxicology Program’s 
Chemical Data Compendium consists of 
8 volumes containing 50 fields that pres­
ent detailed information on 2270 differ­
ent chemicals. The data are obtained 
from the literature or experimentally de­
termined. Each compound is listed in 
every volume even when there is no 
information available for it in some 
volumes. Information in the NTP 
Compendium was gathered and updated 
as compounds were used throughout a
12-year period from 1979 to 1991. 
Throughout the 8 volumes, the primary 
chemical name and the Chemical Ab­
stracts Service Registry Number (CAS 
No.) remain constant and all 2270 
chemicals are listed alphabetically in 
each volume.

Analytical Applications of Spectros­
copy II. By A.M.C. Davies and
C.S. Creaser. Published by CRC Press, 
Inc., 2000 Corporate Blvd, NW, Boca 
Raton, FL 33431, 1991. 324 pp. Price: 
$124.95. ISBN 0-85186-403-1.

Analytical Applications of Spectroscopy
11 provides a broad coverage of recent 
developments in analytical spectros­
copy and particularly the common 
themes of chromatography-spectros­
copy combinations, new techniques, 
and data handling. These themes have 
played an increasingly important role in 
advances in spectroscopic techniques 
and emphasize the multidisciplinary ap­
proach of present research. Each section 
reviews key areas of current research, as 
well as short reports of new develop­
ments in those areas.
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Books in Brief

Important Peak Index of the Registry 
of Mass Spectral Data. Edited by 
Fred W. McLafferty and Douglas B. 
Stauffer. Published by John Wiley & 
Sons, Inc., 1 Wiley Dr., Somerset, NJ 
08875-1272, 1991. 4000 pp. Price: 
$750.00.

The largest collection of unit electron 
ionization mass spectra in the world was 
made available in 1989 with the 
groundbreaking print edition of The 
Wiley/NBS Registry of Mass Spectral 
Data (Wiley/NIST 1989). The Registry 
gives the complete spectra and is organ­
ized for use by people who want to look 
up the mass spectrum of a known chem­
ical. In contrast to this, a derivative work 
of the Registry, the Important Peak 
Index of the Registry of Mass Spectral

Data selects the most important peaks 
from each spectrum to identify the 
chemical by its spectrum. It then orga­
nizes this peak information for easy use 
in identifying unknown chemicals by 
mass spectroscopy. This index now con­
tains over 400 000 entries, more than 
twice the coverage of both spectra and 
compounds found in any other source. 
The index peaks have been chosen ac­
cording to their statistical importance 
rather than just their abundance; this 
gives substantially higher reliability and 
recall in matching. Arranged according 
to the mass of their first, second, and 
third most important peaks—within 
each listing, the entries are ordered by 
the mass of the other most important 
peaks—each of the spectra appear in the 
index 3 times. Each entry lists the mass

and percent abundance for the 6 most 
important peaks.

Food Safety. By Julie Miller Jones. 
Published by Eagan Press, 3340 Pilot 
Knob Rd, St. Paul, MN 55121, 1992. 
380 pp. Price: US $48/Outside US 
$58.00.

Food Safety enables the reader to access 
in one readily available volume the vast 
range of information on today’s most 
pressing food safety issues — from mi­
croorganisms to naturally occurring 
food toxicants to chemical additives and 
preservatives. The goal of the book is to 
present a balanced look at current food 
safety data, detailing both the risks and 
benefits associated with the way we pro­
duce food today.

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

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

• M acro-Nutrients • Anim al Feeding Studies
• V itam in Testing • T ox ico logy
• M ineral Testing • M etabolism
• Lipid A nalysis • Human Clinical Trials
• Carbohydrate A nalysis
• A m ino A cid  A nalysis S p e c i a l  S e r v i c e s

R e s i d u e  A n a l y s i s • Product Chem istry
• Packaging Studies

• P esticide R esidue A nalysis
• H eavy M etal A nalysis

F a csim ile  60 8 -2 4 1 -7 2 2 7  
T e le p h o n e  608-241-4471(̂ ) Ha z l e t o n

' L A B O R A T O R I E S
. 1

P O S T  Ü P P I G E  BOX 7 5 4 5  
MADISON,  WISCONSIN 53707

. .  . . .

a CORNING Laboratory Services Company
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New Products

Dedicated System for 
Determination of Aromatic 
Content in Petroleum Fuels

The Aromatic analyzer provides excel­
lent quantitation of the total aromatic 
content of diesel fuels, jet fuels, gaso­
line, and other types of petroleum prod­
ucts. The analysis methodology is based 
on ASTM method D 5186 for the analy­
sis of the aromatic content in diesel fuel, 
which has proven round-robin, in­
tralaboratory reproducibilities over a 
wide range of aromatic content values. 
The Aromatic analyzer methodology re­
places the D 1319 fluorescent indicator 
adsorption method with a method that 
can be automated and produces consis­
tent, reliable data with reproducibilities 
in the 1 to 3% range. Suprex Corp. 
Circle No. 313 on reader service card.

Low Volume FTIR Gas 
Cell—Model LV7

A new FTIR gas cell designed for use 
with Nicolet FTIR analyzers measure 
gas concentrations in small volume sam­
ples. It has been configured specifically 
for use with Nicolet Models 205, 821E, 
and 60SX, as well as the 500, 700, and 
800 series. The LV7 gas cell is excep­
tionally compact, easy to use, and has a 
high pathlength-to-volume ratio. Cell 
volume is 222 cc, with a maximum op­
tical pathlength of 7.25 m. Pathlength is 
adjusted with a direct reading dial. A 
solid aluminum housing permits appli­
cation of vacuum, pressure, and heat. 
The Foxboro Co.
Circle No. 314 on reader service card.

Sedimentograph Offers Faster 
Scanning

A sedimentograph reduces analysis time 
through computer-controlled, variable- 
speed vertical movement of the unit’s 
photometer light system. The Fritsch A- 
20 scanning photo sedimentograph de­

termines size distribution for particles 
ranging from 0.5 to 500 pm. Particle size 
is determined by measuring changes in 
the blockage of transmitted light as the 
same particles settle from a sedimenta­
tion liquid. The Fritsch A-20 offers pre­
c ise , co s t-e ffe c tiv e  ana lysis  for 
applications where the density of sample 
particles is constant and known, where 
the density and viscosity of the sedimen­
tation liquid are known, and where the 
sample does not dissolve, swell, or floc­
culate in the liquid. It features a reliable 
optical system and precise-scanning 
components that assure high reproduc­
ibility. All electrical and electronic com­
ponents are modular for easy access and 
replacement. Aside from cleaning the 
cuvette after each use, no routine main­
tenance is required. Gilson Co., Inc. 
Circle No. 315 on reader service card.

CLP Forms Templates 
for Windows 3.0

CLP Forms Templates are designed to 
ease you through the tedious task of fill­
ing out CLP reports. All of the format­
ting of these reports is already done for 
you using Microsoft’s Excel 3.0 tem­
plates. You start with the main menu that 
lists all forms and then choose the appro­
priate form by clicking with a mouse. 
Simply tab from one field to the next and 
save the completed form as an Excel 
Worksheet. The different fields are color 
coded to inform the analyst if the data 
is automatically calculated, is common 
header information, or if it is a data 
input field. Automatic calculation is ex­
ecuted within the spreadsheet for calcu­
lated values and the number of decimal 
places is adhered to as per the “State­
ment of Work.” Notes are attached to 
column headers and cells to guide the 
analyst to input the exact format re­
quired. C om pleted  form s can be 
printed or archived for later retrieval. 
WindowChem Software, Inc.
Circle No. 316 on reader service card.

High Capacity Precision 
Toploaders

Three new high capacity precision 
toploading balances are available in 8, 
12, or 15 kg capacities at 0.1 g readabil­
ity. Their stainless steel pans are the larg­
est of any high capacity toploader and all 
have weigh below capability. The versa­
tile new balances feature 4 levels of sta­
bility, 3 averaging levels, and an 
indicator head that controls all func­
tions, whether attached, detached, or 
tower mounted. The balances are de­
signed specifically to fulfill the high ca­
pacity requirements of manufacturing, 
quality control, and testing applications. 
Their simple operation, push button cal­
ibration, and solid construction make 
them more than suitable for years of 
trouble-free use in less than ideal envi­
ronments. Ohaus Corp.
Circle No. 317 on reader service card.

Database Offers FDA and DEA 
Regulations On-Line

Drug, medical device, food, and cos­
metic executives now can use their com­
puters to find U.S. Food and Drug 
Administration and Drug Enforcement 
Agency rules in Title 21 of the Code of 
Federal Regulations. The electronic 
database, titled “21CFR Online,” is 
available through the Data-Star Service 
and the BRS Search System. “21 CFR 
Online” is a new service of DIOGENES, 
a partnership of Washington Business 
Information, Inc. (WBII), publisher of 
newsletters covering regulations of 
drugs and medical devices, and FOI Ser­
vices, Inc., leading document retrieval 
service in the FDA area. “21CFR Onl­
ine” contains Title 21 ’s full text—with 
over 7000 entries— and is updated 
monthly. It can be searcned by date, ti­
tles of chapters or subchapters, or other 
key words. DIOGENES.
Circle No. 318 on reader service card.
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CEIect Capillary Electrophoresis 
Column Kits Offer Four Bonded 
Phases In One Package

The CEIect family of capillary electro­
phoresis columns offers a choice of 4 
bonded phases, spanning a range of 
functionalities. Each phase has a unique 
effect on the separation mechanisms. 
Now you can obtain the entire range of 
functionalities in a convenient kit con­
taining 4 CEIect columns of the same ID 
(50 or 75pm). Each kit contains a 
weakly hydrophobic CElect-H column, 
a moderately hydrophobic CElect-Hl 
column, a strongly hydrophobic CElect- 
H2 column, and a neutral hydrophilic 
CElect-Pl column. The kit also includes

a neutral marker standard. Each column 
is shipped ready to install, with an opti­
cal window and mounted on a conve­
nient storage spool. Supelco, Inc.
Circle No. 319 on reader service card.

Electronically Operated 
Distribution Valve

The chemically inert 12 V valve features 
simple or complex flow combinations, 
4-port positioning, synchronized output, 
and simple TTL control. It is bi-direc­
tional and tubing can be connected 
instantly. The Omnifit range of chroma­
tography columns, accessories, and fit­
t ings  is c la imed to be the most  
comprehensive currently available for

microbore, analytical, and preparative 
work. The high performance range is de­
signed for chromatography with both 
aqueous and organic solvent capability. 
Included are accessories such as in-line 
valves, septum injectors, adjustable end- 
pieces, and water jackets. Applications 
i n c lu d e  p e p t i d e  s y n th es i s ,  and 
biomodule purification. Omnifit Ltd. 
Circle No. 320 on reader service card.

Full Power Statistical Package 
for Windows 3

Unistat for Windows is one of the first 
full power statistical packages for Win­
dows 3 and offers complete data han­
dling, analysis,  and presentat ion

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

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

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

If y o u  h a v e  a n s w e r e d  “Y e s ” to  a n y  
o f  th e  q u e s t io n s  w e ’v e  p o s e d , p le a s e  
c a ll  o r  fa x :

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

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

A O A C  o f f e r s  c o m p e t i t i v e  c o n t r a c t  
t e r m s ,  r o y a l t i e s ,  a n d  c o m p r e h e n s i v e  
m a r k e t i n g .  P r o m o t io n a l  c a m p a ig n  e f ­
fo r ts  a re  d e s ig n e d  to  p r o v id e  th e  w id e s t  
a p p r o p r ia te  e x p o s u r e  th r o u g h  th e  u s e  
o f  s p a c e  a d s ,  e x c h a n g e  a d  p r o g r a m s ,  
c o n f e r e n c e  d is p la y s ,  a n d  ta r g e te d  
m a i l in g s .  A O A C  p u b l ic a t io n s  r e a c h  a  
w o r ld w id e  a u d ie n c e  o f  a n a ly t ic a l  c h e m ­
is t s ,  m ic r o b io lo g is t s ,  
a n d  o th e r  b io lo g is t s  
a n d  a d m in is tr a to r s  
in  in d u s t r y ,  g o v e r n ­
m e n t ,  a n d  a c a d e m ia .
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New Products

capabilities. It includes a fully featured 
spreadsheet allowing import and export 
of data in most industry standard file for­
mats, a wide range of statistics and pow- 
erfu l 2D and 3D g raph ics. W ith 
Unistat’s alpha-numeric spreadsheet, 
the researcher can handle the process 
data sets with ease. Unistat also offers 
powerful statistical data handling proce­
dures such as factorize, defactorize, ag­
gregate, and rank. Aston Scientific Ltd. 
Circle No. 321 on reader service card.

Easy To Use Plotting Software

Techni-Curve, a new Windows 3 ver­
sion of the Techni-Curve graph plotting 
and curve fitting software, provides a 
complete range of technical graph for­
mats such as X-Y, bar chart, and histo­
grams, and allows large amounts of 
independent data to be loaded, superim­
posed, and manipulated. Data can be en­
tered manually or be imported from 
spreadsheets, databases, or even directly

from instruments. Complete control is 
provided over all graph parameters such 
as asix limits, scaling, line thickness, la­
bels, fonts, symbols, and colors with the 
easy to use Windows “point-and-click” 
approach. Aston Scientific Ltd.
Circle No. 322 on reader service card.

A utom ated GPC Sam ple C leanup

The AUTOVAP AS-2000 provides true 
unattended automation, featuring GPC 
cleanup with on-line evaporation and 
transfer of the concentrated sample to a 
sealed vial, ready for further analysis. It 
meets all EPA, FDA, USD A, and USDI 
requirements for GPC cleanup; incorpo­
rates new Envirosep-ABC high perfor­
mance columns for complete sample 
cleanup in less than 30 min; operates in 
3 modes including GPC cleanup with 
on-line evaporation/concentration, 
stand alone GPC cleanup, and stand 
alone evaporation/concentration only; 
and the AUTOVAP evaporation tech­

nique uses liquid level sensing to 
achieve excellent recoveries of environ­
mental organic compounds. It has a 23 
sample capacity. ABC Laboratories. 
Circle No. 323 on reader service card.

S tandard  R eference M aterials 
Feature L aser Diffraction Reticle

Avariety of standard reference materials 
are being offered for the calibration and 
checking of sieves, sedimentation in­
struments, particle counters, and other 
instruments, including a photomask ret­
icle for calibrating and checking perfor­
mance of particle analyzers using laser 
diffraction theory. The reticle can be 
used to evaluate the precision and bias of 
a wide range of diffraction instruments 
operating with various focal length 
lenses. It consists of a precision quartz 
substrate deposited with several thousand 
dots of chrome thin film ranging from 5 to 
90pm in diameter. Gilson Co., Inc.
Circle No. 324 on reader service card.

COMING IN THE NEXT ISSUE

DISCUSSIONS IN ANALYTICAL CHEMISTRY
■ Analytical Supercritical Fluid Extraction: Current Trends and Future Vistas—J.W. King and M.L. Hopper

CEREALS AND CEREAL PRODUCTS
■ Interlaboratory Study of Decreasing the Number of Standard Points in the Official Iron Standard Curve—J.I. Martin and
A.I. Soliman

CHEMICAL CONTAMINANTS MONITORING
■ Total Diet Study of Lead and Cadmium in Food Composites: Preliminary Investigations—R.W. Dabeka and A.D. McKenzie

MICROBIOLOGICAL METHODS
■ Quantitation of Microorganisms in Raw Minced Meat Using the Direct Epifluorescent Filter Technique: NMKL Collaborative 
Study—F. Boisen, N. Skovgaard, S. Ewald, G. Olsson, and G. Wirtanen

MYCOTOXINS
■ Bioassay, Extraction, and Purification Procedures for Wortmannin, the Hemorrhagic Factor Produced by Fusarium oxysporum 
N17B Grown on Rice—H.K, Abbas, C.J. Mirocha, W.T. Shier, and R. Gunther
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Instructions to

S cope of A rticles and  Review 
P ro cess

The Journal ofAOAC International publishes 
articles that present, within the fields of interest 
of the Association: unpublished original re­
search; new methods; further studies of pre­
viously published methods; background work 
leading to development of methods; compila­
tions of authentic data of composition; moni­
toring data on pesticide, metal, and industrial 
chemical contaminants in food, tissues, and the 
environment; technical communications, cau­
tionary notes, and comments on techniques, 
apparatus, and reagents; invited reviews and 
features. Emphasis is on research and develop­
ment of precise, accurate, sensitive methods 
for analysis of foods, food additives, supple­
ments and contaminants, cosmetics, drugs, 
toxins, hazardous substances, pesticides, 
feeds, fertilizers, and the environment. The 
usual review process is as follows: (1) AOAC 
editorial office transmits each submitted paper 
to appropriate subject matter editor, who solic­
its peer reviews; (2) editor returns paper to au­
thor for revision in response to reviewers’ 
comments; editor accepts or rejects revision 
and returns paper to AOAC editorial office; (3) 
AOAC editorial staff edits accepted papers, re­
turns them to authors for approval, and trans­
mits approved manuscripts to desktop 
publisher; (4) desktop publisher sends page 
proofs to author for final approval.

General Information

Follow these instructions closely; doing so 
will save time and revision. For all questions 
of format and style not addressed in these 
instructions, consult recent issue of Journal 
or current edition of Council of Biology 
Editors Style Manual.

1. Write in clear, grammatical English.
2. To Managing Editor, AOAC International, Suite 

400,2200 Wilson Blvd, Arlington, VA22201-3301 USA, 
submit typewritten original plus 3 photocopies (1 side 
only, white bond, 8Vi x 11 in. [ l lV i  x 28 cm] of complete 
manuscript in order as follows—1. Title page; 2. Ab­
stract; 3. Text (introduction, method or experimental, re­
sults and/or discussion, acknowledgements, references); 
4.Figure captions; 5. Footnotes; 6. Tables with captions, 
one per page; 7. Figures.

3. Suggest in a covering letter the names of at least 4 
qualified reviewers, i.e., individuals engaged in or versed 
in research of the type reported.

4. DOUBLE SPACE all typed material. Manu­
scripts not double spaced will be returned for retyping. Do 
not right justify or use proportional spacing; avoid hy­
phenation.

5. Use letter quality printer for word-processed manu­
scripts; manuscripts prepared on dot matrix printers of

Authors

less than letter quality may be refused. Once a manuscript 
has been accepted for publication, authors will receive 
instructions for submitting the final version of their ac­
cepted manuscript to AOAC on diskette. AOAC accepts 
MS-DOS-based files from most word processing pack­
ages or ASCD text files on MS-DOS-formatted diskettes. 
(DO NOT SEND DISKETTE WITH ORIGINAL 
MANUSCRIPT SUBMISSION.)

Form at and Style
1. Title page (separate sheet, double spaced): title of 

article, authors’ names (full first, middle initial if any, full 
last), authors’ addresses including mail codes.

2. Abstract (separate sheet, double spaced): s  200 
words. Provide specific information, not generalized 
statements.

3. Tbxt (consecutive sheets, double spaced): Intro­
duction. Include information on why work was done, pre­
vious work done, use of compound or process being 
studied.

M ethod or Experimental Consult recent issue of Journal 
for proper format. Separate special reagents/apparatus 
from details of procedure and list in sections with appro­
priate headings; list in generic and performance terms, 
avoid use of brand names. (Common reagents/apparatus 
or those which require no special treatment need not be 
listed separately.) Place detailed operations in separate 
sections with appropriate headings (e.g., Preparation of 
Sample, Extraction and Cleanup). Include necessary cal­
culations; number of significant figures must reflect accu­
racy of method. Use metric units for measurements of 
quantities wherever possible. Write Method (recommen­
dation for use of specific method) in imperative voice 
(“Add 10 mL.. .Heat to boiling.. .Wash flasks”); write E x­
perim ental (description of laboratory experiment) in pas­
sive or active voice (‘Ten mL was added.. .We heated to 
boiling...Flasks were washed”). Note hazardous and/or 
carcinogenic chemicals.

Results/Discussion. Cite tables and figures consecutively 
in text with Arabic numerals. D o not intersperse tables 
and figures in text

Acknowledgments. Give brief thanks (no social or aca­
demic titles) or acknowledge financial aid in this section.

References. Submitted papers or unpublished oral presen­
tations may not be listed as references; cite them in text as 
unpublished data or personal communications. Cite all 
references to previously published papers or papers in 
press in numerical order in text with number in parenthe­
ses on line (not superscript). List references numerically 
in “References” in exactly (arrangement, punctuation, 
capitalization, use of ampersand, etc.) styles of examples 
shown below or see recent issue of Journal for less often 
used types of entries. Follow Chemical Abstracts for ab­
breviations of journal titles.

J o u r n a l  A r t ic l e  R efe r e n c e

(1) Engstrom, G.W., Richard, J.L., & 
Cysewski, S.J. (1977) J. Agric. Food 
Chem. 25,833-836

B o o k  C h a p t e r  R ef e r e n c e

(1) Hum, B.A.L., & Chantler, S.M.
(1980) in Methods in Enzymology,

Vol. 70, H. VanVunakis & J.J. 
Langone (Eds), Academic Press,
New York, NY, pp. 104-142

B o o k  R e f e r e n c e

(1) Siegel, S. (1956) Nonparametric Sta­
tistics for the Behavioral Sciences, 
McGraw-Hill Bood Co., New York, 
NY

O ff ic ia l  M e t h o d s  R e f e r e n c e

(1) Official Methods of Analysis (1990) 
15th Ed., AOAC, Arlington, VA, 
secs 29.070-29.072

4. Figure captions (separa te  sheet(s), double 
spaced): Designate all illustrations, including schemes, 
as figures and include caption for every one. Identify 
curves (See Figures) and include all supplementary infor­
mation in caption rather than on face of figure. Spell out 
word Figure.

5. Footnotes (separate sheet(s), double spaced): 
Avoid use of footnotes to text Include “Received...Ac­
cepted...” line; location/date of presentation, if appropri­
ate; present address(es) of author(s); identification of 
corresponding author, if not senior author, proprietary 
disclaimers; institution journal series numbers.

6. Tables (one per page, double spaced): Refer to re­
cent issue of Journal for proper layout and style, espe­
cially use of horizontal lines. Do not draw in vertical lines. 
Include descriptive title sufficient that table stands alone 
without reference to text. Provide heading for every ver­
tical column. Abbreviate freely; if necessary, explain in 
footnotes. Indicate footnotes by lower case superscript 
letters in alphabetical order. Do not use one-column ta­
bles; rather, incorporate data in text.

7. Figures: The Journal does not publish straight line 
calibration curves; state such information in text. Do not 
duplicate data in tables and figures. Submit original draw­
ings or black/white glossy photographs with original 
manuscript; photocopies are acceptable only for review. 
Prepare drawings with black India ink or with drafting 
tape on white tracing or graph paper printed with non- 
reproducible green ink. Use a Leroy lettering set, press-on 
lettering, or similar device; use type at least 2 mm high to 
allow reduction to page or column size. Identify ordinate 
and abscissa and give value in Journal style (e.g., “Wave­
length, nm,” “Time, min”). Label curves with letters or 
numbers; avoid all other lettering/numbering on face of 
figure (see Figure captions). Identify each figure on back 
with number and authors’ names.

8. Miscellaneous Abbreviation for liter is L; abbrevia­
tion for micron is pm. Do not italicize common Latin ex­
pressions such as et al. and in vitro; for nomenclature of 
spectrophotometry, gas chromatography, and liquid chro­
matography, follow practice of American Society for Testing 
and Materials (in particular, do not use “high performance,” 
“high pressure,” or the abbreviation “HP’ with “liquid 
chromatography”).
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Harvey W. W iley  
Award fo r the  
D evelopm ent o f 
A nalytical Methods

A $2,500 annual award 
presented to an outstanding 
scientist or scientific team 
for analytical contributions 
in an area of interest to 
AOAC International.

December 1 is the 
closing date for nomina­
tions for the current year’s 
award. Nominees, however, 
continue to be eligible for 
three additional years with­
out renomination and their 
eligibility may be extended 
an additional four years by 
written request of the 
nominator.

AOAC
In tern atio n al 
Fellow  Award

Any member who has 
given at least 10 years of 
meritorious service to AOAC 
may be nominated. Awards 
are based on accumulated 
service. Members may send 
letters in support of eligible 
candidates to AOAC 
International.

February 15 is the 
deadline for submitting 
nominations for the current 
year’s award.

Harvey W. W iley  
Scholarship

A senior year scholarship 
of $ 1,000, awarded annually 
to a worthy junior majoring 
in an area of interest to 
AOAC International. May 1 
is the application deadline 
for the current year’s award. 
Application must be made 
on official AOAC forms, 
available upon request 
from AOAC.

â i m

AOAC
I N T E R N A T IO N A L

For more information or application forms, contact: 
Director of Administration and Meetings,
AOAC International, 2200 Wilson Boulevard,
Suite 400-J, Arlington, VA 22201-3301.
Telephone +1 (703) 522-3032; fax +1 (703) 522-5468.
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SPECIAL REPORT

Precision Param eters of Methods of Analysis Required  
fo r N u tritio n  Labeling. P art I I .  M acro Elements— Calcium , 
Magnesium , Phosphorus, Potassium, Sodium, and Sulfur

William Horwitz, Richard Albert, and M ike J. Deutsch
U.S. Food and Drug Administration, Center for Food Safety and Applied Nutrition, Washington, DC 20204
J. Neville Thompson
Nutrition Research Division, Health Protection Branch, Ottawa, ON, K1A 0L2, Canada

A previous paper reviewed the precision of analyses 
for the major m acronutrients—fat, protein, and carbo­
hydrates—a s  well a s  m oisture/solids, ash , and 
“fiber.” A similar review is now presented for the 
m acro inorganic nutrients—calcium, m agnesium , 
phosphorus, potassium , sodium , and sulfur. The pre­
cision param eters am ong laboratories (standard devi­
ations, S; relative standard  deviations, RSD; and 
repeatability, r, and reproducibility, R, values) are not 
characterized by any conventional distribution. The 
typical precision of the  m ethods of analysis for th ese  
elem ents in food can be expressed  solely a s  a loga­
rithmic function of concentration, independent of an­
alyte, matrix, and method. The average RSDr value 
from each  collaborative a ssa y  found in the literature 
is used  a s  the num erator in a ratio containing, a s  the 
denom inator, the value calculated from the logarith­
mic function:

RSD r (%) = 2(1 “ 0 5109 q

w here C is the  concen tration  a s  a decim al fraction.
If th is  ratio, d esig n ated  a s  H OR RAT, is above 2, the 
m ethod is probably  unaccep tab le  with re sp ec t to 
precision. A bout 20% of the  465 interlaboratory 
data  s e ts  s tu d ied  for th is  paper show  an RSDr ex­
ceeding  th e  accep tab le  limit, with an overall aver­
ag e  HORRAT of 1.2 a t C ranging from abou t 20 x 
10~6 (20 ppm) to  ab o u t 1 0 '* 1 (10%). The variability, al­
though  high, m ay be accep tab le  for the  p u rp o se  of 
nutrition labeling.

T he Codex Committee on Food Labeling is attempting to 
develop a list of appropriate methods of analysis and 
sampling for use in the enforcement of Codex Guide­

lines on nutrition labeling (1). The first paper in this series (2) 
examined the precision parameters of the macrocomponents of 
food: moisture/solids, ash, protein, carbohydrates, fat, and

R e c e iv e d  A u g u s t  9 , 1 9 9 1 .  A c c e p te d  S e p te m b e r  9 , 1 9 9 1 .

1 H O R R A T  =  R S D r  ( fo u n d ) /R S D R  (p re d ic te d )

fiber. This second paper extends the examination of the preci­
sion parameters to the macro inorganic elements of importance 
in nutrition: calcium, magnesium, phosphorus, potassium, so­
dium, and sulfur. Nutrients are designated here as “macro” if 
they typically exist in food at a concentration above about 
100 ppm (0.01 g/100 g).

The purpose of this paper is to provide a reasonable approxi­
mation of the analytical error to be expected in the analyses by 
different laboratories of these elements that are typically present 
in foods at concentrations of 0.01 to 10 g/100 g. The methods of 
analysis commonly used are those adopted and published by 
AOAC (3) after validation by method-performance (collabora­
tive) studies and publication of the results in the Journal of AOAC 
International. Results from interlaboratory studies of methods 
published elsewhere are also included.

P rocedure

The procedure used by Peeler et al. (4) to develop a database 
of the precision parameters of methods of analysis for milk and 
milk products was followed for the macro inorganic elements 
in foods. The data contained in the collaborative studies refer­
enced in Official Methods o f Analysis (3) were entered into a 
computer workspace in the APL language for recalculation of 
the mean and the within-laboratory (RSDr) and among-labora- 
tories (RSDr ) relative standard deviations by the harmonized 
IUPAC-1987 (5) procedure. The RSDr values were then used 
as numerators in ratios containing, as denominators, the corre­
sponding values predicted by the Horwitz equation (6):

RSDr (%) (predicted) = 21 -°-5 log‘«c = 2C-°1505

where C is expressed as a fractional concentration (i.e., 100% 
= 1.00; 1% = 0.01). An RSDr ratio (HORRAT1) of 1 indicates 
a value corresponding exactly to the Horwitz equation; a series 
of HORRAT values near or above 2 (representing RSDr values 
(found) that are twice as large as those calculated from the 
Horwitz equation) usually indicates an unacceptable method 
with respect to precision. A series of HORRAT values bracket­
ing 1.0, or consistently smaller than 2.0, indicates accept­
able precision.
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Figure 1. The cumulative distribution curves for the 
6  major inorganic elements in food. Legend: C, 
calcium; M, magnesium; P, phosphorus; K, 
potassium; N, sodium; and S, sulfur. For example, 
approximately 60% (y-axls) of the HORRAT values for 
calcium (C) are equal to 1.5 or less (x-axis). The 90% 
HORRAT interval Is 0 .6-3 .2  (values on the x-axis 
corresponding to the 5 and 95% points, respectively, 
on the y-axls for the C curve).

Because RSDr and HORRAT values are not characterized 
by any standard statistical distribution, they are plotted as em­
pirical cumulative distribution curves (CDCs) (Figure 1). Each 
curve provides the 90% interval as a characterizing precision 
parameter for a specific analyte-matrix-method combination 
over all studies. The 90% interval contains the center 90% (i.e., 
the range between the 5th and 95th percentile points) of the 
values (either HORRAT or RSDr). RSDr values, particularly 
when normalized with respect to concentration by calculation 
of the corresponding HORRAT values, permit direct compari­
son of precision characteristics across commodities, analytes, 
and methods with considerably different analyte concentra­
tions. Such comparison is not possible with the primary statis­
tical function, standard deviation, S, or with the ISO maximum 
tolerable difference functions, repeatability and reproducibil­
ity, r and R, respectively (7).

Original collaborative data from other sources, such as the 
Journal o f the Association of Public Analysts, and documents 
from the International Dairy Federation (IDF), the Interna­
tional Organization for Standardization (ISO), and the Interna­
tional Union of Pure and Applied Chemistry (IUPAC), are also 
included in the database.

Results for analytes originally reported as oxides or salts 
were recalculated to the element, except when the analysis was 
interpreted for a non-nutritional purpose, e.g., lipid phosphorus 
for egg content and salt reported as part of the analytical residue 
of “salt and curd” of butter. Analyses for non-nutritional pur­
poses are not included in this survey.

Specific problems encountered in reconstructing results 
from older collaborative studies and in dealing with studies 
showing very poor precision, i.e., an RSDr greater than twice

Figure 2. Precision parameters RSDr and HORRAT of 
calcium as a function of concentration (-log C) and the 
cumulative distribution curves (CDC) of these 
parameters. (A) Scatterplot of RSDr (%) against -log C. 
(B) Scatterplot of HORRAT against -log  C. The lower 
curve of A Is a plot of the Horwitz equation and the 
upper curve Is twice that equation. The corresponding 
HORRAT values at 1 and 2, respectively, are shown In B 
as horizontal lines. (C) CDC of RSDr. (D) CDC of 
HORRAT.

the RSDr calculated from the Horwitz equation (6), are dis­
cussed under the individual analytes.

Each data set showing a HORRAT value above 2.0 (above 
twice the RSDr calculated from the Horwitz equation) was ex­
amined in detail by consulting the original paper and the au­
thors, if available, to determine if an explanation existed for the 
high variability. As a result of that review, invalid data were 
removed, and the precision parameters were recalculated. The 
criteria used for classification as “invalid data” were discussed 
in a previous paper (2). The outlier designations of the original 
papers were ignored in all cases. Data were subsequently re­
moved only by the harmonized IUPAC-1987 procedure 
(Cochran, Grubbs, paired Grubbs at “alpha” = 0.01) (6) as ex­
tended by Kelly (8).

The precision estimates based on the valid data, purged of 
outliers, were then plotted as RSDr and HORRAT values 
against -log C and as CDCs of RSDr and HORRAT values, as 
exemplified in Figure 2 for calcium. Clusters of high values in 
the scatterplots and CDCs were further examined for common 
characteristics, such as low residue weights, same or similar 
matrixes or methods, explanations by the authors, or other fea­
tures. Such clusters are discussed under the individual analytes. 
Unexplained high RSDr values were sometimes designated as 
“unaccepted assays” for reasons given in the text and were re­
moved from the database.

Assay Acceptability Criteria

A single numerical limit can not be selected, either for RSDr 
or for HORRAT values, that will differentiate acceptable from 
unacceptable assays. Our examination of over 6000 collabora­
tive assays has shown that a HORRAT of 2.0 is the general
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dividing line between acceptable and unacceptable assays be­
cause it compensates in large part for the increase in RSDr with 
a decrease in concentration. However, the use of any limit must 
be tempered by the realization that in a series of HORRAT val­
ues in the upper acceptable region, an occasional value will 
exceed 2.0 merely because of ordinary statistical fluctuations. 
The data set with such a value should be kept with the bulk of 
its cluster. Similarly, a series of data sets with HORRAT values 
above 2.0 will have an occasional data set with a HORRAT 
below 2.0 that nevertheless should be rejected along with the 
other unacceptable data sets in the series. Fortunately, in a se­
ries of more than about 50 data sets, an occasional controversial 
decision that results in a misclassification will rarely affect a 
conclusion as to the acceptability or nonacceptability of a 
method. Therefore, an occasional inconsistency in judgment 
between reviewers, and even sometimes by the same reviewer, 
can be expected and must be tolerated.

R esults

The macro constituents typically are present in food at a 
concentration above about 100 ppm (0.01 g/100 g). This class 
includes important inorganic elements such as calcium, phos­
phorus, and sodium, and organic constituents such as choles­
terol and vitamin C. However, the classification is merely for 
convenience; similar analytes are grouped together even 
though they may be somewhat outside the typical classification 
limits. Ash, for example, is classified as a major nutrient be­
cause it is required as a correction factor for the calculation of 
carbohydrates by difference. However, the determination of 
ash also provides a valuable internal quality control feature be­
cause it should approximate the sum of the major inorganic 
constituents. In this second paper, macro elements include only 
calcium, magnesium, phosphorus, potassium, sodium, and sul­
fur. The complete list of accepted data sets arranged by analyte 
is shown in Database 1. In the printout of this database, RSD0 
was substituted for RSDr, within-laboratory relative standard 
deviation, because of printer limitations.

Calcium
Calcium was originally determined by the classical titrimet- 

ric (VOLU) methods using permanganate or EDTA, and is cur­
rently determined by emission (EMSP), atomic absorption 
(ATAB), and inductively coupled plasma emission (ICPE) 
spectroscopy. Margosis et al. (9) pointed out that the precision 
of the classical titrimetric and gravimetric methods begins to 
degrade at an analyte concentration below about 1 g/100 g. 
Four of the 10 data sets for calcium in meat and poultry prod­
ucts, determined by an EDTA titration method, (1983)- 
0989AEJ, have HORRATs of over 2. (NOTE: To avoid a long 
reference list, a nonredundant citation form is used for refer­
ences to database entries discussed in the text: (year), first page 
of article in 4 digit format, and the 3-letter key to computer 
retrieval of the raw data from APL workspace $WAH/BERT. 
Citations refer to the Journal ofAOAC International unless a 
different source is specified.) The HORRAT values for the 
other 6 products are between 1 and 2. Two of the assays mea­

sured a calcium content of 0.035 g/100 g (HORRATs of 7 and
9); the other 2 assays with high HORRAT values contained 
calcium at 0.1 and 0.2 g/100 g. The method, when used as a 
measure of bone content, requires a correction factor for natu­
ral calcium present in tissue of 0.015 g/100 g, a substantial 
fraction of the low values. Application of a limiting HORRAT 
value of 2 would require a lower limit of determination of 
0.25 g calcium/100 g, which appears reasonable. Therefore, 
assays of calcium in meat and poultry products by titrimetric 
methods showing less than 0.25 g calcium/100 g were re­
moved from the database as below the limit of determination. 
The corresponding methods should be revised to include a min­
imum specification for calcium, such as “at least 4 mg Ca with 
a 1 g test portion,” which is equivalent to a titration volume of
1.0 mL 0.02N KMn04. The permanganate titration method for 
calcium in enriched flour, (1944)0402ACI, was acceptable 
down to 0.1 mg calcium/100 g, but this method required a 
larger quantity of analyte in the test solution.

Four of 12 determinations of calcium in the collaborative 
study of infant formula by ICPE, (1984)0985AFK, show unex­
plained high HORRAT values above 2.0. Almost all the other 
HORRAT values are between 1 and 2. Other elements in the 
same study also showed similar sporadically high HORRAT 
values. Because no explanation for the high values was offered 
in the report of the study, it may be surmised that the contami­
nation problem was not emphasized sufficiently in the instruc­
tions. The 3 assays for calcium in infant formula by the atomic 
absorption method, (1985)0514AFO, are acceptable. Two sub­
stantial method-performance studies of calcium in cheese (10) 
had to be discarded by the organizer because of erratic results 
until instructions were added to the method emphasizing the 
necessity to avoid P, Ca, and Mg contamination.

The IUPAC-1987 protocol requires removal of outliers in 
the following order: Cochran, Grubbs, and multiple Grubbs. 
Such absolute rules occasionally produce an anomaly when 
fewer than 9 laboratories participate in the study. Atomic ab­
sorption spectroscopic analysis of a wheat flour by 8 labora­
tories, Z. Lebensm. Forsch. 190,0199(1990)AI003CA, 
produced very extreme Cochran and Grubbs outliers from dif­
ferent laboratories, resulting in an RSDr of 66% at 0.02 g cal- 
cium/100 g (HORRAT = 9). Because of the mle that stops 
outlier removal whenever 22.2% of the laboratories have been 
rejected, only the Cochran outlier could be removed. Remov­
ing the Cochran outlier hardly affected RSDr and left an obvi­
ous “sore-thumb” outlying laboratory in the data set that would 
have been removed had one more satisfactory laboratory been 
present. Consequently, the IUPAC-1987 rule was overridden, 
and the obviously out-of-line pair of values from the second 
extreme laboratory was removed.

When examined by emission spectroscopy, (1983)- 
0764AHM, 5 test samples of plant materials that were candi­
dates for the National Institute of Standards and Technology 
(NIST) standard reference materials (SRMs) all had HORRAT 
values of 2-4 at calcium concentrations of 0.4—3 g/100 g. Ex­
amination of the same and similar plant materials by atomic 
absorption spectroscopy, (1975)0436AHM, and inductively 
coupled plasma emission spectroscopy, (1985)0499AHL, also
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Database 1. Identification and precision parameters of accepted assays for calcium, magnesium, phosphorus, 
potassium, sodium, and sulfur.

......................................................................................................................  ANALYTE=CALCIUM .............................................................................................................

MATRIX METHOO CONCN UNIT RSDO RSDR DROP/
«LABS

CODE

ALFALFA EMSP 1.686 PCT. 9.81 0/11 AHM01C
ALFALFA-LEA ATAB 1.803 PCT. 7.04 0/  7 ANNOIA
ALFALFA-LEA ATAB 1.787 PCT. - 7.19 0/  7 AHN01B
BEANS-LIMA- V0LU 0.020 PCT. 6.54 10.68 2/13 AHP03
BEEF V0LU 0.583 PCT. 2.23 4.86 0/  6 AEJ08A
BEEF V0LU 0.811 PCT. 3.32 5.58 0/  6 AEJ10A
BEEF V0LU 0.429 PCT. 5.16 6.24 0/  6 AEJ09A
BERMUDA-GRA ICPE 0.281 PCT. - 4.91 0/12 AHL06C
BREAD V0LU 0.118 PCT. 1.88 3.23 1/14 ACI3A
CHEESE-CHED ATAB 0.698 PCT. 1.58 2.61 0/12 AIU03A
CHEESE-MOZZ ATAB 0.651 PCT. 1.52 2.32 0/12 AIU02A
CHEESE-PARM ATAB 1.107 PCT. 1.13 2.03 1/12 AIU05A
CHEESE-PROC ATAB 0.608 PCT. 1.63 2.71 1/12 AIU01A
CHEESE-ROMA ATAB 1.027 PCT. 1.74 3.17 0/12 AIU04A
CITRUS-LEAV ATAB 2.985 PCT. 1.19 5.98 1/  9 AI001C
CITRUS-LEAV ATAB 3.143 PCT. - 6.03 1/  7 AHN02A
CITRUS-LEAV ATAB 3.070 PCT. 6.32 0/  7 AHN02B
CITRUS-LEAV ICPE 3.122 PCT. 7.92 0/12 AHL07C
CITRUS-LEAV EMSP 3.156 PCT. 11.31 0/10 AHM02C
CORN ICPE 0.662 PCT. 3.15 0/12 AHL05C
CORN-LEAVES ICPE 0.561 PCT. - 6.06 0/12 AHL01C
CORN-STALK ICPE 0.209 PCT. - 8.52 0/12 AHL03C
FLOUR VOLU 0.332 PCT. 1.09 1.86 1/14 ACI4A
FLOUR VOLU 0.096 PCT. 1.46 5.27 0/14 AC I 1A
FLOUR VOLU 0.052 PCT. 3.05 6.34 0/  9 ACI2A
INFANT-FORM ATAB 0.046 PCT. 3.11 4.85 0/  9 AF01A
INFANT-FORM ATAB 0.059 PCT. 1.05 5.31 1/  9 AF02A
INFANT-FORM ICPE 0.118 PCT. 1.74 5.12 0/  6 AFK06A
INFANT-FORM ATAB 0.060 PCT. 3.37 6.14 0/  9 AF03A
INFANT-FORM ICPE 0.066 PCT. 4.37 6.10 0/  6 AFK03A
INFANT-FORM ICPE 0.048 PCT. 1.12 7.16 1/  6 AFK02A
INFANT-FORM ICPE 0.190 PCT. 3.51 6.36 0/  6 AFK01A
INFANT-FORM ICPE 0.403 PCT. 1.15 6.32 0/  6 AFK05A
INFANT-FORM ICPE 0.115 PCT. 2.83 8.10 0/  5 AFK02B
INFANT-FORM ICPE 0.211 PCT. 3.94 8.63 0/  6 AFK06B
INFANT-FORM ICPE 0.675 PCT. 1.99 8.04 0/  6 AFK04B
INFANT-FORM ICPE 1.105 PCT. 2.62 8.71 0/  6 AFK05B
INFANT-FORM ICPE 0.127 PCT. 8.02 14.69 0/  6 AFK03B
INFANT-FORM ICPE 0.343 PCT. 10.71 14.39 0/  5 AFK04A
INFANT-FORM ICPE 0.424 PCT. 2.82 17.92 0/  6 AFK01B
MILK-POWDER ATAB 1.236 PCT. 1.94 5.30 0/  9 AI004C
MILK-POWDER ATAB 1.186 PCT. 1.41 5.84 0/  9 AI005C
MUSSEL-FLOU ATAB 0.124 PCT. 3.56 6.45 0/  9 AI002C
ORCHARD-LEA ATAB 2.020 PCT. - 5.01 1/  7 AHN03A
ORCHARD-LEA ATAB 1.963 PCT. 5.28 0/  7 AHN038
ORCHARD-LEA EMSP 2.008 PCT. - 11.69 0/11 AHM03C
PEACH-LEAVE ICPE 1.110 PCT. 3.65 1/12 AHL04C
PECAN-LEAVE ATAB 1.285 PCT. 6.87 1/  7 AHN04A
PINE-NEEDLE EMSP 0.422 PCT. - 15.06 0/10 AHM04C
POTATOES-CA VOLU 0.067 PCT. 4.90 5.53 0/13 AHP01
POULTRY VOLU 0.553 PCT. 4.42 5.08 0/  6 AEJ04A
POULTRY VOLU 0.723 PCT. 3.59 6.26 0/  6 AEJ05A
POULTRY VOLU 0.280 PCT. 3.09 7.70 0/  6 AEJ03A
POWDER VOLU 6.857 PCT. 0.84 1.91 1/13 AHQ02A
POWDER VOLU 2.399 PCT. 0.86 3.17 0/13 AHQ01A
STANDARO-SO ATA8 5.5 PPM - 14.14 0/  7 AHN06C
TOMATO-JUIC VOLU 0.028 PCT. 1.21 3.17 0/13 AHQ04A
TOMATO-LEAV ATAB 2.749 PCT. 7.30 0/  7 AHN05B
TOMATO-LEAV ATAB 2.819 PCT. 7.93 0/  7 AHN05A
TOMATO-LEAV ATAB 1.329 PCT. 10.38 0/  7 AHN04B
TOMATO-LEAV EMSP 2.740 PCT. 11.23 0/11 AHM05C
TOMATOES-CA VOLU 0.030 PCT. _ 5.35 2/18 AH001
WHEAT-FLOUR ATAB 0.015 PCT. 4.56 16.26 1/  8 AI003C

REFERENCE

JONES 58, 0764( 1975) 
ISAAC 58,0436 1975) 
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CORRAO 66, 0989( 1983) 
ISAAC 
MUNSEY

0 66,0989(1983) 
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PO.LMAN 74,0027 
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JONES 58,0764 
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TANNER 68.0514(1985) 
SUDDENDORF 67,0985 1! 
SUDDENDORF 67,0985| 
SUDDENDORF 67,0985 
SUDDENDORF 67,0985 
SUCDENDORF 67,0985 
SUDDENDORF 67,0985 
SUCDENDORF 67,0985 
SUCDENDORF 67,0985 
SUDDENDORF 67,0985 
SUDDENDORF 67,0985i1984 
SUDDENDORF 67,0985i1984 

NSMUNTERFORSCH 190,0199(1990) 
NSMUNTERFORSCH 190,0199(1990 
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ISAAC 58,0436 1975)
ISAAC 58,0436 1975 
JONES 58,0764 1975 
ISAAC 68,0499 1985 
ISAAC 58,0436 1975 
JONES 58,0764 1975 
STEAGALL 51,0796(1968)
CORRAO 66,0989(1983)
CORRAO 66,0989 1983)
CORRAO 66,0989 1983)
STEAGALL 50,0787(1967) 
STEAGALL 50,0787(1967)
ISAAC 58,0436(1975)
STEAGALL 50,0787(1967)
ISAAC 58,0436(1975)
ISAAC 58,0436(1975)
ISAAC 58,0436(1975)
JONES 58,0764(1975)
STEAGALL 53,0720(1970) 

NSMUNTERFORSCH 190,0199(1990)

984
1984
1984
1984
1984198419841984
1984

METHOD
NO.

<953. 01> . . .  
<975.038 A) 
<975. 038( b ) 
<968. 31> . . .  
<24. 062[84J 
<24.0621841 
<24. 062184] 
<975. 03> . . .  
<14. 014184] 
<991. 25> . . .  
<991. 25> . . .  
<991. 25> . . .  
<991. 25> . . .  
<991. 25> . . .
<IUPAC>___
<975. 03B(a ) 
<975. 03B(b ) 
<975. 03> . . .  
<953. 01> . . .  
<975. 03> . . .  
<975. 03> . . .  
<975. 03> . . .  
<14. 014184] 
<14.0141841 
<14. 014184] 
<43.A37[B4] 
<43.A37[84] 
<984. 27> . . .  
<43.A37I84] 
<984. 27> . . .  
<984. 27» . . .  
<984. 27> . . .  
<984. 27> . . .  
<984. 27> . . .  
<984. 27> . . .  
<984. 27> . . .  
<984. 27> . . .  
<984. 27> . . .  
<984. 27> . . .  
<984. 27> . . .
<IUPAC>___
<IUPAC>___
<IUPAC>___
<975. 03B(A) 
<975. 03B(b ) 
<953. 01> . . .  
<975. 03> . . .  
<975. 03B(A) 
<953. 01> . . .  
<968. 31> . . .  
<24. 062(84] 
<24. 062(84] 
<24. 062(84] 
<968. 31> . . .  
<968. 31> . . .  
<975. 030. .  
<968. 31> . . .  
<975. 038(8) 
<975.038 A) 
<975. 038( b ) 
<953. 01> . . .  
<968. 31» . . .  
<IUPAC>___

HORRAT

2.651.921.961.48
1.121.351.37 1.01 0.59 0.62 0.54 0.52 0.63 0.80 1.76 1.79 1.872.353.36 0.74 1.39 1.68 0.39 0.93 1.02 0.76 0.87 0.93 1.01 
1.01 1.13 1.241.38 1.46 1.7189

21690694371.501.181.391.463.250.931.783.31 0.92 1.16 
1.49 1.59 0.64 0.90 1.14 0.46 2.122.32 2.71 3.27 0.79 2.17

ANALYTE=MAGNESIUM

MATRIX METHOO CONCN UNIT RSDO RSDR DROP/ CODE REFERENCE METHOD HORRAT
«LABS NO.

ALFALFA EMSP 0.357 PCT. 13.43 0/11 AHM01M JONES 58,0764 1975 <953. 01> . . . 2.88
ALFALFA-LEA ATAB 0.359 PCT. 5.90 0/  7 AHN01A ISAAC 58,0436 1975 <975. 03B(Aj 1.26
ALFALFA-LEA ATAB 0.363 PCT. 6.88 0/  7 AHN01B ISAAC 58,0436 1976 <9 7 5- 03B( B) 1.48
BERMUDA-GRA ICPE 0.164 PCT. - 12.90 1/12 AHL06M ISAAC 68,0499 1985 <975. 03> . . . 2.46
CHEESE-CHED ATAB 0.025 PCT. 3.92 4.32 0/11 AIU03C POLLMAN 74,00 >7 19<11 <991. 25> . . . 0.62
CHEESE-MOZZ ATA8 0.024 PCT. 3.85 4.75 0/11 AIU02C POLLMAN 74,0027 1991 <991. 25» . . . 0.68
CHEESE-PARM ATAB 0.040 PCT. 0.73 2.54 1/11 AIU05C POLLMAN 74,0027 1991 <991. 25» . . . 0.39
CHEESE-PROC ATAB 0.024 PCT. 3.85 5.34 1/11 AIU01C POLLMAN 74,0027 1991 <991. 25» . . . 0.76
CHEESE-ROMA ATAB 0.051 PCT. 1.11 2.32 0/11 AIU04C POLLMAN 74,0027 1991 <991. 25» . . . 0.37
CITRUS-LEAV ATAB 0.533 PCT. 1.25 4.55 1/  9 AI001M NSMUNTERFORSCH 1<¡0. 01Í19( 1990) <IUPAC>___ 1.03
CITRUS-LEAV ATAB 0.570 PCT. - 8.83 0/  7 AHN02B ISAAC 58,0436 1975 <975. 038(B) 2.03
CITRUS-LEAV EMSP 0.593 PCT. - 9.74 0/10 AHM02M JONES 58,0764 1975 <953. 01» . . . 2.25
CITRUS-LEAV ICPE 0.555 PCT. _ 10.77 0/12 AHL07M ISAAC 68,0499 1985 <975. 03» . . . 2.46
CITRUS-LEAV ATAB 0.537 PCT. - 13.58 0/  7 AHN02A ISAAC 58,0436 1975 <975. 03B(A) 3.09
CORN-LEAVES ICPE 0.410 PCT. 9.76 0/12 AHL01M ISAAC 68,0499 1985 <975. 03» . . . 2.13
CORN-LEAVES ICPE 0.152 PCT. - 14.07 1/12 AHL05M ISAAC 68,0499 1985 <975. 03» . . . 2.65
CORN-STALK ICPE 0.274 PCT. - 15.35 0/12 AHL03M ISAAC 68,0499 1985 <975. 03» . . . 3.16
INFANT-FORM ICPE 58.6 PPM 1.25 4.35 1/  6 AFK03I SUDDENDORF 67 0985 1984 <984. 27» . . . 0.50
INFANT-FORM ICPE 74.6 PPM 1.52 4.88 1/  6 AFK02I SUDOENDORF 67 0985 1984 <984. 27» . . . 0.58
INFANT-FORM ATAB 62.2 PPM 1.86 5.92 0/  9 AF02B TANNER 68, 0514(198 <43.A37(84] 0.69
INFANT-FORM ATAB 73.6 PPM 2.22 5.86 0/  9 AF01B TANNER 68, 0514( 1985) <43.A37(84] 0.70
INFANT-FORM ICPE 121.1 PPM 1.41 5.97 0/  6 AFK06I SUDOENDORF 67 0985 1984 <984. 27» . . . 0.77
INFANT-FORM ICPE 418.8 PPM 0.72 5.10 1/  6 AFK05I SUDDENDORF 67 0985 1984 <984. 27» . . . 0.79
INFANT-FORM ICPE 203.3 PPM 4.84 7.67 0/  6 AFK06J SUDDENDORF 67 0985 1984 <984. 27» . . . 1.07
INFANT-FORM ATAB 61.6 PPM 2.67 9.55 0/  9 AF03B TANNER 68, 0514(198 <43. A37[84] 1.11
INFANT-FORM ICPE 733.2 PPM 1.57 8.57 0/  6 AFK05J SUDDENDORF 67 Ú98S 1984 <984. 27» . . . 1.45
INFANT-FORM ICPE 415.0 PPM 2.96 9.43 0/  6 AFK01J SUDDENDORF 67 0985 1984 <984. 27» . . . 1.46
INFANT-FORM ICPE 114.9 PPM 7.68 11.60 0/  6 AFK03J SUDDENDORF 67 0985 1984 <984. 27» . . . 1.48
INFANT-FORM ICPE 139.1 PPM 3.33 11.79 0/  5 AFK02J SUDOENDORF 67 0985 1984 <984. 27» . . . 1.55
INFANT-FORM ICPE 221.0 PPM 2.67 11.61 0/  6 AFK01I SUDDENDORF 67 0985 1984 <984. 27» . . . 1.64
INFANT-FORM ICPE 1062.6 PPM 1.75 9.97 0/  6 AFK04J SUDDENDORF 67 0985 1984 <984. 27» . . . 1.78
INFANT-FORM ICPE 457.5 PPM 22.98 25.33 0/  5 AFK04I SUDDENDORF 67 0985 1984 <984. 27» . . . 3.98
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Database 1. Continued
ANALYTE»MAGNESIUM

MATRIX METHOD CONCN UNIT RSDO RSDR DROP/
#LABS

CODE REFERENCE METHOO
NO.

MILK-POWDER ATAB 0.106 PCT. 1.33 3.84 1/ 9 AI005M NSMUNTERFORSCH 190,0199 1990) <IUPAC>.•..
MILK-POWDER ATAB 0.104 PCT. 2.75 4.60 1/ 9 AI004M NSMUNTERFORSCH 190,0199 1990 <IUPAC>__
MUSSEL-FLOU ATAB 0.019 PCT. 1.59 3.07 1/ 9 AI002M NSMUNTERFORSCH 190,0199 1990) <IUPAC>----
ORCHARD-LEA ATAB 0.590 PCT. 4.01 1/ 7 AHN03A ISAAC 58,0436 1975 <975.03B(A)
ORCHARD-LEA EMSP 0.636 PCT. - 6.71 0/11 AHM03M JONES 58,0764 1975 <953.01>...
ORCHARD-LEA ATAB 0.600 PCT. _ 7.07 0/ 7 AHN03B ISAAC 58,0436 1975 <975.03B(B)
PEACH-LEAVE ICPE 0.412 PCT. _ 15.29 0/12 AHL04M ISAAC 68,0499 1985 <975.03>...
PECAN-LEAVE ATAB 0.404 PCT. _ 8.31 0/ 7 AHN04B ISAAC 58,0436 1975 <975.03B(B)
PECAN-LEAVE ATAB 0.370 PCT. . 17.93 0/ 7 AHN04A ISAAC 58,0436 1975 <975.03B(a)
PINE-NEEDLE EMSP 0.132 PCT. . 17.78 0/10 AHM04M JONES 58,0764 1975 <953.01>.•.
POWDER VOLU 3.064 PCT. 0.64 1.29 0/13 AHQ01B STEAGALL 50,0187 1967) <968.31>...
POWDER VOLU 1.785 PCT. 2.09 3.51 0/13 AHQ02B STEAGALL 50,0787 1967) <968.31>...
TOMATO-LEAV ATAB 0.671 PCT. _ 6.34 0/ 7 AHN05A ISAAC 58,0436 1975 <975.03B(a)
TOMATO-LEAV ATAB 0.673 PCT. - 7.56 0/ 7 AHN05B ISAAC 58,0436 1975 <975.03B(B)
TOMATO-LEAV EMSP 0.697 PCT. _ 7.62 0/11 AHM05M JONES 58.0764 

NSMUNTERFORSCH
1975 <953.01>...

WHEAT-FLOUR ATAB 0.034 PCT. 4.37 10.16 0/ 9 AI003M 190, 1199(1990) <IUPAC>__

HORRAT

0.69
0.82
0.42
0.93
1.57
1.64
3.34
1.81
3.86
3.28
0.38
0.96
1.49
1.78
1.80
1.53

ANALYTE=PHOSPHORUS
MATRIX METHOD CONCN UNIT RSDO RSDR DROP/

«LABS
CODE

APRICOT-PRE SPEC 103.7 PPM 0.74 2.81 1/ 9 AIJ02
BOLOGNA AUTO 0.184 PCT. - 2.39 0/ 6 AIE06A
BOLOGNA AUTO 0.265 PCT. 2.28 0/ 6 AIE 0 5 A
BREAD VOLU 0.157 PCT. 2.31 12.81 1/12 AIB01B
BREAD VOLU 0.165 PCT. 2.04 14.01 1/12 AIB01A
CEREAL-INFA VOLU 0.668 PCT. 1.16 2.22 1/12 AIB03B
CEREAL-INFA VOLU 0.668 PCT. 1.77 2.64 1/12 AIB03A
CHEESE-CHED SPEC 0.468 PCT. 1.47 2.05 1/12 AIU03B
CHEESE-MOZZ SPEC 0.444 PCT. 1.32 1.85 1/12 AIU02B
CHEESE-PARM SPEC 0.698 PCT. 1.17 2.11 2/12 AIU05B
CHEESE-ROMA SPEC 0.662 PCT. 1.15 1.15 2/12 AIU04B
CHERRY-PRES SPEC 102.5 PPM 0.78 2.80 1/ 9 AIJ01
CITRUS-LEAV ICPE 0.130 PCT. - 8.88 0/13 AHL07P
CORN-LEAVES ICPE 0.271 PCT. - 5.78 1/13 AHL05P
CORN-LEAVES ICPE 0.279 PCT. - 7.38 0/13 AHL01P
CORN-STALK ICPE 0.162 PCT. - 11.84 0/13 AHL03P
EGGS-DRIEO VOLU 0.863 PCT. 0.45 1.70 0/ 5 AHZ01C
FLOUR-SELF­ VOLU 0.521 PCT. 1.64 3.04 2/12 AIB04A
FLOUR-SELF­ VOLU 0.515 PCT. 0.49 5.79 1/12 AIB04B
FRANKFURTER AUTO 0.094 PCT. - 1.73 0/ 6 AIE 01A
FRANKFURTER AUTO 0.111 PCT. 2.88 0/ 6 AIE02A
GELATIN GRAV 0.119 PCT. 1.81 0/ 6 AIF01A
GELATIN-DES GRAV 0.246 PCT. 2.12 0/ 6 AIF02A
GELATIN-OES GRAV 0.027 PCT. - 10.19 0/ 6 AIF04A
GELATIN-DES GRAV 0.048 PCT. - 13.93 0/ 6 AIF03A
GRAPE-JUICE SPEC 113.5 PPM 0.75 1.46 1/ 9 AIJ03
GRAPE-JUICE SPEC 113.6 PPM 0.43 1.96 0/ 9 AIJ04
GRASS-BERMU ICPE 0.145 PCT. - 6.69 0/13 AHL06P
HAM AUTO 0.248 PCT. - 2.56 0/ 6 AIEOBA
HAM AUTO 0.276 PCT. 3.36 0/ 6 AIE07A
HAM GRAV 0.302 PCT. 2.19 3.76 1/ 9 AID03A
HAM GRAV 0.303 PCT. 3.11 3.79 0/ 9 AID02B
HAM GRAV 0.354 PCT. 2.30 3.72 0/ 9 AID04B
HAM GRAV 0.316 PCT. 3.07 3.82 0/ 9 AID06B
HAM GRAV 0.283 PCT. 3.72 4.03 0/ 9 AID05B
HAM GRAV 0.299 PCT. 2.23 4.04 0/ 9 A1D03B
HAM GRAV 0.354 PCT. 1.22 3.97 1/ 9 AID04A
HAM GRAV 0.307 PCT. 2.88 4.09 0/ 9 AI002A
HAM GRAV 0.273 PCT. 2.73 4.43 0/ 9 AID01B
HAM GRAV 0.274 PCT. 3.55 4.94 0/ 9 AID01A
HAM GRAV 0.310 PCT. 4.43 7.99 0/ 9 AID06A
HAM GRAV 0.281 PCT. 6.27 9.18 0/ 9 AID05A
HAM-CANNED GRAV 0.236 PCT. 1.89 4.29 0/ 5 AIT15B
HAM-CANNED SPEC 0.237 PCT. 2.25 5.52 0/ 7 AIT13A
HAM-CANNED SPEC 0.233 PCT. 4.29 5.80 0/ 7 AIT14A
HAM-CANNED SPEC 0.237 PCT. 3.56 6.68 0/ 7 AIT15A
HAM-CANNED GRAV 0.234 PCT. 5.06 6.92 0/ 5 AIT14B
HAM-SMOKED GRAV 0.299 PCT. 1.18 3.55 1/ 5 AIT01B
HAM-SMOKED SPEC 0.221 PCT. 2.41 4.00 0/ 7 AIT02A
HAM-SMOKED SPEC 0.296 PCT. 2.56 4.01 0/ 7 AIT01A
HAM-SMOKED SPEC 0.221 PCT. 4.52 4.52 0/ 7 AIT03A
HAM-SMOKED GRAV 0.214 PCT. 3.62 6.57 0/ 5 AIT02B
HAM-SMOKED GRAV 0.213 PCT. 4.92 11.13 0/ 5 AIT03B
HAM-WATER-A GRAV 0.244 PCT. 2.59 3.55 0/ 5 AIT05B
HAM-WATER-A SPEC 0.257 PCT. 4.65 4.69 0/ 1 AIT06A
HAM-WATER-A SPEC 0.234 PCT. 3.43 5.03 0/ 7 AIT04A
HAM-WATER-A GRAV 0.254 PCT. 3.05 5.53 0/ 5 AIT06B
HAM-WATER-A SPEC 0.241 PCT. 2.71 5.77 0/ I AIT05A
HAM-WATER-A GRAV 0.231 PCT. 2.37 5.85 0/ 5 AIT04B
HAMBURGER GRAV 0.170 PCT. 5.88 7.50 0/ 5 AIT16B
HAMBURGER SPEC 0.175 PCT. 4.58 7.53 0/ 7 AIT16A
HAMBURGER-7 SPEC 0.135 PCT. 7.67 7.67 0/ 7 AIT18A
HAMBURGER-7 GRAV 0.129 PCT. 2.75 8.24 1/ 5 AIT18B
HAMBURGER-8 GRAV 0.139 PCT. 2.55 2.55 1/ 6 AIT17B
HAMBURGER-8 SPEC 0.141 PCT. 2.67 6.94 0/ 7 AIT17A
INFANT-FORM SPEC 449.3 PPM 0.62 0.73 1/ 8 AFP2B
INFANT-FORM SPEC 472.9 PPM 0.84 1.53 0/ 8 AFP3B
INFANT-FORM SPEC 339.3 PPM 2.04 3.90 0/ 8 AFP1B
INFANT-FORM ICPE 0.094 PCT. 1.31 5.11 0/ 6 AFK060
INFANT-FORM ICPE 0.042 PCT. 5.47 7.43 0/ 6 AFK030
INFANT-FORM ICPE 0.034 PCT. 1.58 8.22 1/ 6 AFK020
INFANT-FORM ICPE 0.068 PCT. 3.25 8.47 0/ 5 AFK02P
INFANT-FORM ICPE 0.327 PCT. 1.22 7.40 1/ 6 AFK050
INFANT-FORM ICPE 0.138 PCT. 0.45 9.89 1/ 6 AFK010
INFANT-FORM ICPE 0.237 PCT. 1.45 9.46 1/ 6 AFK01P
INFANT-FORM ICPE 0.585 PCT. 2.00 8.55 0/ 6 AFK04P
INFANT-FORM ICPE 0.190 PCT. 4.60 11.18 0/ 6 AFK06P
INFANT-FORM ICPE 0.676 PCT. 1.80 10.46 0/ 6 AFK05P
INFANT-FORM ICPE 0.104 PCT. 7.57 15.10 0/ 6 AFK03P

REFERENCE

GERRITZ 24,0393(1941) 
GANTENBEIN 55,0123(1972) 
GANTENBEIN 55,0123(1972) 
MUNSEY 31,0269(1948) 
MUNSEY 31,0269(1948 
MUNSEY 31,0269(1948 
MUNSEY 31,0269(1948 
POLLMAN 74,0027 
POLLMAN 74,0027 
POLLMAN 74,0027 
POLLMAN 74,0027 
GERRITZ 24,0393 
ISAAC 68,0499 11 
ISAAC 68,0499 1985 
ISAAC 68,0499i1985 
ISAAC 68,0499L1985 
MITCHELL 16,0298(1933) 
MUNSEY 31,0269(1948) 
MUNSEY 31,0269(1948) 
GANTENBEIN 55,0123(1972) 
GANTENBEIN 55,0123(1972) 
BURKEPILE 55,0581(1972) 
BURKEPILE 55,0581(1972) 
BURKEPILE 55,0581(1972) 
BURKEPILE 55,0581(1972) 
GERRITZ 24,0393(1941) 
GERRITZ 24.0393(1941) 
ISAAC 68,0499(1985) 
GANTENBEIN 55,0123(1972) 
GANTENBEIN 55,0123(1972) 
OKAMOTO 52,0634 1969 
0KAM0T0 52,0634'1969 
OKAMOTO 52,0634 1969 
OKAMOTO 52,0634 1969 
OKAMOTO 52,0634 1969 
OKAMOTO 52,0634 1969 
OKAMOTO 52,0634'1969 
OKAMOTO 52,0634' 1969 
OKAMOTO 52,0634' 1969 
OKAMOTO 52,0634'1969 
OKAMOTO 52,0634'1969 
OKAMOTO 52,0634' 1969 
CHRISTIANS 74,0022(1991 
CHRISTIANS 74,0022 1991 
CHRISTIANS 74,0022 1991 
CHRISTIANS 74,0022 1991 
CHRISTIANS 74,0022 1991 
CHRISTIANS 74,0022'1991 
CHRISTIANS 74,0022 1991 
CHRISTIANS 74,0022 1991 
CHRISTIANS 74,0022'1991 
CHRISTIANS 74,0022'1991 
CHRISTIANS 74,0022 1991 
CHRISTIANS 74,0022'1991 
CHRISTIANS 74,0022 1991 
CHRISTIANS 74,0022'1991 
CHRISTIANS 74,0022'1991 
CHRISTIANS 74,0022'1991 
CHRISTIANS 74,0022'1991 
CHRISTIANS 74,0022'1991 
CHRISTIANS 74,0022(1991 
CHRISTIANS 74,0022'1991 
CHRISTIANS 74,0022'1991 
CHRISTIANS 74,00221991 
CHRISTIANS 74,0022'1991 
TANNER 69,0777(1986) 
TANNER 69,0777 1986 
TANNER 69.0777(1986i nnncn
SUDDENDORF 67,0985 
SUDDENDORF 67,0985 
SUDDENDORF 67,0985 
SUDDENDORF 67,0985 
SUDDENDORF 67,0985 
SUDDENDORF 67,0985 
SUDDENDORF 67,0985 
SUDDENDORF 67,0985 
SUDDENDORF 67,0985 
SUDDENDORF 67,0985 
SUDDENDORF 67,0985

1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984

METHOD
NO.

HORRAT

<22.037(70) 0.35
<972.22>... 0.46
<972.Z2>... 0.47
<948.09BB>. 2.42
<948.09BA>. 2.67
<948.09BB>. 0.52
<948.09BA>. 0.62
<991.25>... 0.46
<991.25>... 0.41
<991.25>... 0.50
<991.25>... 0.27
<22.037(70] 0.35
<985.01>... 1.63
<985.01>... 1.19
<985.01>... 1.52
<985.01>... 2.25
<923.07>... 0.42
<948.09BA>. 0.69
<948.09BB>. 1.31
<972.22>... 0.30
<972.22>... 0.52
<972.21>... 0.33
<972.21>... 0.43
<972.21>... 1.48
<972.21>... 2.21
<22.037(701
<22.037(701

0.19
0.25

<985.01>... 1.25
<972.22>... 0.52
<972.22>... 0.69
<962.31A>.. 0.78
<962.31B>.. 0.79
<962.31B>.. 0.80
<962.31B>.. 0.80
<962.31B>.. 0.83
<962.31B>.. 0.84
<962.31A>.. 0.85
<962.31A>.. 0.86
<962.31A>.. 0.91
<962.31A>.. 1.02
<962.31A>.. 1.67
<962.31A>.. 1.90
<969.31B>.. 0.86
<991.27>... 1.11
<991.27>... 1.16
<991.27>... 1.34
<969.31B>.. 1.39
<969.31B>.. 0.74
<991.27>... 0.80
<991.27>... 0.83
<991.27>... 0.90
<969.31B>.. 1.30
<969.31B>.. 2.20
<969.31B>.. 0.72
<991.27»... 0.96
<991.27>... 1.01
<969.31B>.. 1.12
<991.27»... 1.16
<969.318».. 1.17
<969.31B>.. 1.44
<991.27»... 1.45
<991.27»... 1.42
<969.31B».. 1.51
<969.31B>.. 0.47
<991.27»... 1.29
<965.17»... 0.11
<965.17»... 0.24
<965.17»... 0.59
<984.27»... 0.90
<984.27»... 1.15
<984.27»... 1.23
<984.27»... 1.41
<984.27»... 1.56
<984.27»... 1.83
<984.27»... 1.90
<984.27»... 1.97
<984.27»... 2.18
<984.27»... 2.47
<984.27»... 2.68
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Database 1. Continued
—................................................. .........  ANALYTE*PHOSPHORUS
MATRIX METHOD CONCN UNIT RSDO RSDR DROP/

ILABS
CODE

INFANT-FORM ICPE 0.245 PCT. 10.77 15.55 0/ 5 AFK040
OATMEAL VOLU 0.460 PCT. 1.16 3.18 1/12 AIB02B
OATMEAL VOLU 0.474 PCT. 2.56 5.13 1/12 AIB02A
OIL ATAB 11.9 PPM 7.66 10.33 0/18 AIV06A
OIL ATAB 8.5 PPM 8.07 11.70 1/18 AIV05A
OIL ATAB 21.1 PPM 7.97 11.47 0/18 AIV03A
OIL ATAB 19.3 PPM 8.40 11.92 1/18 AIV04A
OIL ATAB 30.4 PPM 9.01 14.14 1/18 AI VO1A
OIL ATAB 28.8 PPM 14.72 14.72 0/18 AIV02A
ORCHARD-LEA EMSP 0.203 PCT. - 23.04 0/11 AHM03P
PEACH-LEAVE ICPE 0.167 PCT. - 13.70 0/13 AHL04P
PINE-NEEDLE EMSP 0.142 PCT. - 23.43 0/10 AHM04P
PORK-SMOKED AUTO 0.181 PCT. - 1.46 0/ 6 AIE04A
PORK-SMOKED AUTO 0.207 PCT. - 1.78 0/ 6 AIE03A
SAUSAGE-COO SPEC 0.127 PCT. 5.15 5.15 0/ 7 AIT11A
SAUSAGE-COO GRAV 0.107 PCT. - 8.91 1/ 5 AIT12B
SAUSAGE-COO GRAV 0.124 PCT. 7.21 8.83 0/ 5 AIT11B
SAUSAGE-COO SPEC 0.114 PCT. 3.31 9.21 0/ 7 AIT12A
SAUSAGE-COO SPEC 0.133 PCT. 6.36 9.75 0/ 7 AIT10A
SAUSAGE-COO GRAV 0.125 PCT. 6.32 10.25 0/ 5 AIT10B
SAUSAGE-POR SPEC 0.126 PCT. 3.66 6.04 0/ 7 AIT07A
SAUSAGE-POR GRAV 0.122 PCT. 6.35 6.48 0/ 5 AIT07B
SAUSAGE-POR GRAV 0.109 PCT. 5.02 6.96 0/ 5 AIT09B
SAUSAGE-POR GRAV 0.099 PCT. 7.14 9.03 0/ 5 AIT08B
SAUSAGE-POR SPEC 0.103 PCT. 3.67 9.19 0/ 7 AIT08A
SAUSAGE-POR SPEC 0.111 PCT. 3.39 10.86 0/ 7 AIT09A
SOLN-STD VOLU 219.9 PPM 0.39 1.85 1/ 8 AEL05B
SOLN-STD VOLU 222.3 PPM 0.88 3.11 0/ 8 AEL05A
TOMATO-LEAV EMSP 0.335 PCT. - 19.38 0/11 AHM05P
VINEGAR-CID VOLU 0.006 PCT. 0.32 2.13 1/ 9 AIQ01A
VINEGAR-COR VOLU 0.003 PCT. 0.53 6.62 0/ 9 AIQ05A
VINEGAR-DIS VOLU 0.001 PCT. 1.30 3.26 0/ 9 AIQ02A
VINEGAR-MAL VOLU 0.041 PCT. 1.03 2.94 0/ 9 AIQ03A
VINEGAR-MOL VOLU 0.003 PCT. 0.70 3.94 2/ 9 AIQ04A
WINE SPEC 112.2 PPM - 0.45 1/ 8 AIC06A
WINE SPEC 135.8 PPM - 0.90 0/ 8 AI COSA
WINE SPEC 130.0 PPM - 1.13 0/ 8 AIC07B
WINE SPEC 113.4 PPM - 1.17 0/ 8 AIC06B
WINE SPEC 168.4 PPM - 1.22 0/ 7 AIC02A
WINE SPEC 69.0 PPM - 1.41 0/ 8 AIC05A
WINE SPEC 69.4 PPM - 1.88 0/ 8 AIC058
WINE SPEC 135.5 PPM - 1.91 0/ 8 AIC08B
WINE SPEC 130.3 PPM - 2.14 0/ 8 AIC07A
WINE SPEC 106.9 PPM - 2.56 0/ 7 AIC03A
WINE SPEC 110.5 PPM - 2.64 0/ 7 AIC04A
WINE SPEC 148.9 PPM - 2.95 0/ 7 AIC01A

ANALYTE=POT ASSIUM
MATRIX METHOD CONCN UNIT RSDO RSDR DROP/

ALABS
CODE

ALFALFA-LEA ATAB 1.738 PCT. 2.04 0/ 6 AHN01B
ALFALFA-LEA ATAB 1.678 PCT. 4.83 0/ 6 AHN01A
APRICOT-FRU GRAV 345.9 PPM 0.31 1. 14 0/ 6 AI 101A
APRICOT-FRU GRAV 3487.8 PPM 0.55 2.10 0/ 6 AI IO IB
CHERRY-FRUI GRAV 4570.8 PPM 0.45 1.62 0/ 5 AIK02A
CHERRY-FRUI GRAV 1638.1 PPM 0.85 2.65 0/ 7 AIK01A
CHERRY-FRUI GRAV 1635.9 PPM 1.47 4.24 0/ 8 AIK01B
CHERRY-FRUI GRAV 4432.1 PPM 2.08 4.05 0/ 7 AIK02B
CITRUS-LEAV ATAB 1.782 PCT. - 1.28 1/ 6 AHN02A
CITRUS-LEAV ICPE 1.834 PCT. 1.88 2/ 9 AHL07K
CITRUS-LEAV ATAB 1.803 PCT. 3.84 0/ 6 AHN02B
COD ATAB 3374.0 PPM 1.72 7.70 0/ 8 ADJ6C
COD ATAB 3657.5 PPM 4.34 14.56 0/ 8 ADJ6D
CORN-LEAVES ICPE 2.079 PCT. - 8.23 0/ 9 AHL01K
CORN-LEAVES ICPE 2.127 PCT. 9.32 0/ 9 AHL05K
CORN-STALK ICPE 1.139 PCT. - 8.52 0/ 9 AHL03K
CRAB ATAB 1597.8 PPM 4.35 6.60 0/ 8 ADJ8C
CRAB ATAB 1691.0 PPM 2.85 11.62 0/ 8 ADJ8D
CREAMER-COF ATAB 0.993 PCT. 2.65 6.72 0/10 AGY03B
CURRANT-JUI GRAV 2140.0 PPM 0.70 0.80 1/ 6 AII03B
CURRANT-JUI GRAV 2133.9 PPM 0.66 0.88 0/ 8 AIL01A
CURRANT-JUI GRAV 2129.2 PPM 0.68 0.96 0/ 6 AII03A
CURRANT-JUI VOLU 2131.8 PPM 0.43 1.21 0/ 8 AIL01B
DIET-TOTAL ATAB 0.639 PCT. 1.90 7.73 0/10 AGY02B
DIET-TOTAL ATAB 0.648 PCT. 3.09 8.38 1/10 AGY01B
FRUIT FLME 1917.2 PPM 1.30 2.21 0/ 9 ACB5
FRUIT FLME 1796.1 PPM 0.99 2.61 0/ 9 ACB4
FRUIT FLME 2100.6 PPM 1.24 3.04 0/ 9 ACB3
FRUIT FLME 2480.6 PPM 1.57 3.12 0/ 9 ACB1
FRUIT FLME 1667.8 PPM 3.44 3.44 0/ 9 ACB6
FRUIT FLME 2140.6 PPM 1.95 4.23 0/ 9 ACB2
FRUIT-ASH GRAV 1257.7 PPM 1.17 3.02 0/ 7 AIK04AFRUIT-ASH GRAV 786.9 PPM 1.49 3.61 0/ 5 AII02AFRUIT-ASH GRAV 808.7 PPM 2.71 3.93 0/ 4 AI 1028FRUIT-ASH GRAV 1237.8 PPM 0.82 4.38 0/ 8 AIK04B
GRASS-BERMU ICPE 0.850 PCT. _ 8.84 0/ 9 AHL06KHADDOCK ATAB 2836.3 PPM 2.24 3.45 0/ 8 ADJ5DHADDOCK ATAB 2716.3 PPM 3.09 4.39 0/ 8 ADJ5CINFANT-FORM ATAB 933.0 PPM 2.92 3.28 1/ 9 AF03DINFANT-FORM ICPE 0.071 PCT. 1.31 3.51 1/ 5 AFK02GINFANT-FORM ICPE 0.079 PCT. 4.65 4.65 0/ 5 AFK03GINFANT-FORM ICPE 0.949 PCT. 1.22 3.81 1/ 5 AFK05GINFANT-FORM ATAB 754.0 PPM 2.23 5.95 1/ 9 AF02D
INFANT-FORM ICPE 0.174 PCT. 1.95 5.25 0/ 5 AFK06G
INFANT-FORM ICPE 0.136 PCT. 3.15 5.86 0/ 5 AFK02H
INFANT-FORM ATAB 761.6 PPM 3.07 6.82 0/ 9 AF01D
INFANT-FORM ICPE 1.887 PCT. 3.73 5.51 0/ 5 AFK01G
INFANT-FORM ICPE 0.257 PCT. 6.63 7.85 0/ 6 AFK06H
INFANT-FORM ICPE 0.483 PCT. 4.35 7.23 0/ 4 AFK04G
INFANT-FORM ICPE 0.136 PCT. 3.96 9.02 0/ 6 AFK03HINFANT-FORM ICPE 0.294 PCT. 8.67 9.32 0/ 6 AFK01H

REFERENCE

SUDDENDORF 67,0985(1984) 
MUNSEY 31,0269(1948).—  -- —  — jMUNSEY 31,0269(1948, 
HENDRIKSE PACOO.OOOÔ 
HENDRIKSE PACOO.OOOO 
HENDRIKSE PACOO.OOOO 
HENDRIKSE PACOO.OOOO 
HENDRIKSE PACOO.OOOO 
HENDRIKSE PACOO.OOOO 
JONES 58,0764(1975 
ISAAC 68,0499 1985 
JONES 58,0764(1975 
GANTENBEIN 55,0123 
GANTENBEIN 55,0123 
CHRISTIANS 74,0022 
CHRISTIANS 74,0022 
CHRISTIANS 74,0022 
CHRISTIANS 74,0022 
CHRISTIANS 74,0022 
CHRISTIANS 74,0022 
CHRISTIANS 74,0022 
CHRISTIANS 74,0022 
CHRISTIANS 74,0022 
CHRISTIANS 74,0022 
CHRISTIANS 74,0022 
CHRISTIANS 74,0022 
MUNSEY 36,0760( 195: , 
MUNSEY 36,0760(1953) 
JONES 58,0764(1975)---------  i .  ig41

1991
1991
1991
1991
1991
1991

SANDERS ¿4,0684 
SANDERS 24,0684 
SANDERS 24,0684 
SANDERS 24,0684 
SANDERS 24,0684 
NELSON 45,0624 
NELSON 45,0624 
NELSON 45,0624 
NELSON 45,0624 
NELSON 45,0624 
NELSON 45,0624 
NELSON 45,0624 
NELSON 45,0624 
NELSON 45,0624 
NELSON 45,0624 
NELSON 45,0624 
NELSON 45,0624

1941
1941
1941
1941
962

1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962

REFERENCE

ISAAC 58,0436(1975)
ISAAC 58,0436 1975)
WOOD 25,0429 1942 
WOOD 25,042911942 
WOOD 24,03911 1941 
WOOD 24,0391 1941 
WOOD 24,0391 1941 
WOOD 24,0391 1941,
ISAAC 58,0436(1976)
ISAAC 68,0499 1985)
ISAAC 58,0436(1975 
THOMPSON 52,0055(1' 
THOMPSON 52,0055(1969) 
ISAAC 68,0499(1985)
ISAAC 68,0499 1985)
ISAAC 68,0499 1985 
THOMPSON 52,0055(1969 
THOMPSON 52,0055(1969 
P-A-CHEM 61,0114 1989 
WOOO 25,042911942) 
GERRITZ 25,0433(1942) 
WOOD 25,0429(1942) 
GERRITZ 25,0433(1942) 
P-A-CHEM 61,0114(1989) 
P-A-CHEM 61,0114(1989) 
BOLAND 48,0521 
BOLAND 48,0521 
BOLAND 48,0521 
BOLAND 48,0521 
BOLAND 48,0521 
BOLAND 48,0521 
WOOD 24,0391(1 
WOOD 25,0429 1942 
WOOD 25,0429 1942 
WOOD 24.0391 1941,
ISAAC 68,0499(1986) 
THOMPSON 52,0055(1969) 
THOMPSON 52,0055 1969) 
TANNER 68.0514(1985) 
SUODENDORF 67,0985(1984 
SUDDENDORF 67,0985 1984 
SUDDENDORF 67,0985(1984 
TANNER 68,0514(1985) 
SUDDENDORF 67.0985(1984) 
SUDDENDORF 67,0985(1984) 
TANNER 68.0514(1985) 
SUDDENDORF 67,0985 1984 
SUDDENDORF 67.0985 1984 
SUDDENDORF 67,0985 1984 
SUDDENDORF 67,0985 1984 
SUDDENDORF 67,0985 1984

METHOD
NO.

HORRAT

<984.27>... 3.15
<948.09BB>. 0.71
<948.09BB>. 1.15
<PURE.APPLI 0.94
<PURE.APPLI 1.01
<PURE.APPLI 1.13
<PURE.APPLI 1.16
<PURE.APPLI 1.48
<PURE.APPLI 1.53
<953.01>... 4.53
<985.01»... 2.62
<953.01»... 4.37
<972.22»... 0.28
<972.22»... 0.35
<991.27»... 0.94
<969.31B».. 1.59
<969.31B>.. 1.61
<991.27»... 1.66
<991.27»... 1.80
<969.31B».. 1.87
<991.27»... 1.11
<969.31B».. 1.18
<969.31B».. 1.25
<969.31B».. 1.59
<991.27»... 1.63
<991.27»... 1.95
<14.139(84] 0.26
<14.139(841 0.44
<953.01»... 4.11
<930.351».. 0.25
<930.351».. 0.68
<930.351».. 0.29
<930.351».. 0.46
<930.351».. 0.40
<962.11CA». 0.06
<962.1ICA». 0.12
<962.11CB». 0.15
<962.11CB». 0.15
<962.11»... 0.16
<962.11CA». 0.17
<962.11C8». 0.22
<962.11CB». 0.25
<962.1ICA». 0.28
<962.11»... 0.32
<962.11»... 0.34
<962.11»... 0.39

METHOD
NO.
<975.03B(B) 
<975.03B(A 
«22.028180] 
<22.026170] 
<22.028180] 
<22.028(801 
<22.026170] 
<22.0261701 
<975.038(A) 
<985.01>... 
<975.03B(B) 
<969.23>... 
<969.23>... 
<985.01>... 
<985.01>... 
<985.01>... 
<969.23>... 
<969.23>...
<GIVEN>__
<22.026(70]
<22.028(80]
<22.028(80]
¿gìvénì:: : :
<GIVEN>__
<22.031(84] 
<22.031(84] 
<22.031(84] 
<22.031(84] 
<22.031(84] 
<22.031(84] 
<22.028(80] 
<22.028(80] 
<22.026(70] 
<22.026(70] 
<985.01>... 
<969.23>... 
<969.23>... 
<43.A37[8«J 
<984.27>... 
<984.27>... 
<984.27>... 
<43.A37[84] 
<984.27>... 
<984.27>... 
<43.A37[84] 
<984.27>... 
<984.27>... 
<984.27>... 
<984.27>... 
<984.Z7>...

HORRAT

0.55
1.31
0.17
0.45
0.36
0.50
0.81
0.90
0.35
0.51
1.05
1.63
3.13
2.30
2.61
2.17
1.252.221.68
0.16
0.17
0.19
0.24
1.81
1.96
0.43
0.50
0.60
0.630.66
0.84
0.55
0.62
0.67
0.80
2.16
0.71
0.90
0.57
0.59
0.79
0.951.011.01
1.09
1.16
1.52
1.60
1.62
1.67
1.94
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Database 1. Continued
..............................................-..............ANALYTE=POTASS I UH
MATRIX METHOD CONCN UNIT RSDO RSDR DROP/ CODE REFERENCE METHOD HORRAT

f LABS NO.
INFANT-FORM ICPE 1.150 PCT. 1.32 8.63 0/ 5 AFK04H SUDDENDORF 67 0985 (1984) <43.292(841 2.20
INFANT-FORM ICPE 1.552 PCT. 2.79 12.61 0/ 6 AFK05H SUDDENDORF 67 098511984) <984.27»... 3.37
KALE-POWDER ATAB 2.340 PCT. 2.82 9.16 0/10 AGY04B P-A-CHEM 61,0114 1<89) <GIVEN>__ 2.60
LIVER-BOVIN ATAB 0.942 PCT. 2.36 6.31 0/10 AGY05B P-A-CHEM 61,0114 1989) <GIVEN>__ 1.56
ORCHARD-LEA ATAB 1.454 PCT. - 0.38 1/ 6 AHN03B ISAAC 58,0436 1915 <975.038(B) 0.10
ORCHARD-LEA ATAB 1.438 PCT. - 2.48 1/ 6 AHN03A ISAAC 58,0436 1975 <975.038(A) 0.65
PEACH-LEAVE ICPE 2.081 PCT. _ 6.45 1/ 9 AHL04K ISAAC 68,0499 1985 <985.01»... 1.80
PECAN-LEAVE ATAB 1.002 PCT. _ 2.38 1/ 6 AHN04A ISAAC 58,0436 1975 <975.038(A) 0.60
PECAN-LEAVE ATAB 1.090 PCT. _ 3.62 0/ 6 AHN04B ISAAC 58,0436 1975 <975.03B(B) 0.92
PINEAPPLE-J GRAV 147.8 PPM 0.49 1.62 0/ 6 AII05A WOOD 25,0429( 942) <22.028(80) 0.21
PINEAPPLE-J GRAV 148.8 PPM 0.34 1.81 0/ 6 AIÏ05B WOOD 25,0429(1942) <22.026(701 0.24
PINEAPPLE-J VOLU 1471.4 PPM 0.37 1.31 0/ 8 AIL03B GERRITZ 25,0433( 942) . < . . . >..... 0.25
PINEAPPLE-J GRAV 1474.5 PPM 0.33 1.36 0/ 8 AIL03A GERRITZ 25,0433(1942) <22.028(801 0.25
RASPBERRY-J VOLU 1412.6 PPM - 0.46 1/ 7 AIL02B GERRITZ 25,0433(1942) . < . . . >..... 0.09
RASPBERRY-J GRAV 1408.1 PPM 0.96 0.96 0/ 8 AIL02A GERRITZ 25,0433(1942) <22.028(80] 0.18
RASPBERRY-J GRAV 1405.6 PPM 1.14 1.14 0/ 6 AII04A WOOD 25,0429( 341M <22.028(801 0.21
RASPBERRY-J GRAV 1431.9 PPM 0.77 1.42 0/ 6 AII04B WOOD 25,0429(1942) <22.026(701 0.26
SHERRY FLEM 904.5 PPM - 1.85 2/10 AIH02B MEURON 47,0721 1!64) 0.32
SHRIMP ATAB 2361.5 PPM 2.10 9.77 0/ 8 ADJ7C THOMPSON 52,0055 U69 <969.23»... 1.97
SHRIMP ATAB 2539.5 PPM 1.75 10.04 0/ 8 ADJ7D THOMPSON 52,0055 1969 <969.23»... 2.04
SNAPPER ATAB 4320.3 PPM 4.19 6.99 0/ 8 ADJ4D THOMPSON 52,0055 1969 <969.23»... 1.54
SNAPPER ATAB 4148.3 PPM 3.23 9.97 0/ 8 ADJ4C THOMPSON 52,0055 1969 <969.23»... 2.18
SOLN ATAB 943.8 PPM - 3.25 0/ 8 ADJ1C THOMPSON 52,0055 1969 <969.23»... 0.57
SOLN ATAB 615.0 PPM _ 4.35 0/ 8 ADJ2C THOMPSON 52,0055 1969 <969.23»... 0.71
SOLN ATAB 468.8 PPM - 4.62 0/ 8 ADJ3C THOMPSON 52,0055 1969 <969.23»... 0.73
SUGAR-BLANK GRAV 83.3 PPM 2.04 9.37 0/ 5 AIK03B WOOD 24,0391(194 <22.026(701 1.14
SUGAR-BLANK GRAV 82.2 PPM 2.37 10.06 0/ 7 AIK03A WOOD 24,0391(1941) <22.028(80] 1.22
TOMATO-LEAV ATAB 4.658 PCT. - 1.92 0/ 6 AHN05A ISAAC 58,0436 9'r5 <975.03B(A) 0.61
TOMATO-LEAV ATAB 4.583 PCT. - 2.43 0/ 6 AHN05B ISAAC 58,0436 9 5J <975.03B(B) 0.76
TUNA ATAB 3020.0 PPM 5.83 7.91 0/ 8 ADJ9C THOMPSON 52,01 >5 1Í691 <969.23»... 1.65
TUNA ATAB 3210.0 PPM 3.28 12.66 0/ 8 ADJ9D THOMPSON 52,0055 19691 <969.23»... 2.67
MINE FLEM 925.0 PPM -, 2.87 0/ 7 AIG06B MEURON 46,0299 1Í63 <963.13»... 0.50
MINE FLEM 464.4 PPM _ 4.20 0/ 7 AIG078 MEURON 46,0299 1963 <963.13»... 0.66
MINE FLEM 711.0 PPM - 6.10 0/ 7 AIG08B MEURON 46,0299 1963 <963.13»... 1.02
WINE-APPLE FLEM 1140.6 PPM - 3.26 0/10 AIH04B MEURON 47,0720 1964 . < ...>..... 0.59
MINE-BLACKB FLEM 892.8 PPM - 1.84 2/10 AIH05B MEURON 47,0720 1964 . < . . . >..... 0.32
WINE-ORY-RE FLEM 1320.9 PPM - 4.88 0/10 AIG03B MEURON 46,0299 1963 <963.13»... 0.90
WINE-DRY-RE FLEM 553.1 PPM - 5.70 0/10 AIG04B MEURON 46,0299 1963 <963.13»... 0.92
WINE-LOGANB FLEM 718.4 PPM - 1.86 1/10 AIH03B MEURON 47,0720 1964 . < . . . >..... 0.31
WINE-PORT FLEM 1191.7 PPM - 5.43 0/10 AIG05B MEURON 46,0299 1963 <963.13»... 0.99

ANALYTE=SODIUM
MATRIX METHOD CONCN UNIT RSDO RSDR DROP/

fLABS
CODE

APPLE-JUICE ATAB 14.8 PPM 0.00 1/ 9 ADI2A
APPLE-JUICE ATAB 573.1 PPM - 1.80 1/ 9 ADI5A
APRICOTS ATAB 3667.5 PPM - 2.32 0/ 9 ADI6A
APRICOTS ATAB 20.6 PPM - 30.00 0/ 9 ADI3A
BEEF-BROTH POTC 0.583 PCT. 0.22 0.38 1/10 AEH01A
BEEF-ROAST KIT 0.401 PCT. 4.31 6.79 0/11 AHS02A
BEETS IONE 0.068 PCT. 2.62 4.59 0/ 6 AAC4
BRANDY-APPL FLEM 20.0 PPM - 11.18 0/ 9 AIH01A
BREAD POTC 0.605 PCT. 0.22 0.45 1/10 AEH07A
BUTTER VOLU 1.143 PCT. 0.24 0.64 1/ 8 AGS05A
BUTTER VOLU 0.825 PCT. 0.32 0.70 0/ 8 AGS04A
BUTTER VOLU 1.153 PCT. 0.27 0.70 0/ 8 AGS06A
BUTTER VOLU 0.197 PCT. 0.56 0.92 0/ 8 AGS01A
BUTTER VOLU 1.138 PCT. 0.39 0.85 0/ 8 AGS06B
BUTTER VOLU 1.128 PCT. 0.53 0.96 0/ 8 AGS05B
BUTTER VOLU 0.195 PCT. 0.52 1.50 0/ 8 AGS01B
BUTTER VOLU 0.578 PCT. 1.05 1.28 0/ 8 AGS02A
BUTTER VOLU 0.573 PCT. 0.89 1.43 0/ 8 AGS02B
BUTTER VOLU 0.805 PCT. 0.29 1.39 0/ 7 A0H1B
BUTTER VOLU 0.608 PCT. 1.25 1.51 0/ 8 AGS03A
BUTTER VOLU 0.813 PCT. 0.37 1.48 1/ 8 AGS04B
BUTTER VOLU 0.944 PCT. 0.40 1.78 1/ 7 ADH4B
BUTTER VOLU 0.601 PCT. 0.80 1.95 1/ 8 AGS03B
BUTTER VOLU 0.593 PCT. 0.71 2.12 0/ 7 ADH7B
BUTTER VOLU 0.883 PCT. 0.41 2.38 1/ 7 ADH3B
BUTTER VOLU 0.508 PCT. 1.01 2.77 0/ 7 ADH5B
BUTTER VOLU 0.392 PCT. 2.46 3.36 0/ 7 ADH2B
BUTTER VOLU 0.822 PCT. 2.20 3.44 0/ 7 ADH1A
BUTTER VOLU 0.604 PCT. 0.46 4.23 1/ 7 ADH7A
BUTTER VOLU 0.506 PCT. 1.31 4.47 0/ 7 ADH5A
BUTTER VOLU 0.389 PCT. 4.58 6.23 0/ 7 ADH2A
BUTTER VOLU 0.939 PCT. 0.50 5.75 1/ 7 ADH4A
BUTTER VOLU 0.887 PCT. 4.55 6.38 0/ 7 ADH3A
CARROTS IONE 0.015 PCT. 1.56 4.79 0/ 6 AAC1
CARROTS-BAB POTC 0.089 PCT. 0.55 1.78 1/10 AEH06A
CHEESE VOLU 1.203 PCT. 0.33 0.97 0/ 8 ACS03C
CHEESE VOLU 0.642 PCT. 0.51 1.20 0/ 8 ACS01B
CHEESE VOLU 1.171 PCT. 0.48 1.47 0/ 8 ACS03B
CHEESE VOLU 0.657 PCT. 0.43 1.69 0/ 8 ACS01C
CHEESE VOLU 0.975 PCT. 0.47 1.60 0/ 8 ACS02C
CHEESE VOLU 0.959 PCT. 0.72 1.85 0/ 8 ACS02A
CHEESE VOLU 0.650 PCT. 1.16 2.02 1/ 8 ACS01A
CHEESE VOLU 0.957 PCT. 0.31 1.95 1/ 8 ACS02B
CHEESE VOLU 0.552 PCT. 1.60 2.21 0/11 ABJ1B
CHEESE VOLU 1.173 PCT. 0.50 2.54 0/ 8 ACS03A
CHEESE-BLUE KIT 1.846 PCT. 2.80 6.05 0/12 AHS06A
CHEESE-CHED KIT 0.638 PCT. 2.28 3.38 0/12 AHS05A
CHEESE-PARM POTC 1.458 PCT. 0.33 1.01 0/10 AEH09A
COD-DRIED-S VOLU 12.608 PCT. 0.24 0.82 0/ 6 ACQ2B
CRAB ATAB 2448.8 PPM 2.33 3.30 0/ 8 ADJ8A
CRAB ATAB 2530.5 PPM 4.70 5.19 0/ 8 ADJ8B

REFERENCE HETHOO
NO.
<22.032(841
<22.032(84]
<22.032(84]
<22.032(841
<32.034(841
<971.19>..
<43.271(84]
<963.09>...
<32.034(84]
<IDF12A[69]
<IDF12A(69]
<IDF12A[69]
<IDF12A[69J
<IDF12A[691
<IDF12A[691
<IDF12A(691
<IDF12A[691
<I0F12A(691
<16.235(841
<I0F12A(691
<IDF12A[69]
<16.235(841
<IDF12A[691
<16.235(841
<16.235(841
<16.235(841
<16.235(84]
<15.135(651
<15.135(651
<15.135(651
<15.135(651
<15.135(651
<15.135(651
<43.271(84]
<32.034(841
<16.268(841
<16.272(841
<16.272(841
<16.268(84]
<16.268(841
<16.272(841
<16.272(841
<16.272(841
<16.272(841
<16.272(84]
<971.19>..
<971.19»..
<32.034(841
<18.034(841
<18.038(841
<18.038(841

HORRAT

0.00
0.29
0.50
2.96
0.09
1.48
0.771.100.10
0.16
0.17
0.18
0.180.22
0.24
0.29
0.29
0.33
0.34
0.35
0.36
0.44
0.45
0.49
0.58
0.63
0.73
0.84
0.981.01
1.35
1.42
1.57
0.64
0.31
0.25
0.28
0.38
0.40
0.40
0.46
0.47
0.48
0.51
0.651.66
0.79
0.27
0.30
0.67
1.06
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Database 1. Continued
- ANALYTE*SODIUM

MATRIX METHOD CONCN UNIT RSDO RSDR DROP/ CODE

CREAMER-COF ATAB 0.246 PCT. 3.24 8.32
«LABS
0/10 AGY03A

DIET-TOTAL ATAB 0.668 PCT. 1.88 3.71 1/10 AGY02A
DIET-TOTAL ATAB 0.642 PCT. 1.52 4.57 2/10 AGY01A
DINNER-PREP POTC 0.320 PCT. 0.33 0.86 0/10 AEH08A
DISTD-SPIRI VOLU 23.3 PPM - 2.88 0/ 9 AHR02A
EGG-WHITE VOLU 3.931 PCT. 0.10 0.28 1/ 5 AHW01A
EGGS-DRIED VOLU 0.409 PCT. 1.71 2.44 0/ 5 AHZ01E
EGGS-SALTED POTC 4.062 PCT. 0.34 5.38 1/10 AEH03A
FISH ATAB 3282.0 PPM 1.90 3.57 0/ 8 ADJ5A
FISH ATAB 3344.3 PPM 1.71 3.89 0/ 8 ADJ5B
FISH ATAB 930.5 PPM 4.20 6.94 0/ 8 ADJ4A
FISH ATAB 2166.8 PPM 4.43 7.05 0/ 8 ADJ6B
FISH ATAB 1014.3 PPM 9.32 9.32 0/ 8 ADJ4B
FISH ATAB 2044.5 PPM 3.78 9.02 0/ 8 ADJ6A
GREEN-BEANS IONE 0.007 PCT. 3.32 10.92 0/ 6 AAC5
HAM POTC 1.236 PCT. 0.27 0.88 0/10 AEH11A
INFANT-FORM ICPE 0.032 PCT. 1.37 4.07 0/ 6 AFK03M
INFANT-FORM ICPE 0.232 PCT. 3.32 3.82 0/6 AFK04N
INFANT-FORM VOLU 0.038 PCT. 0.37 5.53 1/ 8 AFP2A
INFANT-FORM VOLU 0.029 PCT. 0.46 6.04 1/ 8 AFP1A
INFANT-FORM ICPE 0.048 PCT. 2.66 5.82 0/ 5 AFK02N
INFANT-FORM VOLU 0.035 PCT. 0.52 6.60 1/ 8 AFP3A
INFANT-FORM ICPE 0.053 PCT. 3.36 6.81 0/ 6 AFK06M
INFANT-FORM ATAB 232.3 PPM 2.30 8.17 1/ 9 AF03C
INFANT-FORM ICPE 0.072 PCT. 3.56 7.03 0/ 6 AFK01M
INFANT-FORM ATAB 241.3 PPM 4.16 8.52 0/ 9 AF02C
INFANT-FORM ICPE 0.230 PCT. 3.36 6.43 0/ 6 AFK05M
INFANT-FORM ATAB 175.2 PPM 5.22 10.94 0/ 9 AF01C
INFANT-FORM ICPE 0.176 PCT. 4.21 8.92 0/ 6 AFK01N
INFANT-FORM ICPE 0.529 PCT. 1.92 7.56 0/ 6 AFK05N
INFANT-FORM ICPE 0.118 PCT. 4.36 10.25 0/ 4 AFK04M
INFANT-FORM ICPE 0.059 PCT. 5.37 11.79 0/ 6 AFK03N
INFANT-FORM ICPE 0.098 PCT. 2.66 11.11 0/ 6 AFK06N
INFANT-FORM ICPE 0.017 PCT. 8.80 17.11 0/ 6 AFK02M
KALE-POWDER ATAB 0.040 PCT. 3.68 17.23 0/10 AGY04A
LIMA-BEANS IONE 0.005 PCT. 2.90 2.90 1/ 6 AAC3
LIMA-8EANS IONE 0.069 PCT. 2.10 6.72 0/ 6 AAC9
LIVER-BOV1N ATAB 0.234 PCT. 1.88 6.17 0/10 AGY05A
MARGARINE POTC 0.779 PCT. 2.13 6.01 0/10 AEH04A
MEAT-LUNCHE POTC 0.236 PCT. 1.48 1.53 1/ 8 AGP02B
MEAT-LUNCHE POTC 0.425 PCT. 1.13 2.19 0/ 8 AGP03B
MEAT-LUNCHE POTC 0.143 PCT. 1.47 2.82 1/ 8 AGP01B
MEAT-LUNCHE POTC 0.809 PCT. 1.76 2.62 0/ 8 AGP04B
MEAT-LUNCHE VOLU 0.761 PCT. 1.38 9.18 1/11 AGP04A
MEAT-LUNCHE VOLU 0.383 PCT. 4.26 12.73 0/11 AGP03A
MUSTARD-PRE POTC 1.235 PCT. 0.28 0.49 0/10 AEH05A
PEANUT-BUTT POTC 0.561 PCT. 0.74 1.25 2/10 AEH12A
PEAS IONE e.002 PCT. 9.06 30.01 0/ 6 AAC7
SALMON-CANN POTC 0.581 PCT. 0.40 1.04 0/10 AEH10A
SALMON-CANN VOLU 0.540 PCT. 0.30 2.13 1/ 9 ACQ1B
SARDINES-CA KIT 0.715 PCT. 2.87 9.17 0/12 AHS04A
SHERRY FLEM 48.6 PPM - 13.93 0/10 AIH02A
SHRIMP ATAB 1855.3 PPM 7.73 7.73 0/ 8 ADJ7ASHRIMP ATAB 1958.5 PPM 6.01 7.99 0/ 8 ADJ7B
SOLN ATAB 205.7 PPM - 2.60 1/ 8 ADJ1ASOLN ATAB 340.0 PPM - 6.67 0/ 8 ADJ2A
SOLN ATAB 340.0 PPM - 6.67 0/ 8 ADJ3A
SOY-SAUCE POTC 6.926 PCT. 0.65 1.07 0/ 8 AEH02A
TOMATO ATAB 22.3 PPM - 0.00 1/ 9 ADI IATOMATO-JUIC ATAB 2190.3 PPM - 4.43 0/ 9 ADI4A
TOMATO-PAST VOLU 0.147 PCT. 2.81 7.72 0/10 AHY01ATOMATO-PAST VOLU 0.371 PCT. 1.36 12.26 1/15 AHX01B
TOMATO-PAST VOLU 0.361 PCT. 0.84 13.29 1/13 AHX01ATOMATO-PURE VOLU 0.326 PCT. 1.05 2.59 2/10 AHY02ATUNA ATAB 4980.3 PPM 1.44 2.38 0/ 8 ADJ9ATUNA ATAB 5177.1 PPM 2.91 7.77 0/ 7 ADJ9BTUNA-CANNED KIT 0.311 PCT. - 11.79 1/12 AHS03AWAX-BEANS IONE 0.009 PCT. 4.18 5.36 1/ 6 AAC8WAX-BEANS IONE 0.005 PCT. 2.95 7.03 0/ 6 AAC2WIENERS KIT 1.003 PCT. 2.51 4.73 0/11 AHS01AWINE VOLU 49.2 PPM - 0.99 0/ 9 AHR04AWINE VOLU 36.3 PPM - 1.55 0/ 9 AHR03AWINE-APPLE FLEM 21.0 PPM - 25.40 0/10 AIH04AWINE-8LACKB FLEM 161.5 PPM - 6.35 0/10 AIH05A
WINE-DRY-RE FLEM 795.5 PPM - 2.82 0/10 AIG04A
WINE-DRY-RE FLEM 93.6 PPM - 8.84 0/10 AIG03AWINE-LOGANB FLEM 84.6 PPM - 9.33 0/10 AIH03AWINE-PORT FLEM 141.2 PPM - 6.53 0/10 AIG05A

REFERENCE

P-A-CHEM 61,0114(1989 
P-A-CHEM 61,0114(1989 
P-A-CHEM 61,0114(1989 
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THOMPSON 52,0055(1969) 
THOMPSON 52,0055 1969) 
HERF 54,0587(1971) 
MCNERNEY 59,1131(1976) 
MCNERNEY 59,1131 1976) 
NERF 54,0587(1971) 
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METHOD HORRAT
NO.
<GIVEN>__ 1.68
<GIVEN>.... 0.87
<GIVEN>__ 1.07
<32.034(841 0.18
<966.09>... 0.29
<17.025(841 0.09
<17.026(84] 0.53
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<43.B06(84] 0.85
<43.B06(84] 0.88
<984.27>... 0.92
<43.B06[841 1.00
<984.27>... 1.10
<43.A37[84] 1.16
<984.27>... 1.18
<43.A37[841 1.22
<984.27>... 1.29
<43.A37[841 1.49
<984.27>... 1.72
<984.27>... 1.72
<984.27>... 1.86
<984.27>... 1.92
<984.27>... 1.96
<984.27>... 2.32
<GIVEN>__ 2.66
<43.271(841 0.32
<43.271(84] 1.12
<GIVEN>__ 1.24
<32.034(84] 1.45
<32.032(841 0.31
<32.032(84] 0.48
<32.032(84] 0.53
<32.032(841 0.63
<IS01841>.• 2.20
<IS01841>.. 2.75
<32.034(84) 0.13
<32.034(84] 0.29
<43.271(841 3.00
<32.0341841 0.24
<18.034(84] 0.49
<971.19».. 2.18
<963.13>... 1.56
<18.038(841 1.50
<18.038(84] 1.56
<18.038(841 0.36
<18.038(84] 1.00
<18.038(841 1.00
<32.034(84] 0.36
<22.032(841 0.00
<22.032(84] 0.88
<32.032(841 1.45
<32.033(84] 2.64
<XXXV.22[35 2.85
<32.032(841 0.55
<18.038(841 0.54
<18.038(841 1.76
<971.19>.. 2.47
<43.271(841 0.66
<43.271(841 0.78
<971.19>.. 1.18
<966.09>... 0.11
<966.09>... 0.17
<963.13>... 2.51
<963.13>... 0.85
<963.13>... 0.48
<963.13>... 1.09
<963.13>... 1.14
<963.13>... 0.86

ANALYTE-SULFUR
MATRIX METHOD CONCN UNIT RSOO RSDR DROP/

«LABS
CODE REFERENCE METHOD

NO. HORRAT

COTTONSEED- GRAV 0.510 PCT. 3.41 8.27 1/ 6 AIP01B 06,0414 1923 <923.01>... 1.87COTTONSEED- GRAV 0.516 PCT. 5.52 9.20 0/ 5 AIP01A 06,0414 1923 <923.01>... 2.08COTTONSEED- GRAV 0.514 PCT. 7.87 9.61 0/ 5 AIP01C 06,0414 1923 <923.01>..• 2.17MUSTARDSEED GRAV 0.863 PCT. 1.90 2.67 1/ 5 AIP03C 06,0414 1923 <923.01>.•. 0.65MUSTAROSEED GRAV 0.866 PCT. 0.76 3.23 0/ 6 AIP03B 06,0414 1923 <923.01>... 0.79MUSTARDSEED GRAV 0.867 PCT. 4.10 4.31 0/ 5 AIP03A 06,0414 1923 <923.01>... 1.05SOYBEAN-MEA GRAV 0.405 PCT. 9.04 9.04 0/ 5 AIP02C 06,0414 1923 <923.01>... 1.97SOYBEAN-HEA GRAV 0.385 PCT. 5.73 11.17 0/ 5 AIP02A 06,0414 1923 <923.01>... 2.42SOYBEAN-MEA GRAV 0.392 PCT. 6.32 11.16 0/ 6 AIP02B 06,0414 1923 <923.01>..• 2.42
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Database 1. Continued
0BS ANALVT NO NR C0NC_AV RSD0_AV RSDR_AV
1 CALCIUM 40 63 0.0103063 2.90625 6.976832 MAGNESIUM 27 48 0.0032811 3.21889 8.49417
3 PHOSPHORUS 91 125 0.0019054 3.33824 6.136404 POTASSIUM 61 91 0.0059270 2.25262 4.88637
S SODIUM 108 129 0.0061135 2.06509 5.334196 SULFUR 9 9 0.0059088 4.96111 7.628897 GRAND 336 465 0.0052175 2.71437 6.05535

RSD0JJ5 RSD0_95 RSDRJJ5 RSDR_95 H0RRJJ5 H0RR_95
0.8695 7.9460 2.088 14.9860 0.521016 3.298690.6720 16.8600 2.419 17.8625 0.385940 3.627730.4500 8.2020 1.185 14.5460 0.165463 2.653340.3430 5.7120 0.928 10.6840 0.173323 2.605700.2535 5.7220 0.565 13.6100 0.118834 2.575150.7600 9.0400 2.670 11.1700 0.652860 2.422980.3300 7.6875 0.960 14.1400 0.178711 2.74090

showed high HORRAT values. Because the methods were 
adopted for the analysis of plant materials, the assays were re­
tained in Database 1. The same type of variability was exhib­
ited when the same test samples were analyzed for other 
elements in the same study. Analysts should be aware of the 
propensity of emission spectroscopic methods to produce such 
highly variable results, although they may be acceptable for the 
intended application of monitoring soil nutrient levels.
The RSDr and HORRAT values for the 63 accepted cal­

cium data sets are plotted directly as functions of -log concen­
tration in Figures 2A and 2B, and as CDCs in Figures 2C 
and 2D. The CDCs show on the y-axis the percentage of values 
(RSDr or HORRAT) equal to or less than any given value on 
the x-axis. In Figure 2D, for example, about 75% of the plotted 
HORRAT values are at or below 2.0. Figures 2Aand 2B show 
that the many poor precision (high RSDr) assays are at the 
higher concentrations, between 0.1 and 10 g calcium/100 g. 
The high overall variability could arise from heterogeneity of 
the test material, interference by other elements present, or 
from unsuspected contamination. A summary statement of the 
distribution of the HORRAT values for calcium is incorporated 
in Table 1. Certified reference materials (e.g., nonfat dry milk 
and various biological tissues) are available to provide quality 
control and proficiency checks. House and formulated stan­
dards for this analyte can be easily prepared and stored to main­
tain acceptable levels of analytical proficiency.

Magnesium

Forty-eight data sets are available for magnesium; almost 
all are results by various spectroscopic methods. Only 2 collab­
orative data sets involving a titrimetric method were found. 
The data are plotted as scatterplots and CDCs in Figure 3, and 
summarized in Table 1. The CDC of the HORRAT values for 
magnesium, Figure 1 (symbol M), is almost identical to that for 
calcium (symbol C), with the same percentage of values (about 
30%) over a HORRAT of 2.0.

Phosphorus

Because the published data for the automated method for 
phosphoms in meats, (1972)0123AIE, did not give the individ­
ual results, the averages of duplicates were treated as single 
values. About a 10% correction (to higher RSDr values) would 
be required to adjust the values to single results. Such a correc­
tion would hardly alter the already exceptionally good (0.3- 
0.5) HORRAT values.

Some of the collaborative studies for phosphorus and potas­
sium in fruit products were performed on ash solutions, result­
ing in abnormally low HORRAT values. Because all steps of 
the method were not included in the studies, the results from 
these abbreviated studies were not included in Database 1.
A few studies of standard solutions were also omitted be­

cause the results were reported on a percent recovery basis, 
making the denominator of the HORRAT unrecoverable. One 
data set from a recent study of meat products, (1991)0022AIT, 
had to be omitted because of a computer artifact. Identical blind 
duplicates from each of the 5 participating laboratories caused 
a 0/0 problem that the computer program could not handle.
Overall, 90% of the official AOAC assays for phosphorus 

had HORRAT values of 2.0 or smaller, but here again the poor­
est precision shown in Figure 4 was at the higher concentra­
tions. The high overall precision is also shown by the position 
of the “P” curve in the left part of Figure 1.

Potassium

Both potassium and sodium added to distilled spirits as non- 
nutritional markers at the 20-30 ppm level, (1963)0299AIG 
and (1964)0720AIH, were designated as impurities and not in­
cluded in the database of acceptable assays. In the review of 
precision parameters for pesticide formulations (11), it was 
found that methods for minor ingredients with maximum spec­
ification limits were not as well-optimized as methods devel­
oped for composition specifications. The parameters from 
assays by the similar flame emission spectroscopic method for 
wines, which was used to determine about 0.1 g potas- 
sium/100 g, were satisfactory.
Although emission spectroscopic methods, (1975)- 

0764AHM, produced very high HORRAT values of 4-7 for 
potassium in many of the candidate plant tissue SRMs, these 
values are acceptable for plant tissue analysis; however, they 
do not appear to be good enough for nutritional purposes. 
Therefore, they were removed from the database of acceptable 
assays. In the corresponding studies of the same plant tissues 
by atomic absorption spectroscopy, (1975)0436AHN, and in­
ductively coupled plasma emission spectroscopy, (1985)- 
0499AHL, results from 1 of 7 and 1 of 10 laboratories, 
respectively, were consistently low, but not sufficiently low to 
be rejected by the Grubbs test for a single study. Results for a 
synthetic standard analyzed simultaneously by the laboratory 
giving the low values were also low for this element, indicating 
an improperly prepared working standard solution. The
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Table 1. Summary of statistical precision parameters from the database of interlaboratory determinations 
of inorganic elements of nutritional Interest in food

Analyte

HORRAT

Concn range, 
g/100 g

90% Interval

No. data sets Av. Median RSDr , % HORRAT

Calcium 63 1.54 1.38 0.015-6.9 2.1-15 0.5-3.3
Magnesium 48 1.57 1.48 0.006-3.0 2.4-18 0.4-3.6
Phosphorus 125 1.10 0.94 0.001-0.9 1.2-15 0.2-2.7
Potassium 91 1.03 0.80 0.008-4.7 0.9-11 0.2-2.6
Sodium 129 0.94 0.77 0.002-13 0.6-14 0.1-2.6
Sulfur 9 1.7 2.0 0.4—0.9 2.7-11 0.7-2.4

Overall 465 1.0-14 0.2-2.7

IUPAC-1987 rules were overridden to remove the data from 
this laboratory from all the assays for potassium.
The scatterplots and CDCs for 91 assays for potassium are 

shown in Figure 5, and summaries of the precision and CDC pa­
rameters are given in Tables 1 and 2, respectively.

Sodium, Sodium Chloride

Forty years ago the direct determination of sodium was very 
difficult, but the introduction of emission and absorption spec­
troscopic methods and the sodium ion electrode have greatly 
simplified the methodology. Most natural foods have a rela­
tively low sodium content, to which salt may be added for en­
hanced flavor at levels of about 1-4 g sodium/100 g. At these 
levels, sodium was and still is estimated indirectly by the rela­
tively simple titrimetric methods for the chloride ion. Assay 
results initially reported as chloride, sodium chloride, and salt 
as surrogates for sodium were recalculated and labeled as so­
dium in the database.
The nonspecific titrimetric method for the determination of 

parts-per-million chlorine, (1939)0539ACY, which serves as 
an indicator of the use of chlorine-bleaching agents in flour, 
was removed from Database 1 as unacceptable methodology 
for current requirements. Similarly, the applications of the titri­
metric methods to nuts, (1951)0357ADT, and to unsalted but­
ter, (1966)0518ADH, at sodium levels below 0.1 g/100 g, were 
removed from Database 1 as below the practical limit of deter­
mination. Titrimetric methods for salt should be restricted to 
levels greater than 0.1 g sodium (0.2 g as NaCl)/100 g.
The extremely poor precision of a 4-assay study of several 

elements including sodium, by atomic absorption spectros­
copy, C erea l F o o d s  W orld (1987)0443AEZ, even for a cereal 
product containing 1 g sodium/100 g (HORRAT = 2.6), indi­
cates inhomogeneity. The entire study was not accepted for 
Database 1. Several other assays using atomic absorption spec­
troscopy, (1966)0617ADI, and the selective-ion electrode,
(1976)1131AAC, in studies of fruits and vegetables containing 
sodium at the 10-20 ppm level also showed very poor preci­
sion, supporting a lower limit of determination of about 25 ppm 
for this element by these methods. Because many different 
methods exhibit sporadic high RSDr values, the variability 
probably arises from external factors such as contamination.

Until about 20 years ago, the role of contamination from air­
borne dust and residual detergent components on glassware 
was not appreciated for such common elements as aluminum, 
calcium, iron, magnesium, and sodium.
The series of 5 candidate NIST standard reference materials 

examined by emission spectroscopy, (1975)0764AHM, 
showed extremely high HORRAT values for sodium. The au­
thor had stated that .. ac spark excitation is not well-suited 
for analysis for sodium at these low concentrations (less than 
1000 ppm).” Such a note should also appear in the applicability 
statement of the official method.
After the removal of the invalid data sets for the reasons 

given, 129 remain for the interpretation of the reliability of 
the determination of sodium in foods; 11 (8%) of these have

Figure 3. Precision parameters RSDr and HORRAT of 
magnesium as a function of concentration (-log C) and 
the cumulative distribution curves (CDC) of these 
parameters. (A) Scatterplot of RSDr (%) against -log C. 
(B) Scatterplot of HORRAT against -log C. The lower 
curve of A is a plot of the Horwitz equation and the 
upper curve Is twice that equation. The corresponding 
HORRAT values at 1 and 2, respectively, are shown In B 
as horizontal lines. (C) CDC of RSDr. (D) CDC of 
HORRAT.



Horwitz Et A l . : Journal Of AO AC International V ol. 75, N o. 2 ,1 9 9 2  237

Figure 4. Precision parameters RSDr and HORRAT of 
phosphorus as a function of concentration (-log C) and 
the cumulative distribution curves (CDC) of these 
parameters. (A) Scatterplot of RSDr (%) against -log C. 
(B) Scatterplot of HORRAT against -log C. The lower 
curve of A is a plot of the Horwitz equation and the 
upper curve is twice that equation. The corresponding 
HORRAT values at 1 and 2, respectively, are shown in B 
as horizontal lines. (C) CDC of RSDr. (D) CDC of 
HORRAT.

Figure 5. Precision parameters RSDr and HORRAT of 
potassium as a function of concentration (-log C) and 
the cumulative distribution curves (CDC) of these 
parameters. (A) Scatterplot of RSDr (%) against -log C. 
(B) Scatterplot of HORRAT against -log C. The lower 
curve of A Is a plot of the Horwitz equation and the 
upper curve Is twice that equation. The corresponding 
HORRAT values at 1 and 2, respectively, are shown in B 
as horizontal lines. (C) CDC of RSDr. (D) CDC of 
HORRAT.

HORRAT values above 2.0. The 90% interval for HORRAT 
is 0.1-2.6. All of the high HORRAT values are for materials 
with sodium concentrations of less than about 0.8 g/100 g 
(2.0 g NaCl/100 g), for numerous methods— inductively 
coupled plasma emission, atomic absorption, flame emis­
sion, selective ion electrode, and titrimetry— and for many 
different commodities. Such a pattern is undoubtedly the re­
sult of contamination; analysts should be alerted to this po­
tential source of error. The data are plotted in Figure 6, and 
the precision and CDC parameters are summarized in Ta­
bles 1 and 2, respectively.

Sulfur

Only 9 data sets exist for sulfur, a number that is insufficient 
for comparison with the other larger databases. They are plot­
ted in Figure 7 and summarized in Tables 1 and 2, pending am­
plification by other studies.
Discussion

Originally, the inorganic components of food were deter­
mined by the classical titrimetric and gravimetric methods. As 
shown by Margosis et al. (9) for drugs, the precision of the 
classical methods of analysis begins to degenerate at analyte 
concentrations below about 1 g/100 g. Except for the titrimet­
ric determination of chloride, calculated to sodium, these meth­
ods have practically disappeared from the modern food 
laboratory.
All of the methods of analysis used to determine the 6 inor­

ganic elements discussed in this paper are Type II, Reference 
Methods, or Type III, Alternative Approved Methods, in the

Codex scheme of types of methods (12). These methods, in 
theory at least, can be validated using known quantities of stan­
dard salts formulated into a simulated or actual food. The 
Codex classification has nothing to do with the quality of a 
method or the magnitude of its precision errors, except in the 
case of Type II reference methods, which are usually, but not 
necessarily, chosen on the basis of minimum analytical errors. 
The bias of Type I methods is zero, by definition. The bias of 
other methods may be positive, negative, or zero, but generally 
at the higher concentrations considered here (i.e., 1% ±1 order 
of magnitude) the bias is negligible. Codex methods are accepted 
on the basis of an elaborate approval process involving several 
committees that take into consideration wide usage, acceptable 
performance characteristics, and general applicability.
In Part I, it was shown that only nitrogen by the Kjeldahl 

method had acceptable precision characteristics. Acceptable 
recovery could be built in by requiring the simultaneous per­
formance of internal quality control determinations of ammo­
nium salts and amino acids. Methods based on the 
measurement of volatiles or residues— moisture, solids, ash—  
could be made more precise by including a requirement of 
weighing at least 50 mg residue in the case of solids and ash, 
and 50 mg volatiles in the case of moisture. Aminimum analyte 
quantity requirement also applies to the titrimetric methods for 
calcium and chloride (calculated to sodium).
Some of the methods used for the macro nutrient elements 

are about as simple as can be devised, such as aspirating a liq­
uid into a flame or inserting an electrode into a solution; others 
have multiple steps, such as precipitating a phosphorus com­
plex and titrating the separated precipitate to a somewhat indef­
inite endpoint. Yet, simplicity or complexity is not the factor
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Table 2. Summary of the cumulative distribution curves from the database of Interlaboratory determinations 
of Inorganic elements In foods

HORRAT % HORRAT equal to or less than

Analyte No. data sets Av. Median 0.5 1.0 1.5 2.0 3.0

Calcium 63 1.54 1.38 3 29 62 78 90
Magnesium 48 1.57 1.48 8 35 54 73 88
Phosphorus 125 1.10 0.94 30 52 75 90 97
Potassium 91 1.03 0.80 23 60 71 87 98
Sodium 129 0.94 0.77 37 60 81 91 99
Sulfur 9 1.7 2.0 0 22 33 56 100

governing the distribution of the precision of interlaboratory 
assays, even when normalized for concentration. Some induc­
tively coupled plasma emission studies contained instructions 
for using standards before and after each set of 10 tests and a 
test for drift. These methods also included a standard solution 
of multiple elements, yet the reported precisions are at the poor 
end of the scale. Obviously, analysts are unfamiliar with the 
sources of error in analytical determinations and with the prin­
ciples of quality assurance. Methods must incorporate instruc­
tions that will assist the analyst in determining if the analytical 
operations are in statistical control. Independently prepared 
standard solutions or standard reference materials, from certi­
fying or commercial organizations, can be the first safeguard 
against error. However, the occurrence of outright blunders, 
such as the failure to act on flagrant discrepancies, is not only 
a professional oversight but also a management deficiency.
A summary of the precision parameters for the macro ele­

ments of nutritional interest is given in Table 1. None of these

sodium as a function of concentration (-log C) and the 
cumulative distribution curves (CDC) of these 
parameters. (A) Scatterplot of RSDr (%) against -log C.
(B) Scatterplot of HORRAT against -log C. The lower 
curve of A is a plot of the Horwitz equation and the 
upper curve is twice that equation. The corresponding 
HORRAT values at 1 and 2, respectively, are shown In B 
as horizontal lines. (C) CDC of RSDr. (D) CDC of 
HORRAT.

elements approaches the precision exhibited by nitrogen re­
ported in the previous paper (2).
The significance of contamination and the importance of 

incorporating internal quality control indicators are illustrated 
in the very recent study of calcium, magnesium, and phospho­
rus in cheese (10). The resources invested in 2 substantial stud­
ies were wasted because of high and “unusual” results between 
laboratories. Additional work led to the conclusion that calcium 
contamination was the source of the problem. The instructions 
now require special cleaning of glassware and crucibles. Fur­
thermore, the section on the AA spectrophotometer indicates 
that the “Linear range and detector response must be compara­
ble with manufacturer’s specifications.” Responses of working 
standard solutions must be checked periodically, and new cal­
ibration curves should be prepared if the response differs by 
more than 1% from the original calibration curve. With these 
instmctions for avoiding dirty glassware and with requirements 
for internal quality control, excellent results were obtained. The

Figure 7. Precision parameters RSDr and HORRAT of 
sulfur as a function of concentration (-log C) and the 
cumulative distribution curves (CDC) of these 
parameters. (A) Scatterplot of RSDr (%) against -log C. 
(B) Scatterplot of HORRAT against -log C. The lower 
curve of A is a plot of the Horwitz equation and the 
upper curve Is twice that equation. The corresponding 
HORRAT values at 1 and 2, respectively, are shown In B 
as horizontal lines. (C) CDC of RSDr. (D) CDC of 
HORRAT.
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ranges of HORRAT values for 5 products (4 for P) were Ca, 
0.5-0.8; Mg, 0.4-0.8; and P, 0.3-0.5. These ranges are con­
siderably better than those for most of the other studies of 
these elements.
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C o l l a b o r a t i v e  S t u d y

E ileen S. Bargo
U.S. Food and Drug Administration, 900 Madison Ave, Baltimore, MD 21201

Collaborators: Barr Pharmaceuticals; H.E. Borders, Jr; M. Carlson; A.R. Clark; W.H. Hoch; 
P. Latzo; J.M. Nandrea; D.E. Ready; S.E. Roberts; J.E. Santos; E.S. Walker

Eleven laboratories collaboratively studied the 
liquid chrom atographic method for determ ining  
flurazepam  hydrochloride in capsules and bulk 
drug. The m ethod uses an octadecylsilane re- 
versed-phase colum n, a mobile phase of m etha­
nol-1 % am m onium  acetate (80 + 20), and 
photom etric detection at 239 nm. Each collabora­
tor received 8 sam ples: powdered com posites of 
5 com m ercial capsule preparations, each as a 
blind duplicate pair, and 3 bulk drug sam ples  
(1 blind duplicate). The ranges of repeatability  
and reproducibility relative standard deviations  
were 0 .93 -2 .46  and 2 .42-3 .86%  for the capsule  
sam ples and 0.97 and 1.76-2.27%  for the bulk 
drug sam ples, respectively. The m ethod was  
adopted first action by AOAC International.

F lurazepam hydrochloride is an off-w hite to yellow  
benzodiazepine compound, which is used to treat various 
types o f insom nia (1). The USP XXII methods for 

flurazepam hydrochloride bulk drug and capsules (2) involve 
either titration with perchloric acid or determination by ultravi­
olet (UV) spectrophotometry after dilution with methanolic 
sulfuric acid.

A  reversed-phase liquid chromatographic (LC) method (3, 
4; personal communication, E. Hamza, Barr Pharmaceuticals, 
Inc., Pamona, NY) was investigated as a specific, stability-in­
dicating assay for flurazepam hydrochloride. That method was 
m odified to form the basis o f  the method that was col-

R ec e iv e d  fo r  p u b lic a tio n  S e p te m b e r  1 0 ,1 9 9 1 .
T h is  re p o rt  w a s  p re sen te d  a t  th e  104 th  A O A C  A n n u a l In te rn a tio n a l 

M ee tin g , S e p te m b e r  1 0 -1 3 ,1 9 9 0 ,  N e w  O rle a n s , L A .
T h e  re c o m m e n d a tio n  w a s  a p p ro v e d  b y  th e  G e n e ra l R e fe ree  an d  the  

C o m m itte e  on  D ru g s  a n d  R e la te d  T o p ics  an d  w a s  a d o p te d  b y  th e  O ffic ia l 
M eth o d s  B o ard  o f  A O A C . S e e  “ C h an g e s  in  O ffic ia l M e th o d s  o f  A n a ly s is ,” 
J. AOAC Int. (1 9 9 2 ) 7 5 ,2 2 3 -2 2 5

M en tio n  o f  tra d e  n a m e s , c o m m e rc ia l firm s, o r s p e c if ic  p ro d u c ts  o r 
in s tru m e n ta tio n  is  fo r  id e n tif ic a tio n  p u rp o se s  on ly  a n d  d o e s  no t co n stitu te  
en d o rsem e n t b y  th e  U .S . F o o d  a n d  D ru g  A d m in is tra tio n .

laboratively studied. It involves the use of a C18 reversed- 
phase column, a mobile phase mixture of methanol and 1% 
ammonium acetate, and a U V  detector operated at 239 nm (5).

The study reported here was initiated as a follow-up to the 
Compendial Monograph Evaluation and Development Pro­
gram of the U.S. Food and Drug Administration. The program 
was designed to evaluate, develop, or improve analytical meth­
ods to ensure that they are suitable for regulatory use.

Collaborative Study

Eleven collaborators received a standard, 8 samples, and a 
resolution mixture. Samples 1-5 were powdered composites of 
5 commercial capsule preparations, each as a blind duplicate 
pair. Samples 1-3 were composites o f capsules labeled to con­
tain 15 mg; Samples 4 and 5 were composites o f capsules la­
beled to contain 30 mg. Sample 6 was a bulk drug material as 
a blind duplicate pair. Samples 7 and 8 were samples of bulk 
material. The resolution mixture consisted of flurazepam-re- 
lated Compound F, 7-chloro-5-(2-fluorophenyl)-l,3-dihydro- 
2//-l,4-benzodiazepin-2-one; flurazepam-related Compound 
C, 5-chloro-2-(2-diethylam inoethylam ino)-2'-fluoroben- 
zophenone hydrochloride; flurazepam hydrochloride; and 2- 
am in o-5-ch lorob en zop h en on e. Each collaborator was 
requested to submit all data, chromatograms, summary of re­
sults, and comments to the Associate Referee.

991.35 Flurazepam Hydrochloride In Bulk Drug and 
Capsules— LC Method

First Action 1991

Method Performance:
15 mg/capsule
sr = 0.91-2.28; sR = 2.40-2.55; RSDr = 0.93-2.34%;
RSDr = 2.42-2.60%
30 mg/capsule
sr = 1.81-2.37; sR = 2.77-3.73; RSDr = 1.85-2.46%;
RSDr = 2.84-3.86%
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Table 1. Raw data for collaborative study of LC determination of flurazepam HCl in capsule and bulk preparations

Coll.

Capsule, mg/capsule Bulk, % found

1 2 3 4 5 6 7 8

1 18.60 17.23 18.64 35.00 35.96 100.3 99.0 94.8
18.32 17.49 18.19 33.92 36.77 99.9 — —

2 15.00 14.71 14.97 29.51 29.46 100.2 97.3 92.2
14.92 14.36 14.73 29.31 29.96 99.0 — —

3 14.78 14.24 14.95 28.34 29.83 96.5 101.7 94.2
14.77 14.37 14.70 27.94 28.78 99.3 — —

4 14.68 13.64 14.41 29.65 28.65 101.1 98.3 91.8
14.61 14.50 14.24 29.09 28.05 99.3 — —

5 14.85 14.33 14.51 28.85 28.70 99.6 96.3 94.0
14.65 14.59 14.40 27.72 28.52 98.5 — —

6 14.54 15.01 14.31 26.67 29.83 103.7 102.4 98.4
14.41 14.26 14.41 28,26 29.83 104.8 — —

7 15.52 15.04 15.38 30.00 30.13 100.8 98.4 95.3
15.61 15.37 15.71 30.86 29.90 100.9 — —

8 15.22 14.76 14.89 28.69 28.45 100.7 98.8 94.9
15.29 15.32 14.82 27.46 27.90 99.6 — —

9 14.47 14.42 14.48 29.06 29.43 99.4 97.2 98.1
14.92 14.88 14.68 29.74 29.19 100.8 — —

10 13.91 13.67 13.66 26.89 27.88 101.4 99.0 90.3
13.97 13.72 15.47 27.75 29.02 100.0 — —

11 14.48 14.29 14.62 29.28 29.36 99.8 98.9 95.8
14.78 14.26 14.68 30.71 31.14 100.6 — —

Bulk material
sr = 0.97; sR = 1.77-2.27; RSDr = 0.97%;
RSDr = 1.76-2.27%

A. Principle

Flurazepam HC1 is dissolved in methanol or extracted into 
methanol-1% ammonium acetate solution and determined by 
LC using a reversed-phase C l 8 column, mobile phase o f meth­
anol-1% ammonium acetate (80 + 20), and photometric detec­
tion at 239 nm.

B. Apparatus

(a) Liquid chromatograph.— Equipped with sam pling  
valve capable of 20 pL injections, UV detector capable of op­
erating at 239 nm, and recorder/integrator, or equivalent.

(b) LC column.— 25 cm  x 4.6 mm id, packed with re­
versed-phase, octadecylsilane, 5 pm spherical particles (e.g., 
Altex Ultrasphere ODS, Beckman Instmments, or equivalent).

(c) Filters.— Polyvinylidene difluoride, 0.45 pm porosity, 
25 mm and 47 mm diameter, and appropriate filter apparatus 
(e.g., Millipore Corp., type HVLP, or equivalent).

(d) Ultrasonic bath.

C. Reagents

(a) Solvent.—LC grade methanol.
(b) 2-Am ino-5-chlorobenzophenone.—Reagent grade.
(c) Am monium acetate solution.— 1% solution of ammo­

nium acetate (LC grade) in LC grade water.
(d) M obile phase.—Methanol-1% ammonium acetate (80 

+ 20). Filter and degas.
(e) Flurazepam  H C l stock  solution.—Accurately weigh ca 

25 mg USP Reference Standard flurazepam hydrochloride into 
25 mL volumetric flask. Dissolve and dilute to volume with 
methanol. Solution is stable 1 week when refrigerated and kept 
in dark.

(f) Flurazepam  H C l standard solutions.—(1 ) Bulk m ate­
rial.—Pipet 15.0 mL stock solution into 100 mL volumetric 
flask. Dilute to volume with methanol. Use within 24 h. (2) 
Capsules.—Pipet 15.0 mL stock solution into 100 mL volu­
metric flask. Dilute to volume with mobile phase. Use within 
24 h.

(g) S y s t e m  s u i t a b i l i t y  s t a n d a r d . — Pipet 15.0 mL 
flurazepam HCl stock solution into 100 mL volumetric flask 
containing ca 6 mg 2-amino-5-chlorobenzophenone. Dilute to 
volume with methanol.
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D. Sample Preparation

(a) Bulk drug.— Accurately weigh ca 30 mg bulk drug and 
transfer to 200 mL volumetric flask. Dissolve drug and dilute 
to volume in methanol. Use within 24 h.

(b) Capsules.— Determine average weight o f capsule con­
tents. Transfer accurately weighed portion of composited con­
tents containing 30 mg flurazepam HC1 to 200 mL volumetric 
flask. Add 40 mL methanol and shake 10 min. Add 10 mL 1% 
ammonium acetate and shake 5 min. Dilute to volume with 
mobile phase, sonicate 2 min, and filter. Use within 24 h.

E. System  Suitability Test

(a) Resolution and tailing factors.— Set mobile phase flow  
rate at ca 1.5 mL/min. Inject 10 pL system suitability standard. 
Retention tim es for 2-am ino-5-chlorobenzophenone and 
flurazepam HC1 should be ca 3 and 5.5 min, respectively. Res­
olution factor, R, should be a2; and tailing factor, T, for 
flurazepam HC1 should be s2 .

Calculate resolution factor, R, as follows:

R = 2{t2 -  h)!{Wl + W2)

Table 2. Collaborative results for LC determination of flurazepam HCI In capsule and bulk preparations

Coll.

Capsule, % of declared Bulk, % found

1 2 3 4 5 6 7a 8a

16 124.0 114.8 124.2 116.7 119.9 100.3 100.6 99.6
122.2 116.6 121.2 113.1 122.5 99.9 — —

2 100.0 98.0 99.8 98.4 98.2 100.2 98.9 96.9
99,5 96.1 98.2 97.7 99.9 99.0 — —

3 98.6 94.9 99.6 94.5 99.4 96.5 103.4 99.0
98.45 95.8 98.0 93.1 95.9 99.3 — —

4 97.9 91.0 96.1 98.8 95.5 101.1 99.9 96.4
97.4 96.7 94.9 97.0 93.5 99.3 — —

5 99.0 95.6 96.7 96.2 96.0 99.6 97.9 98.8
97.7 97.3 96.0 92.4 95.1 98.5 — —

6 97.0 100.1 95.4 88.9 99.4 103.7 104.1 103.4
96.1 95.1 96.1 94.2 99.4 104.8 — —

7 103.5 100.3 102.5 100.0 100.4 100.8 100.0 100.1
104.1 102.4 104.7 102.9 99.7 100.9 — —

8 101.5 98.4 99.3 95.6 94.9 100.7 100.4 99.7
101.8 102.2 98.8 91.5 93.2 99.6 — —

9 96.5 96.1 96.5 96.9 98.1 99.4 98.7 103.1
99.5 99.2 97.9 99.1 97.3 100.8 — —

10c 92.7 91.1 91.1 89.6 92.9 101.4 100.6 94.9
93.2 91.5 103.1 92.5 96.7 100.0 — —

11 96.5 95.3 97.4 97.6 97.9 99.8 100.5 100.6
98.5 95.1 97.9 102.4 103.8 100.6 — —

Mean, % 99.1 97.2 98.1 96.5 97.6 100.2 100.4 99.8
sr 0.96 2.28 0.91 2.37 1.81 0.97 _d _d
Sr 2.40 2.90 2.55 3.73 2.77 1.77 1.96 2.27
RSDr, % 0.97 2.34 0.93 2.46 1.85 0.97 _d _d
RSDr , % 2.42 2.98 2.90 3.86 2.84 1.76 1.95 2.27

* Sample 7 was adjusted for 1.6% impurity level; sample 8 was adjusted for 4.82% level. 
b Samples 1-5 are outliers by Grubbs test. Data are not included In statistical analysis. 
c Equipment problems. Data are not included in statistical analysis. 
d Repeatability cannot be estimated. Single determinations.
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Table 3. Results for resolution mixture for LC determination of flurazepam HCI In capsule and bulk preparations®

Coll. T R Column size, mm Cmpd F

Retention time, min 

2-Am-5C FLZPM Cmpd C

1 1.10 1.65 Ultrasphere 4.6 x 150 3.94 5.70 5.04 8.10
2 1.70 2.62 Ultrasphere 4.6 x 250 2.78 3.89 5.11 8.91
3 1.61 4.0 Ultrasphere 4.6 x 250 2.77 4.12 5.32 9.07
4 2.20 6.6 Econosphere 4.6 x 150 2.03 2.73 5.80 9.32
5 1.50 _b Hypersil 4.6 x 250 _b _b 5.45 10.76
6 1.22 6.10 Ultrasphere 4.6 x 250 2.43 3.20 5.12 8.03
7 1.00 1.68 Ultrasphere 4.6 x 250 4.19 6.49 5.74 9.48
8 2.70 10.8 Econosphere 4.6 x 250 2.28 2.79 5.67 11.30
9 1.95 4.2 Econosphere 4.6 x 250 1.92 2.69 5.21 11.8

10 1.50 4.0 Ultrasphere 4.6 x 250 3.88 5.70 7.18 12.55
11 1.10 9.0 Ultrasphere 4.6 x 250 2.9 4.4 5.3 10.1

a T = tailing factor for flurazepam HCI; R = resolution factor between flurazepam HCI and 2-amlno-5-chlorobenzophenone (2-Am-5C). See text 
for chemical names of Compounds F and C. 

b Compound F and 2-amino-5-chlorobenzophenone coeluted on this system.

where t2 and t\ = retention times of the 2 components, and Wx 
and W2 = corresponding widths of bases of peaks, obtained by 
extrapolating relatively straight sides of peaks to base line. If 
resolution is unsatisfactory, adjust methanol concentration. 

Calculate tailing factor, T, as follows:

T  = Wo.05/2/

where W005 = distance from leading edge to trailing edge of 
peak, and / =  distance from peak maximum to leading edge of 
peak, both measured at point 5% of peak height from base line.

(b ) Reproducibility.— In jec t five 20 uL portions of 
flurazepam HCI standard solution and measure peak responses. 
Relative standard deviation should be s2.0%.

F. Liquid Chromatography

Inject 20 p.L standard and sample solutions. Calculate quan­
tity of flurazepam HCI in sample as follows:

Bulk drug:

Flurazepam HCI, mg = (PIP1) x C 200 

Capsules:

Flurazepam HCI, mg/capsule = (PIP') x C x 200 x (T/S)

where P and P' = peak responses (area or height) for sample 
and standard solutions, respectively; C = mg flurazepam 
HCl/mL in standard solution; T = average weight of capsule 
contents, g; and S = sample weight, g.

Ref.: J. AOAC Int. 75, March/April issue (1992) 
CAS-1172-18-5 (flurazepam hydrochloride)

Results and Discussion

The raw analytical results obtained by the 11 collaborators 
are summarized in Table 1. The results for the capsule samples 
in Table 2 are listed in terms of percent declared for Samples
1-3 at the 15 mg level and Samples 4-5 at the 30 mg level. The 
results for the bulk drug samples were corrected for the pres­

ence of impurities in the material. For Sample 7, a total of 1.6% 
impurities (6) were found: 1.4% was attributed to flurazepam- 
related Compound C, 0.1% to flurazepam-related Compound 
F, and 0.1% to unidentified impurities. For Sample 8, a total of 
4.82% im purities were found: 4.5% was attributed to 
flurazepam-related Compound C, 0.1% to flurazepam-related 
Compound F, and 0.22% to unidentified impurities. The results 
were corrected by dividing the raw data value by (100 -  the 
impurity value) and multiplying that value by 100.

Statistical evaluation was performed on data from 10 col­
laborators. Data from collaborator 10 were excluded because 
of equipment problems. Results for Samples 1-5 from collab­
orator 1 were identified as Grubbs outliers and were not used. 
The reason for the high results could not be determined by 
either the collaborator or the Associate Referee.

The method (5) sent to collaborators did not include a tailing 
factor or a resolution factor in the system suitability test. A res­
olution mixture consisting of flurazepam hydrochloride, 2- 
amino-5-chlorobenzophenone, and flurazepam-related 
Compounds C and F was included as part of this collaborative 
study to gather additional data for the inclusion of 2-amino-5- 
chlorobenzophenone in a resolution standard. The collabora­
tors were asked to inject this mixture after the samples were 
completed and to calculate the resolution factor between 
flurazepam  hydrochloride and 2-amino-5-chloroben- 
zophenone and the tailing factor for flurazepam hydrochloride. 
These results are listed in Table 3. As a result of the data col­
lected, 2-amino-5-chlorobenzophenone was included in the 
method as part of a resolution standard and a tailing factor was 
added for flurazepam hydrochloride.

Collaborators’ Comments

None of the collaborating laboratories reported any diffi­
culty with the performance of the method.

Collaborators 6 and 8 reported a late eluting peak in the 
chromatogram for vial 14 (Sample 8). This peak is attributed to 
flurazepam-related Compound C, which was present in the
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bulk material used for this sample. Collaborators 3,10, and 11 
had a late eluting peak in their chromatograms but did not re­
port it. The other collaborators did not have a late eluting peak 
in their chromatograms because of the stop time used on each 
of their integrators.

Collaborators 1 and 7 commented on injecting the resolu­
tion mixture last instead of first. A resolution mixture was in­
corporated into the method.

The suggestion of collaborator 5 to specify use of reagent or 
higher grade ammonium acetate was accepted.

Recommendation

We recommend that the reversed-phase LC method for the 
determination of flurazepam hydrochloride in bulk material 
and capsules be adopted first action.
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D R U G  R E S ID U E S  IN A N IM A L  T IS S U E S

A n a l y t i c a l  S t r a t e g y  f o r  t h e  R e g u l a t o r y  C o n t r o l

o f  R e s i d u e s  o f  C h l o r a m p h e n i c o l  i n  M e a t :  P r e l i m i n a r y  S t u d i e s
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State Institute for Quality Control of Agricultural Products (RIKILT), 6700 AE, Wageningen, The Netherlands

An analytical strategy Is described for the regula­
tory control of residues of the veterinary drug chlor­
amphenicol (CAP) in meat. Screening is performed 
directly in meat by a simple Immunochemical card 
test with a limit of detection of about 2 ug/kg. Statis­
tical evaluation of a collaborative study Involving 
13 laboratories showed that at CAP concentrations 
exceeding 8 pg/kg, no false negatives are found 
(N  = 554). In positive samples, CAP is quantitated 
with a routinely applicable, collaboratlvely tested 
column liquid chromatographic method with a limit 
of detection of about 1 ug/kg. At concentrations ex­
ceeding 10 pg/kg, the identity of CAP is established 
by its UV spectrum obtained by using diode-array 
UV/VIS detection. A  further confirmation can be ob­
tained by the combination of gas chromatogra- 
phy/mass selective detection in the electron impact 
mode. Using 2 diagnostic ions (m /z225 and 208), 
the limit of identification Is about 5 pg/kg. The com ­
bination of the different analytical principles en­
sures reliable quantitation and identification of 
CAP in positive samples, as established experimen­
tally In Incurred samples and spiked samples 
(n > 100), and theoretically by the estimation of the 
uncertainty factor. The proposed set-up makes a 
regulatory program possible in which screening 
can be performed In a simple laboratory environ­
ment, followed by quantitation and Identification 
under more sophisticated conditions. Preliminary 
experiments indicate that the analytical strategy is 
also applicable to the control of CAP in milk. Appli­
cation of mass spectrometry with negative chemi­
cal Ionization permits the confirmation of CAP 
concentrations as low as 0.2 pg/L.

Received December 2 8 ,1 9 9 0 . Accepted September 6 ,1 9 9 1 .

C hloramphenicol (CAP) is a very effective broad-spec­
trum antibiotic that is used by veterinary practice. Be­
cause of its toxicity (1) and the possible occurrence of 

residues, the drug is banned for food producing animals in the 
United States. In the European Community (EC), CAP is not 
approved for laying birds and lactating cows, and its use in 
other large animals is restricted. In The Netherlands, CAP is 
also banned for pigs. Withdrawal periods based on a proposed 
maximum residue level (MRL) of 10 pg CAP/kg were estab­
lished. To monitor the extra-label use of CAP and to ensure 
compliance with withdrawal periods, appropriate regulatory 
analytical methods are required.

In 1985, chromatographic methods for the determination of 
residues of CAP were reviewed by Allen (1). Since then, a 
number of chromatographic methods using gas chromatogra­
phy (GC) (2-5) or liquid chromatography (LC) (6-8) were 
developed for the quantitation of CAP. For screening purposes, 
radio-immunoassay (RIA) (4, 9), enzyme-linked immunosorb­
ent assay (ELISA) (10-12), or test kit-based (13-15) methods 
were proposed.

Regulatory control programs are often performed in 2 
stages: a simple, cheap, and routine screening that acts as a first 
sieve, followed by an often more time-consuming and expen­
sive quantitation and confirmation. A screening method should 
not produce false negatives, although a limited percentage of 
false positives is acceptable; yet the confirmation method must 
not give false positives and must be able to reliably quantitate 
the amount of analyte when an MRL has been set. With regard 
to the latter type of method, both the EC and the Codex Com­
mittee on Residues of Veterinary Drugs in Food (CC-RVDF), 
have proposed a number of criteria to ensure the validity of the 
results obtained with these methods (16, 17).

A screening method either can be directed toward a group 
of drugs that have a number of common features or can be 
selectively aimed at a single compound. An example of the first 
approach is the microbiological screening test for antimicrobi­
als developed in The Netherlands (18). The test is sensitive for 
many groups of antimicrobials; unfortunately, it is too irisensi- 
tive for CAP.
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Immunochemical techniques, however, are very well-suited 
for screening a specific compound. A number of im­
munochemical screening methods for CAP have been pub­
lished and, to some extent, applied in practice (4, 10). 
Unfortunately, none of the antibodies used is commercially 
available thus far. On the other hand, commercially available 
antisera are not always very well-characterized. This is a seri­
ous drawback for a regulatory method. Moreover, RIA and, to 
a lesser extent, ELISA methods require special instrumentation 
and are economically attractive only when applied on a large 
scale. In the organization structure of The Netherlands meat 
inspection service, this would imply that 12 regional labora­
tories would have to be equipped with qualified personnel and 
instrumentation for this purpose. At present, this option was not 
considered feasible for a decentralized meat inspection.

Recently, the use of a commercially available ELIS A-based 
card test was described for the control of CAP in urine and renal 
pelvis fluid (13). The test is quick, relatively cheap, and very 
sensitive, and does not need special instrumentation; therefore, 
a flexible control system could be set up. The La Carte™ test 
for the qualitative determination of residues of CAP in biolog­
ical samples contains polyclonal antibodies directed against 
CAP that are immobilized in wells on the card. The test kit 
further contains a solution of enzyme-labeled CAP that is 
added to compete for the available CAP binding sites, a nega­
tive control buffer solution, and a color substrate solution. 
Limit of detection for urine is about 5 pg/L (13); a procedure 
for meat with a detection limit of 20 pg/kg is described in the 
directions for use. Only free, nonconjugated CAP can be deter­
mined with the test kit (13). For meat, no deconjugation step is 
necessary, as no conjugated CAP has been observed in natu­
rally incurred meat samples (7).

A simple LC method for the quantitative determination of 
CAP in meat at levels exceeding 5 pg/kg has been used for a 
number of years in State Institute for Quality Control of Agri­
cultural Products (RIKILT) laboratories (7). The method was 
tested in an international collaborative study (19) and was 
found to meet the above-mentioned EC and CC-RVDF criteria.

After quantitation (to assess whether the MRLhas been ex­
ceeded) and identification (by retention time and UV spec­
trum), additional confirmation may be necessary in case of a 
dispute. For that purpose, analysis by GC coupled with mass 
spectrometric detection (GC/MS) was investigated. Although 
sophisticated mass spectrometers having various sample intro­
duction and ionization modes are available within the RIKILT 
laboratories, a relatively simple and cheap mass-selective de­
tector with electron impact (El) ionization was selected. The 
wider availability of this type of detector will make the analyt­
ical strategy applicable to more laboratories.

Experimental

The analytical method for the LC determination of CAP in 
meat, including reagents and materials, was previously de­
scribed in detail (19). Therefore, only the analytical procedures 
for the immunochemical card test and the GC/MS confirmation 
will be described here.

Reagents

All reagents and solvents are analytical grade, unless stated 
otherwise. Demineralized water is purified with a purification 
kit (e.g., Milli-Q, Millipore Corp., Milford, MA 01730).

Immunochemical card test
(a) Chemicals.—Disodium hydrogen phosphate-2H20, 

potassium dihydrogen phosphate, sodium hydroxide, phospho­
ric acid.

(b) Extractant.—0.1M phosphate buffer, pH 5.0.
(c) CAP standard solutions.— (1) Stock solution.—Accu­

rately weigh 10.0 mg CAP (Sigma Chemical Co., St. Louis, 
MO 14508) in 100 mL volumetric flask, dissolve in methanol, 
and dilute to volume with methanol. (2) Working solutions.—  
Dilute 5.0 mL stock solution to 100 mL with water in 100 mL 
volumetric flask (CAP concentration, 5 pg/mL). Pipet 2.0 mL 
of this solution into 100 mL volumetric flask and dilute to vol­
ume with water. This solution contains 0.1 pg CAP/mL.

Confirmation GC/MS
(a) Solvents.—Ethyl acetate (Uvasol grade); isooctane; n- 

decane.
(b) Chemicals.—jV,0-bis(trimethylsilyl)trifluoraceta- 

mide (BSTFA) (Pierce Chemical Co., Rockford, IL 61105); 
trimethylchlorosilane (TMCS) (Pierce).

(c) Derivatization reagent.—BSTFA + 1% TMCS. Pre­
pare solution daily.

(d) Internal standard solutions.—Prepare 0.2 pg/mL solu­
tion of 2, 3, 4, 2', 4', 5'-hexachlorobiphenyl (PCB-138) (Pro- 
mochem, Wesel, Germany) in isooctane-n-decane (4 + 1, v/v).

Also, prepare 1 pg/mL solution of thiamphenicol (Pierce) in 
ethyl acetate.

Instrumentation and Materials

Immunochemical test kit
(a) La Carte test kit.—(Transia-Biocontrol, Waddinxveen, 

The Netherlands) or Quik™ card (Environmental Diagnostics, 
Burlington, VT).

(b) Filters.—Acrodisc, 0.45 pm.
(c) Syringes.—2 mL, disposable.
(d) Vials.—4 mL, with screw cap.
(e) Stomacher.—Laboratory blender Model 400 (Lameris, 

Utrecht, The Netherlands).
(f) Kitchen mixer.
(h) Filter paper.—15 cm diameter.

Confirmation GC/MS
(a) Thermostatted heating module.—Equipped with nitro­

gen evaporation unit (Pierce).
(b) Mass selective detector.—Type HP-MS mass spec­

trometer (Hewlett-Packard Co., Palo Alto, CA 94202), 
equipped with an HP 5890A gas chromatograph, a model HP 
5970B mass selective detector, a model HP 7673A au­
tosampler, and a model HP 59970C chemstation. Experimental 
conditions are given in Table 1.
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Table 1. Experimental conditions used 
In GC/MS confirmation

Gas chromatography

Carrier gas helium, linear velocity 30 cm/s
Split 20 mLVmin, opened 4 min after injection
Septum flush 3 mL/min, opened 4 min after injection
Injection volume 3 pL splitless
Temperature, injector 260°C
Temperature, oven 130-280”C
Rate 15°C/min
Initial hold 2 min
Final hold 4 min
MS-interface direct coupling of fused silica

column to ion source
Temperature, interface 260°C

Mass spectrometry*

Chloramphenicol 208/225 m/z (base peak)
PCB-138 360 m/z
Thiamphenicol 257 m/z

a In all cases, the measuring period was 0.1 s and El ionization was 
used.

(c) Fused silica capillary column.—25 m x 0.22 mm id, 
coated with a 0.12 pm layer of CP Sil-5 (Chrompack, Middel- 
burg, The Netherlands).

METHODS

Immunochemical Test Kit

Weigh 20.0 g finely cut and subsequently homogenized 
muscle tissue in stomacher bag. Add 20.0 mLO.lM phosphate 
buffer, pH 5. Stomach bag 3 min. Filter contents of bag through 
filter paper and collect filtrate in reagent tube. Filter aliquot of 
filtrate through Acrodisc filter, collect in 4 mL vial, and use 
50 pL of this clear solution for La Carte test. (Procedure can be 
made less sensitive by diluting final extract with phosphate 
buffer or blending with different meat-to-buffer ratio.)

With each series, analyze blank and 5 pg/kg spiked sample. 
Prepare spiked sample by adding 1 mL 0.1 pg/mL standard 
CAP solution to 20.0 g blank sample, homogenize, and wait 
15 min.

La Carte test procedure is described in directions for use 
included in each test kit. Kit consists of set of 2 cards, each 
containing 2 wells with immobilized polyclonal antibodies. 
The kit must be used at room temperature and stored at 4-6°C. 
Furthermore, each card should be tested for its applicability by 
using 1 well for a reagent blank. Presence of CAP is indicated 
by absence of color formation 5-15 min after addition of color 
substrate. Negative samples show distinct blue color.

Confirmation with GC/MS

Inject 200 pL final aqueous extract from 10 g meat sample 
subjected to procedure in Reference 19 into reversed-phase LC

system. Collect 1.5 mLLC eluate fraction containing CAP. Ex­
tract fraction with three 1 mL portions ethyl acetate. Add 25 pL 
1 ng/pL thiamphenicol internal standard solution to combined 
ethyl acetate phases and evaporate to dryness at 40°C with gen­
tle stream of nitrogen.

Dissolve residue in 100 pL derivatization reagent and heat 
1 h at 60°C in closed vial with occasional shaking. Carefully 
evaporate to dryness at 40°C with gentle stream of nitrogen. 
Dissolve residue in 25 pL PCB-138 internal standard solution. 
Inject 3 pL of this solution into GC/MS system operated under 
conditions summarized in Table 1.

R esu lts and  D iscussion

Immunochemical Card Test

Sample treatment.—The La Carte test procedure was mod­
ified to lower the limit of detection. Full details of this optimi­
zation are presented in Reference 20. The sample was first 
homogenized in a kitchen grinder. Then, a 20 g portion was 
stomached with 20 mL 0.1M phosphate buffer, giving roughly 
a 2-fold dilution. Because the presence of particles and bacte­
rial and blood cells will interfere with the immunoresponse
(13), the aqueous extract was subsequently cleaned by filtra­
tion through filter paper and then through a 0.45 pm Acrodisc 
filter. Then, 50 pL of the final solution was applied to the card.

Limit o f detection.—A number of experiments were per­
formed to establish the limit of detection of the modified 
method. A RIKILT reference sample obtained from a dosed 
animal (swine), containing about 17.5 pg CAP/kg, was diluted 
with blank meat to concentrations ranging from 0.5 to
5.0 pg/kg. A negative response was always obtained for CAP 
concentrations below 1 pg/kg; the color break-point was found 
to be near 3 pg/kg. Above 4 pg/kg, the response was always 
positive (N = 3).

To investigate the influence of the sample matrix, an extract 
of a 10 pg/kg spiked sample was diluted with phosphate buffer 
to concentrations as low as 1 pg/kg. Again, the same break­
point at 3 pg/kg was observed, indicating that the im­
munochemical response is not adversely affected by residual 
matrix components; that is, the sample cleanup is satisfactory.

The performance of the test was further studied by blind 
analysis of a number of samples obtained from a monitoring 
program for suspected animals. The samples were analyzed at 
RIKILT laboratories or the Central Laboratory of the National 
Inspection Service of Livestock and Meat (CL-RVV, 
Wageningen, The Netherlands). The CAP content of the sam­
ples was screened with the La Carte test and quantitated by the 
LC method. A number of these samples were also analyzed by 
the GC/MS confirmation procedure. The extracts of the sam­
ples found positive in the La Carte screening test were also 
diluted 10- or 3-fold, and screened again. On the basis of the 
actual CAP concentrations as established by the LC method, 
we concluded that a negative response is observed for samples 
containing <1-2 pg/kg (Table 2). Although the number of re­
sults was limited, all experiments indicated that meat samples 
containing more than 4 pg/kg CAP would be positive in the
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Table 2. Comparison of results obtained with real samples by using an Immunochemical screening (La Carte test), 
LC quantitation, and confirmation with GC/MS for CAP content >1 pg/kga

LC CAP content, pg/kg

Result of La Carte test6 GC/MS confirmation

Undiluted

Diluted

1 +9 1 +2 m /z  225 m /z  208 Ratio0

10 + + +
8 + - + + +

3 - ND8 - - -
2 - ND - - -

36 + + + + +
21 + - + + +
14 + - + + +

1 - ND - - -
2 - ND - - -

22 + - + + +
74 + + + + +
90 + + + + +

8 + NC + ND ND ND
6 + ND + ND ND ND
9 + ND + ND ND ND

42 + ND + ND ND ND
3 + ND - ND ND ND
5 + ND - ND ND ND

37 + ND + ND ND ND
13 + ND + ND ND ND
14 + ND + ND ND ND
20 + ND + ND ND ND
32 + ND + ND ND ND

5 + ND ± ND ND ND
1 ± ND - ND ND ND
6 + ND ± ND ND ND
4 + ND - ND ND ND
7 + ND ± ND ND ND

10 + ND ± ND ND ND
2 ± ND - ND ND ND
5 + ND - ND ND ND
3 ± ND - ND ND ND
3 + ND - ND ND ND
3 ± ND - ND ND ND
3 ± ND - ND ND ND
2 + ND - ND ND ND

8 For CAP content < 1 pg/kg, established by LC (n = 46): Positive La Carte test (n = 46), none; GC/MS confirmation (n = 20) m/z 225 and m/z 
208 and ratio, all negative.

b Extracts that gave a positive response in the screening test were diluted 10- or 3-fold with pH 5 buffer and tested again.
0 This is the qualifier ratio of m/z208 vs m/z225, as established from the corresponding standard curve. It ranges from 35 to 40%. 
d + = positive finding, colorless sample spot. ± = not colorless but clearly different from blue control spot. In statistical evaluation and meat 

control, ± is considered to be negative. -  = negative finding blue sample spot.
8 Not determined.

test. The absolute limit of detection is about 100 pg. No false 
negatives were observed above this level. Likewise, no false 
positives occurred in samples studied so far.

The performance of the test was further evaluated ir. a col­
laborative study involving the regional livestock and meat in­
spection laboratories of The Netherlands. This study will be 
described in detail elsewhere, but in the section on Validation

of the Analytical Strategy below, the results are used to estimate 
the level at which no false negatives occur.

Cross-reactivity.—Information on the cross-reactivity of a 
number of CAP analogs is available from the La Carte test kit 
producer. Additionally, we tested 2 CAP analogs, viz., the me­
tabolite  CAP-base, and the re la ted  veterinary  drug 
thiamphenicol. Both compounds, which have structural modi-
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( 1 )  ( 2 )  ( 3 )

F igu re  1. S tru c tu re s  o f  (1) ch lo ram p h e n ico l, (2) ch lo ram p h en lco l-b a se , and  (3) th lam p hen ico l, w ith  th e ir  UV/VIS 
sp e c tra  a s  ob ta in ed  b y  d iode -a rray  de tection .

fications on very different locations in the CAP molecule (Fig­
ure 1), showed no cross-reactivity at a concentration of 100 
times the CAP limit of detection.

LC Quantitation

The LC method (7 ,19) consists of an aqueous extraction 
followed by cleanup on a cartridge filled with diatomaceous 
earth (Extrelut™) and elution with dichloromethane. The final 
aqueous extract is partitioned with toluene before injection into 
the LC system. The method has a medium but reproducible 
recovery o f about 55%, was collaboratively tested (19), and has 
been used routinely within RIKILT and other laboratories for a 
number of years. Examples of chromatograms from a blank 
and a 10 pg/kg spiked sample, including the diode-array 
UV/VIS spectrum obtained, are shown in Figure 2.

The method is used to establish whether meat contains vio­
lative levels o f CAP. For CAP, an MRL of 10 pg/kg has been 
set in The Netherlands (15). On the basis o f hundreds of blank 
chromatograms obtained during routine use, the limit o f detec­
tion is about 1 pg/kg for the various meat species (lamb, 
chicken, veal, cattle, and pork). The absolute limit o f detection 
with the diode-array detector is about 1 ng.

Several hundred samples from suspected animals were re­
cently analyzed by the method. A  number of these negatives 
and positives in the range 1-100 pg/kg were also analyzed by 
the La Carte screening test and the GC/MS confirmation pro­
cedure. As shown in Table 2, the screening and quantitation 
results show complete correlation, with the LC method having 
a slightly lower limit o f detection. All the quality assurance 
blank and spiked samples that were included in the monitoring 
series gave satisfactory results, showing no false positives and 
reproducible recoveries of about 55%.

Confirmation by GC/MS

The GC/MS method in the proposed analytical strategy 
does not necessarily provide quantitative information. The 
method should positively identify CAP in samples that actually 
contain >10 pg CAP/kg, as established by LC analysis, and 
should eliminate any false-positive result obtained with the 
combination of immunochemical screening and LC/diode- 
array UV/VIS quantitation/confirmation. Unequivocal criteria 
for positive identification and a limit of identification low  
enough to compensate for the methods variability are, there­
fore, essential.
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F igu re  2. L C  tra ce s  o f (A) b lan k  p o rk  m eat and  (B) 
sp ik e d  m eat co n ta in in g  10 ng C A P /kg . (C) UV/VIS 
sp e c tra  o f C A P  In the sp ik e d  sa m p le  (1) and  o f s tanda rd  
C A P  (2). S a m p le s  a re  ana ly zed  a c co rd in g  to  p ro cedu re  
p re v io u s ly  d e s c r ib e d  (7,19).

As described in the introductory section, an MS confirma­
tion method using electron impact (El) ionization was selected. 
The advantages of this ionization mode, compared to a tech­
nique such as chemical ionization (Cl), are easy automatability, 
decreased ion source pollution, and less complex equipment 
required. The main drawback of El is the strong fragmentation 
of the analyte, which may result in a decreased number of se­
lective diagnostic ions. The 2 chlorine atoms present in CAP 
make negative Cl (NCI) a more efficient process than positive 
Q , and for a disilylated (di-TMS) CAP derivative, an absolute 
limit o f detection as low as 0.6 pg was reported with the use of

5 ion fragments and methane as reaction gas (5). For compari­
son, with El and 2 diagnostic ions, a limit of detection of 200 pg 
was reported (3). Fortunately, the latter sensitivity is sufficient 
for the confirmation of meat samples analyzed by the quantita­
tive LC method and containing more than 10 pg CAP/kg, as 
shown below. In Figure 3, an example of an El mass spectrum 
of the di-TMS-CAP derivative, is shown.

The main diagnostic ions that can be monitored in the se­
lected ion monitoring (SIM) mode are, in order of decreasing 
intensity, m/z 225 (base peak), 208, and 194.

Sample cleanup.— In the experimental set-up chosen, a 
200 pL aliquot of the 400 pL extract obtained in the procedure 
for the quantitative determination of CAP was injected into the 
LC system and used for GC/MS confirmation after extraction 
of the CAP-containing eluate fraction. In this way, a very thor­
ough cleanup was accomplished by using a combination of 
solid-phase and liquid-liquid extractions and a selective LC 
separation. The overall recovery o f the LC method is about 
55%, as mentioned before. The ethyl acetate extraction of CAP 
from the LC eluate fraction has an efficiency o f more than 95%.

Given a sample containing 10 pg CAP/kg and assuming 
that the derivatization step is quantitative, the theoretical con­
centration o f CAP in the 25 pL final extract, from which a 3 pL 
portion is injected into the GC/MS system, is about 0.5 pg/mL.

Derivatization.— Four published silylation methods (2, 4, 
21, 22) were examined with regard to their response and vari­
ability. Table 3 shows the mean results o f each 10 replicate 
derivatizations o f CAP standard solutions containing 1 pg 
CAP/kg. The intensity o f the m/z 225 base peak was measured. 
For a number of cases, the repeatability of CAP and PCB-138 
retention times on the CP-Sil-5 capillary column is also shown. 
In our hands, optimum results were obtained with Method 3, 
using a (BSTFA + 1% TMCS) mixture.

This reagent yields the disilylated product only. Therefore, 
this procedure, described in detail under Experimental, was 
used further in the experiments. The CAP analog thiam- 
phenicol was tested for its use as an internal standard for the 
derivatization step. As the repeatability of its derivatization 
(CV = 22%, N = 26) was inferior to that of CAP, it cannot be 
considered an ideal internal standard. However, the response of 
thiamphenicol provides a good check on the derivatization ef­
ficiency. In the future, m-CAP and, even more ideally, deuter- 
ated CAP will be tested as internal standards.

Working range.— The linearity, repeatability, and limit of 
identification o f the confirmation procedure were tested by 
evaluating the results of 5 standard curves obtained on different 
days, with each sample injected in duplicate on each day. 
Table 4 shows the mean calculated CAP concentrations and the 
corresponding CV values. The results show an adequate linear­
ity and repeatability in view of the qualitative purpose o f this 
method. The CAP concentrations were calculated by using the 
m/z 225 base peak. The ratio of m/z 225 vs m/z 208 was also 
calculated. This ratio, which can vary somewhat from day to 
day depending on instrumentation variability, but should be 
constant within a series of analyses, is used as qualifier for 
identifying the presence of CAP in samples. In all standard 
curves, this qualifier ratio was constant over the full range, 0 .2 -
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MASS SPECTRUM DATA: CAP 11049 BASE M/Z: 225
CALI: PK1401 13 RIC: 76160.

SAMPLE: CAP
COHOS.: 130-280

25696.

F igu re  3. E l m a ss  sp e c tru m  (70 eV) ob ta ined  fo r the  d ls ily la te d  C A P  de riva tive .

4 pg/mL. Below 0.2 pg/mL, the qualifier ratio was not always 
correct because of too low  intensity of the mlz 208 diagnostic 
ion. Therefore, the limit o f identification based on standards 
can be set at 0.2 pg/mL, or 600 pg absolute. This value is 0.4 
of the theoretical CAP concentration in the final extract result­
ing from a sample containing 10 pg CAP/kg.

Application of muscle samples.— To test the repeatability 
and practicality of the method with muscle samples, series of 
meat samples spiked with 10 pg CAP/kg were analyzed on dif­
ferent days. The concentration of CAP in the final GC/MS ex­
tract of these samples was calculated by using the mlz 225 
response and the corresponding standard curve. These values 
were used to calculate the concentration of CAP in the sample, 
corrected for LC recovery. The mean CAP concentration thus 
found was 9.8 pg/kg (CV 31.5%, n = 10). Without correction 
for recovery, the CV value was essentially the same (CV  
32.0%), indicating that the observed variability is mainly gov­
erned by the back extraction and derivatization steps. For all 
samples, the correct qualifier ratio was found, and the relative 
retention times o f CAP and the GC/MS internal standard PCB- 
138 were within 0.3% o f the values obtained for standard CAP. 
In all cases, a suitable U V  spectrum was obtained in the 
LC step.

Under the correct experimental conditions, when contami­
nation o f the analytical system with CAP is prevented, no false 
positives have been observed in the series o f real samples thus 
far analyzed (n > 100). Also, no false negatives at a CAP con­
centration level above 10 pg/kg have been observed (n = 40). 
On the basis o f  these results, w e concluded that there is an ex­
cellent correlation between the results obtained with the LC 
and the GC/MS methods.

Quality Assurance and Method Validation Criteria

Immunochemical screening.— In com m ercial immuno­
chemical test kits, slight batch-to-batch differences may occur 
with regard to quality o f the antibodies and the available bind­
ing sites. Also, the stability of the kit is limited, usually about 6 
months. It is essential that a card not be used after the expiration 
date. To avoid false positives, the control site on each card is 
tested with negative control reagent. After addition o f the sub­
strate, a distinct blue color should form, indicating that binding 
capacity and the enzymatic conversion are adequate. In addi­
tion, in each sample series a blank control sample, a 5 or 
10 pg/kg spiked sample to indicate false negatives, and, pref­
erably, a blind control sample are included. If cards from sev­
eral batches are used within a series, these quality assurance

Tab le  3. C o m p a r is o n  o f  v a r io u s  s ily la t lo n  p ro cedu re s  (n = 10)

Reagent Reference tR CAP, mina tR PCB, min
m/z 225 response, 

(x io Y

MSTFA-CH3CN (3 + 7) 30 min, 25’C 2 10.60 (0.02) NDC 42.2 (21)
HMDS-TMCS-Pyr (3 + 1+9)  evaporate at 50'C 4 10.60 (0.02) 9.91 (0.02) 47.4 (70)
BSTFA-TMCS (99 + 1) 60 min, 60*C 21 10.60 (0.02) 9.91 (0.02) 66.0 (15)
BSTFA30 min, 70°C 22 10.61 (0.01) 9.91 (0.02) 22.9 (44)

a The numbers in parentheses are the observed coefficients of variation (CV, %). In all experiments, the CV of the PCB-138 m/z 360 signal 
was between 3 and 7%. 

b Response in arbitrary units. 
c Not determined.
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Tab le 4. R epea tab ility  o f C A P  s tanda rd  cu rv e s  
fo r G C /M S  co n firm a tio n

CAP concentration

CV, %Added, pg/mL Calculated, pg/mLa

0.20 0.22 26.5
0.50 0.57 28.5
1.00 0.91 22.0
1.50 1.62 15.5
2.00 2.30 18.0
4.00 4.14 5.0

fl Results obtained, expressed as m/z 225 responses, are the 
average of 10 curves on 5 different days and corrected for the 
response of the PCB-138 internal standard.

TIC

samples should be included for each batch. A  sample series is 
considered to give valid results if the control reagent sites and 
the blank control sample give a blue color, whereas the spiked 
sample gives a colorless reading 5 -15  min after addition of the 
substrate. Samples found positive in the screening test are con­
firmed by LC analysis.

Quantitation by LC .— Contamination o f reagents or instru­
mentation with CAP is strictly avoided, as it may result in false 
positives. To this end, glassware is cleaned thoroughly and dis­
posable glassware is used as much as possible. The LC eluant 
should be prepared fresh every day and should never be recir­
culated. The analytical column is used only for CAP analysis 
and, if an autosampler is used, the needle system is purged after 
each injection. If a highly positive sample is found and the next 
sample is also found positive, the latter sample should be ana­
lyzed again to exclude cross-contamination.

At least 2 standard solutions are included in each series, and 
their responses are compared with the preceding series. Ablank 
meat sample, a 10 pg/kg spiked sample, a naturally incurred 
reference sample, or a blind sample is co-analyzed. The results 
for the spiked and reference samples should fall within preset 
margins, and the diode-array UV/VIS spectra should be accept­
able. This latter condition means that the maximum absorption 
wavelengths in the spectra of the analyte and a CAP standard 
should fall within ±2 nm. Furthermore, the difference between 
parts o f the 2 normalized spectra having a relative absorbance 
of over 10% should never be more than 10% of the absorbance 
of the standard CAP (16). Additionally, the identity of CAP in 
a positive sample is tested by adding standard CAP to the re­
maining sample extract and re-injecting this solution (co-chro­
matography). Only the intensity o f the peak assumed to be CAP 
should increase.

The LC method meets the general criteria for reference 
methods as proposed by the EC and CC-RVDF (16,17), pre­
viously described (19). In case o f a dispute, additional GC/MS 
confirmation can be performed.

Identification by GC/MS.— A  number of quality assurance 
checks are included in each series o f analyses. To prevent false 
negatives, a 10 pig/kg spiked sample and the internal standards 
thiamphenicol and PCB-138 are added. Additionally, before an 
analytical series is started, a standard curve ranging from 0.2 to

nc

F igu re  4. S e le c ted  ion  m on ito r in g  ch ro m a to g ram s  of 
(A) a  b lan k  m eat sam p le ; and  (B) a m eat s a m p le  sp ik e d  
w ith  10 pg C A P /kg : 1 = P C B , 2 = C A P  T M S , and  3 = T A P  
TM S . S am p le s  are  ana ly zed  a c co rd in g  to  p ro cedu re  
d e sc r ib e d  In text.

4 pg CAP/mLis injected. The sample extracts are not analyzed 
unless the 0.2 pg/mL solution gives a positive m/z 225/208 
qualifier ratio. The standard curve is injected again after the 
series o f analyses is finished.

To prevent false positives, a vial containing pure injection 
solvent is placed after each CAP-containing sample vial. In ad­
dition, a blank meat sample and a blank reagent sample are 
included with each series. In Figure 4, samples o f a SIM chro­
matogram o f a blank and a positive meat sample (10 pg/kg) are 
shown.

The criteria for GC/MS identification are as follows: (I) The 
relative retention time of the analyte based on internal standard 
PCB-138 should be the same as the relative retention time of a 
CAP standard, within a margin of 0.5%; and (2) the relative 
intensities of the m/z 208 and m/z 225 diagnostic icns moni­
tored from the analyte (the qualifier ratio) should be identical 
to the intensity for standard CAP within a margin o f 10%.

Validation o f the Analytical Strategy

The analytical strategy proposed in this paper consists of a
3-step procedure, with each step having its own acceptability 
criteria.
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Tab le  5. P ro b a b ility  o f a c ce p ta n ce  In re la tion  to  the  
C A P  co n cen tra tio n

Level, pg/kg
No. samples 
Investigated

No. samples 
found negative

Probability of 
acceptance, %

>0-1 136 134 98
>1-2 90 85 94
>2-3 87 69 79
>3-4 55 38 69
>4-6 58 23 38
>6-8 31 8 26
>8-10 5 0 0

>10-15 31 0 0
>15-20 1 0 0
>20-25 28 0 0
>25-30 26 1 4
>30 6 0 0

Screening.— The aim of a screening technique is to filter out 
negative samples and identify suspected samples. A  limited num­
ber of false-positive results can be tolerated, but false-negative 
results should not occur. The probability that false-negative results 
will occur can be derived from the probability of acceptance at 
various concentration levels according to an approach described 
by de Ruig and Dijkstra (23). In this context, the probability of 
acceptance at a distinct level is calculated as the percentage of 
negative results at that level. This approach was applied to the 
combined data obtained from RKILT and C L R W  laboratories 
analyses (Table 2) and results obtained for samples analyzed by 
13 laboratories in a collaborative study (24). The actual CAP con­
tent of these latter samples was established with the LC method. 
The 5 collaborative study samples, containing between 0 and 
27 pg CAP/kg, were analyzed in duplicate both undiluted (after 
blending with an equal volume of buffer), and after 4-, 7-, and 
10-fold dilution. Altogether, 554 samples were analyzed. The re­
sults are summarized in Table 5.

We concluded that in 554 analyses, with 1 accidental excep­
tion, no false-negative results were obtained above 8 pg/kg. 
This concentration is higher than the detection limit found by 
the RIKILT and CL-RVV laboratories. The discrepancy can be 
explained by difference in experience with the method, and this 
is attributed to a learning effect.

Confirmation.— In general, the confirmation criteria de­
scribed in this study are fully in line with criteria proposed for 
reference methods within the EC. However, this is not the case 
for GC/MS identification criteria. The EC states that a mini­
mum o f 4 diagnostic ions must be measured or, if  the analyte 
does not yield 4 such ions, 2 independent GC-low resolution 
MS methods with different ionization techniques and/or deriv­
atives should be used.

Identification based on the GC/MS detection o f only 2 di­
agnostic ions, not including the molecular ion, certainly is not 
acceptable for a reference method, as such. However, the 
GC/MS method in the proposed analytical strategy is not a 
stand-alone method. In our case, the confirmation procedure

consists of a combination of the following techniques: LC/UV, 
UV spectrum detection by diode-array detection (DAD), and 
capillary gas chromatography with mass selective detection, 
after derivatization.

For such a method, the ability to estimate the uncertainty of 
the identity of a compound remaining after application of the 
sequence o f analytical techniques would be highly desirable. A  
rough estimate can be made by using so-called “uncertainty 
factors” o f the separate steps, as postulated by de Ruig et al.
(25). Such a factor is defined as the ratio of the number of in­
distinguishable items to the total number o f items in a set. A l­
though the approach is a gross simplification of the actual 
situation and it is not very accurate, the concept is interesting 
in that it offers the possibility of more or less quantitatively 
comparing methods with regard to their reliability. If the ana­
lytical techniques used in a tandem are considered to be inde­
pendent, which is certainly not always the case, the remaining 
uncertainty can be calculated by multiplication of the individ­
ual uncertainty factors of the techniques used. In this approach, 
with uncertainty factors 50"1 (LC), 50_1 (DAD), 20 0 '1 (capil­
lary GC), and between 300-1 and 45 000_1 (MS, in the case of 
2 diagnostic ions that cannot be considered totally indepen­
dent), the uncertainty factor for the whole method will then lie 
between 6 x 10_9and 4.4 x 1CT11. These values should be used 
with caution, however, because the assumption of independence 
of the of the analytical techniques used can be questioned.

As an illustration of the roughness of the postulated proce­
dure, the more detailed approach of Peysna et al. (26) for esti­
mating the uniqueness o f a combination o f mass fragments can 
be mentioned. The intensity of the fragment compared to the 
base peak and the statistical occurrence of fragments in speci­
fied mass regions are the key parameter to calculate the unique­
ness. With the diagnostic ions m/z 208 and 225, a factor of 
100CT1 is then obtained for CAP.

For reference, the acceptable probability of error for evi­
dence in criminal proceedings has been put tentatively at 10'6; 
for indicative evidence, 10 -10"3 is considered to be accept­
able (25). We feel that for routine control, the combination of 
immunochemical screening and LC/DAD quantitation/confir- 
mation will provide sufficient certainty about the identity and 
quantity o f CAP in the sample. If a re-examination is necessary, 
the procedure is extended by a GC/MS confirmation step. 
In this specific analytical framework, to finally produce a 
false-positive result, a sample would have to contain an an­
alyte, or a combination of analytes, that had the following char­
acteristics: (1) a good affinity constant to a highly selective 
antibody raised against CAP; (2) similar solubility in water, 
dichloromethane, toluene, and ethyl acetate as CAP; (3) the 
same retention time as CAP on a LC column; (4) a 285 nm UV  
response corresponding to >10 pg/kg CAP; (5) a UV spectrum 
identical to that o f  CAP; (6) extractable with ethyl acetate 
from the pH 4.3 LC eluant; (7) probably as a derivative, 
has exactly the same retention time as the di-TMS-CAP 
derivative on a highly efficient capillary GC column; (8) 2 
ion fragments characteristic o f the fragmentation pattern 
o f CAP under EI/MS conditions; and (9) a relative inten­
sity of these ions identical to that o f CAP.
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F igu re  5. L C  ch rom a to g ram s o f (A) b la n k  m ilk , (B) m ilk  sp ik e d  w ith  1 pg C A P /L , (C) b lan k  p o rk  m eat, and  (D) m eat 
sam p le  sp ik e d  w ith  1 pg C A P /kg . S am p le s  are  a na ly zed  a c co rd in g  to  m od ifie d  p ro cedu re  d e sc r ib e d  in text. P ilo t s ig n a l 
Is 285 nm.

In summary, this means that the physicochemical, im­
munochemical, and spectroscopic behavior of such an analyte 
should be the same as that of CAP. In that respect, we are con­
fident that GC/MS in combination with the other techniques 
provides conclusive evidence in case of a dispute.

Recent Developments: Application to Milk Control
and Improved Sensitivity

Milk.— The analytical approach described for the control of 
CAP in meat can also be applied to milk. However, because CAP 
is banned for use in lactating cows, a low MRL of 1 pg/L has been 
set in many EC member states. This implies that the screening, 
quantitation, and confirmation should be validated at that level. 
Results from recent investigations have shown immunochemical 
screening in milk is possible at the 0.5-1 pg/L level by applying 
200 pLdeproteinated milk (15) to the La Carte test. The quantita­
tive method used is very similar to the method used for meat. 
Decreamed milk is directly applied to an Extrelut cartridge and 
processed according to the method used for meat. The limit of 
detection obtained is about 0.5 pg/L. Figure 5 shows examples of 
a blank and a milk sample spiked at 1 pg/kg. The validation of the 
milk control system, including evaluation of GC/MS confirma­
tion, is currently under investigation. Preliminary experiments 
show that a limit of identification <0.5 pg/Lcan be easily achieved 
when NCI/GC/MS is used with 4 diagnostic ions. Examples are 
shown in Figures 6 and 7; the blank milk sample depicted contains

traces of CAP, corresponding to about 20 ng/L. As can be seen, 
all 4 diagnostic ions are present, albeit not with proper qualifier 
ratios.

Meat.— The sensitivity of the LC quantitation and identifi­
cation of CAP in meat can be improved by blending a 20 g 
sample with 80 mL water and mixing 60 mL aqueous phase 
with Extrelut material. This improves the distribution of the 
meat extract over the diatomaceous earth material, giving a bet­
ter recovery (27). The meat extract/Extrelut mixture is then 
transferred into an empty glass colum n and eluted with 
dichloromethane. After evaporation, the residue is dissolved in 
400 pL water, and 200 pL of this solution is injected into the 
LC system. Figure 5 shows examples of chromatcgrams of 
blanks and 1 pg/kg spiked meat samples. Preliminary experi­
ments show that, similar to milk, a limit o f identification 
<0.5 pg/kg can be achieved with NCI/GC/MS.

An attractive alternative approach for obtaining reliable 
quantitation and confirmation at the 1 pg/kg level may be the 
use of antibody-loaded (28) or metal-loaded (29) affinity col­
umns to purify and enrich the biological sample. These options 
will be tested in future research.
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S f i f W i  B L A N K  M IL K MS spectrum of scan 2717

S Ä fL E t  M I L K  1  N G /M L  C A P

S<mEt STANDARD CAP-TMS 0.2 NG/UL

100 304
4752

counts

MS spectrum of scan 2706
169984
counts

MS spectrum of scan 2722
100 466 147200

F igu re  7. M S  sp e c tra  o f p e a ks  w ith  s ca n  n um be rs  
co rre sp o n d in g  to  s ta nd a rd  o f d is ily la te d  C A P  (see 
F igu re  6) fo r (A) b lan k  m ilk , (B) 1 ng/m L sp ik e d  m ilk, and  
(C) s tanda rd  0.2 ng/m L.
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m ethane rea c tio n  g a s  w a s  u sed .
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DRUG RESIDUES IN ANIMAL TISSUES

D e t e r m i n a t i o n  o f  C l o x a c i l l i n  a n d  P e n i c i l l i n  V  i n  M i l k  

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

W i l l i a m  A. M o a t s

U.S. Department of Agriculture, Agricultural Research Service, Bldg 201, BARC-East, Beltsville, MD 20705 
R a in e r  M a l is c h

Chemische Landesuntersuchungsanstalt, Bissierstr 5, D-7800 Freiburg, Germany

A  num b er o f  s c r e e n in g  t e s t s  will d e te c t  p-lactam  an ­
tib io tic s  a t le v e ls  o f  l e s s  th an  10 ng/m L  In milk. 
H ow ever, con firm atory  p r o c e d u r e s  o f com p arab le  
se n s it iv ity  are n o t ava ilab le . A  m eth od  u s in g  an  a u ­
to m a ted  liquid ch ro m a to g ra p h y  (LC) c le a n u p  s e n s i ­
tiv e  to  1 n g/m L  w a s  d e v e lo p e d  for p en icillin  V and  
c loxac illin . Milk w a s  d ep ro te in lzed  w ith 2  v o lu m e s  
o f aceton itr ile . M eth y len e ch lo r id e  an d  h e x a n e  w ere  
a d d e d  to  th e  filtrate to  se p a r a te  th e  w ater layer c o n ­
ta in in g  th e  a n tib io tic s . T h e filtrate c o u ld  a ls o  b e  
ev a p o ra ted  directly . T he w ater layer w a s  c o n c e n ­
trated an d  lo a d ed  o n to  a  p o ly m eric  LC co lu m n  In 
0.01 M pH 7  buffer w ith th e  aid o f  an  au tosam p ler . 
T h e p en ic illin s  w e r e  e lu ted  w ith  an  aceton itr ile  gra­
d ien t from  pH 7  buffer (100%, 0 - 3  m in) to  pH 7 
b u ffer -a ce to n itr ile  (40 + 6 0 ,2 5  m in). F raction s c o n ­
ta in in g  e a c h  c o m p o u n d  w e r e  c o lle c te d  and rech ro­
m a to g ra p h ed  Isocra tica lly  o n  th e  s a m e  co lu m n  
ty p e  In 0.01 M H 3 P 0 4 -a c e to n itr ile  (58 + 42  for c lo x a ­
cillin; 62  + 3 8  for p en icillin  V). T he c le a n u p  ca n  b e  
fu lly  a u to m a ted . T h e a p p ro a ch  is  a p p lica b le  to  
oth er  p en ic illin s , but su ita b le  c o n d it io n s  for an a ly ­
s i s  o f  fra c tio n s  for  e a c h  c o m p o u n d  m u st b e  d e v e l­
o p e d . R e c o v e r ie s  for p en icillin  V w ere  88  ±2% at 
1 ppm , 89  ±10% at 0.1 ppm , an d  87  ±13% at 
0.01 ppm . For c lo x a c illin , r e c o v e r ie s  w ere  9 7  ±5% at 
1 ppm , 9 0  ±4% at 0.1 ppm , an d  8 9  ±8% at 0.01 ppm .

P -lactam antibiotics can be detected in milk at levels of 
as low as 2 -5  ppb by a variety of screening tests (1, 2). 
Screening tests, with the possible exception of some im­

munoassays, cannot distinguish p-lactams from one another. 
They may produce false positives. Therefore, there is a need for 
specific physico-chemical confirmatory tests o f comparable 
sensitivity. These tests should be able to establish the presence 
or absence of all possible p-lactam antibiotics at or below lev­
els o f sensitivity detected by screening tests. They should also 
be capable o f measuring residues at or below levels of concern 
to regulatory agencies. Reported methods are deficient in one
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or more respects. Some do not achieve the needed sensitivity 
(3 -5 ). A  method using gas chromatography described by 
Meetschen and Petz (6), and methods using liquid chromatog­
raphy (LC) described by Wiese and Martin (7), Berger and Petz
(8), and our laboratory (9) are adequately sensitive but are suit­
able only for monobasic penicillins. These all use lengthy par­
tit io n in g  c lean u p  p roced u res and are u n su itab le  for  
determination of amphoteric P-lactams such as ampicillin, 
amoxicillin, and cephapirin.

Amore general method was clearly required for determina­
tion of all possible P-lactam antibiotic residues. After exploring 
a number of approaches, we concluded that direct concentra­
tion and cleanup using an LC system was theoretically appli­
cable to any p-lactam antibiotic, and that the method was 
relatively simple, effective, and reproducible. A  deproteinized 
extract in water was loaded directly onto an LC column and 
eluted with a solvent gradient. Each compound was eluted as a 
narrow band. Fractions of the appropriate retention time were 
collected and rechromatographed under different conditions 
for analysis. However, optimum conditions must be deter­
mined for analysis of each fraction so that the compound of 
interest can be eluted in a reasonable length o f time and sepa­
rated from interferences in the fraction. This approach was suc­
cessfully applied to the determination of penicillin G with 
markedly improved sensitivity (<2 ppb) and excellent separa­
tion from interferences (10). The LC cleanup was also applied 
to determination o f ampicillin in milk (11). The present paper 
describes the application o f this approach to the determination 
of cloxacillin and penicillin V  in milk.

M aterials an d  M eth od s

Reagents

(a) Acetonitrile.— LC grade (absorbance <0.02 at 210 nm).
(b) Methylene chloride and hexane.— LC grades.
(c) Cloxacillin and penicillin V standards.— Reagent grade 

(Sigma Chemical Co., St. Louis, MO 63178). Prepare P-lactam 
stock solutions of 1 mg/mL in distilled water and prepare work­
ing dilutions as required. Store refrigerated. Prepare fresh solu­
tions monthly or more often if deterioration is noted.

(d) pH 7.0 buffer, 0.01M.—Dissolve 1.39 g KH2P04 and
2.81 g N a2H P04 in 3 L distilled water, or mix 2 volumes 
0.01M Na2HP04 with 1 volume 0.01M KH2P04.



258 Moats & Malisch: Journal Of AOAC International Vol. 75, No. 2,1992

Apparatus

(a) G lassware.— Graduated cylinders, 50 and 100 mL, 
15 mL conical graduated centrifuge tubes (calibrated to con­
tain), 250 mL glass-stoppered side-arm flasks, 250 mL separa­
tory funnels with Teflon stopcocks, and 125 mL conical flasks. 
Clean all glassware in special detergent, MICRO (International 
Products, Trenton, NJ), or equivalent. Rinse in distilled water, 
ca 0.01N HC1 or H2S04, and distilled water.

(b) L C  equipm ent cleanup system .—Pump, Model 9010 
(Varian Instrument Group, Sugarland, TX); autosampler, WISP 
Model 712 with 2000 pL sample loop (Waters Chromatogra­
phy Division, Milford, MA 01757); fraction collector, FOXY 
(Isco, Inc., Lincoln, NE 68505); detector/data system, 990 
diode array detector (Waters); column, PLRP-S, 4.6 x 150 mm, 
5 pm particle size, 100 Ápore diameter (Polymer Laboratories, 
Amherst, MA 01002).

(c) L C  analysis equipment.-—Pump, LC5000 (Varian); au­
tosampler, 9090 (Varian); detector, Model 481 UV-VIS (Wa­
ters); data system, Model 650 (Varian); column, same as 
cleanup.

(d) B uckler rotary E vapom ix.—Buchler Instruments, Ft. 
Lee, NJ.

(e) H o t p la te .—Thermostatted, with shallow tray.
(f) P lastic  coated  lead  rings.—To weight side-arm flasks 

during evaporation.
(g) Vortex mixer.

Determination

Measure 15 mLmilk into 125 mL conical flask. Add 30 mL 
acetonitrile slowly in several small portions with vigorous 
swirling of flask during addition. (Failure to stir during addition 
can lead to uneven precipitation and variable recoveries.) Let 
stand 5-10 min until supernatant clears. Pour supernatant 
through loose plug of glass wool in stem of funnel and collect 
30 mL filtrate in graduated cylinder. Filtrate should be water- 
clear. If not, pour filtrate back through glass wool plug until 
clear.

Concentration, M ethod A .—Transfer filtrate to 250 mL sep­
aratory funnel, add 30 mL methylene chloride and 60 mL hex­
ane, shake vigorously, and let layers separate. Collect bottom 
(water) layer in glass-stoppered side-arm flask. Wash organic 
layer with 5 mL water and add to side-arm flask. Evaporate 
liquid in stoppered side-arm flask under reduced pressure 
(water pump) in a shallow water bath, starting at room temper­
ature, and warming to 40-50°C. A lead ring may be used to 
weight side-arm flask. After initial boiling, liquid will evapo­
rate quietly. Concentrate to ca 2 mL and transfer liquid to 
15 mL conical graduated centrifuge tube. Rinse flask with sev­
eral small portions of water and add rinsings to tube to final 
volume of 4 mL. Transfer clear liquid to 4 mL autosampler 
vials. If visible particles are present, filter through small plug 
of glass wool into autosampler vials.

C oncentration , M eth od  B .—Transfer filtrate to 250 mL 
side-arm flask with rinse of 10 mL r-butanol (to suppress foam­
ing). Evaporate as in M eth od  A  to ca 2 mL and rinse into grad­

uated centrifuge tubes to give final volume of 4 mL. Add 1 mL 
acetonitrile and 3 mL hexane, and mix 10 s on Vortex mixer. 
Centrifuge 1 min at low speed and draw off hexane with pipet. 
Repeat wash with 3 mL hexane. Evaporate cautiously in 
Evapomix to less than 4 mLto remove residual solvent. Adjust 
volume to 4 mL and transfer to 4 mL autosampler vials.

LC Cleanup

(a) Solvent.—0.01M pH 7.0 buffer-acetonitrile.
(b) G radient.—0.01M pH 7 buffer (100%, 0-3 min) to 

0.01M pH 7 buffer-acetonitrile (40 + 60,25-30 min) to 0.01M 
pH 7 buffer (100%, 31 min). Loading of the next sample is 
started at 40 min. Flow, 1 mL/min.

Determine retention times of compounds of interest using 
standards. Set autosampler to inject 2000 pL. Set fraction col­
lector to collect 1.2 mL time windows centered on retention 
times, allowing a 0.1-0.2 min delay for flow from detector to 
fraction collector. Before each sample set, run 2 pg standards 
loaded, in successive determinations, in 200 and 2000 pL sol­
vent. Retention times, peak shape, and peak size should be 
identical. Autosampler starts gradient program, fraction collec­
tor, and data system each time sample is injected. If system is 
ran unattended overnight, program pump to flush system with 
water-acetonitrile (50 + 50) when final sample (water) is in­
jected.

Prepare fractions for analysis by removing acetonitrile 
under reduced pressure in rotary Evapomix. Adjust volume to 
1 mL and transfer to 2 mL autosampler vials (or inserts, if 
WISP is used for analysis).

Analysis

Injection volume, 200 pL. Isocratic: 0.01M H3P04-aceto- 
nitrile; flow, 1 mL/min. Penicillin V, 62 + 38. Cloxacillin, 58 + 
42. Detection: UV, 210 nm. Peak height is linear with concen­
tration to at least 5 pg of each compound.

Recovery and Confirmation

For recovery experiments, add 0.15 mL 100, 10, and 
1 pg/mLstock solutions to 15 mLmilk to give final concentra­
tions of 1, 0.1, and 0.01 pg/mL. For confirmation, add 0.2 mL 
penase concentrate (Difco Laboratories, Detroit, MI 48232) to 
15 mL milk and let stand 3 h (or as required to destroy cloxa­
cillin standard) at room temperature (ca 22°C) before perform­
ing method. Milk from cows treated with cloxacillin was 
obtained from the U.S. Food and Drug Administration, Center 
for Veterinary Medicine, Beltsville, MD.

Results and Discussion

Of several monobasic penicillins, only penicillin G and 
cloxacillin are of major concern as residues in the United 
States. However, penicillin V is of concern in some other coun­
tries, including Germany. The extraction procedure was modi­
fied slightly, because cloxacillin is more soluble than penicillin 
G in organic solvents. The proportion of hexane added to the 
filtrate was increased to ensure that cloxacillin remained in the 
water layer formed after addition of methylene chloride and
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C L O X A C IL L IN  IN  M IL K P E N IC IL L IN  V  IN  M IL K

.01M H3P04-MeCN

Figure 1. Determination of cloxacillin In milk.
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Figure 2. Determination of penicillin V in milk.

hexane. The filtrate could also be concentrated directly 
(Method B). A prototype centrifugal evaporator manufactured 
by the Christ Co., Osterode, Germany, was tested with Method 
B and proved satisfactory. A wash with hexane-acetonitrile 
was required to clear the concentrated filtrate. The direct con­
centration procedure saved substantially on solvent. The frac­
tion collection procedure was as previously described for 
penicillin G (10).

Although the equipment used in our laboratory for cleanup 
is indicated, any combination of a pump capable of generating 
a gradient, a fraction collector capable of collecting time win­
dows, a UV detector and data system, and an autosampler ca­
pable of injecting 1 mL or more should be suitable. WISP will 
inject a larger volume (2 mL) than other commercial au­
tosamplers. We would prefer to use even larger volumes of 
more dilute sample extract if autosamplers of suitable capacity 
were available. The procedure did not work as satisfactorily 
when bonded C18 columns were used in place of the polymeric 
columns.

The strategy for separation of cloxacillin and penicillin V 
from interferences was, as with penicillin G, to rechromato­
graph at acid pH the fractions collected at pH 7. This converted 
the compounds from the salt to the acid forms, which were far 
more strongly retained on reversed-phase packings. They were 
thus effectively separated from interference in the fractions as 
shown in Figures 1 and 2. The limit at which a detectable peak 
could be observed was about 1 ppb. Because of the widely dif­
fering retentions of penicillins on reversed-phase columns, 
each compound requires a different solvent system for isocratic

analysis. The recoveries from spiked samples are shown in 
Table 1. Mean recoveries were slightly below 90% for penicil­
lin V and 89-97% for cloxacillin. Precision was better at 1 ppm 
than at lower concentrations, especially 0.01 ppm, as would be 
expected. No detectable interference was noted in the cloxacil­
lin chromatograms. A minor peak, equivalent to 1.5 ng/mL, 
eluted near penicillin V. This peak was not present in some milk 
samples but could be subtracted after the sample was treated 
with p-lactamase. Table 2 shows results with some milk sam­
ples from treated cows. Cloxacillin was present after 48 h but 
was below detectable levels (1 ppb) at 96 h.

Screening methods are markedly less sensitive for cloxacil­
lin than for other p-lactam antibiotics. Reported detection lim­
its range from 20 ppb for the Angenics spot test (an 
immunoassay) to 150 ppb for the Penzyme test (1). The present 
method thus far exceeds the sensitivities of screening tests for 
cloxacillin and gives better separations from interferences than 
the LC method previously described by our laboratory (9). 
These methods also meet the stringent regulatory requirements 
of Germany, with tolerances for cloxacillin and penicillin V of 
10 and 3 ppb, respectively (8).

The method required about 4 h for a single sample. Because 
the LC cleanup was sequential, about 1 h additional was re­
quired per sample. The automated cleanup was usually run 
overnight so that time was not ordinarily a factor. The presence 
of cloxacillin and penicillin V can be confirmed by treating 
duplicate samples with p-lactamase as described by Terada and 
Sakabe (4). Several hours were required to decompose cloxa­
cillin as compared to a few minutes for penicillin G.

Table 1. Recoveries of cloxacillin and penicillin V from spiked milk samples
Added, ng/mL Penicillin V, rec„ % Mean ± SD Cloxacillin, rec., % Mean ± SD

1.0 88, 84, 87, 91,90 88 ± 2 95, 39, 104, 100, 97 97 ±5
0.1 90, 75, 105, 92, 84 89 ±10 92, 37, 96, 86, 90 90 ±4
0.01 84,111,75, 80, 85 87 ±13 98, 35, 97, 76, 87 89 ±8
0 0-0.0015 ng/mL — NDa —

a Not detectable.
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Table 2. Cloxacillin In milk from treated cows
Time after treatment, h Cloxacillin found, ppb

36 15
48 10
96 None (<1)

The method described is relatively simple because only a 
single cleanup step is used and derivatization is not required. 
This undoubtedly contributes to the excellent recoveries ob­
served. The approach should be applicable to determination of 
any (3-lactam antibiotic as well as other compounds. However, 
conditions must be developed for further separation of analytes 
from interferences. This has proved especially difficult with 
amphoteric (3-lactams, as shown by studies with ampicillin 
(11).
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DRUG RES IDU ES IN AN IMAL T ISSU ES

L i q u i d  C h r o m a t o g r a p h i c  D e t e r m i n a t i o n

o f  I n c u r r e d  N i t r o f u r a z o n e  R e s i d u e s  i n  C h i c k e n  T i s s u e s

Owen W. Parks

U.S. Department of Agriculture, Agricultural Research Service, Eastern Regional Research Center, Philadelphia, PA 19118 
L eon F. K ubena

U.S. Department of Agriculture, Agricultural Research Service, Veterinary Toxicology and Entomology Laboratory, 
College Station, TX 77841

One-day-old chicks were raised to maturity on a 
diet fortified with 0.0055% nitrofurazone. Analyses 
of tissue extracts by a liquid chromatography/elec- 
trochemical detection method revealed that the dis­
tribution of residues between liver, breast, and 
thigh muscle differed significantly from that pre­
viously reported In birds that were dosed with the 
drug before sacrifice. Differences between ground 
and unground tissues were also observed, suggest­
ing that residues are not distributed evenly 
throughout the same tissue.

N itrofurazone (5-nitro-2-furaldehydesemicarbazone), 
when fed continuously, is effective in preventing coc- 
cidiosis in chickens (1). However, information is lack­

ing on residues of the drug in the tissues of treated birds, as a 
result of the rapid metabolism of the nitrofuran and previous 
absence of sensitive methods of detection. Recently, we re­
ported a liquid chromatographic (LC) method capable of de­
tecting nitrofurazone residues in fortified chicken tissues at the 
low ppb level (2). This method was applied to the tissues of 
birds that had been placed on a diet fortified with 0.0055% 
nitrofurazone as 1-day-old chicks and continued on the diet to 
maturity. This communication reports the levels of the drug 
found in the liver, breast, and thigh muscle, as well as other ob­
servations.

METHOD

Reagents and Materials

(a) Solven ts, tissu e h o m o g en izes centrifuge, sand, n eu tra l 
alum ina.—Same as in Reference 2.

(b) D ru g s .—Nitrofurazone (Norwich-Eaton Pharmaceuti­
cals, Norwich, NY 13815); Amifur™ medicated premix con­
taining 50 g nitrofurazone/lb (SmithKline Animal Health 
Products, West Chester, PA 19380).

Received November 9,1990. Accepted August 23,1991.

(c) L iq u id  ch ro m a to g ra p h y /e le c tro c h e m ic a l d e te c tio n .— 
LC-5000 precision pump (Isco Inc., Lincoln, NE 68505) con­
nected to Model LC-4B amperometric detector (Bioanalytical 
Systems, Inc., West Lafayette, IN 47905); glassy carbon elec­
trode -0.8 V vs Ag/AgCl, 5-10 uA full scale. Altex Model 
210A sampling valve with 50 pL loop. Recorder: Fisher 
Recordall Series 5000 at 10 mV full scale; chart speed
1 cm/min. Column: 25 cm x 4.6 mm id 5 pm Supelcosil LC-18 
(Supelco, Inc., Bellefonte, PA 16823). Mobile phase: pH 6.0 
phosphate buffer (0.05M monobasic potassium phosphate so­
lution containing 0.001M EDTA adjusted to pH 6.0 with IN 
NaOH)-methanol (57.5 + 42.5) purged with helium. Elute 
samples isocratically at 1.0 mL/min.

Feeding Trials

One-day-old male broiler chicks were placed on a commer- 
cial-type starter-grower diet fortified with 0.0055% 
nitrofurazone. At 42 days of age, 9 birds were sacrificed. An 
additional 9 medicated birds were removed to a control feed for
2 days and then sacrificed. Immediately after sacrifice, livers 
were removed, placed in a plastic bag, and frozen in liquid ni­
trogen to limit postmortem metabolism of the drug. Breast and 
thigh muscle were removed as quickly as possible and frozen 
to less than -50CC. All tissues were maintained at less than -50° 
to -20°C before analyses. Tissues removed from 9 birds raised 
for 42 days on a nonmedicated feed served as controls.

Tissue Preparation

Frozen tissues from 2 birds were partially thawed, cubed, 
and blended together in a chilled (4°C) Waring blender. The 
blended tissues were quickly packed in plastic bags and 
refrozen in dry ice. The tissues of a single bird were left un­
ground and frozen.

Determination and Quantitation

Analyses were conducted as previously described (2). Daily 
standard solutions containing ca 2.0, 5.0, 10.0, 84.0, and
168.0 ng/2 mL pH 6.0 phosphate buffer-methanol (1 + 1) 
were prepared from stock solutions of nitrofurazone in 
dimethylformamide. Average detector response factor (R.F.) 
was determined by relating concentration to measured peak
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Table 1. Concentration of nitrofurazone In tissues 
of zero birds

Concn, ppb

Bird No. Liver Thigh Breast

1024
1028

146.2 ±3.8 2.22 ±0.11 2.64a

1033
1040

120.1 ±8.0 2.20 ± 0.22 1,39s

1047
1053

87.4 ± 13.2 1.17 ±0.00 0.69*

1058
1065

147.8 ±5.27 2.30 ± 0.05 2.72 ±0.14

1067c 63.1 ± 14.5 9.11 ±4.91 5.36 ± 2.31

“ Single determination. 
b Detected in 1 sample only. 
c Unground tissues.

heights (ng/m m ). Concentration o f nitro furazone in  incurred 
tissue was determ ined b y  the fo llo w in g  form ula:

Concentration, ppb
R .F . (ng /m m ) x peak he ight (m m ) 

1.875 g tissue x 0.75

where 0.75 represents percent recovery from  fo rtifie d  tissues
(2). D uplicate samples were analyzed on d iffe rent days.

Results and Discussion

Table 1 summarizes the results o f analyses o f  tissue samples 
from  birds sacrificed w h ile  on the n itro fu razone-fo rtified  feed 
(zero tim e birds). W ith  the exception o f L iv e r 1047-1053, du­
p lica te  de te rm ina tions w ere ge ne ra lly  in  good agreem ent 
among the blended samples. Concentrations determ ined in  du­
plicate unground tissues (B ird  1067) varied considerably, sug­
gesting  tha t the residues w ere  no t u n ifo rm ly  d is tr ib u te d  
throughout the tissue. Furtherm ore, the ratios o f tota l residues 
in  the breast and th igh  m uscle to live r tissue in  the unground 
samples were 7 -8  tim es as great as the ratios determined in  the 
ground tissues. The reason fo r this is unclear but m ay be a re­
flec tion  o f  the uneven d is tribu tion  o f residues in  tissues, d iffe r­
ences between b irds , o r po o r ex trac tio n  o f  residues from  
unground liv e r tissues. N itro furazone was not detected in  the 
tissues o f birds removed from  the medicated feed 2 days before 
sacrifice (m in im um  leve l o f detection, 0.5 ppb).

In  addition to the parent drug (R, 5.1 m in ), a sm all peak, 
presumably a m etabolite, was present in all chromatograms o f 
extracts o f  incurred liv e r tissues (F igure 1). The peak had the 
same retention tim e (4.0 m in ) as that prev iously  observed in 
studies on incurred furazolidone tissues (3). T h is  sm all peak 
could be produced in  contro l live r tissues fo rtif ie d  w ith  200 ppb 
nitro furazone by incubating 30 m in  at 37°C. S tab ility  o f the 
un iden tified  m etabolite  on fu rthe r incubation and/or frozen

TIME (min)

Figure 1. Chromatograms of liver extracts of (A) birds 
maintained on nonmedicated control feed, (B) birds fed 
nitrofurazone-fortified feed continuously until sacrifice, 
and (C) birds fed nitrofurazone-fortified feed 
continuously, then moved to control feed 2 days before 
sacrifice. Electrochemical detection: potential -0.8 V; 
attenuation 10 nAfull scale.

storage was s im ila r to that observed in the furazo lidone stud­
ies (3).

The d is tribu tion  o f residues in the tissues in  this study d iffe rs 
s ign ifican tly  from  that reported by Sugden et al. (4). The latter 
observed average concentrations (870 ppb) 15 times as great in 
muscle tissue as in  liv e r tissue 8 h after b irds were dosed w ith  
50 m g n itro furazone. The d is tr ibu tion  approached equa lity  
(6 ppb) after 24 h. The birds in th is  study consumed, on the 
average, approxim ately 8 m g nitro furazone (150 g feed) in  the 
24 h period before sacrifice. These observations suggest that 
differences occur in drug uptake and/or m etabolism  between 
dosing and norm al feeding practices.
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EXTRANEOUS MATERIALS

E x t r a c t i o n  o f  L i g h t  F i l t h  f r o m  F i s h  P a s t e  a n d  S a u c e  ( B a g o o n g )  

N o t  C o n t a i n i n g  S p i c e :  C o l l a b o r a t i v e  S t u d y

Larry E. G laze

U.S. Food and Drug Administration, Division of Microbiology, Washington, DC 20204 

Collaborators: G.R. Dzidowski; D. Farley; D.M. Floyd; B. Kent; J.K. Nagy; W.T. Van Velzen

A collaborative study was conducted to validate a 
new method for the extraction of light filth from 
fish paste and sauce (Bagoong) not containing 
spice. A 225 g test portion is digested by boiling in 
a mixture of acid and emulsifying agents. Light filth 
is isolated by wet sieving on a No. 230 plain weave 
sieve with Tergitol, a deaeration boil in 40% 
isopropanol, and flotation with mineral oil and 40% 
isopropanol In a Wildman trap flask. Three spiking 
levels were used in the study for rat hairs and in­
sect fragments; 1 level was used for whole or 
equivalent Insects. For rat hairs, recoveries at the 
low, medium, and high levels averaged 77,94, and 
76%, respectively. Recoveries of insect fragments 
for these levels averaged 92,88, and 93%, respec­
tively; recoveries of whole or equivalent insects av­
eraged 85,70, and 80%, respectively. The method 
was adopted first action by AOAC International for 
the extraction of light filth from fish paste and 
sauce (Bagoong) not containing spice.

f  ĥe quantity of ethnic food products imported into the 
j United States continues to increase on an annual basis.

JL Fermented fish pastes and sauces comprise a large pro­
portion of the market. These products, prepared from several 
species of salt water and fresh water fishes, such as anchovy, 
goby, scad, corvina, and ziganid, are imported from several 
Asian and European countries, including Thailand, the Philip­
pines, Korea, Spain, and Portugal.

There is no official method for determination of light filth 
in fish pastes and sauces. A new method has been developed 
that involves a digestion step that uses a combination of emul-

Received for publication December 20,1990.
This report was presented at the 103rd AOAC Annual International 

Meeting, September 25-28,1989, at St. Louis, MO.
The recommendation was approved by the General Referee and the 

Committee on Microbiology and Extraneous Materials and was adopted by 
the Official Methods Board of AOAC. See “Changes in Official Methods of 
Analysis,” J .A O A C  Int. (1992) 75,223-225

Mention of trade names, commercial firms, or specific products or 
instrumentation is for identification purposes only and does not constitute 
endorsement by the U.S. Food and Drug Administration.

sifying agents and acid, a wet sieving procedure with Tergitol, 
extraction of light filth with mineral oil from a hot 40% 
isopropanol solution, and trapping in a Wildman trap flask.

Collaborative Study

The collaborative study was performed as a new method for 
the extraction of light filth from fish paste and sauce (Bagoong) 
not containing spice. The product was spiked at 3 different lev­
els. The low spike level consisted of 5 insect fragments (elytral 
squares of T ribolium  confusum , approximately 0.5 mm sq) 5 
rat hairs (1-3 mm), and 5 whole insects (adult D ro so p h ila ). 
The middle spike level consisted of 15 insect fragments, 10 rat 
hairs, and 5 whole insects. The high spike level consisted of 30 
insect fragments, 15 rat hairs, and 5 whole insects. Eight test 
samples of product in glass containers together with 2 vials of 
each spike level were sent to each of 6 collaborators. The test 
samples were numbered from 1 to 6; spike vials were num­
bered to correspond to the appropriate test sample. Two non- 
spiked test samples (PI and P2) were designated for use as 
“practice” portions. The collaborators were instmcted to report 
these results and analysis times and to return the extract papers 
so that their results could be checked by the Associate Referee.

991.37 Light Filth from Fish Paste and Sauce 
(Bagoong) Not Containing Spice—Flotation Method

First Action 1991

Method Performance:
Rat hairs, 5 added
sr = 0.5; sR = 1.1; RSDr = 15.0%; RSDr = 30.1%
Rat hairs, 1C1 added
sr = 0.7; sR = 0.7; RSDr = 8.1%; RSDr = 8.4%
Rat hairs, 15 added
sr = 2.8; sR = 4.2; RSDr = 24.6%; RSDr = 36.8%
Insect fragments, 5 added
sr = 0.3; Sr = 0.3; RSDr = 6.4%; RSDr = 6.4%
Insect fragments, 15 added
sr = 0.6; sR = 1.5; RSDr = 4.8%; RSDr = 11.6%
Insect fragments, 30 added
sr = 1.8; sR = 2.2; RSDr = 6.7%; RSDr = 8.1%
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Table 1. Collaborative results for recovery of rat hairs (blind duplicates)
Spike level

Coll. 5 10 15

A 5 5 15 (10) 10 15 16 (15)
B 7 (4)a 4 11 (8) 12 (10) 18 (13) 9
C 2 3 13 (10) 12 (9) 30 (14) 9
D 2 3 7 (9) 5 (8) 1 (2) 7
E 6 (5) 4 24 (10) 15 (9) 15 10
F 9 (5) 4 13 (10) 13 (10) 15 13

X 4.5 (3.8) 12.5 (9.4) 13.2 (11.4)
x,% 90.0 (76.6) 125.0 (94.2) 88.0 (76.1)

Sr 1.83 (0.57) 3.05 (0.76) 7.00 (2.81)

SR 2.09 (1.15) 4.81 (0.79) 7.12 (4.20)
RSDr 40.6 (15.0) 24.4 (8.1) 53.2 (24.6)
RSDr 46.4 (30.1) 38.5 (8.4) 54.1 (36.8)

a Associate Referee counts in parentheses if different from those of collaborator.

Whole insects, 5 added
sr = 0.8; sR = 0.8; RSDr = 19.8%; RSDr = 20.4%

A. Pretreatment

Weigh 225 g sample into 2 L beaker. Add 800 mL 5% HQ 
(760 mL water + 40 mL HC1) and 15 mL Igepal [5 mL DM- 
710 and 10 mL CO-730,945.75C(j)]. Cover beaker with watch 
glass, bring contents to full boil, and boil gently with magnetic 
stirring on stirrer-hot plate, 945.75B(n), until homogeneous 
slurry is obtained, typically 60-90 min. (N ote: Be sure contents 
do not boil over during digestion.)

B. Isolation

Transfer slurry portionwise onto No. 230 plain weave sieve, 
945.75B(r), and wet sieve with forceful stream of hot tap water 
(55-60°C) from aerator, 945.75B(a), until rinse is clear. (N ote: 
Use rubber policeman or spatula to remove residue that adheres 
to sides of beaker.) Add 10 mL Tergitol Anionic 7, 
945.75C(bb), if substantial residue (>15 cc) remains on sieve. 
Wet sieve until all foam washes through and residue appear­
ance remains constant. (N ote: Soaking residue in Tergitol on 
sieve 2-3 min aids in dispersing clumped material.) Repeat 
Tergitol procedure twice.

Wet residue on sieve with 40% isopropanol, and quantita­
tively transfer residue to 2 L Wildman trap flask, 
945.75B(h)(4), using 40% isopropanol. Dilute to 800 mL with 
40% isopropanol. Place on stirrer-hot plate in fume hood and 
boil gently 10 min while stirring. Remove from heat, add 
50 mL mineral oil, 945.75C(p), and stir magnetically 3 min. 
Fill flask with 40% isopropanol and let stand 30 min with in­
termittent stirring. Spin wafer disc or stopper to remove sedi­
ment and trap off, rinsing neck of flask with 40% isopropanol. 
Add 35 mL mineral oil. Hand-stir sediment with gentle rotary 
motion. Fill flask with 40% isopropanol, let stand 20 min, and 
trap off as before, rinsing neck with isopropanol. Filter onto

ruled filter paper, 945.75B(i), and examine at 30x, with stereo­
scopic microscope, 945.75B(o)(2).

Ref.: J. A O A C  Int. 75, March/April issue (1992)

Results and Discussion

Most collaborators obtained good recoveries of rat hairs 
(Table 1). However, Collaborators C and D reported 40-60% 
recoveries for the low spike level. Collaborator D also obtained 
low recoveries in both replicates of the high spike level (13 and 
47%). None of these results qualified as outliers by the Cochran 
and Grubbs tests. Both collaborators had good recoveries at the 
middle spike level. Background striated hairs within the spec­
ified size range of the spike rat hairs were counted in several 
test samples, but this problem was resolved by having an expert 
third party microanalyst review the extraction plates and record 
the number of spike hairs (cut, blunted ends, 1-3 mm) found. 
The background hair fragments were generally longer than 3 
mm and all had tapered ends. Third party counts were required 
on 17 of 36 (47%) rat hair results.

As shown in Table 2, recoveries of insect fragments were 
good. The mean recovery for insect fragments was 93.2% at 
the low spike level, 88.3% at the middle spike level, and 
93.1% at the high spike level. Collaborator B reported low 
recoveries (40%) in 1 replicate at the low spike level. Col­
laborator D counted an insect fragment that was part of the 
intrinsic filth and of the approximate size and shape of the 
spike material. One replicate of low spike insect fragment 
data for Collaborator B was classified as an outlier by the 
Grubbs test.

Recoveries of whole or equivalent insects were generally 
acceptable (Table 3). The results for whole insects were ana­
lyzed for each replicate pair and as a combined grouping of all 
test samples on the basis of 6 analyses per laboratory. Collab­
orator D reported low recoveries for each of the replicate pairs 
(20%, 0, 0) while Collaborator E had low recoveries in 2 rep-
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Table 2. Collaborative results for recovery of Insect 
fragments (blind duplicates)

Spike level

Coll. 5 15 30

A 5 4 15 14 29 30
B 4a 2a 11 12 28 28
C 5 5 13 14 26 27
D 6 (5)6 5 12 11 28 22
E 5 5 15 15 30 29
F 5 5 13 14 28 30

X 4.67 (4.9) 13.2 27.2
X, % 93.0 (91.6) 88.3 93.0
Sr 0.71 (0.31) 0.64 1.89
Sr 1.01 (0.31) 1.54 2.26
RSDr 15.25 (6.4) 4.8 6.7
R S D r 21.6 (6.4) 11.6 8.1

a Outlier by Grubbs test: not included in calculations. 
b Associate Referee counts in parentheses if different from those of 

collaborator.

Table 3. Collaborative results for recovery of whole or 
equivalent Insects (blind duplicates)

Spike level

Coll. 5 5 5

A 5 5 5 5 5 5
B 5 4 4 5 5 4
C 4 5 4 3 4 4
D 1a 2a 0 3 0 3
E 5 5 2 2 5 5
F 5 5 5 4 5 3

X 4.2 3.5 4.0
x % 85.0 70.0 80.0
Sr 0.44 1.00 1.08
SR 0.44 1.61 1.51
RSDr 9.3 28.5 27.0
RSDr 9.3 46.0 37.7

s Outlier by Grubbs test; not included in calculations.

Iicates(bothat40%). Statistical analysis revealed that Col­
laborator D had 1 replicate determined to be an outlier in both 
replicate and combined grouping data. Mean recoveries for 
each set of replicate test samples were 85, 70, and 80%, re­
spectively.

Three collaborators reported no problems with the method. 
Collaborators A, D, and E experienced difficulty in transferring 
residue from the digestion beaker to the sieve because material 
adhered to the sides of the beaker. Filter papers that were re­
turned to the Associate Referee had light to medium product 
debris. The collaborators took an average of 4 h (range, 2-7 h) 
per test sample to perform the method.

Two important procedures routinely used in filth extraction 
methods can affect recovery: the wet sieving operation and 
quantitative transfer of residue during analysis. Failure to per­
form either of these operations correctly can result in loss 
of filth.

The sieving operation is performed a minimum of 1 and 
a maximum of 4 times in the method. The first sieving step 
removes matter resulting from product digestion as well as 
the acid and emulsifying agents used in the digestion pro­
cess. Subsequent sieving with Tergitol reduces the volume 
of sieve retainings by further breakdown of undispersed 
product. The correct sieving procedure, 970.66B(a), is cru­
cial. Using too forceful a spray during the sieving operation 
or holding the sieve at an improper angle during sieving will 
cause splashing, which can result in low filth recoveries. 
The use of water at the proper sieving temperature (55- 
60°C) is also important. If the proper temperature is not 
used, a more forceful spray is required to “push” the debris 
through the sieve. One brand of fish product used in the 
study tended to congeal on the sieve. This was corrected by 
wet sieving with water at the proper temperature.

Transferring residue from one vessel to another can also re­
sult in the loss of filth. As previously mentioned, some collab­
orators reported that residue collected on the sides of the 
beakers during the digestion process. Several hot water rinses 
and the use of a rubber policeman were required to transfer the 
residue to the sieve.

Recommendation

Recoveries were generally satisfactory, and the filter papers 
obtained were usually free of interfering debris. We recom­
mend that the proposed method for the extraction of light filth 
from fish paste and sauce (Bagoong) not containing spice be 
adopted first action.
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EXTRANEOUS MATERIALS

E x t r a c t i o n  o f  L i g h t  F i l t h  f r o m  D r i e d  B e a n  C u r d :  

C o l l a b o r a t i v e  S t u d y
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Results are reported for a collaborative study of a 
method for the extraction of light filth from dried 
bean curd. A 100 g test portion is dispersed in a 
5.7% HCI solution. Residue from the No. 230 sieve 
Is defatted In isopropanol, and the sieved residue 
Is transferred to a Wildman trap flask. Light filth Is 
Isolated from 40% Isopropanol by using Na4EDTA 
and mineral oil-heptane (70 + 30). Average recover 
les by 6 collaborators for 3 spike levels of rat hairs 
(5,10, and 15) were 85, 81, and 70%, respectively; 
for Insect fragments (5,15, and 30), recoveries 
were 72, 83, and 72%, respectively. The method 
was adopted by AOAC International as first action.

D ried bean curd is a soybean product made by heating 
soybean milk to near boiling and recovering the pro­
tein-oil film that forms on the surface. The film is 

formed into sheets or sticks for drying. Another soybean prod­
uct, often labeled as wet bean curd, is tofu, which is precipitated 
from boiling soybean milk with CaS04. Dried bean curd re­
sembles pasta in appearance and is never refrigerated, whereas 
tofu is packed in water and refrigerated. When tofu is canned, 
freeze-dried, or preserved, it is not refrigerated.

The generally open system in which dried bean curd is 
produced can expose it to rodent and insect contamination; 
therefore, a method was developed to extract light filth from 
dried bean curd. The method consists of dispersing 100 g of 
crumbled or broken dried bean curd in dilute HCI solution, 
wet sieving on a No. 230 screen, defatting in isopropanol, 
and wet sieving again. The residue is transferred to a 2 L 
Wildman trap flask with 40% isopropanol, and light filth is

Submitted for publication January 16,1991.
This report was presented at the 103rd AOAC Annual International 

Meeting and Exposition, September 25-28,1989, at St. Louis, MO.
The recommendation was approved by the General Referee and the 

Committee on Microbiology and Extraneous Materials and was adopted by 
the Official Methods Board of AOAC. See “Changes in Official Methods of 
Analysis,” / .  A O A C Int. (1992) 75,223-225

Mention of trade names, commercial firms, or specific products or 
instrumentation is for identification purposes only and does not constitute 
endorsement by the U.S. Food and Drug Administration.

extracted by using Na4EDTA and mineral oil-heptane (70 + 
30). The mineral oil-heptane mixture is trapped and filtered, 
and the filth is counted.

Collaborative Study

Each collaborator received six 100 g test portions of dried 
bean curd sticks and 6 vials of spike. The vials consisted of 
duplicates of 3 spike levels: 5 rat hairs (2.5-3.5 mm long) and 
5 insect fragments (elytral squares of T ribolium  confusum , 
about 0.5 mm sq) for the low level, 10 rat hairs and 15 insect 
fragments for the intermediate level, and 15 rat hairs and 30 
insect fragments for the high level. The vials were numbered 
randomly, 1-6. Collaborators were instructed to report their an­
alytical times and to return the extraction papers so the Associ­
ate Referee could check their results.

991.40 Light Filth In Dried Bean Curd—Flotation 
Method

First Action 1991

Method Performance (expert’s counts in parentheses):
Rat hairs, 5 added
sr = 1.8 (1.5); sR = 1.8 (1.5); RSDr = 34.6% (35.7%);
RSDr = 34.6% (35.7%)
Rat hairs, 10 added
sr = 2.4 (1); sR = 2.6 (1.3); RSDr = 27.3% (12.3%);
RSD r = 29.5%  (16% )
Rat hairs, 15 added
sr = 2.4 (2.1); sR = 2.4 (2.1); RSDr = 22.2% (20%);
RSDr = 22.2% (20%)
Insect fragments, 5 added
s, = 1.6; sR = 1.6; RSDr = 43.2% (44.4%);
RSDr = 43.2% (44.4%)
Insect fragments, 15 added
sr = 2; Sr = 2.2; RSDr = 16%; RSDr = 17.6%
Insect fragments, 30 added
sr = 4.1; Sr = 8.2; RSDr = 19.2% (18.9%);
RSDr = 38.5% (37.8%)
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Table 1. Collaborative results for recovery of rat hair spikes (blind duplicates) from dried bean curd

Spike level

Coll. 5 10 15

A 6 2 10 8 12 9
B 4 8 (5)8 8 10 (9) 9 12
C 5 (4) 4 12 (10) 9 11 7
D 6 (5) 5 15 (9) 8 (7) 14 (12) 9
E 6 (5) 4 6 (7) 7 14 11
F 6 (2) 6 (5) 7 6 11 (10) 10

X 5.2i (4.2) 8.8 (8.1) 10.8 (10.5)
x,% 103.2I (85) 88.3 (80.8) 71.7 (70)
Sr 1.8 (1.5) 2.4 (1) 2.4 (2.1)
SR 1.8 (1.5) 2.6 (1-3) 2.4 (2.1)
RSDr 34.6 (35.7) 27.3 (12.3) 22.2 (20)
RSD„ 34.6 (35.7) 29.5 (16) 22.2 (20)

a Third party counts are In parentheses if different from those of collaborator.

Add 100 g crumbled or broken product to 2 Lbeaker. (Note: 
Easily crumbled or broken pieces should be <12 mm; thick or 
hard pieces must be broken to <5 mm for adequate digestion.) 
Add 1 L hot tap water and 60 mL HC1 (37%). Cover beaker 
with watch glass and bring contents to full boil with magnetic 
stirring, 945.75B(n). Remove watch glass and boil 30 min with 
magnetic stirring so that top of stirring bar is visible at bottom 
of vortex.

Wet sieve (No. 230), 970.66B(a), portionwise with a force­
ful stream of hot tap water (>50°C). Use of sieve handle, or 
equivalent, is recommended. Reserve beaker. Wet residue on 
sieve with isopropanol and transfer quantitatively to reserved 
beaker with isopropanol. Fill beaker to 500 mL with 
isopropanol. With hot plate at medium setting, bring mixture to 
start of boiling with magnetic stirring and boil gently 10 min, 
using reflux apparatus, 975.49A(e) (Caution: Isopropanol is 
flammable. Perform boiling procedure in fume hood). Wet 
sieve (No. 230) with hot tap water. Wet residue on sieve with 
40% isopropanol and transfer quantitatively to 2 L trap 
flask, 945.75B(h)(4).

Dilute to 800 mL with 40% isopropanol. Add 20 mL 
Na4EDTA-40% isopropanol solution, 945.75C(z), slowly 
down stirring rod. Hand stir 1 min with gentle rotary motion. 
Let stand undisturbed 5 min.

Add 75 mL mineral oil-heptane (70 + 30) down stirring 
rod. Stir magnetically, 970.66B(c), 5 min. Let stand 5 min.

Fill flask with 40% isopropanol down stirring rod. Let stand 
30 min. (Use intermittent stirring of interface every 3-6 min of 
first 20 min if trapped product is noted.) Trap off into 400 mL 
beaker, rinsing neck, wafer, and rod with 40% isopropanol. 
Add 35 mL mineral oil-heptane (70 + 30). Stir flotation liquid 
for 5 s to suspend product without incorporating air. Fill flask 
with 40% isopropanol, if necessary. Let stand 20 min. (Use 
intermittent stirring at interface every 3-6 min of first 10 min 
if trapped product is noted.)

Trap off into 400 mL beaker and rinse neck, wafer, and rod 
with isopropanol. Filter onto ruled filter paper, 945.75B(i),

washing 400 mL beaker with isopropanol, and filter washings. 
Examine microscopically at 30X, 945,75B(o)(2).

Ref.: J. A O A C  Int. 75, March/April issue (1992).

R esu lts and  D iscussion

Initially, a laboratory participating in this study experienced 
difficulties with digesting the product of 2 test portions. The 
collaborator was unable to obtain counts because of heavy 
amounts of trapped product. Because no reason for this diffi­
culty could be ascertained after discussions with the collabora­
tor, it was decided that a replacement laboratory should be 
used. The substrate laboratory received the 4 unused test por­
tions plus 2 replacement test portions from the Associate Ref­
eree. No digestion problems were noted by this or the 
other collaborators.

Collaborators’ counts or recoveries of rat hairs and insect 
fragments (Tables 1 and 2, respectively) were checked by the 
Associate Referee and verified by an expert microanalyst when 
the Associate Referee’s counts differed from the collaborator’s. 
Statistical outliers were not excluded for the analysis of vari­
ance. The data showed good rat hair recoveries with a trend 
toward lower recoveries as the number of spiked rat hairs was 
increased. An analysis of variance showed that average percent 
recoveries are significantly different (p<0.05) between the low 
and high levels. The insect fragment recovery data were 
slightly lower but showed consistency between spike levels. 
Variability measures were acceptable except at the low spike 
levels, where variability increased with small losses of filth el­
ements. High variability for insect fragments at the high spike 
level was caused by Collaborator D’s low replicate results.

The collaborators took an average of 0.6 h (range, 0.2-
1.75 h) to break and crumble the dried bean curd sticks, 2.7 h 
(range, 1.25-4.5 h) for extraction, and 0.4 h (range, 0.1-1 h) to 
count the plates. All collaborators used only 1 paper per test 
portion, and only Collaborator A had plates with more trapped 
product than was expected.
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Table 2. Collaborative results for recovery of Insect fragment spikes (blind duplicates) from dried bean curd

Spike level

Coll. 5 15 30

A 5 4 15 13 22 23
B 0 5 14 15 29 29 (30)fl
C 3 3 9 13 24b 10*
D 3 2 14 10 7 (8) 9
E 6 (5) 4 14 12 26 25 (26)
F 4 5 9 12 27 25 (26)

X 3.7 (3.6) 12.5 21.3 (21.7)
x,% 73.3 (71.7) 83.3 71.1 (72.2)
Sr 1.6 2 4.1
sr 1.6 2.2 8.2
RSDr 43.2 (44.4) 16 19.2 (18.9)
RSDr 43.2 (44.4) 17.6 38.5 (37.8)

a Third party counts are in parentheses if different from those of collaborator. 
b Outlier by Cochran test, but included in calculations.

The mandatory use of the sieve handle, or equivalent, in this 
method was changed to recommended use because most col­
laborators either did not have a sieve handle or found its use 
unwieldy in small sinks.

R ecom m endation

On the basis of acceptable analyte recoveries and precision 
measurements, we recommend that the proposed method for 
extraction of light filth from dried bean curd be adopted as 
first action.
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FEEDS

C o l o r i m e t r i c  D e t e r m i n a t i o n  o f  S e l e n i u m  

i n  P r e m i x e s  a n d  S u p p l e m e n t s

J e f f r e y  A, H u r l b u t

Metropolitan State College of Denver, Chemistry Department, Denver, CO 80217 
R o g e r  G. B u r k e p i l e  and C a r o l y n  A G e i s l e r

U.S. Food and Drug Administration, Veterinary Analytical Section, Denver Federal Center, PO Box 25087, 
Denver, CO 80225-0087

A colorim etric m ethod is d esc ribed  for the determ i­
nation of 100-10 000 pg seienium /g premix. S ele­
nium is p resen t in prem ixes a s  either se len ite  or 
se lena te . M oderate to  high co ncen tra tions of sev ­
eral com m on m inerals are to lerated . The prem ix is 
briefly d igested  in a sulfuric ac id -perch lo ric  a c id -  
sodium  m olybdate m ixture, boiled in 10% NaCI so ­
lution, m ade basic , and  centrifuged. A liquots are 
taken If necessary . The m ixture is then  acidified 
with form ic acid, trea ted  with hydroxylam ine hydro- 
chloride-EDTA, and  com plexed with 3,3 - 
d lam lnobenzidine. The pH is ad justed , and  an 
extraction Is perform ed with toluene. The ab so rb ­
an ce  is m easu red  at 420 nm. R ecoveries for 100- 
10 000 pg selenium /g prem ix ranged  from 88 to 
104%, with an  average of 97%. The coefficient of 
variation ranged  from 1.6 to 6.9%, with an  average 
of 4.2%.

S elenium (Se) is a toxic element as well as an essential 
trace element for animals and humans (1). Concentra­
tions of Se in feed >10 ppm or <0.1 ppm can cause prob­

lems in animals (2-4). Natural feeds containing >10 ppm Se are 
rare; however, low concentrations of Se in feed are common
(2), and, therefore, Se is a feed additive. Selenium is added to 
feed as either sodium selenite or sodium selenate, and it is gen­
erally not permitted to exceed 0.3 ppm in feeds for chickens, 
swine, turkeys, sheep, cattle, and ducks. Added as a premix, Se 
concentrations can range from 90 to 9 900 ppm (5). There are 
many reported methods for the determination of Se in various 
matrixes. Some of these methods use graphite furnace atomic 
absorption spectrometry (AAS) (6), stripping voltametric anal­
ysis (7), flame AAS (8), ion chromatography (9), gas chroma­
tography (10), liquid chromatography (11), fluorometric 
analysis (12), colorimetric analysis (13), hydride-generated 
AAS (14), x-ray spectrometric analysis (15), inductively cou­
pled plasma atomic emission spectrometry (16), and neutron 
activation analysis (17). For premixes, the methods reported

R ec e iv e d  M a y  1 3 ,1 9 9 1 . A c c e p te d  S e p te m b e r  2 7 ,1 9 9 1 .

use flame AAS (8,18), hydride-generated AAS (19), and col­
orimetric analysis (20).

The methods for Se determination in feed premixes had sev­
eral problems. The flame AAS and the hydride-generated AAS 
methods suffered from matrix effects, high blanks, poor preci­
sion, and lengthy standard additions procedures (8,19). The 
colorimetric method with an HC1 extraction (20) gave very low 
recoveries; however, a colorimetric procedure appeared to be 
the most inexpensive, rapid, and convenient method to use for 
Se determination in premixes (18). Therefore, we modified the 
colorimetric method of Cummins et al. (13). The interferences 
caused by various ions (20-22), by the easy interconversion of 
elemental Se, selenate, and selenite (23), and by digestion 
problems (24) were all solved. This modified colorimetric 
method for determination of Se in feed premixes is described.

METHOD

Reagents
All chemicals were reagent grade. Deionized water 

was used.
(a) Digestion mixture.—Dissolve 10 g sodium molybdate 

in 150 mL water and slowly add 150 mL 18M sulfuric acid 
(CAUTION: heat is generated). Allow solution to cool. After 
cooling, add 200 mL 70% perchloric acid. Use in wash-down 
hood to catch the reactive perchloric acid fumes.

(b) 50% Sodium hydroxide.—CAUTION: Corrosive to 
flesh; heat is generated when making.

(c) 90% Formic acid.—CAUTION: Corrosive to flesh; use 
in hood.

(d) 0.10M EDTA-25% hydroxylamine hydrochloride.— 
Warm to dissolve the EDTA.

(e) 0.50% Diaminobenzidine (DAB).—Add 0.50 g 3.3'- 
diaminobenzidine to 100 mL water. Prepare just before use. 
CAUTION: DAB is carcinogenic.

(f) Toluene.— CAUTION: Flammable and toxic; use 
in hood.

(g) Concentrated ammonium hydroxide.— CAUTION: 
Corrosive; use in hood.

(h) Stock Se solution (1000 \ig/mL).— Dissolve 1.000 g Se 
(99.99%, Aldrich Chemical Co., Inc., Milwaukee, WI 53201)
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Tab le  1. R e co ve ry  o f S e  from  p rem ixe s  and  su pp lem en ts  co n ta in in g  Na2Se03 and Na2S e 04

Premix No. detns Se content, ng/g Se rec., ng/g Rec., % CV, % Form of Se

Corn 10 100 90.4 90.4 6.9 Se03' 2
Corn 11 200 198 99.2 3.6 Se03"2
Corn 11 200 198 99.0 3.9 Se04' 2
Corn8 5 200 176 88.0 2.8 Se03"2
Range l 11 5 200 199 99.5 2.9 Se03’ 2
Range 2C 5 200 208 104 1.6 Se03"2
Hogd 5 200 185 92.5 3.1 Se03' 2
Hog“' 5 200 190 95.0 6.3 Se04' 2
Corn 10 600 588 98.0 4.9 Se03"2
Corn 10 10250 10290 100 4.1 Se03' 2

a Fe at 10 000 ng/g; added as ferrous ammonium sulfate.
b An alfalfa base containing 11 minerals Including 300 ng Fe/g, 70 ng Mn/g, and 30 ng Cu/g. 
c An alfalfa base containing 11 minerals including 400 ng Fe/g, 80 ng Mn/g, and 60 ng Cu/g. 
d Mix containing 14 minerals including salts of Ca, Mg, Zn, Mn, Cu, Fe, and Co.

in 10 mL concentrated nitric acid in 1000 mL volumetric flask; 
bring to volume with water. Solution is stable for years. Stan­
dards can also be made from reagent-grade sodium selenite. 
CAUTION: Toxic.

(i) P rem ix es  (for m e th o d  va lid a tio n ).—Grind feed to pass 
through 0.2 mm sieve; let ground feed set until particles no 
longer adhere to one another; add appropriate amount of 
ground sodium selenite or sodium selenate (grind in hood); 
tumble in mixer 4 days.

Apparatus
(a) P ip e ts .—Use Eppendorf pipets for volumes <2 mL and 

Class A volumetric pipets for larger volumes. Use Mohr pipets 
for approximate volumes.

(b) H e a tin g  ba th .— \J se covered water bath at 60°C.
(c) F ilte r  p a p e r .—Use medium porosity.
(d) S p ec tro p h o to m eter.—Perkin-Elmer Model 320 set at 

420 nm; use 1.00 cm cuvettes; spectral bandpass = 6 nm.
(e) B o ilin g  ch ips.—Preheated with digestion mixture, then 

washed with water.
(f) p H  m eter.—Orion 601A calibrated at pH 2 and 7.
(g) H o t p la te .—Coming PC-351; 2-4 settings.

Procedure
Weigh 1.00 g premix (supplement) or measure appropriate 

amount of Se standard into 250 mL Erlenmeyer flask. Add sev­
eral boiling chips and 10 mL digestion mixture. Boil on hot 
plate 15-20 min at high setting in wash-down hood. Let cool; 
add 10 mL water and then 30 mL 10% NaCl. Gently boil 1 h. 
Cool with 10-20 g ice, and cautiously add 50% NaOH (ca 
7 mL) until pH is a little above pH 9. If a brown ferric hydrox­
ide precipitate forms, centrifuge and discard precipitate. Add
5.0 mL formic acid, 10 mLO.lOM EDTA-25% hydroxylamine 
hydrochloride, and 10 mL0.50% DAB. Adjust pH to 2-3 with 
aid of pH meter and either 90% formic acid or 50% NaOH. 
Heat 20-30 min at 60°C in the absence of light, and then bring 
pH to >8 with concentrated ammonium hydroxide (ca 15 mL). 
Verify pH with either pH meter or pH paper. Transfer to

250 mL separatory funnel with water wash, and extract by vig­
orously shaking 1 min with 50.0 mL toluene. Gravity-filter tol­
uene through 15 g anhydrous sodium sulfate and measure 
absorbance at 420 nm, using 1 cm cuvette.

This procedure is adequate for test samples containing be­
tween 100 and 300 ppm Se. If <100 ppm Se is present, use 
<50.0 mL toluene for extraction. If >300 ppm Se is present, 
dilute test solution in appropriate volumetric flask just after the 
10% NaCl boil; take appropriate aliquot from this volumetric 
flask and proceed with addition of 50% NaOH.

R esults

Recoveries of Se from 10 different premixes (supplements) 
made with either sodium selenite or sodium selenate are given 
in Table 1. Five to 11 trials were made with each test sample, 
and the spikes ranged from a low of 100 pg Se/g test sample to 
a high of 10 250 pg/g. Recoveries ranged from 88 to 104%, 
with an average of 97%. The coefficients of variation (CVs) 
ranged from 1.6 to 6.9%, with an average of 4.2%. The pres­
ence of Fe at up to 10 000 pg/g did not cause any serious loss in 
Se recovery, and less than 20 pg/g of other common ions from 
Cu, Mn, Zn, Ca, Mg, and Co also did not interfere.

D iscussion

Typical Se premixes contain large amounts of either sodium 
selenate or sodium selenite, a feed base, and various other in­
organic additives such as calcium phosphate, manganese (II) 
oxide, magnesium oxide, zinc oxide, copper (II) sulfate, cobalt 
carbonate, and iron (II) salts. The high Se concentrations, the 
difficult matrix, the potential interferences from several anions 
and cations, the different Se oxidation states, and the necessity 
of taking a representative sample make Se analyses in premixes 
difficult. This colorimetric method coupled with the mild acid 
digestion address all of these problems.

The short acid digestion destroys the organic matrix and has 
several benefits. One benefit is that any manganese (II) ion will
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not be oxidized to permanganate. Our studies revealed that as 
little as 20 pg permanganate in the digested test sample would 
drastically reduce the recovery of Se. Another benefit is that the 
Se will stay in the selenite form and not be oxidized to selenate. 
There is little splattering, and there are few perchloric acid 
fumes formed (perchloric acid fumes react explosively with 
oxidizable material). Digestion times of up to 1 h are tolerated; 
however, the standard deviation increases. An attempt to elim­
inate the digestion by extracting the selenite and selenate with 
dilute HQ yielded very low recoveries with some premixes. 
The low recoveries were probably caused by the reduction of 
selenite to elemental Se by iodide and possibly by iron (II) 
ions (25).

Boiling 1 h with 10% NaCI is necessary; in the hot acidic 
chloride solution, any selenate is converted to selenite (26), and 
only selenite complexes with DAB. Boiling times of <30 min re­
sulted in low recoveries when Se was in the selenate form, and 
elimination of this step gave recoveries as low as 5% with selenate 
premixes. Selenite can be converted to selenate by perchlorate ion, 
and some premixes are made with sodium selenate.

The use of 50% NaOH had 2 purposes: First, it raised the pH; 
the complex formed with DAB is pH dependent. Second, it re­
moved any large concentrations of iron (IE) ion; the iron (El) hy­
droxide precipitate was easily removed by centrifugation. The 
removal of the iron (El) ion is necessary because it complexes 
with DAB and reduces the recovery of Se to 5% if 10 000 pg iron 
(El) is present. Cation exchange chromatography with a sulfonic 
acid column also eliminated this interference; however, the ion 
exchange step added several hours to the analysis, and some 
brands of the strong cation exchange resin were not effective. Less 
than 10% of the Se coprecipitated with the iron (IE) hydroxide, 
and the recoveries were still near 90% when slO 000 pg iron as 
ferric hydroxide was precipitated.

The formic acid, EDTA, hydroxylamine, and ammonium 
hydroxide were all necessary. Formic acid buffers the solution 
between pH 2 and 3, which is necessary for complex formation 
between DAB and selenite. EDTAhelps to complex potentially 
interfering cations, such as copper (II). Hydroxylamine helps 
to prevent oxidation of DAB. Ammonium hydroxide brings the 
pH of the final solution to pH >8, which lets toluene extract the 
neutral complex.

DAB reacts with selenite, yielding a yellow complex that 
absorbs strongly at 420 nm. This complex quantitatively parti­
tions into toluene with 1 extraction; the unreacted DAB is also 
extracted. However, DAB absorbs weakly at 420 nm. Some 
DAB does polymerize, and sodium sulfate effectively removes 
this orange, toluene-insoluble polymer along with water. Other 
denser extractants, such as dicholoromethane and chloroform, 
were tested in place of toluene; however, they were not useful. 
The calibration curve was linear between 50 and 300 pg 
Se/50 mL toluene. The correlation coefficient was 0.9992, and 
the linear equation was as follows:

y(abs) = 0.00205A(ug Se/50 mL) + 0.00114.

One drawback of the method is that the analysis should be 
completed in 1 working day. However, this is not a serious 
drawback because most of the reagents and standards are stable 
and can be made up in advance (only DAB is unstable). Also, 
up to 20 test samples and standards can be analyzed in 1 day.
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A m ethod is described  for the detection and quanti­
tation of m onensin  in raw material, premix, and 
feeds by liquid chrom atography  (LC) with 
postco lum n derivatization with vanillin. M onensin 
w as mixed with vanillin under acidic conditions 
and heated, and  the  resulting p ro d u c ts  w ere m ea­
sured  by a variable w avelength  visible detec to r op ­
erating at 520 nm. The LC re sp o n se  of m onensin  
and m onensln-llke fac to rs  w as determ ined and cor­
related to  the  m icrobiological re sp o n se  of each  fac­
to r a s  determ ined with Strep tococcus faeclum. 
Monensin reference standard  w as characterized in 
the sam e m anner a s  the individual factors. The chem ­
ical com position of the reference standard  and the 
relative microbiological potency values were used  in 
combination to  calculate the biopotency contribution 
of each of the m onensin factors. A formula w as used 
to  transform  chemical com position values of the ref­
erence standard  to  total microbiological activity as 
obtained directly from a microbiological assay. The 
formula w as tested  by com paring sam ples assayed  
by LC using the formula to  report microbiological po­
tency with sam ples assayed  by the Autoturb method. 
Finally, the LC m ethod was validated with raw m ate­
rial, premix, cattle rations (including liquid supple­
ments), and poultry rations.

M onensin (Figure 1) is a polyether monocarboxylic 
acid ionophore (1, 2). Sodium monensin is marketed 
as a feed additive in chickens and turkeys for the pre­

vention of coccidiosis (Coban™) and as a growth promoter in 
beef cattle (Rumensin™). Monensin is typically incorporated 
into feeds at levels ranging from 20 to 100 g/ton.

Several analytical methods were developed for the determi­
nation of monensin in premixes, feeds, and animal tissues. In 
1970, Kline et al. (3) described a microbiological plate method 
for monensin in poultry feeds and premixes. Kavanagh and 
Willis (4) described an automated turbidimetric microaiologi-

R e c e iv e d  J u ly  5 , 1 9 9 1 .  A c c e p te d  S e p te m b e r  2 7 ,1 9 9 1 .

cal method for feeds and premixes. These methods are reliable 
and relatively sensitive but are not specific for monensin. 
AOAC currently recognizes 2 microbiological methods (plate 
and Autoturb) as official methods for the assay of monensin (5). 
These methods have been used extensively by government and 
private laboratories.

In 1973, Golab et al. (6) described a colorimetric method for 
the assay of monensin in feeds and premixes. This method, 
which is based upon the chemical reaction of monensin with 
vanillin, was applicable at higher feed concentrations. How­
ever, there was potential for interference from feed ingredients 
at lower monensin concentrations. Macy and Loh (7) devel­
oped a liquid chromatographic (LC) assay for monensin in pre­
mixes with refractive index detection. The standard procedure 
for assay of monensin in animal tissues is the thin-layer bioau- 
tographic method of Donoho and Kline (8).

At the Eighth Annual Spring Workshop (1983) of AOAC, 
we described a method for the determination of monensin by 
LC using postcolumn derivatization (PCD). This method was 
capable of separating monensin from 2 structurally similar 
ionophores, narasin and salinomycin (Figure 2). In 1984, 
Goras and LaCourse (9) described a similar system for the de­
termination of salinomycin, an ionophore that is structurally 
similar to monensin. Blanchflower et al. (10) published a 
method for the simultaneous LC determination of monensin, 
narasin, and salinomycin in feeds using PCD.

Historically, monensin in raw material, premix, and final 
feeds was determined quantitatively by microbiological meth­
ods. Therefore, Coban and Rumensin are sold on the basis 
of microbiological activity and not by LC response. The re­
porting of assay results by LC required the correlation of the 
LC response to the microbiological response. The correlation 
study was performed in a systematic manner according to the 
following sequence of events. (7) Purified monensin factors 
were prepared and characterized by LC and turbidimetric as­
says. (2) The monensin reference standard was characterized to 
identify the various factors in the standard that are detectable 
by LC/PCD, and the LC response was correlated to the 
microbiological response of each factor. (3) The monensin 
biopotency was determined in raw material, premixes, and 
feeds by LC. (4) The monensin LC assay with biopotency cal­
culations was validated.
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Factor R, Ra Ra

A QH, H H
B ch3 H H
C CaH, H CHa

Figure 1. Structures for monensin factors.

The LC method is presented as an alternative to the micro­
biological assay. This method represents improvements over 
the existing microbiological methods in specificity, analysis 
time, labor, and overall efficiency.

METHOD

Reagents
(a) Solvents.—Reagent and LC grade methanol.
(b) Water.—Distilled and deionized or LC grade.
(c) A cids .—Sulfuric acid (G.R. reagent); glacial acetic 

acid, reagent grade.
(d) Vanillin.—99% (e.g., Aldrich Cat. No. V110-4).
(e) M o b ile  p h a se .—Methanol-water-acetic acid (940 + 

60 + 1). Filter under vacuum through 0.45 pm Nylon-66 filter 
(Cat. No. 38-114, Rainin Instrument Co., Woburn, MA 
01801). Degas by stirring 10-15 min under vacuum. Prepare 
fresh as required.

Monensin

Figure 2. Structures for monensin, narasin, and 
sallnomycin.

(f) Vanillin reagent.—While stirring slowly and carefully, 
add 20 mL concentrated sulfuric acid to 950 mL methanol. Let 
methanol-acid solution cool to room temperature. Add 30.0 g 
vanillin while stirring gently. Degas by stirring 10-15 min 
under vacuum. Protect from light. Prepare fresh daily.

(g) Extraction solution.—Methanol-water (9 + 1, v/v).
(h) Monensin reference standard for LC.—Accurately 

weigh enough standard into volumetric flask to obtain 1 mg 
monensin sodium reference standard/mL. Dissolve and dilute 
to volume with methanol. Make quantitative dilutions to obtain
5.0, 20.0, and 40.0 pg/mL working standard solutions. These 
standard solutions may be stored 2 weeks at room temperature 
protected from direct sunlight or in refrigerator.

(i) Monensin reference standard for microbiological as­
says.—Prepare according to Official Methods of Analysis (5), 
section 97637(d).

(j) Narasin reference standard.—Dissolve 100 mg narasin 
reference standard in methanol and dilute to 100 mL.

(k) System suitability solution.—Dilute monensin and nar­
asin standard solutions (1 mg/mL) with methanol to obtain 
20 pg/mL solution.

(l) Monensin Factors A, B, C, andD.—Dissolve 10 mg in 
methanol and dilute to 100 mL (100 pg/mL).

Apparatus
(a) Liquid chromatograph.— With postcolumn reactor 

(Figure 3). Pulse dampened pump used to deliver mobile phase 
(Model HOB, Beckman Instruments, Fullerton, CA 92634); 
LDC minipump used to deliver vanillin reagent, both at 
0.7 mL/min. Autosampler equipped with 200 pLinjection loop 
(Model 8055, Varian Analytical Instruments, Sunnyvale, CA 
94034). Place mixing tee (SSI 01-0165) into system so that 
inlet flows directly oppose one another.

(b) Chromatographic column.—25 cm x 4.6 mm id What­
man Partisil 5 ODS-3 25 HPLC column. C18 guard column 
may be used to extend life of analytical column.

(c) Autoturb™ system.—Microbiological assay system 
(Mitchum-Schaefer, Inc.) including diluter module, water bath 
(37°C), and reader module.

(d) Spectrophotometer.—Spectronic 20, or equivalent.
(e) Water baths.—80°C, or steam sterilizer for inactivation 

of microbial growth.
(f) Feed grinder.— Centrifugal grinding mill (3 mm 

screen, Brinkmann Instruments, Inc., Westbury, NY 11590), or 
equivalent.

(g) Feed mixer.—Hobart Model C100T, or equivalent.
(h) Gyratory shaker.—Model G-33 (New Brunswick Sci­

entific, Edison, NJ 08818), or equivalent.
(i) Balances.—Top loading and analytical.

Feed Sampling and Sample Preparation

Collect comp osite sample from bulk feed (bag, feed bunker, 
or feed bin). Use feed scoop, probe, or other suitable sampling 
device to collect subsample (at least 500 g) in at least 3 loca­
tions within bulk feed. Submit entire sample to assay labora­
tory for analysis.
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Mobile Phase = methanol/water/acetic acid 94/6/0.1 (v/v/v)

Pump 1 = Beckman 110B pulse-dampened pump (0.7 mL/min)

Autosampler = Varian Model 8055 with 200 pL injection loop 

Column = C l8 - Whatman Partisil 5 ODS-3 (4.6 mm x 25 cm)

90° Tee = SSI 01-0165 - inlet flows directly oppose one another 

Pump 2 = LDC minipump (0.7 mL/min)

Vanillin reagent = methanol/H2S 0 4/vanillin, 95/2/3 (v/v/w)

Warning: Special care should be taken when adding concentrated H2S 0 4 to methanol, as it 
will splatter if added improperly, or too rapidly. Add H2S 0 4 slowly and carefully with 
a pipette; do not pour. Allow methanol/H2S 0 4 solution to cool to room temperature 
before adding vanillin.

Reaction chamber = 2-mL stainless steel reaction chamber* enclosed in a 98°C Kratos URA 
200 heater (*Applied Biosystems Model 520 Post Column Reactor, part number 
9000-5201-reactor, part number 1400-1326-coil)

Detector = Kratos Model 757 variable wavelength absorbance (520 nm)

Recorder = Varian Model 9176 
F igu re  3. D iag ram  o f m o n e n s in  L C /P C D  sys tem .

Finely mill all feed samples and thoroughly mix before 
assay. Grind feed samples in grinding mill with 3 mm screen. 
Mix entire feed sample 10 min in mixer. (Raw material and 
premix samples generally require no grinding and mixing be­
fore assay.)

Extraction of Raw Material, Premixes, 
and Feeds for LC

aliquot to 200 mL volumetric flask. Dilute samples to 200 mL 
with extraction solution and mix thoroughly. Let particulates 
settle and dilute aliquot of extract to final monensin concentra­
tion of ca 20 pg/mL with extraction solution. Filter aliquot of 
final diluent with Gelman Acrodisc CR filter for analysis by 
LC.

Determination
Raw material and premix.—Extract 5 g sample with 

200 mL extraction solution in suitable container, such as mason 
jar, by mixing 1 h on gyratory shaker. Let solids settle. Dilute 
to ca 20 pg/mL with extraction solution, and filter aliquot for 
LC analysis with Gelman Acrodisc CR filter. Proceed to LC 
measurement.

Feeds.—(l)Monensin levels a 200 g/ton.—Extract 5 g feed 
samples with 200 mL extraction solution by mixing 1 h on gy­
ratory shaker. (2) Monensin levels <200 g/ton.—Extract 50 g 
feed samples with 200 mL extraction solution by mixing 1 h on 
gyratory shaker. Let solids settle and filter aliquot for LC anal­
ysis with Gelman Acrodisc CR filter. Proceed to LC measure­
ment.

Liquid supplements.—-Because settling of insoluble matter 
in fortified liquid feed supplements presents sampling prob­
lems, use techniques that minimize settling. Thoroughly mix 
sample by agitation with gyratory shaker, propeller mixer, 
magnetic stir bar, or equivalent apparatus, depending upon vis­
cous nature of sample. While continuing to mix, transfer 40 g

Inject 200 pL LC standard solutions and analytical samples 
into liquid chromatograph (Figure 3). Measure peak area re­
sponse (PR) at retention volume of monensin Factor A and 
monensin Factor B for each sample. Using measured re­
sponses, construct linear regression plot of standard curve to 
determine concentration of monensin Factor A and monensin 
Factor B in experimental samples.

Calculation of Monensin Microbiological Activity
Monensin biopotency (pg/mL) = biopotency of monensin 

Factors A + B
where, for each factor:

Biopotency PR sample 
PR standard

x [5rdl x —  x BCF 
1 wt

w here PR = peak area response, V  = extraction volume 
(200 mL), wt = sample weight (g), [Std] = concentration of 
each factor in reference standard (pg/mL).

[Factor A] = pg/mL Ref. Std. x % Factor Ain Ref. Std./100
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Figure 4. Resolution mixture of m onensin and narasin, and param eters used to calculate resolution factors.

[Factor B] = ng/mLRef. Std. x % Factor B in Ref. Std./lOO
The relative factor composition must be determined for 

each new reference standard.

BCF (Factor A) = 1.000

BCF (Factor B) = 0.280

where BCF = biopotency conversion factor

LC System Control Parameters
Resolution.—Prepare resolution mixture and analyze daily 

to ensure that the LC system is performing in an acceptable 
fashion and that monensin can be separated from other 
ionophores. Inject resolution mixture and adjust instrumenta­
tion so that peak response for major peaks is 60-90% of full- 
scale deflection. Calculate resolution factor (Rs for each pair of 
adjacent peaks (Figure 4) according to following formula:

R ~ fi)
s V l{ tW i +  tw 2)

where f„ = retention volume of peak maximum (measured 
in cm); twn = triangular peak width at base line (measured 
in cm).

Monensin B -  Monensin A, example:

„ 11.85- 10.65 „ , . ,  „
R‘ -  W(0.85 * 0,95) ‘  ' ' 33 (m" St b'  2 1'25)

Monensin A -  Narasin A:

, 15.55-11.85
V^(0.95 + 1.00)

= 3.79 (must be z  3.50)

If Rs does not meet requirements specified adjacent to cal­
culations, adjust LC conditions to improve resolution.

The retention time for monensin Factor A should be be­
tween 600 and 700 s. The tailing factor for monensin Factor A 
of the reference standards should be <1.4. If any of these pa­
rameters are not met, LC conditions may need to be adjusted. 
After adjustment, specification for resolution, retention time, 
and tailing must be met before any samples are analyzed.

Monensin Turbi dimetric Assay
(a) Microorganism.— Streptococcus faecium ATCC 8043. 

Maintain and prepare inoculum as described in Official Meth­
ods o f Analysis, 97637B (5).

(b) Assay broth.—Prepare according to Official Methods of 
Analysis, 97637B (5).

(c) Quantitation.—The Autoturb automated turbidimetric 
system was previously described (11). Calculations for sample 
results can be performed by computer, using appropriate pro­
gramming, or can be determined according to Official Methods 
of Analysis, 976.37B (5).

R esu lts and D iscussion

Chemical Purity of Monensin Factors
The chemical purity of major monensin factors (Figure 1) 

was determined by LC/PCD and quantitated by peak area nor­
malization, as summarized in Table 1. Factor D was deter­
mined to contain 2 major components, designated D1 and D2, 
and was not of sufficient purity for additional LC evaluations.
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Tab le  1. C h e m ica l p u r ity  o f m on en s in  F a c to rs  A , B, 
and  C

Monensin factor Chemical purity, %

A 99.10
B 99.02
C 95.14

Relative Microbiological Activity o f Monensin Factors

The relative microbiological activity of the monensin fac­
tors was determined by assaying Factors B, C, and D vs Fac­
tor A with an assigned potency of 1000 pg monensin 
activity/mg Factor A. Each factor was diluted to 3 levels calcu­
lated to fall within the Factor A standard curve for the purpose 
of determining linearity of response and parallelism between 
the factors. The microbiological activities of each factor vs 
Factor A are listed in Table 2. Factor B had approximately 28% 
of the activity of Factor A, whereas Factors C and D were 156 
and 148.4% as active as Factor A, respectively. The responses 
for the 3 dilutions of each factor were linear through the range 
tested and parallel between factors when the log of the concen­
tration was plotted vs the turbidimetric response, as indicated 
in Figure 5.

Microbiological Potency of Monensin Reference 
Standard

Monensin reference standard (Lot P-61722) was character­
ized by LC in the same manner as the individual monensin

Tab le  2. R e la t ive  m ic ro b io lo g ic a l a c t iv ity  o f  m on en s in  
Fa c to rs  B , C, and  D co m pa red  to  m on en s in  F a c to r A

Activity of monensin vs monensin A, pg/mg

Monensin Concn,
factor ng/mg Day 1 Day 2 Day 3 Mean RSD, %

B 1.25 283 286 284
2.50 265 282 283 280 2.32
3.33 281 274 279

C 0.20 1498 1604 1549
0.40 1525 1654 1568 1560 3.66
0.50 1474 1611 1559

D1/D2 0.20 1433 1579 1491
0.40 1470 1483 1468 1484 3.09
0.50 1433 1529 1474

A 0.40 993 1031 1002
0.60 969 1030 983 1004 2.45
0.80 985 1040 1002

factors. The peak area normalization for the reference standard, 
as depicted in Figure 6, was used to calculate the factor com­
position of this lot by using external standard comparison, and 
mass balance was determined as listed in Table 3.

Correlation o f LC/PCD to Microbiological Potency

The chemical composition of monensin reference standard 
P-61722 from Table 3 was used with the relative microbiolog­
ical potency values obtained from Table 2 to calculate the

©-----  MONENSIN REFERENCE STD.
13-----  MONENSIN FACTOR A
A-----  MONENSIN FACTOR B
A------ MONENSIN FACTOR C
*------ MONENSIN FACTOR D (1S2)

F igu re  5. C o m p a r is o n  o f th e  tu rb id im e tr ic  r e s p o n s e  fo r  m o n e n s in  F a c to rs  A , B , C , and  D, a nd  m o n e n s in  
re fe re n ce  s ta n d a rd .
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F igu re  6. P e ak  area n o rm a liza tio n  fo r  m on en s in  re fe rence  standa rd .

Tab le 3. F a c to r co m p o s it io n  and  m a ss  ba lance  
o f m on en s in  re fe rence  s tanda rd

Monensin factor
Monensin reference standard 

factor composition, %

A 94.67
B 3.98
C 0.26
D 0.57
Subtotal 99.5
Water 0.5
Total 100.0

biopotency contribution of each of the monensin factors. A 
simple mathematical formula was used to transform chemical 
composition values of the reference standard to total microbi­
ological activity or biopotency as indicated:

Biopotency (pg/mg) = chemical composition (%) 
x relative microbiological response x 0.01

Example: Monensin Factor A Biopotency = 94.67% 
x 1000 pg/mg x 0.01 = 946.7 pg/mg

The total biopotency of a given sample is the sum of the 
biopotency values for Factors A + B + C + D. The complete 
correlation of the chemical composition with the microbiolog­
ical responses and the percent contribution of each factor to the 
total biopotency of a given sample are listed in Table 4. The 
biopotency calculated by LC/PCD analyses differs from the 
assigned microbiological potency of the monensin reference 
standard by 1.1%. The assigned microbiological potency for 
the reference standard is 960 pg monensin acid activity/mg on 
an “as is” basis and is the weighted average of the potency 
values obtained from 3 laboratories. Therefore, the difference 
of only 1% was considered insignificant, and these values were 
considered equivalent.

Tab le  4. C o rre la t io n  o f the  ch em ica l fa c to r c o m p o s it io n  o f m onen s in  s tanda rd  to  the m ic ro b io lo g ic a l p o ten cy  
o f e a ch  fa c to r

Monensin factor
Relative microbiological Contribution

Chemical composition, % activity, pg/mL Biopotency, pg/mg to biopotency, %

A 94.67 1000 946.7 97.6
B 3.98 280 11.1 1.1
C 0.26 1560 4.1 0.4
D 0.57 1484 8.5 0.9
Total 970.4 100.0
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Tab le  5. C o m p a r is o n  o f the m onen s in  b lo p o ten cy  
fo r  b u lk  and  raw  m ateria l lo ts  de te rm ined  b y  LC /P C D  
and tu rb id im e tr lc  a s s a y

Lot
LC/PCD,

pg/mg
Turbidimetric 
assay, pg/mg

LC/PCD, 
% of turb.

A 943.6 943.3 100.0
B 929.0 928.4 100.1
C 185.9 174.0 106.8
D 170.9 162.0 105.5
E 178.5 170.0 105.0
F 173.2 171.0 101.3
G 173.8 206.0 84.4
H 183.7 195.0 94.2
1 215.7 227.0 95.0
Av. 99.1

Tab le 6. R e co ve ry  o f m onen s in  from  feed s  and  liqu id  
feed su p p le m e n ts8

Monensin assayed6

Ration
Monensin 

theory, ppm Ree., % RSD, %

Cattle 10 102.1 1.5
10 101.9 1.8
10 102.3 2.4
30 102.0 1.4
30 101.8 1.2
30 101.9 2.3

100 103.3 3.0
100 102.0 3.7
100 103.0 4.8

Poultry 50 100.3 5.1
50 102.0 5.1
50 102.6 4.9

100 98.0 5.5
100 100.4 5.5
100 100.5 4.7
150 98.2 5.5
150 101.2 5.2
150 99.7 4.2

LFS 100 100.0 3.0
200 97.5 2.3

a RSD =
b

relative standard deviation; LFS = liquid feed supplement.

Tab le  7. P re c is io n  o f m on en s in  LC /P C D  fo r p rem ix8

Premix Monensin, g/lb RSD, %

A 62.4 2.6
B 46.5 3.6

a n = 9.

Ideally, to obtain the optimum correlative data between 
LC/PCD and turbidimetric assays, the LC/PCD quantitation 
should be used to determine monensin Factors A, B, C, and D 
in the reference standard and samples. Additionally, a mathe­
matical factor greater than 1.0 should be applied to the calcula­
tion to account for the possibility that not all monensin factors 
are vanillin-positive or that not all factors elute from the col­
umn. However, at the concentration of monensin in final feeds, 
Factors C and D are not detectable in the reference standard. 
Therefore, under practical use conditions, the LC method cal­
culations are based on the detection of monensin Factors A 
and B, and the calculations for biopotency are as listed in the 
section on calculation of monensin microbiological activity.

A comparison of the biopotency obtained by turbidimetric 
assay to that calculated from LC/PCD for several technical and 
premix lots is summarized in Table 5. These data demonstrate 
that the results, except for Lot G, agree very closely between 
methods with an average of 99.1% when LC is compared to 
turbidimetric assays. If the results for Lot G were not included 
in the evaluation, the average result, when LC is compared to 
the turbidimetric results, would be 101%.

Validation of LC/PCD

The linearity of this method was determined by analyzing 
monensin reference standard concentrations of 1, 5, 20, and 
40 pg/mL. These concentrations resulted in a standard curve 
with a correlation coefficient of 0.9999.

This method was evaluated for the determination of 
monensin in cattle feeds (10-100 ppm), poultry feeds (50- 
150 ppm), and liquid supplements (100-200 ppm). Recovery 
data are listed in Table 6. Recoveries ranged from 97.5 to 
103.3% across the different feed types. The precision of the 
method was determined in monensin premix samples. Two lots 
of premix were assayed in triplicate over 3 days. These results 
are listed in Table 7. The relative standard deviations for the 2 
premixes were 2.6 and 3.6%, respectively.

The LC system used in this method separates the significant 
factors of monensin and has the capability of detecting 2- 
3 ppm narasin (a closely related ionophore) when the proce­
dure is used to assay 100 ppm monensin. The specificity of the 
method can be further demonstrated by the resolution of 
monensin, narasin, and salinomycin (Figure 7). These 3 com­
pounds are structurally very similar, as Figure 2 demonstrates.

The limit of quantitation was determined to be 5 g/ton, and 
the limit of detection was estimated (3x noise of system blank) 
to be 0.3 g/ton.
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FOOD COMPOSITION

C o m p o s i t i o n  o f  P i n e a p p l e  J u i c e

Dana A. Krueger, Rae-Gabrielle Krueger, and Jeanne Maciel 
Krueger Food Laboratories, Inc., 24 Blackstone St, Cambridge, MA 02139

Major and some minor constituents were deter­
mined for a series of fresh pineapple juices. 
Results Include: soluble solids 11.2- 16.2 g/100 g, 
acidity (reported as citric acid) 0 .46- 1.21 g citric 
acld/100 mL, fructose 1.72- 4.75 g/100 mL, glucose
I . 21- 4.52 g/100 mL, sucrose 2 .47- 9.73 g/100 mL, 
citric acid 0.439- 1.151 g/100 mL, malic acid 0.073-  
0 .391, Isocitric acid 80-265 mg/L, potassium 830-  
1410 mg/L, formol value 0 .74- 1.69 meq/100 mL, 
proline 11-44 mg/L, and carbon isotope ratio 13.5-
I I . 2%« PDB. Use of these compositional values in 
the detection of adulterated pineapple juice
is discussed.

P ineapple juice has recently undergone a significant in­
crease in price due to a decline in production and strong 
demand for the juice. This situation raises concern about 

the possibility that certain suppliers may adulterate their pine­
apple juice with added sugar and acids. Such adulteration has 
been frequently observed with other fruit juices.

The literature on the composition of pineapple juice is mea­
ger. Gebhart et al. (1) reported analytical data relating to prox­
imate analysis, nutritional parameters, and amino acids for a 
variety of commercial pineapple products. Sale (2) presented 
some data on pineapple composition directed toward the goal 
of estimating fruit content of jams and jellies. These data in­
clude soluble solids, acidity, phosphorus, and potassium val­
ues. Matthews et al. (3) presented data on the mono- and 
disaccharide content of commercial pineapple products. 
Wallrauch and Faethe (4) gave an excellent account of the 
amino acid content of pineapple juice. Elkins et al. (5) pre­
sented some data on the sugar and organic acid content of sev­
eral commercial pineapple juice concentrates. Doner et al. (6), 
Parker (7), and Krueger et al. (8) reported results of carbon 
stable isotope ratio analysis (SIRA) for a few samples of pine­
apple juice. The French AFNOR values (9) list a wide range of 
broad analytical specifications for pineapple juice, although no 
data are presented.

This paper presents some analytical data on the composition 
of pineapple juice. The data will help form the basis for detect­
ing pineapple juice adulteration.

Received April 17 ,1991 . Accepted August 23 ,1991 .
A  preliminary account o f this work was presented as Paper 339 at the 

100th AOAC Annual International Meeting, September 15-17, 1986, at 
Scottsdale, AZ.

Experimental

Sam ples

Fresh pineapples were purchased from Boston, MA, area 
stores; the flesh was pressed and filtered through cheesecloth 
to extract the juice, which was then frozen until analyzed. The 
samples were from various geographical origins and of varying 
degrees of ripeness.

Determination

Brix.—Soluble solids by refractometer without correction 
for acidity, Official Methods of Analysis, Method 932.14C (10).

Fructose, glucose, and sucrose.—Official Methods of Anal­
ysis, Method 977.20 (10). Samples are filtered and injected un­
diluted.

Sorbitol.—RSK Values: The Complete Manual (11), 
pp. 142-144.

Acidity.—Official Methods of Analysis, Method 942.15B, 
reported as citric acid (10).

Citric and malic acids.—Official Methods of Analysis, 
Method 986.13 (10).

L-Malic acid—Methods of Biochemical Analysis and Food 
Analysis Using Test Combinations, pp. 78-79 (12).

D-Malic acid.—D-MalicAcid Test Combination (13).
Isocitric acid.—Methods of Biochemical Analysis and Food 

Analysis Using Test Combinations, pp. 60-61 (12). Samples 
are pretreated by the alkaline hydrolysis procedure described in 
the appendix to the method.

Potassium.—Official Methods of Analysis, Method 965.30
(iO).

Formol value.—Official Methods of Analysis, Method 
965.31B (10).

Proline.—Official Methods of Analysis, Method 979.20
(10), except that samples were run undiluted.

Carbon stable isotope ratio analysis (SIRA).—Official 
Methods of Analysis, Method 978.17 (10).

Results and Discussion

The results of this study are presented in Tables 1-3. The 
total soluble solids levels in the pineapple juices reported here 
ranged from 11.2 to 16.2 g/100 g, averaging 13.8. These results 
compare with a mean value of 14.4 for 40 samples of pineapple 
fruit reported by Sale (2), and 14.46 ±0.13 for the total solids 
content of 19 samples of canned pineapple juice reported by
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Tab le  1. S o lu b le  s o l id s  and  su g a rs  In p in e app le 8

Sample BRIX
Fructose, 
g/100 mL

Glucose, 
g/100 mL

Sucrose, 
g/100 mL

Sorbitol, 
g/100 mL

H1 15.5 2.12 1.81 9.73 _
H2 11.7 1.72 1.44 6.32 —
H3 13.5 2.23 1.21 8.14 —
H4 11.2 2.41 1.33 5.58 —
H5 13.0 3.30 2.53 5.56 —
H6 14.4 3.50 2.52 6.30 0.00
C1 14.9 2.57 2.29 8.63 —
C2 14.1 5.05 4.52 3.10 —
C3 14.6 3.26 2.92 6.51 —
C4 16.2 3.73 '' 3.49 7.56 —
C5 13.6 2.46 1,96 6.11 0.00
D 12.4 4.37 4.04 2.47 —
P 13.2 4.14 4.18 2.81 0.00
T 14.1 3.36 3.71 6.53 0.00
U 14.1 2.23 2.62 8.39 0.00
Mean 13.8 3.10 2.70 6.25 —
Minimum 11.2 1.72 1.21 2.47 —
Maximum 16.2 5.05 4.52 9.73 —

8 Sample origins: H-Hawaii; C-Costa Rica; D-Dominican Republic; 
P—Philippines; T-Thailand; U-Unknown origin.

Gebhart et al. (1). The AFNOR handbook (9) specifies that 
pineapple juice should have a minimum of 11.0 g/100 g solu­
ble solids. From these results, it would seem that pineapple 
juice should have an average level of soluble solids of approx-
imately 14 g/100 g. For purposes of comparison, data from

Tab le  2. A c id it y  and  o rg a n ic  a c id s  in  p in eapp le «

Acidity, Citric, Malic, L-Malic, Isocitric,
Sample g/100 mL g/100 mL g/100 mL g/100 mL g/L

H1 1.14 1.151 0.291 _ 219
H2 0.89 0.876 0.210 — 158
H3 1.21 1.103 0.199 0.221 265
H4 0.96 0.907 0.253 0.239 231
H5 0.53 0.535 0.102 — 165
H6 0.66 0.597 0.073 0.072 156
C1 1.00 0.825 0.391 — 165
C2 1.21 0.796 0.172 0.182 196
C3 1.01 0.929 0.234 0.250 170
C4 0.46 0.505 0.086 — 112
C5 1.06 0.955 0.222 0.207 181
D 0.49 0.456 0.151 — 127
P 0.68 0.439 0.182 0.204 94
T 0.46 0.557 0.143 0.150 108
U 0.72 0.540 0.297 0.367 80
Mean 0.83 0.745 0.200 — 162
Minimum 0.46 0.439 0.073 — 80
Maximum 1.21 1.151 0.391 — 265

8 Sample origins: H-Hawaii; C-Costa Rica; D-Dominican Republic; 
P-Philippines; T-Thailand; U-Unknown origin.

Tab le  3. P o ta ss iu m , am in o  a c id s , and  ca rb o n  Isotope 
ra tio  o f p in eapp le8

Sample
Potassium,

mg/L
Formol, 

meq/100 mL
Proline,

mg/L
613°C,

%o vs PDB

H1 1410 1.00 36 -12.1
H2 890 0.93 44 -11.2
H3 — 1.08 23 -11.3
H4 — 0.98 15 -11.2
H5 1350 1.40 33 -11.4
H6 830 0.93 36 -11.5
C1 1110 0.74 26 -12.8
C2 — 0.88 14 -12.7
C3 — 1.26 20 -12.4
C4 1320 1.58 30 -12.0
C5 1390 0.92 25 -13.1
D 1350 1.69 28 -13.0
P 1150 1.41 24 -12.5
T 1340 0.97 11 -12.4
U 1020 1.14 26 -13.5
Mean 1100 1.13 26 -12.2
Minimum 830 0.74 11 -13.5
Maximum 1410 1.69 44 -11.2

Sample origins: H-Hawaii; C-Costa Rica; D-Dominican Republic; 
P-Philippines; T-Thailand; U-Unknown origin.

commercial pineapple concentrate or reconstituted pineapple 
juice should probably be normalized to 14 Brix.

Analysis of the simple sugars of pineapple juice indicates 
that they consist primarily of fructose, glucose, and sucrose. In 
most samples, the dominant sugar was sucrose, accounting for 
up to 71% of total sugars. However, the sucrose content was 
highly variable, falling below fructose and glucose in some 
samples. There appears to be a correlation between sucrose 
content and acidity; high acid samples had higher sucrose val­
ues than low acid samples. This correlation may be related to 
the relative ripeness of the samples; very ripe, low acid samples 
may undergo some sucrose hydrolysis. The fructose and glu­
cose levels were similar to each other, with fructose usually 
slightly higher than glucose. These results are similar to those 
for pineapple juice concentrate observed by Elkins et al. (5), 
who observed an average sucrose content of 56% of total sug­
ars and a fructose/glucose ratio of 1.05. Matthews et al. (3) also 
indicate that sucrose predominates in the sugars of raw pineap­
ple fruit.

Analysis of some of the samples for sorbitol content 
yielded no detectable sorbitol in any of the samples. This ob­
servation is hard to reconcile with the findings of Elkins et al.
(5), who report finding considerable sorbitol in all of the com­
mercial pineapple juice concentrates that they analyzed. Be­
cause analysis of pure pineapple juice spiked with sorbitol 
yielded a quantitative recovery by our procedure, it seems 
clear that pure pineapple juice contains no sorbitol. From dis­
cussions with J.R. Heuser (personal communication, 1990), it 
is apparent that the samples reported by Elkins et al. (5) may 
have in fact been blends of pineapple juice and apple juice. If 
so, it would account for their finding of sorbitol in the samples.
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However, it may cast some doubt upon the validity of their 
results for other parameters.

The total acidity of fresh pineapple juice, expressed as per­
cent citric acid, is quite variable. The values ranged from 0.46 
to 1.21, averaging 0.83. The Brix/acid ratios were similarly 
variable. These results are very similar to those of Sale (2), who 
found an average value for 39 samples of 0.73. Organic acid 
analysis by liquid chromatography indicates that most of the 
acidity is due to citric acid, with a significant contribution made 
by malic acid. Enzymatic analysis of the L-malic acid content 
of some samples indicates that the malic acid is all L-malic acid. 
More recent enzymatic analysis of the D-malic acid content of 
some commercial pineapple juices yielded no detectable d - 

malic acid. The ratio of citric acid to malic acid ranged from 1.8 
to 8.2. Elkins et al. (5) also observed that citric acid is the dom­
inant acid in pineapple juice, with the ratio of citric acid to 
malic acid averaging 2.4. Enzymatic analysis of the concentra­
tion of isocitric acid yielded results ranging from 80 to 265 
mg/L. The isocitric acid level was correlated to the citric acid 
content; the ratio of citric acid to isocitric acid ranged from 32 
to 68, averaging 47. Elkins et al. (5) found an average cit- 
ric/isocitric ratio of 65; they did not perform an alkaline hydrol­
ysis of the samples before analysis, unlike the analyses in this 
study. This may account for the somewhat higher and more 
variable ratios that they observed.

The potassium content of pure pineapple juice ranged from 
830 to 1410 mg/L, averaging 1100 mg/L, compared with an 
average value for 19 samples of 1220 mg/kg for canned pine­
apple juice reported by Gebhart et al. (1) and an average for 21 
samples of 1640 mg/kg for raw pineapple fruit reported by Sale
(2). The data in this study agree well with the data of Gebhart 
et al., but not with the data of Sale, which were determined by 
a gravimetric procedure, and may not be comparable with data 
obtained by flame photometry.

The formol value of pineapple juice ranged from 0.74 to 
1.69 meq/100 mL, with an average value of 1.13. The proline 
concentration ranged from 11 to 44 mg/L, with an average 
value of 26. Wallrauch and Faethe (4) report an average proline 
value for 113 samples of 36 mg/L, with a range of 8-80 mg/L.

One property of pineapple juice that is unique among 
commercially important fruit juices is that the pineapple 
plant uses the Crassulacean Acid Metabolism (CAM) path­
way for photosynthesis. Unlike most other fruit juices, 
whose source plants use the Calvin Cycle (C3) pathway, the 
carbon in pineapple juice contains a relatively higher pro­
portion of the minor carbon isotope 13C. Although most 
plants have carbon SIRA values in the vicinity of -25%o, the 
carbon SIRA values of pineapple juices are found to be clus­
tered narrowly about -12.2%o (range -11.2 to -13.5). These 
results are consistent with single values reported by Doner 
et al. (6) and Parker (7). The 3 values reported by Krueger et 
al. (8) are included in this study.

Additions of other fruit juices to pineapple juice can be de­
tected by determining the carbon SIRA value. A more import­

ant point is that commercial beet sugar also has a carbon SIRA 
value of about -25%o. Hence, carbon SIRA determination will 
also detect additions of beet sugar to pineapple juice. This dif­
fers from the application of carbon SIRA to other fruit juices, 
where cane and com syrup sugars are detected; these latter will 
not be easily detected in pineapple juice by carbon SIRA.

Adulteration of pineapple juice with sugars from corn symp 
or cane sugar can be detected by changes in the pattern of other 
analytical values. The presence of normal corn symp will in­
crease the glucose content, as well as introduce small amounts 
of maltose. The presence of cane sugar or com symp will 
result in reduced values of potassium and formol, and re­
duced levels of organic acids. If citric acid is also added to 
maintain the acidity, the ratio of citric acid to malic acid and 
to isocitric acid will be increased; additions of malic acid 
will result in detectable quantities of D-malic acid. We have 
found this approach to be useful in the detection of adulter­
ation in commercial pineapple juice.
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FOOD PACKAGING

B a t c h i n g  O i l s  o n  S i s a l  B a g s  U s e d  f o r  P a c k a g i n g  F o o d s :  
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Halba AG, CH-8304 Wallisellen, Switzerland

Sisal fibers are treated with a batching oil before 
spinning. Such oils usually consist of mineral oil 
products and cause considerable contamination 
of the packed foods (typically 10-100 mg/kg). 
Batching oils recovered from sisal bags pre­
viously used for transporting cocoa and coffee 
beans were analyzed for total concentrations on 
the bag as well as the composition of the paraffins 
and aromatics. Concentrations of total hydrocar­
bons ranged between 0.3 and 39 g/kg sisal bag; 
concentrations of aromatics ranged between <0.1 
and 2.7 g/kg. The applied batching oils varied be­
tween raw mineral oil fractions, somewhat purified 
fractions, and a crystallized product.

S isal bags, usually sized for 50-80 kg packings, e.g., of 
coffee beans, consist of a coarse fabric made of rough, 
rather hard sisal fibers. Sisal is obtained from the long 

leaves of an agave originating in Central America. Sisal bags 
are straw-colored (in contrast to the more brownish jute bags 
used for similar purposes) and usually of less dense fabrics. 
They are primarily used for storing and transporting coffee and 
cocoa beans. Of these products imported into Switzerland, 
about one third are packed in sisal bags, the rest in jute bags.

Batching Oil for Jute Bags

Recently, mineral oil material from jute bags was found to 
be an important source of contamination for foodstuffs stored 
and transported in such bags (1). Before spinning, jute fibers 
are treated with a batching oil to make them more elastic. The 
batching oil used for jute bags usually consists of a raw mineral 
oil fraction and is applied to represent 5-7% of the weight of 
the jute. A 4-5% concentration remains on the fabric when 
foods are packed into the sacks. More than 50 used jute bags

Received June 19 ,1 9 9 1 . Accepted September 6 ,19 9 1 .

(normally bags are used only once) were analyzed; the jute 
contained 1.5-4% mineral oil components. Often n-alkanes 
disappeared (by microbial degradation), leaving behind only 
the branched alkanes and aromatics, which form a “hump” of 
largely unresolved components in the gas chromatogram.

Food contamination by such batching oil is considerable
(1); the 200 or so samples of hazelnuts analyzed contained
5-500 mg batching oil residues/kg, with typical concentra­
tions in the range of 20-50 mg/kg. Coffee beans were con­
taminated at about 100 mg/kg. Kernels of cocoa beans 
contained 5-20 mg mineral oil components/kg; the con­
tained shells, 100-1000 mg/kg. Surprisingly high concen­
trations were found in cocoa butter (2), causing chocolate to 
be contaminated at 10-50 mg/kg concentrations.

The composition of a typical batching oil sample for jute 
was determined by coupled liquid chromatography/gas chro­
matography (LC/GC) (3). Results showed that 23% of the oil 
consisted of aromatics, including 8.2% naphthalenes, 3.1% 
dibenzothiophenes, 2.2% anthracenes and phenanthrenes, 
1.0% fluoranthenes and pyrenes, and 8 ppm benzo(e)pyrene; 
however, the oil consisted of at most 0.5 ppm benzo(a)pyrene. 
Over 99% of these aromatics were alkylated. At present, 
considerable efforts are expended to find a more acceptable 
replacement for the jute batching oil, primarily for the jute 
bags used for hazelnuts. At least in Switzerland, food contam­
ination with batching oil is tolerated for a limited amount of 
time in the interest of keeping the jute bag production alive 
(jute products are the most important export articles of some 
third-world countries).

Sisal Bags

This paper draws attention to an analogous problem: the 
batching oils used for sisal bags. Of course, sisal fibers differ 
from jute fibers, but before spinning, sisal fibers also must be 
rendered more elastic by a batching oil. Although the produc­
tion of sisal bags is clearly inferior to that of jute bags, the 
batching oil should also be under closer control and replaced 
where necessary. Concentrating on the batching oil for jute 
bags, while forgetting sisal bags, would be a mistake.

Analyses revealed some interesting results: It appears that 
some of the sisal fibers were treated with batching oil more 
carefully than were jute. Less batching oil was applied, and the
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F igu re  1. Tw o ty p ica l b a tch in g  o i ls  re co ve red  from  
u sed  s is a l bags. U ppe r ch rom atog ram : para ffin  wax, 
0.1% co ncen tra tio n  on  the bag. S o m e  n -a lkanes  are 
labe led  by  the num be r o f ca rb on  a tom s. Low e r 
ch rom atog ram : m ix tu re  p r im a rily  o f iso a lkan e s , 
rep re sen ting  3.9% co n cen tra t io n  on  th e  bag.

batching oil often contained clearly reduced concentrations of 
aromatics. This demonstrates that a more acceptable treatment 
of the raw fibers is possible and might serve as an example for 
jute bags.

Experimental

Cocoa beans were deshelled. Coffee beans, as well as the 
kernels and shells of the cocoa beans, were ground and im­
mersed overnight in pentane, as described in Reference 1.

Determination of Aromatics

Concentrations of the sum of all aromatics were determined 
by the same LC and GC columns used for the paraffins. The 
beginning of the LC fraction of the aromatics was determined 
by LC/GC transfers, and it was positioned such that no squal- 
ane, added in large quantity to a sample, was transferred to the 
GC system. Branched alkanes, such as squalane, are slightly 
more retained than «-alkanes. This ensured that no paraffins 
were included in the fraction of the aromatics, but it does not 
rule out the possibility that highly alkylated benzenes were lost 
into the fraction of the paraffins. The end of the transferred LC 
fraction corresponded to the end of the benzo(a)pyrene peak (as 
detected by the UV detector), considering that alkylated 
benzopyrenes are eluted earlier.

The fraction of the aromatics had a volume of 1000 p,L and 
was transferred under the same conditions as the alkanes, ex­
cept that the GC oven began to increase the temperature 7 min, 
instead of 5 min, after starting the transfer. Because a 1 mm id 
sample loop was used, mixing (band broadening) in the loop 
was a problem (4), and filling of the sample loop was per­
formed in an unusual way. The sample valve was left in “trans­
fer” for the whole GC analysis, i.e., the loop remained empty 
and the LC effluant passed directly to waste. The valve was 
switched to “stand-by” (i.e., the sample loop was inserted into 
the LC flow line) only at the beginning of the LC fraction of 
interest and returned to “transfer” at the end. Because this re­
quired switching of the sample and the gas valve at different 
times, a 10-port valve on the LC side of the instrument (ISS- 
300) was used as the sample valve.

Determination o f Paraffins
Results

Samples of 1 g were taken from various parts of the sisal 
bags and immersed overnight in 50 mL redistilled «-pentane. 
These extracts were analyzed by on-line coupled LC/GC as 
previously described (1), using the Carlo Erba LC/GC 
Dualchrom 3000. From the raw extracts, the alkanes were iso­
lated by LC on a 10 cm x 2 mm id silica gel column with «-pen­
tane as mobile phase at 200 pL/min. Fractions of 150-250 pL 
were transferred to the GC system by concurrent eluant evap­
oration at 60°C column temperature and 1 bar inlet pressure. 
GC separation was achieved on a 25 m x 0.32 mm id capil­
lary column coated with a PS-255 (methylsilicone) film 
0.6 pm thick.

The accuracy of the data was primarily determined by the 
setting of the base line in the chromatograms and the measure­
ment of the area of the broad hump of unresolved isoalkanes. 
The accuracy was within 15%. On some bags, residue concen­
trations at different sites varied by less than 20%; the most ex­
treme variation found on a bag corresponded to a factor of 2. 
Presumably, bags were stocked in piles and different parts were 
exposed to air to different extents, causing the losses of batch­
ing oil material by evaporation to vary.

We must emphasize that only used sisal bags were analyzed,
i.e., the batching oil analyzed was previously subject to partial 
evaporation and microbial degradation. As documented for the 
batching oils found on jute bags (1), such losses easily reach a 
factor of 4; the original concentration and the composition of 
the oil may have differed substantially, and data on concentra­
tions on the bags can only be interpreted semiquantitatively.

In contrast to the jute bags, the batching oils found on sisal 
bags (14 samples) strongly varied not only in their concentra­
tion on the bag, but also in their paraffin composition and in the 
concentration of aromatics. The batching oils found can be 
grouped as follows.

Waxes

Figure 1 shows 2 very different gas chromatograms of the 
paraffins extracted from sisal bags. Four bags (No. 3-6 in 
Table 1) contained crystallized mineral oil fractions, i.e., 
waxes, of the type shown in the upper chromatogram. Waxes 
almost exclusively consist of «-alkanes, and the small amounts 
of branched alkanes present form peaks of a repetitive pattern. 
The distribution of the «-alkanes was the same for all 4 bags,
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ranging between C23 and Cm. This suggests that these bags 
were from the same producer or that the same batching oil 
was applied.

Concentrations o f the wax on the bag ranged between 0.2 
and 2 . 1  g/kg, or only 1 / 1 0  to 1 / 10 0  o f those found on jute bags 
(microbial degradation may have substantially reduced the 
content o f «-alkanes; on jute bags, up to 95% o f the «-alkanes 
were removed). No aromatics were detected; concentrations of 
aromatics in crystallized mineral oil are generally low.

Concentrations o f batching oil residues in the cocoa beans 
packed in those sisal bags were higher than expected; concen­
trations varied between 35 and 100 ppm in the shells o f the 
beans from bags No. 3 -5 , and between 3 and 10 ppm in the nibs 
(the kernels after roasting). These values are barely a factor o f 
2 below those found for cocoa beans from jute bags. The resi­
dues contained far larger proportions of isoalkanes than the 
waxes on the bags, and the molecular weight distribution was 
shifted toward the more volatiles. We repeatedly observed that 
the material transferred to the foods corresponded to a small 
portion of the chromatogram of the batching oil, not only be­
cause the volatile components are most efficiently transferred, 
but also because the transfer o f isoalkanes appears to be more 
rapid than that o f the «-alkanes. However, there also remains 
the possibility that the cocoa beans were previously stored in 
another bag.

Oil

The lower chromatogram in Figure 1 shows a totally differ­
ent batching oil extracted from bag No. 7. The oil forms a rel­
atively narrow hump of unresolved peaks, indicating that it 
consists primarily o f branched alkanes with 21-32  carbon 
atoms. Such mixtures are commonly used as a basis for hydrau­
lic oils or lubricating oils and are characterized by low melting

points. The concentration on the bag amounted to 3.9%, i.e., 30 
times that o f the wax. The concentration o f the aromatics in this 
oil, some 3%, was far below that o f a raw mineral oil, about 
1/10 that of the jute batching oil analyzed (3). This suggests that 
the batching oil consisted o f a processed, technical grade oil. 
Of course, 3% aromatics is still above what is considered 
“food-grade” (where concentrations below about 0 .1  ppm are 
required), and 1.25 g aromatics/kg on the bag is consid­
ered problematic.

Raw Mineral Oils

Several bags (No. 1, 2 ,1 0 ,1 1 , and 13 in Table 1) appeared 
to contain a batching oil similar to that used for jute bags. The 
oils were composed of hydrocarbons of a wide range of molec­
ular weights, reaching from about C17 to at least C35, with a 
(broad) maximum between C25 and C30. A  corresponding 
chromatogram was shown in Reference 5. The paraffins of an 
oil with a somewhat more narrow molecular weight distribu­
tion are shown in the upper chromatogram o f Figure 2. They 
corresponded to a 2.1% concentration on the bag. The chroma­
togram primarily shows a broad hump o f unresolved compo­
nents, indicating that the mixture consisted o f isoalkanes under 
nearly complete absence o f «-alkanes. This may be due to the 
application of a corresponding oil or, more probably, to micro­
bial degradation of the «-alkanes.

The aromatics, shown in the lower chromatogram of the 
same figure, also formed a hump of unresolved peaks, with a 
distribution of the retention times corresponding to that of the 
alkanes. Because an apolar column was used, retention times 
approximately correspond to volatility, and the correlation of 
the retention times for aromatics and paraffins are the result of 
a distillative cut o f the fraction. The distribution of the aromat­
ics on this sisal bag differs from that of the aromatics found in

Table 1. Type and concentration of batching oil found on sisal bags analyzed

Bag No. Origin Batching oil, g/kg Aromatics, g/kg Type of batching oil

Cocoa

1 ? 13 ? broad hump, strongly degraded
2 ? 21 ? broad hump, strongly degraded
3 Ecuador 1.8 low crystallized
4 Ecuador 0.2 low crystallized
5 Ecuador 1.4 low crystallized
6 Venezuela 2.1 <0.1 crystallized
7 Ecuador 39 1.2 narrow hump, no «-alkanes

Coffee

8 Costa Rica 27 1.2 narrow hump, no «-alkanes
9 Columbia 18 2.2 broad hump, some early «-alkanes

10 Columbia 7 1.2 broad hump, strongly degraded
11 Kenya 22 2.1 broad hump, strongly degraded
12 Kenya 0.3 — broad hump, no «-alkanes
13 Kenya 21 2.7 broad hump, strongly degraded
14 Kenya 0.5 — broad hump, no «-alkanes
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Paraffins 2sl
Vi

Int. stand. 
(100 ppm C13

Chr , ( BaP I
Aromatics ’ , I

Int. stand.
3,3 ppm Phe /

Figure 2. Paraffins and arom atics from a s isa l bag  
used  for Kenyan coffee beans. The arom atics 
corresponded to about 9 %  of the batching oil (differing 
attenuations). Phe, phenanthrene; Py, pyrene; Chr, 
chrysene; BaP, benzo(a)pyrene.

Figure 3. Paraffins from  s isa l bag  and from coffee 
beans packed In bag. O n ly  the volatile part of the 
batching oil is  efficiently transferred. n-A lkanes C 23- C 30 

are primarily from  the natural w axes on the coffee bean  
surface.

the jute batching oil (3) by the nearly complete absence of dom­
inating components forming peaks, which is probably due to a 
higher degree of alkylation, resulting in a larger number of iso­
mers o f an aromatic system. This might be linked with the 
other difference observed: The distribution is shifted to­
ward h igher m olecu lar w e ig h ts . The p o sitio n  o f  the 
benzopyrenes was at the end o f the hump in the jute batching

oil, and it is now a little behind the center o f  the hump. Higher 
molecular weights may be due to a higher degree of alkylation.

The aromatics represented a concentration of 2.7 g/kg re­
lated to the bag and of some 13.5% related to the batching oil. 
This is little more than half o f that found in the jute bag batch­
ing oil, which is primarily due to a lower concentration of early 
eluted aromatics, possibly of alkylbenzenes. However, if  the 
shift toward higher elution temperatures is at least partly related 
to a shift toward aromatics with more rings, this is not neces­
sarily an improvement.

Figure 3 shows the paraffins from a sisal bag (No. 11,2.2%  
batching oil) and from the coffee beans transported in this bag. 
Although the batching oil concentration on the bag was barely 
below that commonly found on jute bags, the 42  mg/kg con­
centration of batching oil residues on the coffee corresponded 
to only about half o f what was usually found after transport in 
jute bags (1). This is explained by the molecular weight distri­
bution o f the batching oil. Because transfer to the packed foods 
primarily occurs through the gas phase, the proportion of low  
molecular weight material is just as important as the total con­
centration on the bag. In fact, the typical jute bag batching oils 
contained substantially more volatile material than the oil re­
covered from bag No. 11.

Bags with Low Batching O il Concentrations

Two bags (No. 12 and 13) contained low concentrations of  
a mineral batching oil (as low as found on bag No. 4 with the 
wax). However, the oils were markedly different: There are 
again virtually no n-alkane peaks, and from the molecular 
weight distribution, the oils resembled the cmde batching oil of 
jute sacks, except that concentrations were 10 0 -fold lower.

Discussion

M ineral O il Products for Batching Fibers?

In 1990, intensive studies were started with the aim o f find­
ing an acceptable replacement for the batching oil softening 
jute fibers. Discussions center on radical solutions, such as 
completely avoiding products based on mineral oil, because it 
is assumed that the use of mineral oil products will inevitably 
be strongly restricted in the long run. The hazelnuts of the 1991 
harvest imported into Switzerland will be transported in jute 
bags with a batching oil consisting of partially sulfonated plant 
oil, applied at a concentration about 1 / 10  o f that for the conven­
tional mineral batching oils. Such triglycerides are practically 
nonvolatile and are barely transferred to the packed foods. Of 
course, such a solution should be welcome. However, taking 
into account that many other packaging materials also contam­
inate foods with mineral oil material, less radical solutions 
must also be accepted, at least for the time being.

Which batching oil is acceptable for packaging foods? 
Other packaging materials may serve as a precedent: Paper, 
cardboard, and plastics often contain 0 .1 % of mineral oil prod­
ucts (5), although usually with low concentrations of aromat­
ics. For cardboard and jute, the mass ratio o f packaging 
material and packed food may be similar. Seen from this angle,



G r o b  E t  A l .: J o u r n a l  Of AOAC I n t e r n a t i o n a l  V o l . 75, No. 2,1992 287

0 .1 % of a mineral oil with a low concentration of aromatics 
could hardly be refused as a batching oil.

Present Batching O il for Sisal Bags

The discussion about improved jute batching oils should be 
broadened, taking into consideration the batching oils used for 
sisal bags. First, conclusions should also apply to sisal bags; 
secondly, some batching oils applied to sisal bags seem to in­
dicate that more acceptable batching oils on the basis of min­
eral oil products are already is use.

We know comparatively little about the production of sisal 
fabrics. However, a considerable proportion of sisal bags were 
not treated with a cheap, raw, mineral oil fraction, and this cre­
ates the impression that some producers of sisal bags more 
carefully selected the batching oil than did the jute manufactur­
ers. The crystallized fraction of mineral oil (wax) is relatively 
clean as far as aromatics are concerned, and since the concen­
trations on the fabrics are in the range of 0 .1 %, this is clearly 
more acceptable than what is commonly used for jute. In fact, 
concentration and composition seem comparable to the prod­
ucts often found in cardboard. It remains puzzling, however, 
that a relatively hard wax is used for softening fibers.

The 2 bags containing extremely low concentrations of 
mineral oil material might be even more interesting. It is hard 
to believe that some producers achieve equivalent softening of 
the fibers with 1/100 the amount o f oil others use. The mineral 
oil found could just as well be a residue from another source, 
e.g., from a lubrication oil or grease applied during spinning. 
Then, however, the question remains as to what was used as 
batching oil for softening these fibers.

Conclusions

Completely stopping the use of mineral oils for batching 
jute and sisal fibers is neither possible nor justified. However, 
some guidelines must be established to rule out food contami­
nation as severe as that observed today. Such guidelines could 
involve the following requirements: ( i )  The total concentration 
of mineral batching oil on the bag must be reduced by a factor 
of about 10 (to <0.5%) to approach the concentrations also 
found in other packing materials. (2) The mineral batching oil 
must be free of aromatics (in accordance with regulations on 
food-grade mineral oil products). (3) Because transfer to foods 
occurs primarily through the gas phase, most o f the contam­
ination finally found in the foods involves molecules with up 
to 25 carbon atoms. Therefore, it is important to use batching 
oils not containing material more volatile than the alkane C25.
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MEAT AND MEAT PRODUCTS

S o x t e c  F a t  A n a l y z e r  f o r  D e t e r m i n a t i o n  o f  T o t a l  F a t  i n  M e a t :  

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

M ax L. F oster, J r, and Sharon E. G onzales

Kansas State Board o f Agriculture, Division o f Laboratories, 2524 W. Sixth St, Topeka, KS 66606

Collaborators: E. Barr; N. Bergman; E. Brunton; M. Emonds; H. Morris; P. Nichols; L. Petersen; N. Thiex; R. Wise; W. Wyatt

A  new method for determination of total fat in meat 
and meat products, which uses a commercially avail­
able extraction system, was collaboratively studied 
by 11 laboratories. The study compared the new 
Soxtec solvent extraction with the Soxhiet method. 
The new method reduces extraction time, enables re­
covery of 60-70%  of the solvent, and improves safety 
through external heating. Each laboratory received 6 
samples: canned ham, ground beef, frankfurters, 
fresh pork sausage, hard salami, and beef patties 
with added soy. Laboratories were Instructed to ana­
lyze each sample In duplicate on each of 2 days by 
both the Soxhiet and Soxtec methods. In general, re­
sults for the Soxtec system showed Improved perfor­
mance. For all samples used in Soxtec analysis, 
ranges of values for repeatability and reproducibility 
were Sr, 0.106-0.764; RSDr, 1.01-2.44%; Sr, 0.112- 
0.799; and RSDr, 1.53-2.84%. The method was 
adopted first action by AOAC International.

f  ■ ^he determination of total fat content in meat is tradition- 
!; ally based on the Soxhiet principle because its accuracy 

.X . and reproducibility are accepted worldwide. However, 
conventional Soxhiet analysis involves tedious and time-con­
suming manual work and explosion risks.

A  new procedure for determination of total fat in meat has 
been developed. This method uses a commercially available 
extraction system that is an adaptation of the Randall applica­
tion of the Soxhiet procedure. With this method, extractions 
using a wide range of solvents can be performed in a quicker, 
safer, and more economical way than Soxhiet extraction. Thus, 
the technique reduces extraction times to less that 2 0 % o f  
Soxhiet times and recovers 60-70% of the solvent; external 
heating ensures greater safety. * 1992

Received for publication September 10,1991.
This report was presented at the 102nd AOAC Annual International 

Meeting, August 29-September 1,1988, Palm Beach, FL.
The recommendation was approved by the General Referee and the 

Committee on Foods I and was adopted by the Official Methods Board of 
AOAC. See “Changes in Official Methods of Analysis,” J. A O A CInt.
(1992) 75,223-225.

Samples to be analyzed are weighed into thimbles and inserted 
into the extraction unit. After solvent addition to the extraction 
cups, the soluble material is extracted into the solvent in a 2 -stage 
process followed by a solvent recovery cycle. Finally, the extrac­
tion cups are dried and weighed.

The service unit supplies the extraction unit with hot oil to 
achieve solvent evaporation. The tubing connecting the extraction 
and service units is designed to withstand the use of hot oil and to 
allow constant temperatures. The length of the tubing permits 
placing the units in separate rooms. The service unit is also 
equipped with an air pump for evaporation of the last traces of 
solvent from the extraction cups ( 1 ).

The Soxtec system manufactured by Perstorp Analytical/Tec- 
ator meets the described specifications. The collaborative study 
reported here compares analytical data obtained using classical 
Soxhiet extraction techniques with data obtained using the 
Soxtec system.

Collaborative Study Design

We decided that the study should include not only a wide range 
of fat concentrations but also a varied assortment of meat products. 
Therefore, a total of 6 meat samples were prepared and submitted 
to 11 collaborating laboratories. The meat samples chosen were 
canned ham, ground beef, frankfurters, fresh pork sausage, hard 
salami, and beef patties (soy added).

Each of the participating laboratories was instructed to analyze 
each sample in duplicate by conventional Soxhiet analysis and by 
the Soxtec system. The analytical procedure was then repeated on 
a separate day. Therefore, each laboratory was required to analyze 
each sample a total o f 8 times, 4 times by conventional Soxhiet 
analysis and 4 times using the Soxtec system.

Experimental

Soxhiet Procedure 

Apparatus

(a) Thimbles.— Fat extracted 25 x 80 mm.
(b) Soxhiet extraction apparatus.— Interior dimension of 

extraction tube, 30 mm.
(c) Glass beads.— 3-4  mm diameter.
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T able  1 . C o lla b o r a tiv e  r e s u lt s  fo r  d e te rm in a tio n  o f  to ta l
fa t  c o n te n t , %, o f  s a m p le  1 (c a n n e d  h am ) b y  S o x h le t  a n d
S o x t e c  a n a ly s e s

Soxhlet analysis

Coll. Day 1 Day 2

1 4.29 4.49 4.53 4.42
2* 8.45 7.45 5.80 5.94
3 4.53 4.46 4.56 4.51
5 4.63 4.72 4.65 4.61
6 4.57 4.54 4.95 4.77
7 4.56 4.71 4.43 4.73
8 4.48 4.58 4.71 4.50
9 4.44 4.52 4.64 4.81

10 4.83 4.65 4.53 4.71
11 4.80 4.70 4.80 4.80
12 4.53 4.61 4.80 4.85

Soxtec analysis

Coll. Day 1 Day 2

1 4.23 4.40 4.08 4.33
2 4.36 4.31 4.23 4.16
3 4.34 4.39 4.38 4.44
5 4.54 4.54 4.37 4.35
6 4.35 4.30 4.32 4.35
7 4.27 4.38 4.32 4.14
8 4.26 4.40 4.42 4.42
9 4.11 4.35 4.45 4.43

106 4.34 5.16 4.37 5.80
11 4.20 4.40 4.30 4.50
12 4.32 4.31 4.55 4.51

a All results outliers by Cochran test and single Grubbs test. 
b All results outliers by single Grubbs test.

Reagents

(a) Petroleum ether.— A O C S specification  H 2-41 or 
AOAC 10.118,12th Ed.

(b) Sand.— 0.004 g extractable/5 g.
(c) Cotton.— Defatted.

Extraction and Analysis (2)

Accurately weigh, by difference, 3 g sample into thimble 
containing small amount of sand. Mix sand and sample with 
glass rod. Add more sand if necessary. Place thimble in 50 mL 
beaker and dry in mechanical convection oven for 1.5 h at 
125°C. Remove from oven and let cool. Loosen sample-sand 
mixture, wipe glass rod with small amount o f cotton, and place 
cotton in top of thimble.

Accurately weigh extraction flask containing a few  glass 
beads. Extract sample 4 h with 80 mL petroleum ether at con­
densation rate of at least 5 -6  drops/s in Soxhlet extraction ap­
paratus. (Rinse 50 mL beaker with petroleum ether and add 
rinsings to extraction tube.) At completion of extraction, evap­
orate petroleum ether until no odor is detected. Dry flask and

Table 2. Collaborative results for determination of total 
fat content, %, of sample 2 (ground beef) by Soxhlet and 
Soxtec analyses

Soxhlet analysis

Coll. Day 1 Day 2

1 27.57 27.74 27.69 27.86
2a 36.24 38.16 30.22 30.57
3a 27.50 27.50 41.39 29.82
5 26.86 27.51 27.71 27.79
6 27.39 28.17 28.58 28.28
7 26.90 26.90 27.30 27.20
8 27.96 27.23 27.27 27.54
9b 28.16 25.05 27.28 22.43

10 27.38 27.37 27.66 27.49
11 27.90 27.00 28.00 27.60
12 27.72 27.51 27.81 28.15

Soxtec analysis

Coll. Day 1 Day 2

1 27.67 27.27 27.20 26.17
2 27.23 27.76 27.42 27.51
3 26.41 26.87 26.65 26.68
5 26.77 27.02 27.18 25.88
6 27.20 26.94 28.99 29.72
7 26.60 26.90 27.40 27.60
8 27.40 27.20 26.82 27.48
9 27.95 27.49 27.37 27.60

10 27.32 27.15 26.99 27.39
11 27.00 27.30 27.50 27.30
12 27.66 27.42 27.52 27.89

a All results outliers by paired Grubbs test. 
b All results outliers by single Grubbs test.

contents 2 h in mechanical convection oven at 125°C. Cool 
and weigh.

Calculation

Fat content, % = [100 x (B-C)]/A

where A = sample weight, B = weight of flask after extraction, 
and C = weight of flask before extraction.

991.36 Fat (Crude) In Meat and Meat
Products— Solvent Extraction (Submersion) Method

Final Action 1991

(Applicable to meat and meat food products that can be an­
alyzed using 96039, 97631, and 985.15.)

Method Performance:
Mean, 4.34% fat
Sj = 0.106; sR = 0.112; RSDr = 2.44%; RSDr = 2.59% 
Mean, 27.29% fat
Sf = 0.534; sR = 0.637; RSDr = 1.95%; RSDr = 2.33%
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Table 3. Collaborative results for determination of total 
fat content, %, of sample 3 (frankfurters) by Soxhlet and 
Soxtec analyses

Soxhlet analysis

Coll. Day 1 Day 2

1 28.45 28.64 27.98 27.87
2 30.06 29.79 29.07 29.50
3 27.32 23.31 27.70 27.77
5 28.18 28.26 28.52 27.79
6 26.78 27.50 28.09 27.40
7 29.30 28.70 28.70 28.30
8 28.28 28.31 28.28 28.43
9a 28.25 23.72 20.07 20.76

10 28.17 28.28 27.98 28.30
11 28.10 28.40 28.40 28.10
12 28.15 28.66 28.94 28.55

Soxtec analysis

Coll. Day 1 Day 2

1 28.09 28.05 28.14 28.05
2 27.92 28.04 26.61 27.56
3 27.62 27.94 27.41 27.91
5 27.39 27.71 27.31 28.21
6 27.82 27.66 26.74 26.68
7 28.40 27.90 28.20 27.80
8 28.61 27.95 28.15 27.93
9 27.76 28.01 30.76 30.76

10 28.24 28.17 27.59 28.29
11 27.60 26.50 27.70 27.90
12 28.07 27.70 28.19 28.70

a All results outliers by single Grubbs test.

Mean, 27.95% fat
sr = 0.648; sR = 0.793; RSDr = 2.32%; RSDr = 2.84%
Mean, 34.51% fat
sr = 0.764; sR = 0.799; RSDr = 2.21%; RSDr = 2.31%
Mean, 33.57% fat
s, = 0.340; sR = 0.516; RSDr = 1.01%; RSDr = 1.53%
Mean, 26.20% fat
s, = 0.406; sR = 0.613; RSDr = 1.55%; RSDr = 2.34%

A. Principle

Soluble material is extracted from dried samples of meat 
and meat food products by 2-step treatment with petroleum 
ether solvent. Solvent is recovered by condensation, leaving 
extracted soluble material, which is determined by weight 
after drying.

B. Apparatus

(a) E xtraction system .—Capable of simultaneous extrac­
tion of 6 samples. Extraction unit for solvent addition to cups,
2-stage extraction process, and solvent recovery cycles. Ser­
vice unit to supply hot oil through insulated tubing to extraction

T able  4 . C o lla b o ra tiv e  r e s u lt s  fo r  d e te rm in a tio n  o f  to ta l
fa t c o n te n t , %, o f  s a m p le  4  (fre sh  p ork  s a u s a g e )
b y  S o x h le t  a n d  S o x t e c  a n a ly s e s

Soxhlet analysis

Coll. Day 1 Day 2

1 34.59 34.55 34.13 33.98
2 37.73 36.21 35.83 36.27
3 31.95 35.64 35.09 34.91
5 34.76 35.47 35.00 35.09
6 34.72 35.84 35.92 34.70
7a 34.40 34.50 34.40 34.50
8 36.14 34.98 35.23 34.09
9 31.46 29.97 30.39 —

10 35.14 34.72 34.83 34.60
11 34.40 34.40 34.70 34.80
12 34.61 34.79 35.67 36.07

Soxtec analysis

Coll. Day 1 Day 2

1 35.02 34.32 34.77 34.12
2 35.56 33.38 34.19 34.95
3 35.13 35.30 35.57 34.87
5 35.76 34.47 34.20 33.76
6 35.01 34.63 34.44 34.56
7 34.70 34.60 34.70 34.60
8 35.49 33.21 34.23 34.52
9 35.06 34.07 31.26 33.62

10a 24.93 30.76 32.94 32.15
11 34.20 34.60 34.30 33.80
12 34.71 35.65 34.35 34.87

* All results outliers by single Grubbs test and Cochran test.

unit and to pump air for evaporation o f last traces o f  solvent 
from cups (Soxtec system meets these specifications).

(b) Thimbles and stand.— 26 x 60 mm, cellulose thimbles 
and stand to hold 6 thimbles.

(c) Extraction cups.— 44 mm id, 60 mm height, aluminum.
(d) Glass beads.— 3 -4  mm diameter.
(e) Mechanical convection oven.— Capable o f maintaining 

125 ± 1°C.
Items (a )-(c ) are available as Soxtec system from Perstorp 

Analytical/Tecator Inc., 2875 C Towerview Rd, Herndon, VA 
22071

C. Reagents

(a) Petroleum ether.— To meet specifications in 945.16A .
(b) Sand.— 0.004 g extractables/5 g.
(c) Cotton.— Defatted.

D. Determination

Accurately weigh ca 3 g sample into thimble. Add sand to 
sample and mix with glass rod. Place thimble in thimble stand 
and dry 1 h in 125°C oven. Remove from oven and let cool. 
Loosen sample/sand mixture using glass rod. Wipe glass rod
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T able 5 . C o lla b o r a tiv e  r e s u lt s  fo r  d eterm in a tio n  o f  to ta l
fa t  c o n te n t , %, o f  s a m p le  5  (hard sa la m i) b y  S o x h le t  and
S o x te c  a n a ly s e s

Soxhlet analysis

Coll. Day 1 Day 2

1 34.17 34.91 33.44 33.32
2 34.84 34.58 34.68 34.74
3 33.70 34.64 33.61 34.13
5 33.80 34.07 33.74 34.10
6 35.06 31.95 34.04 32.69
7 33.90 32.06 34.50 34.20
8 34.35 34.72 34.11 33.33
9s 26.98 28.29 34.60 34.31

10 33.70 34.60 35.42 34.45
11 33.80 34.90 34.20 33.90
12 35.37 35.06 33.75 33.46

Soxtec analysis

Coll. Day 1 Day 2

1 33.79 32.94 33.21 32.98
2 33.07 33.87 32.56 33.23
3 33.30 33.32 33.37 33.35
5 33.33 33.38 32.82 33.11
6 33.10 32.83 33.41 33.56
7 33.20 33.90 33.40 33.50
8 33.69 33.66 32.96 33.22
9 34.19 34.32 34.76 34.36

10 34.03 33.82 34.09 33.50
11 34.40 33.60 33.90 33.80
12 34.21 33.41 34.14 34.45

a All results outliers by single Grubbs test.

w ith  sm all amount o f  cotton and place cotton in  top o f thim ble. 
Transfer th im b le  to extraction unit.

A ccu ra te ly  w e igh  extraction cup con ta in ing a few  glass 
beads. Extract sample w ith  40 m L  petro leum  ether in bo ilin g  
position fo r  25 m in  and in  rinsing position fo r  30 m in. A d just 
tem perature o f  service u n it to ensure condensation rate a5 
drops/s. A t  com ple tion  o f  extraction, close condenser valves 
and recover ether.

D ry  cup  and c o n te n ts  30  m in  in  12 5°C  ove n . C o o l 
and w eigh.

E. Calculation

Calculate percent fa t in  sample as fo llow s:

Fat content, %  =  [(B  - C ) x  100]/A

where A  -  sample w e ight, B  =  w e igh t o f  extraction cup after 
dry ing , and C  = w e igh t o f  extraction cup before extraction. 

Ref.: J .  A O  A C  Int. 75, M a rc h /A p ril issue (1992)

Results and Discussion
The m ajor d ifference between the 2 methods is the type o f 

extraction apparatus used and the resu lting difference in  extrac-

Table 6. Collaborative results for determination of total 
fat content, %, of sample 6 (beef patties with soy) 
by Soxhlet and Soxtec analyses

Soxhlet analysis

Coll. Day 1 Day 2

1 26.56 26.37 26.04 26.36
2 28.45 28.40 27.72 27.91
3 26.69 27.34 26.65 26.90
5 26.46 26.81 25.77 26.28
6 25.45 26.73 25.52 27.04
7 28.00 28.40 26.70 26.80
8 26.69 26.33 26.46 26.60
9a 20.25 19.72 26.95 27.14

10 26.78 26.92 26.74 25.93
11 27.10 27.10 26.90 26.60
12 26.57 26.90 26.92 26.74

Soxtec analysis

Coll. Day 1 Day 2

1 25.92 26.31 25.79 25.91
2 25.68 26.58 26.09 25.00
3 26.30 26.41 26.31 26.28
5 26.17 26.08 25.81 27.05
6 25.45 24.94 25.33 24.64
7 27.10 27.20 26.30 26.30
8 26.56 26.31 26.36 26.02
9 26.84 27.11 26.85 26.82

10 25.53 26.29 26.22 26.73
11 26.40 25.90 26.90 26.50
12s 26.42 20.09 26.80 19.19

a All results outliers by single Grubbs test.

tion  time. In  the Soxtec method, both the pre-extraction and 
postextraction d ry ing  times are reduced. A l l  other sample han­
d ling  and preparation steps, inc lud ing  the m ix in g  o f sand and 
meat in  the extraction th im ble , should be perform ed in  an iden­
tica l manner. The differences between the methods are as fo l­
lo w s : (1) P re -e x tra c tion  d ry in g : S oxh le t, 1.5 h  at 125°C; 
Soxtec, 1 h at 125°C. (2) Extraction: Soxhlet, 4 h; Soxtec, 55 
m in  total— 25 m in  “ b o ilin g  step”  and 30 m in  “ rinsing step.”  (5) 
Postextraction drying : Soxhlet, 2 h at 125°C; Soxtec, 30 m in  
at 125°C.

A na ly tica l results obtained b y  the pa rtic ipa ting  laboratories 
are shown in  Tables 1 -6 . O utlie rs were determ ined using the 
Cochran test, the single Grubbs test, and the paired Grubbs test. 
In  summary, outliers by Soxhlet analysis were Co llaborator 2, 
Samples 1 and 2; C o llaborator 3, Sample 2; and Collaborator 
9, Samples 2, 3, 4, 5, and 6. F o r Soxtec analysis, ou tlie rs 
were Collaborator 10, Samples 1 and 4, and Collaborator 12, 
Sample 6. The summary shows that C o llaborator 9 had consid­
erable d if f ic u lty  w ith  the S oxh le t m ethod bu t no t w ith  the 
Soxtec method.

Table 7 summarizes the statistical evaluation o f  the data cal­
culated using the “ balanced or unbalanced rep licate”  method.
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Table 7. Summary of statistical evaluation of data 
by “balanced or unbalanced replicate” method

Sample
% Total 

fat, mean

Repeatability Reproducibility

MethodSr RSDr, % SR RSDr, %

1 4.62 0.122 2.63 0.146 3.15 Soxhlet
1 4.34 0.106 2.44 0.112 2.59 Soxtec

2a 28.35 2.481 8.75 3.133 11.05 Soxhlet
2 27.29 0.534 1.95 0.637 2.33 Soxtec

3 28.21 1.555 5.52 1.568 5.57 Soxhlet
3 27.95 0.648 2.32 0.793 2.84 Soxtec

4 34.98 0.734 2.09 0.910 2.60 Soxhlet
4 34.51 0.764 2.21 0.799 2.31 Soxtec

5 34.10 0.769 2.25 0.771 2.26 Soxhlet
5 33.57 0.340 1.01 0.516 1.53 Soxtec

6 26.81 0.466 1.74 0.716 2.67 Soxhlet
6 26.20 0.406 1.55 0.613 2.34 Soxtec

a All data included in statistical calculations. See text.

In  calcula ting R S D r, s „ RSD r , and sR fo r  the 2 methods, all 
results fo r  Soxhlet analysis o f  Sample 2 had to be used. B e­
cause there were 3 outliers (out o f  a to ta l o f  11 laboratories) fo r 
the Soxhlet analysis o f Sample 2, e lim ination o f a ll o f  these 
outliers w ou ld  have been greater than 2/9ths o f the tota l labo­
ratories. Therefore, according to A O A C  guidelines, a ll o f  these 
results had to be incorporated in to  the calculations fo r repeat­
a b ility  and rep roduc ib ility  fo r the Soxhlet analysis o f Sample 2.

O utliers were s ign ifican tly  few er fo r the Soxtec technique. 
R esu lts  b y  S ox tec  an a lys is  had a s lig h t ly  ne ga tive  b ias 
compared to Soxhlet results obtained on the identical samples. 
In  general, the S oxtec m ethod  generated resu lts tha t had 
low er R S D r, sr, R S D r , and sR va lues  than those fo r  the 
Soxhlet method.

Recommendation

The Soxtec system gives analytical results that are equiva­
lent to results obtained using the conventional Soxhlet ana lyti­
cal technique. W e recommend that the m ethod using the Soxtec 
system be adopted firs t action fo r  determ ination o f to ta l fa t in  
a ll meat and meat food products that can be currently  analyzed 
using A O A C  methods 960.39, 976.21, and 985.15.

This analysis w i l l  be used as an optional m ethod to those 
currently used to determ ine the to ta l fa t content in  meat and 
meat food products by ether extraction.
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MICROBIOLOGICAL METHODS

A u t o m a t e d  C o n d u c t a n c e  M e t h o d  f o r  t h e  D e t e c t i o n  

o f  Salmonella i n  F o o d s :  C o l l a b o r a t i v e  S t u d y

D onald M . G ibson

M in is try  o f A g ricu ltu re , F isheries and Food, T o rry  Research Station, PO B ox 3 1 ,1 3 5  A bb ey  Rd, Aberdeen, A B 9  8D G , U K  
P hilip C oombs* 1 and David W. P imbley

M althus Instrum ents L td , The M anor, M anor Royal, C raw ley, West Sussex, R H 10 2PY, U K

Collaborators: J. B ird ; F.J. B o lton ; A . Buchan; M . C irig liano ; P. Coombs; J. Cooper; R. Dyer; P. H igg ins; K . Huether; J. Jones;
N. Lawson; T. M ackie ; P. Neaves; I. Ogden; I. Poole; P. Sm ith; C.J. W ood; S. B uckland (Statistical C onsultant)

Seventeen laboratories participated in a collabora­
tive study to validate an automated conductance 
method for the rapid detection of Salmonella in 
food. The conductance method was compared with 
the standard BAM/AOAC method for the Isolation 
of Salmonella. Media for the conductance method 
were supplied In ready-to-use, disposable, single­
use cells of a novel, unique design. Samples of co­
conut, fish meal, prawns, nonfat dried milk, liquid 
egg, and minced beef were artificially contami­
nated with different Salmonella serotypes to 2 tar­
get levels of 1 -5  cells/25 g and 10-50  cells/25 g. 
Each participating laboratory tested 10 contami­
nated and 5 noncontaminated samples per prod­
uct. Results showed no significant difference 
between BAM/AOAC and conductance methods. 
The conductance method was adopted by AOAC In­
ternational as a first action method.

C on ven tion a l m ethods fo r  iso la tin g  Sa lm o n ella  f ro m  
food are laborious, tim e-consum ing, and require at least 
4 days to g ive  a result (1, 2). M ore  rapid methods based 

on measurement o f  the changes in  e lectrical conductance o f 
media caused by  m ic ro b ia l g row th  were described (3 ,4 ). C om ­
m erc ia lly  available automated instruments can perform  hun­
dreds o f  assays sim ultaneously and, be ing computer-based, can 
produce data continuously. The use o f  such systems was re­
v iew ed (5).

The conductance m ethod consists o f  pre-enrichm ent o f  food 
samples fo llow e d  by  an assay in  selective media. Changes in

Received for publication September 10,1991.
1 Present address: Radiometer America, Inc., 811 Sharon Dr, Westlake, 

OH 44145
This report was presented at the 104th AOAC Annual International 

Meeting, September 10-13,1990, New Orleans, LA.
The recommendation was approved by the General Referee and the 

Committee on Microbiology and Extraneous Materials and was adopted by 
the Official Methods Board of AOAC. See “Changes in Official Methods of 
Analysis,” / .  A O A C Int. (1992) 75,223-225.

the e lectrical conductance o f  these m edia, due solely to the 
grow th  and m etabolism  o f  the m icrobes in  the sample, are mea­
sured through a pa ir o f  electrodes in  the grow th  m edium. W hen 
conductance values reach a certain m agnitude, the test is re­
garded as positive.

The pro tocol fo r  the detection o f  Sa lm o n ella  consists o f  pre­
enrichment in  buffered peptone w ater (B P W ) conta in ing lysine 
and glucose (6) and then subculture in to  2 selenite-based media 
(3, 4) contain ing trim ethy lam ineW -ox ide  and d u lc ito l (Salm o­

n ella  M ed ium  1) and lysine (Sa lm o n ella  M ed ium  2) he ld in 
disposable cells. The cells are connected to a M althus analyzer 
and autom atica lly m onitored. Results can be displayed as pre­
sum ptive pass/fail, as conductance data, or graphically. The 
m ethod was evaluated in  a precollaborative tr ia l w ith  24 foods, 
and the results indicate that i t  was as sensitive as the standard 
culture methods (7).

A  collaborative study has been perform ed to compare the 
conductance method w ith  conventional culture methods. The 
s tud y  w as des igned  and p e rfo rm e d  in  acco rdance  w ith  
A O A C  requirements.

Collaborative Study

Food Products

The food products selected fo r  eva luation w ere representa­
tive  o f  those im plica ted in  Sa lm o n ella  food po isoning and in ­
cluded coconut, fish  meal, prawns, nonfat dried m ilk  (N F D M ), 
liq u id  egg, and m inced beef. Samples (ca 50 o r 75 g aliquots) 
were prepared at M althus Instrum ents Laboratory, Crawley, 
U K , under the supervision o f  the Associate Referee and fo llo w ­
ing  guidelines proposed by A ndrew s (8). Samples were d is trib ­
uted by  carrier to the 17 collaborators in  the U n ited  K ingdom  
and the U n ited States.

Collaborators each received a set o f  15 samples per product: 
5 un inoculated controls, 5 samples inoculated w ith  a lo w  target 
leve l o f  S a lm o n ella  (1 -5  cells/25 g), and 5 w ith  a h igh target 
leve l (1 0 -5 0  cells/25 g) (Table 1). S a lm o n ella  spray-dried in 
m ilk  was used to inoculate the lo w  water a c tiv ity  (aw ) foods,
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Tab le  1. Test p rod u c ts , te s t o rg a n ism s , and Inocu la tion  le ve ls

Product Salmonella serotype Target inoculation level8 Most probable No./ g

Coconut S. montevideo low 0.09
S. agona high 0.09

Fish meal S. agona low 0.03
S. montevideo high 0.03

Prawns S. enteritidis low <0.01
S. typhimurium high <0.01

Nonfat dried milk S. agona low <0.03
S. montevideo high 1.3

Liquid egg S. typhimurium low 0.09
S. enteritidis high 0.09

Minced beef S. typhimurium low 2.3
S. typhimurium high > 120

8 Low = 1-5 cells/25 g; high = 10-50 cells/ 25 g.

e.g., coconut, fish meal, and NFDM. Collaborators were re­
quired to set up positive product controls at the time of testing. 
For low aw products, 5 g NFDM containing 103 Salmonella 
was reconstituted in BPW, added to the product, and tested ac­
cording to the conductance protocol. For high aw products, a 
frozen culture of 10' Salmonella!mL in tryptone soy broth 
(TSB)-glycerol was defrosted, diluted in BPW, and added to 
product that was then tested according to the conductance pro­
tocol.

For the conductance protocol, the conductance responses 
had to meet the respective criteria for the 2 media (see below). 
Media negative controls were also performed by adding
0.1 mL BPW -lysine-glucose (BPW -L-G ) to each conduc­
tance medium. The conductance responses for the negative 
controls had to be less than the criteria for a presumptive posi­
tive Salmonella result.

Media Preparation

All media for the BAM/AOAC method and confirmatory 
tests were supplied to the collaborating laboratories in dehy­
drated form and prepared according to AOAC instructions (see 
AOAC method 967.25). Each medium used throughout the 
trial came from the same production batch. All media for the 
conductance method were provided in hydrated form. Batches 
( 1 L) of BPW -L-G  were prepared, the pH was adjusted to 7.2, 
and the batches were autoclaved 20 min at 115°C. The sterile 
medium was dispensed aseptically in 225 mL volumes in pots 
(Medfor, Fleet, UK) and stored at 20°C before dispatch to col­
laborating laboratories.

The conductance media were supplied in ready-to-use dis­
posable cells containing Salmonella Media 1 and 2. Each me­
dium was prepared, the pH was adjusted, and they were filtered 
through a 0.22 pm membrane filter and dispensed aseptically 
into disposable cells. These media were stored at 10°C for up 
to 2 weeks before dispatch to collaborating laboratories.

Quality Control o f Conductance Media

All pre-enrichment broths (BPW -L-G ) were incubated to 
confirm sterility. Portions of these broths were also tested with 
a pure culture of S. enteritidis and with products spiked with 
the respective Salmonella strains listed in Table 1. These were 
subcultured to Salmonella Media 1 and 2 to confirm that they 
gave the expected conductance responses.

Most Probable Number Determination

Most probable number (MPN) determinations were per­
formed on 2 samples selected at random from each of the neg­
ative, low, and high inoculum products to establish the levels 
of Salmonella (9).

Sample Analysis

From each sample and control, a 25 g test portion was ana­
lyzed by the BAM/AOAC culture method; a separate 25 g test 
portion was analyzed by the conductance method. Pre-enrich­
ment, enrichment, isolation, and confirmation of isolates for 
the BAM/AOAC method were performed according to AOAC  
method 967.25-967.28. For the conductance method, test por­
tions were pre-enriched in B PW -I^G  for 16 h at 35°C. Then, 
0.1 mL volumes of pre-enrichment culture were inoculated 
into disposable cells containing Salmonella Media 1 and 2, 
placed in the instrument, and incubated up to 30 h at 35°C. Tests 
were considered positive if they exceeded selected criteria for 
either or both media. Positive tests were confirmed according 
to BAM/AOAC procedures.

Analysis o f Data

The specificity rates (p_) and their standard errors (s.e.(p_)) 
were calculated as percents using the following relationships:

p_ = 1000 (2  a,- /  Sffj,)
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s.e.(p_) -  lOtf^Za? -  (Zai)2/L)/m 2L(L  -  1)]*

where a\ = number of analyzed negative test portions among 
“known” negative test portions per laboratory; m; = number of 
“known” negative test portions per laboratory; m = average of 
m, values; andL = number of laboratories.

The sensitivity rates (p+) and their standard errors (s.e.(p+)) 
were calculated as percents, using the relationships:

p + -  100 (Zai / 2/n,)

s.e.(p+) -  1002[(2a? -  (Xa,)2/L)/m 2L(L -  1)]*

where a, = number of analyzed positive test portions among 
“known” positive test portions per laboratory; m { = number of 
“known” positive test portions per laboratory; m = average of 
mj values; andL = number of laboratories.

The data, percentages of samples that were positive (Salm o­
nella present), were transformed to arcsin angles [angle = 
(percentage)13] for each laboratory and method at a given

Tab le  991.38. M e thod  pe rfo rm an ce  fo r  991.38 
au tom ated  co n d u c ta n ce  m ethod  fo r  S a l m o n e l l a  in  fo o d s8

Food type Level Method6
Performance

rate6

Coconut low B 72.00 (9.32)
M 72.00 (7.25)

high B 77.33 (9.33)
M 86.67 (5.04)

Fish meal low B 27.50 (5.74)
M 36.25 (7.12)

high B 38.75 (8.05)
M 80.75 (8.56)

Prawns low B 1.54 (2.54)
M 3.07 (2.08)

high B 26.15 (8.28)
M 23.08 (7.79)

Nonfat dried milk low B 27.06 (6.17)
M 29.41 (6.67)

high B 92.94 (5.93)
M 95.29 (4.72)

Liquid egg low B 87.69 (4.82)
M 92.30 (2.82)

high B 95.38 (2.43)
M 93.85 (4.17)

Minced beef low B 100.00 (0.00)
M 100.00 (0.00)

high B 100.00 (0.00)
M 100.00 (0.00)

a An analysis of variance (ANOVA) technique applied to the data 
indicated that the method means were not significantly different 
(P> 0.05) at each level of inoculum for each food type.

6 B = BAM/AOAC method; M = automated conductance method. 
c Performance rate is shown as sensitivity (standard error in 

parentheses). Performance rate for specificity was 100.00 (0.00) 
at both levels for each method for all food types listed.

level, and an analysis o f variance was used to compare the 
method means.

9 9 1 .3 8  S alm onella  in  F o o d s — A u to m a te d  
C o n d u c ta n c e  M eth o d

F irs t A c tio n  1991

Method is test procedure for presumptive presence of Sal­
monella in all foods. Positive assays must be confirmed by 
standard culture methods (see J).

A. Principle

Samples are pre-enriched in buffered peptone water-ly­
sine-glucose broth followed by 2-tube conductance assay in 
selenite-based media containing trimethylamine-iV'-oxide and 
dulcitol (Salmonella Medium 1) and lysine (Salmonella Me­
dium 2). Salmonella spp. typically give large conductance 
changes in these 2 m edia com pared to those for non- 
salmonellae. Presumptive positive result is obtained within 
48 h.

B. Method Performance

See Table 99138  for method performance data.

C. Apparatus

(a) Microbiological analyzer.— Analytical instrument op­
erating at 35°C that measures microbial growth based on con­
ductance changes recorded at frequency of 10 kHz. Changes 
are detected by 2 electrodes, capable of detecting a conduc­
tance change of <1.00 pS (microsiemens), inserted into growth 
medium at 35°C. (Equipment meeting these specifications is 
available from Malthus Instruments Ltd, The Manor, Manor 
Royal, Crawley, West Sussex, RH10 2PY, U K ) The Malthus 
system consists o f 1 or 2 analyzers with an IBM-compatible 
personal computer (PC). The system has 240 test capacity with 
automatic data collection.

(b) Automatic pipet.— Capable of delivering 100 pL.

D. Media and Reagents

Items (a) and (b) are available from Malthus Instruments 
Ltd. Equivalent media may be used.

(a) Pre-enrichment broth.— 10.0 g bacteriological pep­
tone, 5.0 g sodium chloride, 3.5 g disodium phosphate-2H20 ,
1.5 g potassium dihydrogen phosphate-H20 , 5 g L-lysine, and 
5 g D-glucose. Suspend ingredients in 1 L water and dispense 
225 mL volumes into screw-cap containers. Autoclave 20 min 
at 115°C. Final pH should be 7.2 ± 0.2.

(b) Selective conductance media.—(Caution: Media con­
tain sodium biselenite. Avoid contact with skin.) (1) Salmo­
nella Medium 1 (Easter and Gibson).— Suspend 5.0 g 
bacteriological peptone, 10.0 g disodium hydrogen phosphate 
(Sorenson), 5.0 g dulcitol, 5.6 g trimethylamine oxide-HCl, 
and 4.0 g sodium hydrogen selenite in 1 L water. Add 1 mL 
L-cystine solution prepared by dissolving 0.1 g L-cystine in 
15 mL IN  NaOH and diluting to 100 mL with sterile water. 
Final pH should be 7.2 ± 0.2.
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(2) Salmonella Medium 2.—Suspend 5.0 g lactalbumin hy­
drolysate, 10.0 g D-glucose, 10.0 g L-lysine, and 4.0 g sodium 
hydrogen selenite in 1 L water. Add 10 mLL-cystine solution 
as in (b)(2). Final pH should be 6.5 ± 0.2.

Sterilize conductance media, (b), by filtration through a 
bacteriological filter. Aseptically dispense filtered media into 
sterile growth chambers or cells compatible with automated 
conductance analyzer.

(c) Sodium hydroxide solution.—IN.
(d) Hydrochloric acid solution.—IN.

E. General Instructions

Selective conductance media in cells must be stored at 4 -  
6°C. Media are stable at 4—6°C for 6 months from date of man­
ufacture. Let media equilibrate to room temperature 
before inoculation.

Include positive [Salmonella typhimurium, NCIMB 13034 
(National Collections of Industrial and Marine Bacteria, 23 St 
Machar Dr, Aberdeen AB2 1RY, Scotland)] and negative con­
trols (Escherichia coli, ATCC 25922) to ensure correct func­
tioning of both media and analyzer.

F. Preparation o f Samples

(a) Pre-enrichment.—Aseptically weigh 25 g sample into 
225 mL pre-enrichment broth, (D)(a), in suitable container. 
Mixing and blending procedure will vary according to product. 
If product is liquid, powdered, ground, or comminuted, blend­
ing may be omitted. Blend noncomminuted and whole prod­
ucts 2 min. Cap container and let stand 60 min at room 
temperature. Mix well, and determine pH with test paper. If 
necessary, adjust pH to 7.2 ± 0.2 using sterile IN NaOH or HC1. 
Mix well before determining final pH. Aseptically transfer 
sample to a sterile screw-cap 500 mL container. Loosen cap 1/4 
turn and incubate 16-24 h at 35 °C.

(b) Selective enrichment.—Transfer 0.1 mL incubated pre­
enrichment culture to Salmonella Media 1 and 2 in disposable 
cells. Incubate at 35'C until criteria for a presumptive positive 
result are met, for maximum of 30 h.

(c) Subculture.—Any cell that gives presumptive positive 
result must be subcultured immediately by streaking a loop-full 
of broth onto Hektoen enteric agar (HE), xylose lysine 
desoxycholate agar (XLD), and bismuth sulfite agar (BE), as in
967.26.

G. Installation o f Analyzer

(1) Connect analyzer to an IBM AT compatible PC via 
RS232 ports using cable provided.

(2) Connect analyzer and PC to main power supply.
(5) Connect cooler tubes to ports at rear of cooler and an­

alyzer.
(4) Connect cooler interface cable to DIN sockets at rear of 

cooler and incubator. If only 1 analyzer is in use, connections 
labeled “Incubator 1” must be used.

(5) Check that analyzer is level, switch on and fill with dis­
tilled or deionized water through front compartment. Continue 
filling until “STOP FILLING” message appears on display.

Once filled, analyzer can be topped through port on top of in­
strument.

(6) Connect cooler to main power supply but do not switch 
on. Fill cooler with 3 L 33% v/v ethylene glycol-based anti­
freeze solution through port on top o f unit. Top with coolant 
until “STOP ADDING COOLANT” message appears on an­
alyzer display.

(7) Ensure that MS-DOS is installed on PC. Switch on PC 
and when C> prompt appears, place software installation Disc 
1 (Malthus) in drive A, type A:install, and then follow on­
screen prompts.

(8) When installation is complete, load program by typing 
C:\MALTHUS <ENTER> and then MALTHUS, or reboot PC 
if automatic loading option was selected during installation.

(9) Before analyzer can be used, configuration must be set. 
Select “SYSTEM” from Main Menu and press <ENTER>. Se­
lect “change config” (F6) option from program initialization 
menu and follow on-screen prompts. Return to initialization 
menu by pressing F10.

(10) Set analyzer temperature to 10°C from “change tem­
perature” option (F5). Return to initialization menu and select 
“Start new test” (FI).

(11) Cooler must now be bled to prime pump and remove 
air from system. After temperature is set, wait 10 min then iden­
tify cooler tube connected to lower port on cooler (marked 
“OUT”). Disconnect this tube from port on analyzer and place 
end in suitable container at level below that of cooler. Let cool­
ant discharge from tube until no bubbles appear. Recon­
nect tube.

(12) Set analyzer temperature to 35°C by selecting “UTIL­
ITIES” option from Main Menu and then selecting “change 
temp” (F7). Temperature of water in analyzer is indicated on 
display panel. Ensure that temperature is stable before starting 
a test.

H. Operation o f Analyzer

(1) Ensure that all components o f system are connected and 
operating in accordance with manufacturer’s user guide.

(2) Check that system software is loaded and that analyzer 
display indicates correct incubation temperature (35°C). If not, 
use “Utilities” option to set correct temperature.

(3) Inoculate cell and tighten cap securely.
(4) Locate cell electrode contacts in cell connector cap and 

push to connect. Avoid excessive force.
(5) Place cell in one of holes in analyzer and locate connec­

tor in adjacent slot on printed circuit board (PCB). Push down 
firmly without twisting.

(6) Note position of cell in incubator and record for fu­
ture reference.

(7) Once sample is placed in analyzer, data are collected and 
processed automatically. Presumptive positive Salmonella results 
are highlighted and should be confirmed as described in J.

I. Interpretation

Criteria for presumptive positive result for Salmonella Me­
dium 1 are an overall conductance change a200 p.S and maxi­
mum rate of change &25 piS/h and for Salmonella Medium 2,
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Tab le  2. N um be r o f te s t p o rt io n s

Product No" Np (low)6 Np (high)6 Total

Coconut 85 85 85 255
Fish meal 85 85 85 255
Prawns 65 65 65 195
Nonfat dried milk 85 85 85 255
Liquid egg 65 65 65 195
Minced beef 65 65 65 195

a Nn = number of negative test portions.
6 Np (low) = number of positive test portions with low target 

inoculum level.
c Np (high) = number of positive test portions with high target 

inoculum level.

overall conductance change a 100 piS and maximum rate of 
change &25 piS/h.

Overall conductance change and rate of change are mea­
sured from detection time, which is defined as time at which 
differences between consecutive conductance readings from a 
test cell exceed a preset threshold value (0.8 pS).

J. Confirmation o f Presumptive Positive 
Conductance Results

Presumptive positive conductance assay indicates that Sal­
monella may be present. All presumptive positive results must 
be confirmed as in 967.25-967.28.

Ref.-.J.AOACInt. 75, March/April issue (1992)

R e s u lts

Thirteen laboratories tested all 6 products, and 4 labora­
tories tested only coconut, fish meal, and NFDM. Test prod­
ucts, organisms, target inoculation levels, and MPNs are 
shown in Table 1. The numbers o f test portions per product 
are shown in Table 2. Results submitted by the collaborators 
were checked against the data on floppy discs and are sum­
m arized in Tables 3 -8 . A  com parison o f data for both 
BAM /AOAC and conductance methods for all products is 
presented in Table 9.

Coconut

A ll 17 collaborators tested samples of coconut. The Salmo­
nella MPNs at the time of testing were 0.09 cells/g and 0.09 
cells/g for the low and high target inoculum levels, respectively 
(Table 1). Trial data for coconut are shown in Table 3. Labora­
tories 1 and 13 detected Salmonella in an uninoculated control 
sample, so their data were excluded from the statistical analy­
sis. The total numbers of positive samples by both methods and 
for each inoculum level are shown in Table 9. One laboratory 
(Table 3) failed to detect any of the positive samples by the 
BAM/AOAC method, and another found only 1 sample to be 
positive. However, in an earlier study, the BAM/AOAC and 
conductance methods gave similar recovery rates for Salmo­
nella in coconut (9). Also, in a pilot exercise before the collab­
orative study, all laboratories received coconut samples and 
their results were equivalent for both BAM/AOAC and con-

Tab le  3. D e tection  o f S a l m o n e l l a  in c o co n u t by  B A M /A O A C  and  co n d u c ta n ce  m e thods

BAM/AOAC8 Conductance6

Sample No.c

Laboratory 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7 8 9 10 h 12 13 14 15

1d _ + _ _ _ _ + + + + + + + + 4- 4- 4- 4- 4- - 4- _ 4- 4-
2 - - - - - + + + + + + + + + 4- - - - - - 4- 4- 4- + 4- 4- 4- 4- 4- 4-
3 - - - - - + + + + + + + + + + - - - - - 4- 4- 4- 4- - 4- + 4- 4- 4-
4 - - - - - + + + + + + + + + 4- - - - - - + 4- 4- 4- 4- 4- 4- 4- 4- 4-
5 - - - - - + + + + + + + + + 4- - - - - - - - 4- - - 4- 4- 4- 4- 4-
6 - - - - - + + + + + + 4- + + 4- - - - - - 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
7 - - - - - + + + + + + 4- + + 4- - - - - - + + 4- 4- 4- 4- 4- 4- 4- +
8 - - - - - + - - + + + 4- + - 4- 4- + 4- 4- 4- 4- 4-
9 - - - - - + + + + + + + + + 4- - - - - - 4- + - - 4- 4- 4- 4- 4-

10 - - - - - + + + - + + + + 4- 4- - - - - - + - 4- 4- - 4- 4- 4- 4- 4-
11 - - - - - + - + - + + + + 4- 4- - - - - - 4- 4- 4- 4- - 4- - 4- 4- 4-
12 + + - - + + 4- - 4- 4- - - 4- 4- 4- -
139 - - - - - + + + + + + + + + 4- 4- - - - + 4- 4- 4- + 4- 4- 4- 4- 4-
14 + + - 4- + - - - - - + 4* - - + - + 4- 4- 4-
15 - - - - - + + + + + - 4- - + - - - - - - 4- + 4- 4- 4- 4* 4- - - 4-
16 4- 4- 4- - 4- 4* 4- - 4-
17 4- 4- 4- 4- 4- 4- “ ~ 4-

8 Samples confirmed positive by BAM/AOAC. 
b Samples confirmed positive by conductance.
e Samples 1-5 were uninoculated controls; samples 6-10 were inoculated at a low level; samples 11-15 were inoculated at a high level. 
d Positive result on a negative sample by BAM/AOAC. Data excluded from statistical analysis.
9 Positive result on a negative sample by conductance. Data excluded from statistical analysis.
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Tab le  4. D e tection  o f S a l m o n e l l a  In f is h  m ea l b y  B A M /A O A C  and co n d u c ta n ce  m e thod s

BAM/AOACa Conductance* 6

Sample No.c

Laboratory 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5

1 -  
2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  +  -  +  +  -

3 + + -  + + + + + + + + + +
46 + + + + + + -  + - -  + - -  + + + + + + -  + - -
5
6 -  + -  + -
7 -
8 + + -  + + + + + - - - - -  + -  + + -  + + + + +
g + + + + + + + + + +

10
11 +
12
13 -
14 + + - +
15 -  + + + -  + + +
16 + + -  +
17 +

a Samples confirmed positive by BAM/AOAC.
6 Samples confirmed positive by conductance.
0 Samples 1-5 were uninoculated controls; samples 6-10 were inoculated at a low level; samples 11-15 were inoculated at a high level. 
d Positive result on a negative sample by conductance. Data excluded from statistical analysis.

d u c t a n c e  m e t h o d s  ( u n p u b l i s h e d  d a t a ) .  T h e r e f o r e ,  a l l  o f  t h e  l a b ­

o r a t o r i e s  w e r e  c a p a b l e  o f  d e t e c t i n g  p o s i t i v e  s a m p l e s  b y  t h e  

B A M / A O A C  m e t h o d .  B e c a u s e  a l l  l a b o r a t o r i e s  u s e d  t h e  s a m e  

m e d i a  f r o m  t h e  s a m e  b a t c h e s ,  t h e  r e a s o n  f o r  t h e  f a i l u r e s  b y  t h e  

B A M / A O A C  m e t h o d  i n  L a b o r a t o r i e s  1 6  a n d  1 7  i s  u n c l e a r .

S e n s i t i v i t y  a n d  s p e c i f i c i t y  r a t e s  a t  t h e  l o w  a n d  h i g h  t a r g e t  i n o c ­

u l u m  l e v e l s  w e r e  t h e  s a m e  f o r  b o t h  m e t h o d s  ( 7 2 . 0  a n d  1 0 0 . 0 ,  

r e s p e c t i v e l y ) .  S t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  ( A N O V A )  i n d i ­

c a t e d  t h a t  t h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  ( P > 0 . 0 5 )  b e t w e e n  

t h e  2  m e t h o d s .

Tab le  5. D etection  o f S a l m o n e l l a  in  p raw n s b y  B A M /A O A C  and co n d u c ta n ce  m e thod s

BAM/AOACa Conductance6

Sample No.c

Laboratory 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1
2
3
4
5
6
7
8 
9

10
11
12
13

+
+ +

+ -  -  +
+ + +

+ +

+ + +

+ + + + +

+ +
+ +

+ + + + -
+

+

a Samples confirmed positive by BAM/AOAC.
6 Samples confirmed positive by conductance.
c Samples 1 -5 were uninoculated controls; samples 6-10 were inoculated at a low level; samples 11-15 were inoculated at a high level.
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Laboratory 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

T a b le  6 . D e te c t io n  o f  S a lm o n ella  In n o n f a t  d r ie d  m ilk  b y  B A M /A O A C  a n d  c o n d u c ta n c e  m e t h o d s

BAM/AOACa C onductance6

Sam ple No.®

1 +
2 +
3 + -  + -  + +
4 _ _ _ _ _ _ _ _ _ _ _ _ _ _
5 + -  + + + + +
6 +
7 + -  + + + +
8 - - - - -  + - -  + + + + + +
9 -  + + + + +

10 - - - - - -  + -  + + + + + +
11 + + + + + +
12 +
13 +
14 + + + + + +
15 +
16 - - - - -  + + + -  + + + + +
17 +

+ - - - - - -  + + + + + + + + +

+ + -  + + + + + +

+ - - - - - -  + -  + + + + + + +
+ - - - - - -  + + + + + + + + +

+ - - - - -  + -  + + -  + + + + +

+ + + -  + + + + +

* Samples confirmed positive by BAM/AOAC.
6 Samples confirmed positive by conductance.
c Samples 1-5 were uninoculated controls; samples 6-10 were Inoculated at a low level; samples 11-15 were inoculated at a high level.

Fish Meal

Seventeen laboratories tested samples o f fish meal. The Sal­
monella MPNs at the time of analysis were 0.03 cells/g for both 
low and high target inoculum levels (Table 1). Trial data for 
fish meal are presented in Table 4. Laboratory 4 detected Sal­
monella in an uninoculated control sample by conductance, so 
its data were excluded from the statistical analysis. At the low  
target inoculum  leve l, 22  sam ples were positive by the 
BAM/AOAC method and 29 by the conductance method. At 
the high target inoculum level, 31 samples were positive by the 
BAM /AO AC method and 23 by the conductance method 
(Table 9). The sensitivity rates for conductance were 36.3 and 
28.8% for the low and high target inoculum levels, respec­
tively. For BAM/AOAC, the sensitivity rates were 27.5 and 
38.8% for the low and high target inoculum levels, respec­
tively. The specificity rate at the low target inoculum level was 
100% for both m ethods. Statistical analysis o f  the data 
(ANOVA) indicated that there was no significant difference 
(P>0.05) between the 2 methods.

Prawns

Thirteen laboratories tested samples o f prawns. The Salmo­
nella MPNs at the time o f  analysis were <0.01 cells/g for both 
the low and high target inoculum levels (Table 1).

In a precollaborative study with prawns, the desired target 
inoculum levels were achieved (unpublished data). However, 
the prawns used in the collaborative trial were of exceptional

freshness and may have shown antimicrobial activity toward 
the inocula, resulting in low numbers o f positive samples. Trial 
data for prawns are shown in Table 5. Three positive samples 
were recorded at the low  target inoculum level, 1 by the 
BAM/AOAC method and 2 by the conductance method. At the 
high target inoculum level, 17 sam ples were positive by 
BAM/AOAC and 15 by conductance (Table 9). The sensitivity 
rates for the conductance method were 3.1 and 23.1% for the 
low and high target inoculum levels, respectively, and 1.5 and 
26.2%, respectively, for the low and high target inoculum lev­
els for BAM/AOAC. Specificity rates were 100% for both 
methods. Statistical analysis o f the data (ANOVA) indicated 
that there was no significant difference (P>0.05) between the 
2  methods.

Nonfat Dried Milk

Seventeen laboratories tested sam ples o f  NFDM . The 
MPNs at the time of analysis were <0.03 and 1.3 cells/g for the 
low and high target inoculum levels, respectively (Table 1).

Trial data for NFDM are presented in Table 6. At the low  
target inoculum  level, 23 sam ples were positive by the 
BAM/AOAC method and 25 by the conductance method. At 
the high target inoculum level, 79 samples were positive by 
BAM /AOAC and 81 by conductance (Table 9). Sensitivity 
rates for the conductance method were 29.4 and 95.3% for the 
lo w  and high target inoculum  le v e ls , respectively. For 
BAM/AOAC, the sensitivity rates were 27.1 and 92.9% for the 
low and high target inoculum levels, respectively. Specificity
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T a b le  7 . D e te c t io n  o f  S a lm on ella  in  liq u id  e g g  b y  B A M /A OA C a n d  c o n d u c ta n c e  m e th o d s

BAM/AOAC a Conductance*

Sam ple No.c

Laboratory 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 _ _ _ _ _ + + + + + 4- 4- 4- 4- 4- _ - _ _ _ 4- 4- 4- 4- 4- + 4- 4- 4- 4-
2 - - - - - + - + + + 4- 4- + 4- 4- - - - - 4- 4- - 4- 4- 4- 4- - 4- -
3 - - - - - + + + - + 4- 4- 4- 4- 4- - - - - - 4- 4- - + 4- 4- 4- 4- 4- 4-
4 - - - - + + + + + 4- 4- - 4- 4- - - - - - 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
5 - - - - - + + + + + 4- 4- 4- 4- - - - - - - 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
6 - - - - - + 4- + + 4- 4- 4- 4- 4- 4- - - - - - 4- - 4- 4- 4- 4- 4- 4- 4- 4-
7 + + + + 4- 4- 4- 4- 4- - - - - - 4- + + 4- 4- 4- 4- 4- 4- 4-
8 - - - - - - 4- - - 4- 4- 4- 4- 4- 4- 4- + 4- + 4- 4- 4- 4- 4-
9 - - - - - + + + + + 4- + 4- 4- 4- - - - - - 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-

10 - - - - - + + + + 4- 4- 4- 4- 4- 4- - - - - - 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
11 4- + + + 4- 4- 4- 4- 4- - - - - - 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-
12 - - - - - + 4- + + - 4- 4- 4- 4- 4- - - - - 4- 4- 4- 4- - 4- 4- - 4- -
13 - - - - - + 4- + + 4- 4- - 4- 4- 4- - - - - - 4- 4- 4- 4- 4- 4- 4- 4- 4- 4-

a Samples confirmed positive by BAM/AOAC.
* Samples confirmed positive by conductance.
c Samples 1-5 were uninoculated controls; samples 6-10 were Inoculated at a low level; samples 11-15 were inoculated at a high level,

rates were 100% for both methods. Statistical analysis of the 
data (ANOVA) indicated that there was no significant differ­
ence (P>0.05) between the 2 methods.

Liquid Egg

Thirteen laboratories tested samples of liquid egg. The 
MPNs at the time of analysis were 0.09 cells/g for both low and 
high target inoculum levels (Table 1). Trial data for liquid egg 
are presented in Table 7. At the low target inoculum level, 57 
samples were positive by the BAM/AOAC method and 60 by 
the conductance method. At the high target inoculum level, 62 
samples were positive by BAM/AOAC and 61 by conductance 
(Table 9). Sensitivity rates for the conductance method were
92.3 and 93.9% for the low and high target inoculum levels, 
respectively. For BAM/AOAC, the sensitivity rates were 87.7 
and 95.4% for the low and high target inoculum levels, respec­
tively. Specificity rates were 100% for both methods. Statistical 
analysis of the data (ANOVA) indicated that there was no sig­
nificant difference (P>0.05) between the 2 methods.

Minced B eef

Thirteen laboratories tested samples of minced beef. The 
MPNs at the time of analysis were 2.3 and 120 cells/g for low 
and high target inoculum levels, respectively (Table 2). The 
beef used in the trial had a high fat content, and this may have 
protected the salmonellas from die-off during preparation and 
shipment of the samples, resulting in higher than expected lev­
els of Salmonella. Trial data for minced beef are presented in 
Table 8. Laboratories 7, 8, 9, and 13 detected Salmonella in 
uninoculated control samples, so their data were excluded from 
the statistical analysis. The BAM/AOAC and conductance 
methods both gave the same isolation rates at both inoculum 
levels (Table 9), so there was perfect agreement between them.

Sensitivity rates and specificity rates were 100% for both meth­
ods. Statistical analysis of the data (ANOVA) indicated that 
there was no significant difference (P>0.05) between the 
2 methods.

D is cu ss io n

Seventeen laboratories participated in all or part of the 
study; the 4 U.S. laboratories did not analyze the perishable 
commodities, prawns, liquid egg, and minced beef, because of 
transportation and delivery problems. A total of 1245 samples 
were analyzed by both procedures. Of these, 496 were con­
firmed positive by the BAM/AOAC method and 503 were pos­
itive by the conductance method (confirmed by BAM/AOAC). 
The agreement, specificity, and sensitivity rates are similar for 
each product. Statistical analysis of the data (ANOVA) confirm 
that the 2 test methods gave the same response rates and are, 
therefore, equivalent.

In previous AOAC collaborative studies, calculation of 
false-negative rates were straightforward because both the new 
and the reference methods were performed on the same test 
portion. However, in the present study, 2 separate test portions 
were tested because the BAM/AOAC and conductance meth­
ods each required different pre-enrichment broths. Thus, be­
cause of the low numbers of Salmonella present in some 
products, there is the distinct possibility that salmonellas were 
present in one test portion and not the other. Therefore, mean­
ingful false-negative rates can not be determined with this kind 
of study.

The Salmonella MPN values given in Table 1 indicate that 
for some products there was no apparent difference between 
the 2 target inoculum levels. Because separate Salmonella 
preparations and dilutions were used for each target level and
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T a b le  8 . D e te c t io n  o f  S a lm on ella  in  m in c e d  b e e f  b y  B A M /A O A C  a n d  c o n d u c ta n c e  m e th o d s

BAM/AOAC8 C onductance6

Sam ple No.c

Laboratory 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 _ _ _ _ _ + + + + + + + + + + _ _ _ - _ + + + + + + + + + +
2 - - - - - + + + + + + + + + + - - - - - + + + + + + + + + +
3 - - - - - + + + + + + + + + + - - - - - + + + + + + + + + +
4 - - - - - + + + + + + + + + + - - - - - + + + + + + + + + +
5 - - - - - + + + + + + + + + + - - - - - + + + + + + + + + +
6 - - - - - + + + + + + + + + + - - - - - + + + + + + + + + +
7d - - - - - + + + + + + + + + + - - + - - + + + + + + + + + +
6d - - - - - + + + + + + + + + + - - - - + + + + + + + + + + +
grte - - - + - + + + + + + + + + + - - - - + + + + + + + + + + +

10 - - - - - + + + + + + + + + + - - - - - + + + + + + + + + +
11 - - - - - + + + + + + + + + + - - - - - + + + + + + + + + +
12 - - - - - + + + + + + + + + + - - - - - + + + + + + + + + +
13* + - - - - + + + + + + + + + + - - - - - + + + + + + + + + +

8 Samples confirmed positive by BAM/AOAC. 
b Samples confirmed positive by conductance.
c Samples 1-5 were uninoculated controls; samples 6-10 were inoculated at a low level; samples 11-15 were inoculated at a high level. 
d Positive result on negative sample by conductance. Data excluded from statistical analysis.
8 Positive result on negative sample by BAM/AOAC. Data excluded from statistical analysis.

product, there was no direct numerical relationship between the 
numbers of Salmonella inoculated at each target level. How­
ever, the trial data showed that for all products except minced 
beef there were more Salmonella-positive samples at the 
higher target level than at the lower target level, indicating that 
different inoculum levels were achieved in these products.

A Malthus system comprises 1 or 2 analyzers and an IBM 
compatible PC, giving a maximum capacity of 240 tests per 
system. Data collection is automatic so that the instrument can 
be operated while unattended. Data processing is performed by 
the PC, and results can be displayed as required with automatic 
highlighting of samples that fail the test. All sample data may 
be stored on disc for future reference, if required. The auto­
mated conductance method for the detection of Salmonella is 
based on 2 selective conductance media. Salmonella Medium 
1 (3) may fail to detect dulcitol negative salmonellas, but be­
cause the conductance signal is mainly derived from the reduc­
tion of trimethylamine-A^-oxide to trimethylamine, this may 
not be of importance. Salmonella Medium 2 (4) relies on the 
decarboxylation of lysine for the conductance signal. This is 
such a general property of salmonellas that it is likely to be 
present even in dulcitol-negative strains. There are no reports 
in the literature of Salmonella from foods negative in both 
dulcitol fermentation and lysine decarboxylase. Separate pre­
enrichment steps were proposed for each medium, but Smith et 
al. (6) performed a detailed comparison of the pre-enrichment 
media and concluded that the broth used here was satisfactory 
for both selective enrichment steps. This is expected; reduced 
oxygen conditions are sufficient to induce trimethylamine-iV- 
oxide reductase, and glucose induces most enzymes and per­
meases for carbohydrate metabolism.

R e c o m m e n d a tio n

From the data presented, the automated conductance assay 
for the detection of Salmonella spp. in foods has been shown

Tab le  9. D etection  o f S a l m o n e l l a  In fo o d s  
b y  B A M /A O A C  and  co n d u c ta n ce  m e thod s

Samples positive

Food type Level8
Samples
analyzed BAM/AOAC Conductance

Coconut O 85 1 1
L 75 54 54
H 75 60 63

Fish meal O 85 0 1
L 80 22 29
H 80 31 23

Prawns O 65 0 0
L 65 1 2
H 65 17 15

Nonfat dried milk O 85 0 0
L 85 23 25
H 85 79 81

Liquid egg O 65 0 0
L 65 51 60
H 65 62 61

Minced beef O 65 2 3
L 45 45 45
H 45 45 45

8 O = Negative control, L = low target level, H = high target level.
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to be equivalent to the AOAC official BAM/AOAC method. 
The Associate Referee recommends that the method be 
adopted by AOAC as first action.
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MICROBIOLOGICAL METHODS

E v a l u a t i o n  o f  M e t h o d  f o r  E n u m e r a t i o n  o f  Brochothrix 
thermosphacta i n  F o o d s

M ats Peterz
National Food Administration, Biology Division, Box 622, S-751 26 Uppsala, Sweden

Collaborators: I. Äkesson; J.K. Andersen; E. Dahm; G. Dannegärd; S. Ewald; T. Johansson; T. Kärkkäinen; K. Kirkeby;
C. Lund; G.-B. Oostwouder; A. Pitkälä; S. Qvist; P. Sippo; N. Thykier; K. Vereide

A method for enumeration of B ro c h o th rix  th e rm o ­
s p h a c ta  In foods was evaluated in a collaborative 
study. Freeze-dried mixtures of bacteria were used 
as simulated food samples. Fifteen laboratories an­
alyzed 2 negative control samples and 4 blind dupli­
cate samples containing different levels of
B. th e rm o s p h a c ta . The freeze-dried samples were 
reconstituted and spread on the surface of strepto­
mycin sulphate-thallous acetate-actidione agar 
and incubated 2-3 days at 20-25°C. The method 
shows good repeatability (0.13) and reproducibility 
(0.21). Reproducibility might be improved by speci­
fying a more exact Incubation temperature. The 
number of false-positive results was rather high, 
but could be diminished if a catalase test was In­
cluded and the oxidase test performed by using 
commercial strips instead of by allowing a solution 
of an oxidase reagent (tetramethyl-p- 
phenylenediamine dihydrochloride) to flow over 
the agar surface.

roch o th rix  th erm osph acta is often found in meat and 
fish products. Because it produces several nasty-smell­
ing products and may grow at relatively low tempera­

tures, it can influence shelf life of several food products (1 ).
Streptomycin sulphate-thallous acetate-actidione agar 

(STAA) was described by Gardner (2) for the isolation and enu­
meration of B. therm osphacta in foods. The selectivity is built on 
a relatively high concentration of streptomycin sulphate, which 
inhibits many Gram-negative and some Gram-positive bacteria
(3). Thallous acetate is included at a much lower concentration, 
mainly to inhibit yeasts and, to some extent, bacteria. Actidione is 
added to inhibit yeasts that can grow in the presence of thallous 
acetate. Some oxidase-positive, Gram-negative bacteria are able 
to grow on STAA, but they can be differentiated from
B. therm osphacta, which is oxidase-negative.

Received April 30,1991. Accepted September 11,1991.
This paper is a collaborative study of the Nordic Committee on Food 

Analysis (NMKL).

In the collaborative study presented here, the STAA me­
dium was evaluated for its efficiency to enumerate B. th erm o­
sp h a c ta in foods. Suspected colonies were confirmed by 
allowing a solution of an oxidase reagent to flow over the 
STAA plates.

Collaborative Study

Fifteen laboratories took part in the study. Each collaborator 
received a complete set of instructions, data sheets, STAAbase 
medium and vials containing antibiotic supplements, and a set 
of simulated food samples in the shape of glass vials containing 
freeze-dried mixtures of bacteria (Table 1). Four samples were 
sent as blind duplicates containing different levels of
B. th erm osph acta , and 2 samples were negative controls. The 
contents of the vials were reconstituted in peptone water before 
dilution and inoculation on the ready-to-use medium.

T e s t  S a m p le s

Natural bacterial flora were extracted from 10 g food (fish, 
heat treated meat, and raw meat, respectively, Table 1) by ho­
mogenization in 90 mL peptone water for 60 s using a Stom­
acher. After filtration through a thin cloth, liquid was 
centrifuged 10 min at 3000 rpm. The bacterial pellet was 
harvested and resuspended in brain-heart infusion broth 
(BHI)-glycerol (5 + 1.25 mL) and stored at -70°C before 
freeze-drying.

Strains of B. th erm osph acta were inoculated into BHI and 
incubated 20-24 h at 23°C. The concentration of B. therm o­
sp h a c ta was then ca 1 x 108 cfu/mL. After dilution, suitable 
amounts of the B roch o th rix culture were mixed with the natu­
ral bacterial flora in inositol serum broth (4).

Portions of 0.5 mL were distributed in glass vials and frozen at 
-70°C. Material was freeze-dried ca 18 h using an Edwards 
freeze-dryer, Modulyo EF4. Vials were sealed with rubber bungs 
under vacuum and stored in the dark at room temperature.

Test samples were coded and shipped to the collaborators 
* by mail. Each collaborator received 10 samples. Eight samples 

(4 blind duplicates, Samples A-D) contained B. therm osph acta  
mixed with natural bacterial flora from meat or fish (Table 1). 
In Samples A and B, B. th erm o sp h a cta was present as a part of
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Table 1. Test samples, bacterial background flora, and test organisms added
Sample Natural flora Test organisms (strain)

A:1, A:2 Raw meat _

B:1, B:2 Raw fish —
C:1, C:2 Raw meat Brochothrix thermosphacta (SLV-220)
D:1, D:2 Heat-treated meat Brochothrix thermosphacta (SLV-220)
E Enterococcus faecium (SLV-78) 

Escherichia coli (SLV-289) 
Lactobacillus sp.

F Enterococcus faecium (SLV-78) 
Escherichia coli (SLV-289) 
Flavobacterium sp.

the natural flora, whereas in Samples C and D, the natural bac­
terial flora were mixed with dilutions of an outgrown culture of
B. th erm osph acta . Two negative control samples (E and F) 
contained E n tero co ccu s fa ec iu m , E sch erich ia  co li, and L a c to ­
ba cillu s sp. and F la vo b a c ter iu m sp., respectively (Table 1). 
The latter 2 strains were isolated from meat products using the 
STAA medium.

S a m p le  P r e p a r a tio n

Test sample vials were rinsed with four 1 mL portions of 
peptone water. Peptone water ( 6  mL) was added, and the mix­
ture was blended carefully. The total volume of the samples 
was 10 mL.

M e th o d

Using a Stomacher, homogenize 5-10 g food 2 min in 45- 
90 mL peptone water (1 + 9). Make dilutions in 1:10 steps and 
inoculate 0.1 mL amounts on prepared STAA agar plates. 
Spread sample over agar surface using glass hockey stick. In­
cubate plates upside-down in plastic bags 2-3 days at 20-25°C.

B roch o th rix  th erm osph acta grows as distinct, circular, 
glossy, and whitish colonies with sharp edges, 1 - 2  mm in di­
ameter. Count plates with 20-200 colonies.

Let fresh oxidase reagent (1% solution of tetramethyl-p- 
phenylenediamine dihydrochloride) flow over the STAA 
plates. Within 15-20 s, oxidase-positive colonies become blue, 
whereas oxidase-negative B roch o th rix colonies remain uncol­
ored. Occasionally, further biochemical tests are needed to con­
firm typical or atypical B. th erm osph acta .

Table 2. Bacterial background flora in test samples 
(logio cfu/mL)
Sample Aerobic plate count Enterobacteriaceae

A 2.6 < 1
B 4.5 1.6
C 4.0 1.7
D 3.9 <1
E 5.0 4.1
F 5.2 4.7

For preparation of STAA, suspend 20.0 g peptone, 2.0 g 
yeast extract, 15.0 g glycerol, 1.0 g K2HP04, 1.0 g Mg2 S04, 
and 13.0 g agar in 1 L distilled water. Dissolve ingredients by 
heating and sterilize 15 min at 121 °C. Before use, add to each 
200 mL melted medium cooled to 50°C, 1 mL 10% 
dihydrostreptomycin (final concentration in the medium: 
500 mg/L), 1 mL 1% thallous acetate (final concentration: 
50 mg/L), and 1 mL 1% actidione (final concentration: 
50 mg/L). Ready-to-use plates can be stored 1-2 weeks at 5°C.

In the collaborative study, reconstituted samples were ex­
amined without the homogenization step, and dry base medium 
and vials containing the antibiotic supplements (Oxoid) were 
supplied by the organizing laboratory.

A n a ly s i s  o f  D a ta

Before statistical calculations, colony counts were con­
verted to log10. Outlying results were identified using Cochran 
test and Grubbs test (5). Precision estimates for each sample 
were calculated using a 2-way ANOVA (6 ).

T e s t  S a m p le  H o m o g e n e i ty

Homogeneity of test samples was checked at the organizing 
laboratory by analyzing 5 vials from each sample. Each vial 
was reconstituted as described above, and 2  parallel dilution 
series were prepared. STAA plates were inoculated with suit­
able dilutions and incubated 48 h at 23°C. An F-test was used 
to investigate whether or not the variance in cfu of B. th erm o ­
sp h a cta in parallel determinations on the same test sample 
(method error) differed from the variance in cfu of B. th erm o ­
sp h a cta in parallel determinations on different test samples 
(method error + inhomogeneity). If the test samples are homo­
geneous, these 2  variances should be equal.

Results and Discussion

H o m o g e n e i ty  o f  S a m p l e s

The variations among different test samples were very low. 
Standard deviations for determinations on 5 test samples 
ranged from 0.05 to 0.07 log units. None of the Samples A-D 
had a variance for parallel determinations of cfu of B. th erm o-
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Table 3. Collaborative study results for B roch o th rlx  th e rm o sp h a c ta  In simulated food samples (logio cfu/mL)
Sample8 Incubation

Coll. A:1 A: 2 B: 1 B:2 C: 1 C:2 D:1 D:2 E F Temp, “C Time, h

1 2.91 2.71 3.45 3.52 6.18 5.94 4.42 4.64 <2 <2 23 72
2 2.30 2.41 3.13 3.22 5.50 5.55 4.27 4.18 <2 < 2 20 72
3 2.45 2.61 3.93 3.94 5.90 6.00 4.63 4.70 3.51 3.53 24 48
4 2.18b 2.78b 3.006 2.15* 5.52 5.89 4.04 4.32 < 1 < 1 21 48
5 2.36 2.28 3.34 3.45 5.58 5.34 4.32 4.04 3.00 < 1 21 72
6 2.20 2.08 3.52 3.43 5.70 5.73 4.11 4.11 3.23 < 1 21 72
7 2.49 2.48 3.30 3.46 5.83 5.80 4.62 4.67 < 1 < 1 25 72
8 2.15 2.54 3.18 3.64 6.04 5.89 3.896 4.766 3.69 3.89 25 72
9 2.32 2.40 3.18 3.08 5.79 5.79 4.40 4.48 3.48 < 1 20 72

10 2.45 2.49 3.70 3.70 5.77 5.92 4.54 4.45 < 1 < 1 22 72
11 2.59 2.43 3.82 3.73 5.76 5.70 4.57 4.54 2.65 < 1 25 48
12 2.50 2.34 3.04 3.17 5.95 5.60 4.26 4.03 < 1 < 1 22 72
13 2.50 2.57 3.41 3.01 5.87 5.83 4.38 4.3C < 1 < 1 21 72
14 2.62 2.20 3.36 3.30 5.63 5.71 4.36 4.38 < 1 < 1 22-23 48

8 See Table 1.
b Data excluded from statistical evaluation.

sphacta in the same test sample significantly different (p >
0.05) from the variance between different test samples. There­
fore, samples could be regarded as homogeneous.

B a c k g r o u n d  F lora

The organizing laboratory determined the cfu numbers of 
aerobic bacteria (plate count agar, 30°C, 72 h) and Entero- 
bacteriaceae (violet red bile agar with glucose, 37°C, 24 h) in 
the test samples at the time of the collaborative study (Table 2).

E lim in a tio n  o f  O u tlie r s

All results, incubation temperature, and incubation time for 
each collaborator are shown in Table 3. One collaborator found 
growth on only 2  of the agar inoculated plates; therefore, this 
collaborator was excluded from the statistical analyses.

Collaborator 4 had a large difference between duplicate de­
terminations on Sample B, and Collaborator 8  had a large dif­
ference on Sample D. Both differences were significant 
(Cochran test, p < 0.01). Collaborator 4 also had a large differ­
ence on duplicate determinations on Sample A , although this 
was not significant. However, because Collaborator 4 may 
have confused a Sample A with a Sample B (samples were

coded 369 and 396, respectively), results on both samples were 
excluded from the statistical analyses.

P r e c is io n  E s t im a te s

Precision estimates for each test sample are reported in 
Table 4. The repeatability standard deviation ranged from 0.11 
to 0.14. The range for the reproducibility standard deviation is 
somewhat higher, 0.18-0.27, mainly because of a high value 
for Sample B. There was no correlation between the level of
B. therm osphacta in the samples and repeatability or reproduc­
ibility. Therefore, the overall repeatability and reproducibility 
were calculated to be 0.13 and 0.21, respectively.

E ffe c t  o f  T im e  a n d  T e m p e r a tu r e

The method states that STAA should be incubated 2-3 days 
at 20-25°C. As a result, many different incubation times and 
temperatures were used. Four collaborators read their plates 
after 2 days of incubation; 10 read their plates after 3 days. 
Also, almost all incubation temperatures between 20 and 25°C 
were used (Table 3).

The effect of incubation conditions on the results was stud­
ied using regression analyses. In Samples B, C, and D, there

Table 4. Means and precision estimates by sample for B roch o th rix  th e rm o sp h a c ta  in simulated food samples
Sample

A B C D

Mean (log10 cfu/mL) 2.44 3.42 5.78 4.38
No. of duplicate determinations 13 13 14 13
Reproducibility standard deviation (Sr) 0.18 0.27 0.19 0.21
Repeatability standard deviation (Sr) 0.14 0.13 0.13 0.11
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was a significant (p < 0.05) positive correlation between incu­
bation temperature and the number of cfu. The correlation was 
also positive for Sample A, but not significant. Some of the 
between laboratory variation can be explained by differences 
in incubation temperature. If each result is adjusted using the 
overall temperature coefficient (0.06) to give values for a com­
mon temperature, the overall reproducibility standard devia­
tion becomes 0.19, decreased from an overall reproducibility 
of 0 .2 1 .

The effect of incubation time was significant only for Sam­
ple B, where the log mean cfu values for 2 and 3 days of incu­
bation were 3.68 and 3.35, respectively. In the other samples, 
differences were below 0 . 1  log units.

F a ls e - P o s i t iv e  R e s u l t s

The relatively high number of false-positive results was the 
main problem in the study. In Sample E, 6  false-positive results 
were obtained; in Sample F, 2 were obtained. According to the 
method, confirmation should be done by allowing an oxidase 
reagent to flow over the plates. At times, the blueing of oxidase­
positive colonies is difficult to discern. Some laboratories also 
stated that the colonies loosened from the agar surface. Further­
more, the oxidase reagent has an extremely short shelf life. 
Both of the false-positive results from Sample F, which con­
tained &Flavobacterium  sp. that is oxidase-positive and able to 
grow on STAA, were probably misidentifications because of 
an incorrect oxidase test.

However, most of the false-positive results were reported 
for Sample E, which contained L actobacillus sp. This organism 
is oxidase-negative and was, therefore, misidentified as a
B. therm osphacta. A catalase test would have avoided this be­
cause B. therm osphacta is catalase-positive. Lactobacilli 
are catalase-negative.

Most reports on the analyses of B. therm osphacta in foods 
show that STAA is so selective that there are no problems with 
competing organisms, apart from some P seudom onas (7). 
However, according to Gardner (2), there can be problems with 
STAA when analyzing soil or feces. The results from this col­
laborative study indicate that there can be problems in confirm­
ing suspect colonies of B. therm osphacta on STAA. The 
oxidase test would probably be easier and more reliable if com­
mercial oxidase strips were used instead of the liquid reagent. 
Moreover, it might be wise to include a catalase test to exclude 
possible strains of lactobacilli.

C o lo n y  S i z e

Several laboratories point out that colonies of B. therm o­
sphacta on STAA were bigger than those described in the pro­
posed method (up to 4 mm in diameter, as opposed to 1-2 mm).

R e c o m m e n d a t io n s

The following modifications should be incorporated into the 
method. (J) The selective medium should be incubated 48 ± 
3 h at 25 ± 1°C. (2) In addition to the oxidase test, a catalase test 
is recommended for confirmation when lactobacilli are sus­
pected. (3) Studies have shown that actidione does not improve

the selectivity of STAA (Sven Qvist, personal communication); 
therefore, actidione should be omitted from the medium.

With these modifications, the method has been adopted as 
an official NMKL method.
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A 1-step enzyme-linked Immunosorbent assay 
(EUSA) method, using a highly sensitive and spe­
cific monoclonal antibody to aflatoxin Bi (AFBi), 
was evaluated by comparison with other methods, 
Including liquid chromatography (LC) and thin- 
layer chromatography. The detection limit of the 
ELISA was as low as 100 pg/assay. AFBi contents 
of naturally contaminated corn samples were deter­
mined by the 3 methods. The relationships among 
the methods were Investigated, and good correla­
tions were observed. Mixed feeds were also sub­
jected to AFBi determination by the 3 methods. For 
our ELISA system, 3 types of sample preparations 
were tested. For analysis of mixed feed by ELISA, 
samples must first be purified by column chroma­
tography. When the relationship between LC and 
ELISA was also investigated, results were found to 
have a good correlation coefficient.

A flatoxin Bj (AFBj), the well-known toxic metabolite of 
fungi such as A spergillus flavus and A spergillus p a ra ­
siticus (1 ), exhibits extensive toxicity and carcinoge­

nicity (2,3). Because this compound was found in agricultural 
commodities such as peanuts, com, and animal feedstuff as a 
natural contaminant, there has been increased interest in the 
development of rapid, sensitive techniques for the detection of 
AFBj in food, feeds, and biological fluids. Thin-layer chroma­
tography (TLC) was first developed and adopted as a standard 
detection method for determining AFBi for regulatory pur­
poses about 20 years ago (4-7). Currently, liquid chromatogra­
phy (LC), because of its high sensitivity and resolution, is often 
used instead of TLC (8-11). However, time-consuming chem­

Received July 9,1991. Accepted September 26,1991.1 Address correspondence to this author.

ical cleanup steps after extraction of the samples are essential 
in both TLC and LC methods. In spite of the high accuracy of 
LC, this cleanup process is a disadvantage for the examination 
of many samples. Therefore, an easy, convenient, and rapid de­
tection method is needed. An immunoassay using monoclonal an­
tibody against AFBi is preferable for this purpose.

A radioimmunoassay using polyclonal antibody was devel­
oped by Lau et al. in 1981 (12). In their method, the sensitivity 
of AFB! was in the range of 30-50 pg/assay. Monoclonal anti­
bodies against AFBj were used in the radioimmunoassay of 
Groopman (13), by which AFBj could be detected down to 
1 ng/assay. However, radioimmunoassay is not convenient in 
many laboratories because of a number of limitations.

An enzyme-linked immunosorbent assay (ELISA) using a 
polyclonal antibody was developed by which a sensitivity of 
10 pg/assay was attained (1,14-16). A monoclonal antibody is 
superior to polyclonals because of its specificity and reproduc­
ibility. We have already reported the production of monoclonal 
antibodies specificfor AFBj and establishment of ELISA using 
the antibody (17,18). Compared to other ELISA systems (19- 
21), our developed ELISA showed much higher sensitivity and 
specificity. In this report, the determination of naturally con­
taminated corn samples and mixed feed is discussed, and re­
sults obtained by TLC, LC, and ELISAmethods are compared.

Experimental

R e a g e n t s  a n d  C h e m ic a ls

AFBj and AFBr oxime bovine serum albumin (AFBr  
BSA) were purchased from Sigma Chemical Co. Ltd, St. 
Louis, MO 63178. The mole ratio of AFBj to BSAwas claimed 
to be 10-25. Anti-APBi monoclonal antibody (IgGi) was pu­
rified from ascites fluid of BALB/c mouse by using DEAE-cel- 
lulose column chromatography, salting out by ammonium 
sulfate, and dialysis. Horseradish peroxidase (HRP)-labeled 
antibody was prepared according to previous reports (17,18).
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Figure 1. Correlation of LC and TLC data for 
determination of AFBi in naturally contaminated corn 
samples. Linear regression equation y =  1.18x- 8.7 was 
obtained with correlation coefficient of 0.96. xand y 
represent AFBi concentration (ppb) as determined 
independently by LC and TLC.

Enzyme reaction was performed in citrate buffer using o- 
phenylenediamine and hydrogen peroxide as reactants for 
3 min at room temperature. The enzyme reaction was stopped 
by adding 100 pL 3N H2S04.

A p p a r a tu s

(a) M icroplate reader.—Model MTP-32 (Corona Co. Ltd), 
used as a colorimeter for enzyme immunoassay.

(b) Fluorescence spectrom eter.—Model F-1050 (Hitachi 
Co. Ltd, Tokyo, Japan).

(c) D ensitom eter.—Model CS-9200 (Shimazu Corp., 
Tokyo, Japan).

S a m p l in g  a n d  S a m p l e  P re p a r a t io n

Grain samples were ground in an electric grinder, and AFBi 
was determined by the methods described below.

Q u a n tita tiv e  A n a ly s i s  b y  TLC , L C , a n d  E L IS A

TLC.—The American Oil Chemists Society method (22) 
was used for the TLC analysis. After the sample spots were 
developed on a thin-layer plate, the concentration of the band 
was read using a densitometer.

LC .—The analysis was performed according to the method 
developed at Tokyo Metropolitan Laboratory of Public Health 
and used for enforcement purposes by the Japanese Ministry of 
Health and Welfare (23).

ELISA.—The ELISA method used for the analyses was de­
scribed in the previous report (17). Because certain conditions 
are different, however, the steps in this method are given in 
detail as follows: (i) A 100 pLportion of AFBi-BSAconjugate 
(5 pg/mL) was added to the wells of an immunoplate at 4°C 
and then blocked 30 min with BSA at room temperature. (This 
plate-coating process can be performed in advance; the coated 
plate can be kept at 4°C for a couple of months.) (2) After the

AFB1 Concentration(ppb), ELISA
Figure 2. Correlation of TLC and ELISA data for 
determination of AFBi In naturally contaminated corn 
samples. Linear regression equation y= 1.08x + 4.1 was 
obtained with correlation coefficient of 0.93. xand y 
represent AFBi concentration (ppb) as determined 
independently by TLC and ELISA.

plate was washed, 50 pL sample solution and the same quantity 
of enzyme-labeled antibody (ratio of enzyme to antibody is ca 
1 ) were added onto the well of the immunoplate at the same 
time, followed by incubation 10 min at room temperature. The 
enzyme-labeled antibody competitively reacted with the AFBj 
in the sample and the AFBj fixed to the well of the immuno­
plate. (3) When the well was washed out, only the enzyme-la­
beled antibody, which was bound with the fixed antigen on the 
well surface, remained. (4) The extent of color development of 
the solution, using an enzyme reaction, is proportional to the 
amount of the enzyme-labeled antibody bound to the fixed an­
tigen. By measuring the absorbance of each well after the reac­
tion is stopped, the concentration of AFBj is determined. The 
color produced is inversely proportional to the concentration of 
AFBj in the sample.

Sample preparation for the analysis is already incorporated 
in both TLC and LC, as mentioned above. However, ELISA 
systems are now being developed so that the following 3 kinds 
of preparation for a sample were attempted: (a) A sample was 
homogenized 5 min with 25 mL 55% methanol-water, using 
an electric mixer for the extraction (17). Each extract was sub­
mitted to the procedure. (b) The extract obtained was diluted 
with pure water up to 1 0 % methanol content and assayed, (c) 
A sample was extracted with chloroform and cleaned up by 
column chromatography according to the method described 
previously (23). Then, the final, dried sample was dissolved in 
55% methanol solution and analyzed by ELISA.

C r o s s  R e a c t iv i t y  o f  th e  M o n o c lo n a l A n t ib o d y

The cross reactivity of the monoclonal antibody used in the 
ELISA system was investigated (18). If the reactivity of the 
monoclonal antibody to AFBX was defined as unity, the values 
of other analog chemicals were as follows: AFB2  = 0.014, 
AFB2a = 0.008, AFG! = 0.012, AFG2 = 0.024, AFMj = 0.017,
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AFB1 Concentration(ppb), ELISA 
Figure 3. Correlation of LC and ELISA data for 
determination of AFBi in naturally contaminated corn 
samples. Linear regression equation y  = 1.35x- 8.1 was 
obtained with correlation coefficient of 0.95. xand y 
represent AFBi concentration (ppb) as determined 
Independently by LC and ELISA.

AFCh = 0.072, AFPj = 0.008, AFColj = 0.137, and AFCol2  =
1.25.

These values concerning AFB2  and AFGj are 10-fold higher 
than those reported by Candlish et al. (20) and Pestka and 
Hart (21).

Results

AFB! in naturally contaminated com and mixed feed sam­
ples was determined by TLC, LC, and ELISA to investigate the 
correlation among the 3 analytical methods.

C o m  Sam ples.—Twenty samples of contaminated com 
were analyzed by TLC, LC, and ELISA. The values obtained 
by the 3 techniques were plotted against each other, and the 
correlation was statistically estimated. The results are shown in 
Figures 1-3. Figure 1 shows the correlation between TLC and 
LC; a fairly good relationship was observed, for which the co­
efficient factor is 0.96. On the basis of examination of the data, 
about 10 ng/mL may be regarded as a detection limit for TLC 
and about 1 ng/mL for LC. Taking into account the in­
homogeneity of contaminated samples in a lot and the differ­
ence between analytical methods, the coefficient factor of 0.96 
is considered a good value.

Figure 2 shows the correlation between the TLC and ELISA 
results. In ELISA, samples were prepared according to proce­
dure (a) above. The correlation coefficient is a little smaller 
(0.93) than in the case of TLC and LC. Because TLC and 
ELISA are completely different analytical techniques, the co­
efficient factor of 0.93 must be regarded as satisfactory.

Figure 3 shows the correlation between the LC and ELISA 
results; the plot gives a good correlation with a coefficient 
value of 0.96. These results indicate good correlation among 
the 3 analytical methods.

Table 1. Results of LC, EUSA(A), and EUSA(B) 
for contaminated corn samples

APB,, ppb

Sample LC ELISA(A)8 ELISA (B)8

1 ND 5.0 1.5
2 ND 3.5 ND
3 ND 3.5 ND
4 ND 4.5 ND
5 ND 3.3 ND
6 ND 3.5 2.1
7 ND 3.6 1.8
8 ND 2.1 1.5
9 ND 4.0 2.2

10 0.9 5.0 1.5
11 1.3 5.5 1.7
12 1.6 4.3 3.3
13 6.1 8.0 4.4
14 8.2 12.5 14.4
15 9.0 7.5 6.9
16 10.5 9.6 9.6
17 16.0 14.8 14.2

Correlation
coefficient (r)
with LC 0.94 0.92

8 ELISA(A) and ELISA(B) represent preparation methods (a) and 
(b), respectively.

An interesting phenomenon was observed when the calibra­
tion curve for AFBj was prepared: the lower the methanol con­
centration, the higher the sensitivity for AFBj (data not shown). 
Moreover, the nonspecific reaction was reduced when the 
extraction solution (55% methanol solution) was diluted 
with pure water before ELISA. A 5.5-fold dilution consider­
ably suppressed the nonspecific reaction, which improved 
the sensitivity.

The nonspecific reaction plays an important role in the 
ELISA system with respect to the limitation for the measure­
ment at low concentrations (below 10 ng AFBj/mL). Conse­
quently, com samples contaminated below 2 0  ppb AFB! were 
tested for this purpose. First, the samples were extracted with 
the 55% methanol solution, preparation (a), and then diluted to 
10% methanol with pure water, preparation (b). Both samples 
were then analyzed by ELISA. Next, the same samples were 
extracted with chloroform for comparison with results obtained 
by LC accompanied by the cleanup. For this experiment, 17 
slightly contaminated samples (0 - 2 0  ppb) were examined; the 
results are summarized in Table 1.

Figure 4 represents the relationship between LC vs prepara­
tion (a) and LC vs preparation (b). In the case of preparation
(a) (solid line), the samples over 1  ppb gave LC results in good 
agreement with ELISA. However, the other points near 
zero ppb on LC are clustered at around several ppb in ELISA, 
and the line crosses the abscissa around 3 ppb. This may be 
ascribed to the occurrence of nonspecific reactions at the low
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Figure 4. Correlation of LC and ELISA data for 
determination of AFBi In slightly contaminated corn 
samples. Preparations A and B were applied to the 
ELISA analysis. Linear regression equation y = 1.31x- 
4.6 was obtained with correlation coefficient of 0.94 
for LC vs preparation A and y = 0.96x -  0.5 with 0.92 
for LC vs preparation B. xand /  represent AFBi 
concentration (ppb) as determined independently by 
LC and ELISA.

concentration of AFBj in ELISA. Therefore, the detection limit 
for preparation (a) seems to be about 3 ppb.

On the other hand, in the case of preparation (b), the corre­
lation between LC and ELISA was considerably improved, as 
seen in the same figure (dotted line). In this case, the points 
below 3 ppb AFBj were linear for both analytical methods. The

Table 2. Comparison between LC and ELISA for AFBi 
In naturally contaminated mixed feeds

AFB, , ppb

Sample LC ELISA(A)a ELISA(B)a ELISA(C)a

1 7.3 14.0 10.3 4.3
2 2.8 ND 4.5 2.1
3 5.0 ND 4.7 3.6
4 3.0 10.0 6.1 4.8
5 2.9 10.0 10.3 4.3
6 9.3 10.0 10.7 8.5
7 1.5 ND 9.5 1.2
8 1.4 ND 5.8 1.5
9 1.7 ND 8.5 1.7

10 1.7 ND 10.2 2.0
11 2.2 4.6 10.7 2.2
12 ND 5.8 5.0 0.9
13 0.8 5.1 4.4 1.4
14 0.5 ND ND 0.8

Correlation 
coefficient (r) 
with LC 0.57 0.46 0.90

ELISA(A), ELISA(B), and ELISA(C) represent preparation 
methods (a), (b), and (c), respectively.

line crosses the abscissa at near zero ppb and the slope is 0.96. 
Consequently, the detection limit for preparation (b) is ca 
1 ppb. From these results, preparation (b) is preferable to prep­
aration (a) for the low concentration range.

M ixed F eed .—The results are summarized in Table 2. They 
indicate that preparations (a) and (b) are not suitable for the 
AFBj assay of mixed feeds, judging from the poor correlation 
coefficients, namely, 0.57 and 0.46, respectively. Because they 
are composed of many kinds of cereals, etc., some in­
gredients seem to interface with the immunochemical reaction. 
To remove the unknown substances that influence the im­
munochemical reaction, further purification of the extract was 
attempted as described for preparation (c). The purified sam­
ples were analyzed by ELISA and LC methods. The results are 
shown in Table 2 and Figure 5, where a good correlation (slope 
= 1.12, r = 0.90) is observed even at the low concentration 
range of AFBj. By using preparation (c) for mixed feed sam­
ples, the detection limit seems to be ca 1  ppb.

Discussion

TLC was first developed about 20 years ago, and since then 
it has been widely used as a method to detect aflatoxin. On the 
other hand, LC is often used instead of TLC because of its high 
sensitivity and resolution. Accordingly, both methods are in 
general use worldwide for the determination of aflatoxins. 
However, these methods require cleanup steps that increase the 
time required to obtain analytical results. The combination is 
not suitable for the simultaneous analysis of many samples. To 
overcome these disadvantages, an ELISA system was re­
cently studied.

The good correlation between TLC and ELISA results was 
confirmed by Chu et al. (16) and Candlish et al. (20). Nonethe­
less, few studies on the relationship between ELISA results and 
those obtained by TLC and LC have been performed. In this 
discussion, the validity of these measurements is described 
from the viewpoint of both correlation factor and slope.

Figures 1-3 represent the analytical results for 20 corn sam­
ples that were naturally contaminated up to about 250 ppb. In 
this study, a good correlation was observed between the TLC 
and LC results, as shown in Figure 1. However, the slope of the 
line is not 1.0, but 1.18. This means that the measured concen­
tration of AFB] is a little higher in the LC method than in the 
TLC method even though good correlation can be observed. In 
this analysis, the cleanup was performed independently by 
TLC and LC, according to the instructions for the method in the 
experimental section. This small difference between the TLC 
and LC analytical data resulted in the slope of 1.18.

Good correlations were observed for results obtained by 
using ELIS A with TLC, and TLC with LC. The slope of the line 
in Figure 2 is 1.08 and the abscissa is about 4. Thus, a good 
correlation obviously exists between ELISA and TLC results. 
The concentrations of analytical results obtained by TLC are 
slightly higher than those by ELISA in spite of the good corre­
lation coefficient of 0.93. Chu et al. (16) obtained a correlation 
coefficient of 0.91 with a slope of 0.99 between TLC and an
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Figure 5. Correlation of LC and ELISA data for 
determination of AFBi In naturally contaminated mixed 
feeds. Preparation C was used for the ELISA analysis. 
Linear regression equation y =  1.12x- 0.3 was obtained 
with correlation coefficient of 0.90. xand y represent 
AFBi concentration (ppb) as determined independently 
by LC and ELISA.

ELISA method in which an AEBj-POD (peroxidase) conju­
gate was used for the competitive reaction. Although the con­
jugate in our experiment is monoclonal antibody-HRP, the 
results are fairly comparable to each other.

With regard to the correlation between ELISA and LC (Fig­
ure 3), the AFBi concentration by LC is 1.35-fold higher than 
that by TLC. This may be because chloroform was used as the 
extraction solvent for TLC and LC, while 55% aqueous meth­
anol was used as solvent for ELISA. The extraction efficiency 
of chloroform seems to be slightly higher than that obtained by 
using 55% aqueous methanol as solvent. The correlation be­
tween LC and ELISA results is good, with a correlation coeffi­
cient of 0.95. Ram et al. (15) obtained a correlation coefficient 
of 0.955 with a slope of 1.72 when comparing ELISA and LC. 
The slope of 1.72 seems high, whereas the correlation coeffi­
cient is near 1. The large value of the slope indicates a deviation 
in the concentration of AFB] between the 2 methods. The rea­
son for this deviation is not discussed in the article.

In any event, it must be emphasized that in this study good 
correlations exist among the TLC, LC, and ELISA methods 
used. The reason for the good correlation among the 3 methods 
may be mainly due to the high specificity and reproducibility 
of the monoclonal antibody. Other factors such as the enzyme- 
marker, HRP, and optimal experimental conditions may also 
improve ELISA. Concerning the detection limit of the ELISA 
using 55% aqueous methanol, 3-4 ng/mLis reasonable, judg­
ing from the results obtained.

Throughout these discussions, we emphasize that the 
ELISA system used in this experiment, as well as TLC and LC, 
is very reliable for determining the concentration of AFB].

Nonspecific reactions are always a big problem in ELISA 
systems, causing incorrect data. It is a unique phenomenon that 
about 5-fold dilution with water exerts a huge effect on the

elimination of nonspecific reactions from the ELISA system 
(see Figure 4).

The monoclonal antibody is divided into Fab and Fc por­
tions. In these 2 portions, Fc readily bonds to plastics such as 
polystyrene and polypropylene because of its hydrophobic 
property. The Fc portion sometimes causes the nonspecific re­
action. Therefore, an antibody is digested into Fab and Fc frag­
ments. To eliminate the nonspecific reaction, only the Fab 
portion is used in an immunoassay. In this experiment, Fc has 
not been removed, so that to some extent nonspecific reaction 
may occur. Organic compounds from the sample can interact 
with Fc as a result of its hydrophobic properties. This is one 
possible mechanism for the nonspecific reaction. The dilution 
of the sample extract with water may reduce this type of non­
specific reaction. In addition, monoclonal antibodies show low 
reactivity in organic solvents such as methanol, ethanol, etc. 
Thus, the antigen-antibody reaction is ideally performed in 
aqueous solution. This may also contribute to the improvement 
of sensitivity in this ELISA experiment.

TLC and LC methods, which are generally used for the de­
termination of AFB1; require many time-consuming steps to 
clean up the sample extract. With regard to the corn samples, 
the crude sample extract can be applied to the ELISA system 
described here without further cleanup; all steps, including 
sample extraction and assay, can be performed in a total of 
30 min. In addition, many samples can be assayed at the same 
time with high accuracy.

For mixed feeds, the crude extract cannot be applied directly 
to ELISA because of the occurrence of large nonspecific reac­
tions. However, if the same sample preparation procedure used 
in the LC method is included in ELISA, high sensitivity can be 
achieved with the mixed feed, as seen in Figure 5. Still another 
advantage in using ELISA is that many samples can be assayed 
simultaneously with high accuracy.

The direct ELISAmethod for AFB] described here has high 
sensitivity and some advantages of both time and economy. In 
particular, many samples can be assayed in a short time. There­
fore, if the samples are chosen in many sections of the lot and 
every samples is assayed by ELISA, the average and accurate 
AFBj value for the lot can be obtained within a short time; 
consequently, the AFB] contamination of the lot is estimated 
with high accuracy. The assay system is applicable to the anal­
ysis of cereals. The system is very useful for screening foods 
and feeds.
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MYCOTOXINS

L i q u i d  C h r o m a t o g r a p h i c  D e t e r m i n a t i o n  

o f  F u m o n i s i n s  B i ,  B 2 ,  a n d  B 3  i n  F o o d s  a n d  F e e d s

E ric W. Sydenham, Gordon S. Shephard, and P ieter G. T hiel

South  A frican  M ed ica l R esearch  C ou n cil, P rogram m e on  M y co to x in s  and E xperim ental C a rc in o g en esis , 
PO  B o x  1 9 0 7 0 , T ygerberg 7 5 0 5 , Sou th  A fr ica

Three recently described and toxicologlcaliy Im­
portant F u s a r lu m  mycotoxins, fumonlsin Bi (FBi), 
fumonlsin B2 (FB2), and fumonisln B3 (FB3), are the 
major fumonisins produced in cultures of
F. m o n illfo rm e , a fungus that occurs worldwide on 
corn. Contamination of food and feed with
F. m o n illfo rm e  has been associated with a number 
of diseases in both animals and humans. Aspects 
of a recently reported liquid chromatographic 
method for the determination of FB1 and FB2 in 
corn, Including initial extraction, extract purifica­
tion, and stability of derivatives, were investigated 
and, where necessary, optimized further both to re­
duce the analysis time and to Include the co-deter­
mination of FB3. The method was applied for the 
determination of FB3, in a series of U.S. feed sam­
ples associated with outbreaks of equine 
leukoencephalomalacia, which were shown pre­
viously to contain both FB1 and FB2. Twelve of the 
13 feed samples contained FB3 at levels ranging be­
tween 50 and 2650 ng/g, corresponding to 2.2-18% 
of the total fumonlsin concentrations present In the 
FB3-positive feed samples. This is the first report of 
the natural occurrence of FB3.

T h e fum onisins (Figure 1), a group o f  structurally related  
secondary m etabolites, w ere iso lated  from  co m  culture 
m aterial o f  F. monillforme strain M R C  8 2 6  (1 ) and their 

structures elucidated  (2 ). T hree o f  the 6  know n fum onisins ( 1 -
3 ), fum onisin  B j (F B j), fum onisin  B 2 (F B 2), and fum onisin  B 3 
(F B 3) ,  are th e  m ajor fu m o n is in s  p ro d u ced  in  cu ltu res o f
F. monillforme (3 ).

T o x ico lo g ica l investigations to date have resulted in the re­
p rod u ction  o f  2  im portant an im al d ise a se s , eq u in e leu k o ­
e n c e p h a lo m a la c ia  (L E M ) and p o rc in e  p u lm o n a ry  ed em a  
(PPE), fo llo w in g  the adm inistration o f  pure F B j (4 -6 ) . F B i has 
also  been  show n to be both hepatotox ic  and carcinogenic  to rats
(7). Short-term  carcinogenesis studies in a rat liver b ioassay  
have indicated  that F B 2 and F B 3 exhib it to x ico lo g ica l and can­
cer-initiating activ ities sim ilar to those observed for F B i (8).

Received July 3,1991. Accepted September 25,1991.

T h ese  observations su ggest that the fu m on isin s m ay p ose a 
th rea t to  h u m a n  an d  a n im a l h e a lth , e s p e c ia l ly  b e c a u se
F. monillforme and the fum onisins occur w orld w id e on  co m  
and co m  products (9).

T he provision  o f  a sen sitive , accurate, and reproducible an­
alytical m ethod for the determ ination o f  the m ajor fum onisin  
m y cotox in s in fo o d s and feed s is  essen tia l for an assessm ent o f  
potential hum an and anim al exposure to these  com pounds. The 
initial thin-layer chrom atographic (T L Q  m ethod developed  
during the iso lation  o f  the fu m on isin s (1 ) w a s  found to be un­
suitable for the detection  o f  fum onisin  concentrations low er  
than 5 0 0  p g /g  (10 ). C apillary gas chrom atographic (G C ) pro­
cedures have in volved  the h yd rolysis o f  fum onisin-contam i- 
n a ted  sa m p le  e x tr a c ts , fo l lo w e d  b y  e s te r if ic a t io n  o f  the
1,2,3-propane tricarboxylic acid (1 0 ) and/or acylation  o f  the 
am inopolyo l m o ieties  o f  the fu m onisins (1 0 ,1 1 ) .  T hese proce­
dures have the advantage o f  being  able to  com b in e G C  w ith  
m ass spectrom etry (M S ) for confirm ation purposes (1 0 -1 2 ) .  
H ow ever, because the G C /M S  m ethods are tim e-consum ing  
and req u ire  e x p e n s iv e  in s tr u m e n ta tio n , th e y  are n e ith er  
appropriate nor practical for the screen ing  o f  large num bers 
o f  sam ples.

T he fum onisins d o not absorb either U V  or v is ib le  light, nor 
do they fluoresce. To use conventional spectrophotom etric de­
tectors in conjunction  w ith  liquid chrom atography (L Q , either 
U  V-absorbing or fluorescent products m ust be derived from  the 
fum onisins. D erivatization  w ith  m a le ic  anhydride (1), coupled  
w ith  reversed-phase L C  and U V  detection , enabled  the quanti­
tative determ ination o f  F B j and F B 2 in  culture m aterial o f
F. moniliforme. T he sensitiv ity  o f  th is procedure (1 0  p g /g ) w as  
superior to that o f  the T L C  m ethod , but it still lacked  the n ec­
essary sensitiv ity  for the determ ination o f  fu m on isin s in natu­
rally contam inated fo o d s and feed s (1 0 ). T he u se  o f  several 
f lu o r e sc e n t  d e r iv a t iv e s  h a s b e e n  in v e s t ig a te d , in c lu d in g  
fluorescam ine (10 ), naphthalene-2 ,3-d icarboxaldehyde (G. M. 
W a re , p e r s o n a l c o m m u n ic a t io n )  an d  o-phthaldialdehyde  
(O P A ) (1 3 ). Shephard et al. (1 3 ) d ev e lo p ed  a m ethod  that 
proved to be sensitive , accurate, and reproducible for the sim ul­
taneous L C  determ ination o f  F B j and F B 2, as their O PA deriv­
atives, at lev e ls  as lo w  as 50  ng/g . T h is m ethod  is currently the 
subject o f  an international collaborative study.

T he report o f  the to x ico lo g ica l sig n ifica n ce  o f  F B 2 and F B 3
(8 ) em p h asizes the need to quantitatively determ ine the lev e ls
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Figure 1. Chemical structures of fumonisins Bi, B2, and B3.

of these fumonisin mycotoxins, in addition to FBi. On the basis 
of comments from participants in the collaborative study of the 
method of Shephard et al. (13) and on our own observations, 
this paper describes the alteration of the method to include FB3. 
We also address a number of parameters that may influence the 
performance of the method, including initial fumonisin extrac­
tion, sample purification, and fumonisin-OPA derivative sta­
bility. The paper reports the application of the method to the 
determination of FB3 in a series of feed samples, and describes 
in detail the optimized method for the co-determination of EBj, 
FB2, and FB3 in corn-based samples.

Experimental

General reagents and apparatus are listed in the Method sec­
tion. Several factors affecting the performance of the method 
were investigated separately and are subsequently listed 
as such.

O p tim iz a tio n  o f  S a m p l e  P u rifica tio n

(a) Initial extraction.— A  500 g corn sample, previously 
shown to be naturally contaminated with FBj and FB2, was 
prepared by grinding in a laboratory mill to pass a 840 pm sieve 
and was subsequently well mixed. Three subsamples (25 g 
each) were extracted with 50 mL methanol-water (3 + 1) for 1, 
3, and 5 min, respectively, in a Polytron homogenizer. An ad­
ditional three 50 g subsamples were extracted with 100 mL of 
the same extraction solvent blend, for similar periods of time, 
using a Sorvall Omnimixer. A  single 50 g subsample was also 
extracted with 100 mL extraction solvent for 60 min on a wrist- 
action shaker. The extracts were examined for the presence of 
FBj and FB2 according to the method of Shephard et al. (13).

(b) Application of extracts to strong anion exchange (SAX) 
cartridges.— Com extracts were prepared by using the Sorvall 
omnimixer as cited in section (a). Aliquots (10 mL) were ap­
plied to 4 separate SAX solid-phase extraction cartridges at 
flow rates of 1,2.1,3.1, and 8.2 mL/min. The fumonisins were 
eluted from the SAX cartridges and determined as previously 
described (13).

(c) Elution of fumonisins from SAX cartridges.— Addi­
tional com extracts were prepared by the Sorvall system as de­
scribed in section (a), and 10 mL aliquots were applied to 4 
separate SAX cartridges at a flow rate of 2 mL/min. The 
fumonisins were eluted from the cartridges with 14 mL 0.5%

acetic acid in methanol at flow rates of 1, 2.5, 4.1, and
6.7 mL/min, and the fumonisin levels were determined as pre­
viously described (13). Extracts of a naturally contaminated 
corn sample containing predominantly FBj were similarly pre­
pared, and suitable aliquots were applied to 2 SAX cartridges 
at a flow rate of 2 mL/min. The fumonisins were eluted from 
one SAX cartridge with 0.5% acetic acid in methanol and from 
the second cartridge with 1% acetic acid in methanol, at a flow 
rate of 0.8 mL/min. For each cartridge, the first 4 mL fraction 
followed by 5 subsequent 2 mL fractions were collected sepa­
rately (to give a total volume of 14 mL eluate). Each fraction 
was evaporated to dryness in separate vials, and the fumonisin 
concentrations were determined as previously described (13).

S ta b i li ty  o f  F u m o n is in -O P A  D e r iv a t iv e s

Fumonisin standards were prepared as described (13) and 
50 pL aliquots were used to prepare 8 similar OPA derivatives 
(see Method section). After mixing, each derivative was capped 
and stored on the bench under laboratory fluorescent lights for 
either 0.5,1, 2, 4, 8,16, 32, or 64 min, and then injected onto 
the LC system (see Method section).

R e g e n e r a t io n  a n d  R e - u s e  o f  S A X  C a r tr id g e s

A  corn extract was prepared by extracting 100 g fumonisin- 
contaminated com with 200 mL methanol-water (3 + 1), using 
a Sorvall Omnimixer as described for the initial extraction (a). 
Aliquots (10 mL) of the filtered extract were applied to 4 sep­
arate SAX cartridges at flow rates of 2 mL/min, and fumonisin 
concentrations were determined by the method of Shephard 
et al. (13). The used cartridges were treated with 5 mLO.lM  
aqueous hydrochloric acid followed by 8 .mL distilled water. 
Additional 10 mL aliquots of the original sample extract were 
then re-applied to the regenerated cartridges, and the fumonisin 
concentrations were again determined as described (13).

F B 3  R e c o v e r i e s

Fumonisin-free control com was spiked with FB3 standard 
in methanol at a level of 1000 ng/g. A 100 g subsample of the 
spiked com was extracted with 200 mL methanol-water (3 + 
1) in the Polytron homogenizer as described for the initial ex­
traction (a). Aliquots (10 mL) of the extract were then applied 
to 5 separate SAX cartridges, and the FB3 levels were deter­
mined by the method detailed below.

The results of the various parameters described in the Ex­
perimental section and evaluated in the Results and Discussion 
section of this paper were combined into an optimized method 
for the determination of FBj, FB2, and FB3 in corn-based prod­
ucts, which is described in the following section.

METHOD

A p p a r a tu s

(a) Liquid chromatograph.— M-45 pump (Waters Corp., 
Milford, M A  01757), with a Waters U6K injector.

(b) LC column.— Stainless steel, 12.5 cm x 4 mm id, 
packed with Lichrosorb 5 pm C8 reversed-phase material 
(Merck & Co., Darmstadt, Germany).
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(c) Fluorescence detector.—650S fitted with an 18 pL 
flow cell and set at 335 nm (excitation) and 440 nm (emission), 
and slit widths of 12 nm (Perkin-Elmer Corp., Norwalk, CT 
06859).

(d ) Data system.—Waters Model 745.
(e) Blender.—Polytron mixer (Kinematica, Luzern, 

Switzerland).
(f) Solid-phase extraction (SPE) columns.—Bond-Elut 

strong anion exchange (SAX) cartridges, 3 mL capacity, con­
taining 500 mg sorbent (Analytichem, Harbor City, 
CA 90710).

(g) SPE m anifold.—SPE tube manifold (Supelco, 
Bellefonte, PA 16823).

(h) Sample evaporator.—Silli-therm module (Pierce, 
Rockford, IL 61105).

R e a g e n t s

(a) Solvents and reagents.—Analytical grade acetonitrile, 
methanol, o-phosphoric acid (>85%), glacial acetic acid, OPA, 
2-mercaptoethanol, sodium dihydrogen phosphate, and diso­
dium tetraborate.

(b) LC mobile phase.—Methanol-0.1M sodium dihy­
drogen phosphate (15.6 g NaH2P04-2H20 in 1 L distilled 
water) (68 + 32), adjusted to pH 3.35 with o-phosphoric acid. 
Filter mobile phase through 0.45 pm Waters HV membrane 
and pump at 1 mL/min flow rate.

(c) Preparation of OPA.—Dissolve 40 mg OPA in 1 mL 
methanol and dilute with 5 mL 0.1M disodium tetraborate 
(3.8 g in 100 mL distilled water). Add 50 pL 2-mercap- 
toethanol and mix. Store solution for up to 1 week at room 
temperature in dark, capped amber vial.

(d ) Fumonisin standard solution.—Prepare standard solu­
tion of FBI, FB2, and FB3 (9,11) in acetonitrile-water (1 + 1) 
at concentration of 50 pg/mLfor each standard. Store solution 
at 4°C.

E x tra c tio n  a n d  C le a n u p

Place subsample (25 g) of com or mixed feed, previously 
ground and blended, into suitable glass tube and homogenize 
2 min with 50 mL methanol-water (3 + 1), using Polytron ho­
mogenize  ̂ 60% full speed setting. Centrifuge blended extract 
10 min at 500 g  and ca 4°C, and filter supernatant through fluted 
Whatman No. 4 filter paper. Check pH of eluate and adjust, if 
necessary, with 0.1M KOH to ¿pH 5.8 (i.e., to 5.8—6.5).

Attach SAX cartridge to SPE manifold and condition by 
washing successively, first with 5 mL methanol and then with 
5 mL methanol-water (3 + 1). While maintaining flow rate of 
no more than 2 mL/min, apply 10 mL aliquot of filtered sample 
extract to cartridge. Wash cartridge with 8 mL methanol-water 
(3 + 1), followed by 3 mL methanol. Elute and collect 
fumonisins in vial, with 10 mL 1% methanolic acetic acid, at 
flow rate of no more than 1 mL/min. Evaporate eluate to dry­
ness in 4 mL capacity vial under stream of nitrogen at ca 60°C. 
Wash collection vial with 1 mL methanol and add to 4 mL vial. 
Evaporate additional methanol to dryness under nitrogen, cap 
vial, and retain dried residue at 4°C until LC analysis.

D e r iv a tiz a t io n  a n d  L C  A n a ly s i s

(a) Preparation of standard derivative.— Transfer 25 pL 
fumcnisin standard solution to base of small test tube. Add 
225 pL OPA reagent, mix solutions, and inject 10 pL 
derivatized solution into LC system within 1 min of adding 
OPA reagent. Adjust sensitivity of fluorescence detector so that 
FB!-OPA derivative standard (= 50 ng injected onto LC col­
umn) gives at least an 80% recorder response.

(b) Corn extracts.— Redissolve purified sample residue in 
200 pL methanol. Transfer aliquots (25 or 50 pL) of extract to 
base of small test tube and add OPA reagent (225 or 200 pL). 
Mix solutions and inject 10 pL derivatized solution into LC 
system within 1 min of adding OPA reagent.

Results and Discussion

O p tim iz a tio n  o f  S a m p l e  P u rif ica tio n

(a) Initial extraction.— Several different ratios of metha­
nol-water and acetonitrile-water were evaluated for the extrac­
tion of the fumonisins from naturally fumonisin-contaminated 
com. The methanol-water blend (3 + 1), as used for the initial 
isolation of the fumonisins (1), was found to give marginally 
higher recoveries than some of the other solvent blends. With 
this solvent blend as extractant, the use of the Polytron homog- 
enizer for the initial extraction of the fumonisins from corn- 
based matrixes was evaluated against homogenization with a 
Sorvall Omnimixer and shaking on a wrist-action shaker. No 
significant differences in fumonisin recovery were observed in 
homogenizing 25 g subsamples with 50 mL methanol-water 
(3 + 1) for either 1,3, or 5 min with the Polytron homogenizer; 
relative standard deviations (RSD) of less than 4.0% were re­
corded. The use of a Sorvall Omnimixer for extraction of a 50 g 
subsample with 100 mL methanol-water (3 + 1) at 60% full 
speed for 5 min resulted in fumonisin recoveries of 94-99% of 
the Polytron results. Extraction on a wrist-action shaker for 
60 min resulted in recoveries of 67-74% of the Polytron re­
sults. We concluded that the Polytron gave the most consistent 
and reproducible recoveries of the 3 procedures; Sorvall ex­
traction using larger sample weights and solvent volumes than 
previously prescribed (13) could give comparable results but 
required longer extraction times. Because of the low recover­
ies, the use of a wrist-action shaker for the initial extraction of 
the fumonisins from com-based products is not recommended.

(b) Application to and elution from SAX cartridges.— In 
ion exchange chromatography, separation takes place as a re­
sult of the competition between ions in the eluant and the solute 
for oppositely charged sites on the stationary phase. Although 
this principle would appear to be simple, the separation mech­
anism on ion exchange materials can be complex, and several 
types of separation mechanisms can be operating simulta­
neously (14). Factors such as the pH and the ionic strength of 
solvents can significantly affect either the retention or elution 
of solutes.

Although in this laboratory the pH values of naturally con­
taminated sample extracts have been found to range from 6.0-
6.5, fumonisin recoveries from SAX cartridges may be
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Table 1. Effect of sample extract application rate 
to strong anion exchange cartridges

Fumonisin concn, ng/g

Application flow rate, mL/min FB, FB2

1.0 564 213
2.1 563 207
3.1 604 220

8.2 603 232
Mean 584 218
RSD, % 4.0 4.9

Table 2. Effect o f elution rate of fumonlsins 
from strong anion exchange cartridges, using 0.5% 
methanollc acetic acid

Fumonisin concn, ng/g

Elution flow rate, mL/min FB, fb2

1.0 1517 605
2.5 1154 500
4.1 957 428
6.7 858 407

Table 3. Effect of elution solvent strength on elution 
profiles of fumonisin B i from  strong anion exchange 
cartridges at flow  rates of 0.8 mL/min

Percentage FB,

0.5% 1.0%
Fraction Volume, mL CH3 COOH/CH3 OH CH3 COOH/CH3 OH

1 4 91.8 97.9
2 2 4.2 1.6

3 2 2.4 0.5
4 2 1.4 0.0
5 2 0.2 0.0
6 2 0.0 0.0

compromised at pH values below 5.8. Therefore, the pH of 
sample extracts should be measured before application to SAX 
cartridges and adjusted if necessary. Table 1 shows the effect of 
the application rate of sample extracts, contaminated with FBi 
and FB2, on the recovery of the fumonisins. The data (Table 1) 
clearly indicate that complete retention of the fumonisins by 
the SAX stationary phase is not a function of the initial appli­
cation rate, as no significant differences in fumonisin concen­
trations were observed for sample extracts applied to the SAX 
cartridges at flow rates of 1-8.2 mL/min.
Table 2 illustrates the effect of the elution rate from the SAX 

cartridge on the recovery of the fumonisins using 14 mL 0.5%

acetic acid in methanol as prescribed in the method of 
Shephard et al. (13). Recoveries of the fumonisins from the 
SAX cartridges decreased substantially at elution flow rates be­
tween 2.5 and 6.7 mL/min when compared with the recoveries 
obtained at an elution flow rate of 1 mL/min (Table 2). The 
equilibrium between the elution solvent, the fumonisins, and 
the ion exchange material would appear to be critical. There­
fore, the elution flow rate of 2 mL/min previously prescribed 
by Shephard et al. (13) required further consideration.
Table 3 compares the elution profiles of FBj at different elu­

tion solvent strengths from SAX cartridges at a constant flow 
rate of 0.8 mL/min. More than 90% of the FBi eluted from the 
SAX cartridge within the first 4 mL when the elution solvent 
was 0.5% acetic acid in methanol. However, FBi was com­
pletely eluted only after 12 mL eluate was collected. In con­
trast, the use of a solution of 1% acetic acid in methanol 
resulted in the complete elution of FB! within 8 mL; more than 
99% was eluted in the first 6 mL. Further studies using com 
extracts indicated that the use of the stronger solvent did not 
result in the co-elution of corn-intrinsic compounds that inter­
fered with the chromatographic determination of the 
fumonisins. Even though the time required for complete elu­
tion of the fumonisins was slightly increased, this alteration 
improved the method by significantly reducing the volume of 
eluate, which reduced the time required for the solvent evapo­
ration of the eluate.

S ta b i li ty  o f  F u m o n is in -O P A  D e r iv a t iv e s

OPA derivatives of the fumonisins are prepared under alka­
line conditions (pH 9-10) in the presence of 2-mercap- 
toethanol. The stability of OPA derivatives was reviewed (15,
16), and OPA was reported to be less stable than other fluoro- 
metric reagents. To assess the stability of OPA-fumonisin de­
rivatives, fumonisin standards were reacted with OPA, and the 
solutions were capped and left to stand under fluorescent light 
0.5-64 min before injection into the LC. No significant differ­
ence in fluorescence response was observed in those standards 
injected within 4 min of addition of the OPA reagent. However, 
after 8 min, the response was approximately 95% of that pre­
viously observed, and after 64 min, it decreased to 48% of the 
initial readings. Therefore, the data indicated that, provided LC 
injections are made reproducibly and within at least 4 min fol­
lowing the addition of the OPA reagent, no appreciable deriva­
tive stability problems should be encountered.

R e - u s e  o f  S A X  C a r tr id g e s

To ascertain whether the SAX cartridges could be re-used, 
an extract of a fumonisin-contaminated com sample was pre­
pared and applied to 4 separate SAX cartridges, both before 
and after regeneration. No significant difference was observed 
between the main fumonisin concentrations recorded for the 2 
series of determinations; RSD values were 0.85% for FBj and 
0.35% for FB2 in the first series, and 1.0% for FB! and 0.25% 
for FB2 in the second series. These results suggest that if nec­
essary, SAX cartridges can be regenerated and reused for 
fumonisin purification without loss of analyte recovery.
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Figure 2. (a) Chromatographic separation of OPA 
derivatives of 50 ng each of 1 (fumonisin Bi), 2 
(fumonlsln B2), and 3 (fumonisin B3); (b) chromatogram 
of a sim ilarly prepared derivative of the purified extract 
of sample number U6205; and (c) the chromatogram of 
the extract shown in 2b, spiked with authentic fumonisin 
B3 standard.

L e v e l s  o f  F B 3  in  C o r n - B a s e d  M ix e d  F e e d s

On the basis of 5 separate determinations, the mean recov­
ery of FB3 from SAX cartridges (spiked in fumonisin-free con­
trol com at 1000 ng/g) was 96.8%, with an RSD of 2.3%. The 
limit of detection was found to be similar to that reported for 
FBj and FB2 (i.e., 50 ng/g). The method was applied to a series 
of feed samples associated with field outbreaks of equine LEM 
in the United States over a 4-year period (1983-1986) (17).
Figure 2a shows the LC separation of 50 ng each of FBj, 

FB2, and FB3 standards as their OPA derivatives. The figure 
illustrates that baseline separation of the 3 mycotoxins may be 
achieved within 16 min using an isocratic LC system coupled 
with fluorescence detection. Figure 2b shows the chromato­
gram obtained from a similarly prepared derivative of an ex­
tract of a feed sample (U6205); Figure 2c shows the 
chromatogram of the same extract spiked with FB3 standard. 
The excellent agreement between the retention times for the 
peaks corresponding to FB3 in the standard (Figure 2a) and in 
the sample extract (Figure 2b), coupled with the successful 
spike of the sample (Figure 2c), confirmed the presence of FB3 
in the sample extract.
The levels of FB3 determined in the 13 U.S. feed samples 

are listed in Table 4. The levels ranged between 0 and 
2650 ng/g and were considerably lower than the corresponding

Table 4. Fumonisin concentrations in feed samples 
associated with confirmed cases of equine 
leukoencephalomalacla in the United States*

Sample

Fumonisin concn, ng/g

FB3l %bFB, CMCDLL fb3

U6177 4600 1100 160 2.7
U6178 4400 700 200 3.8
U6179 3700 600 120 2,7
U6205 8000 4100 2650 18.0
U6213 6000 2400 730 8.0
U6256 5800 1600 270 3.5
U6258 4500 1000 160 2.8
U6262 1300 100 50 3.5
U6263 9600 3100 290 2.2
U6264 16800 6500 680 2.8
U6292 7100 6300 920 6.4
U6301 6200 1300 490 6.1
U6302 3200 500 ND° 0

a Data on FB, and FB2 in feed samples previously published (17). 
b % FB3 = 100 X [FBa/fFB, + FB2 + FB3)]. 
c Not detected (<50 ng/g),

levels of FBj (1300-16 800 ng/g) and FB2 (100-6500 ng/g) re­
corded in the same samples (17). The extent to which the FB3 
levels reported in Table 4 may have contributed to the develop­
ment of equine LEM is as yet unknown; however, the fact that 
the FB3 levels corresponded to 2.2-18.0% of total fumonisin 
concentrations in the 12 positive U.S. equine LEM samples 
stresses the importance of screening extracts for the presence 
of FB3 as well as FBj and FB2.
In summary, the alterations made to the LC method, cou­

pled with the chromatographic observations, resulted in the 
provision of a method that enables the co-determination of 
the 3 most abundant and possibly the most toxicologically 
important fumcnisin mycotoxins in corn-based foods and 
mixed feeds. The analysis times required for sample extrac­
tion, prechromatographic purification, and analytical deter­
mination were substantially reduced without loss of 
recovery or resolution. The method was successfully applied 
to a series of U.S. feed samples associated with field out­
breaks of equine LEM, and resulted in the first report of the 
natural occurrence of FB3.
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MYCOTOXINS
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A liquid chromatographic (LC) method Is described 
for the determination of cyclopiazonic acid (CPA) In 
corn and peanuts. CPA was extracted from the test 
portion with methanol-2% NaHC0 3  solution (7 + 3); 
the extract was defatted with hexane and then acidi­
fied. CPA was partitioned Into chloroform and ap­
plied to a Sep-Pak silica cartridge. CPA was eluted 
with chloroform-methanol (3 + 1), the solvent was 
evaporated, and the residue was dissolved In meth­
anol-water (60 + 40). CPA was quantitated by re- 
versed-phase LC with a linear gradient of 0-4mM 
ZnS04 In methanol-water (85 + 15) and UV mea­
surement at 279 nm. Recoveries of CPA from corn 
spiked over the range of 50-500 ng/g and peanuts 
spiked over the range of 100-500 ng/g were 
72-84% and 74-80%, respectively. The limits of 
quantitation for CPA in corn and peanuts were 
about 50 and 100 ng/g, respectively. CPA (820 ng/g) 
was found in corn naturally contaminated with afla- 
toxin Bi, and CPA Identity was confirmed by tan­
dem mass spectrometry.

C yclopiazonic acid (CPA) is a toxic indole tetramic acid 
(Figure 1) produced by some species of A sp erg illu s and 
P én ic illiu m (1-3). Some strains of A . f la v u s produce 

both aflatoxins and CPA (4). Consequently, aflatoxins and CPA 
can occur together in a single food commodity. Gallagher et al.
(5) indicated that CPA might occur with a frequency similar to 
or greater than that of the aflatoxins. When given experimen­
tally, CPA has caused toxic effects in rodents (6), dogs (7), pigs
(8), and chickens (9). Some cases of human and animal poison­
ing reported in India may be the result of CPA contamination 
of millet (10). CPA accumulates in the skeletal muscle of rats
(11) and, more importantly from a food safety aspect, in 
chicken meat after oral dosing (12).
Several analytical procedures were developed for the deter­

mination of CPA in agricultural commodities. Thin-layer chro­
matographic separation coupled with postdevelopment 
derivatization with Ehrlich’s reagent under acidic conditions, 
followed by densitométrie analysis, gave a limit of quantitation

Received July 17,1991. Accepted September 23,1991.

of 50 ng with the use of standards (13). CPA was also 
determined in com at 100 ng/g by normal-phase liquid chro­
matography (LC) using a mobile phase of ethyl acetate-2-pro- 
panol-25% aqueous ammonia (55 + 20 + 5) (14). This solvent, 
however, may shorten the useful life of the column by dissolv­
ing the silica gel packing. A recent study used a ligand-ex- 
change reversed-phase LC method that was a modification of 
a previously published procedure (15) to determine CPA in the 
meat of chickens dosed with the toxin (12,16). In this method, 
the LC column requires overnight equilibration with the mo­
bile phase. Stack et al. (17) used zinc sulfate as a chelating 
agent in the mobile phase to separate tenuazonic acid from in­
terferences in tomatoes. We found this chelating agent useful 
in a gradient LC system (0-4mM ZnS04 in methanol-water, 
85 + 5) for the determination of CPA in com and peanuts.

METHOD

A p p a r a tu s

(a) B len der.— High speed with 1 L blender jar and cover.
(b) R o ta ry  e v a p o ra to r .— Buchi Model RE 120 performs 

satisfactorily.
(c) L iq u id  ch ro m a to g ra p h .— 2 Model 510 LC pumps, U6K 

injector, 490 multiwavelength detector, and 840 chromatogra­
phy data station (Waters Associates, Inc., Milford, MA01752).
(d) L C  colum n.— 150 x 3.9 mm id, packed with Resolve 

C18,5 pm (Waters).
(e) G u a rd  colum n.— 15 x 3.2 mm id, packed with New- 

Guard RP-18 (Applied Biosystems, Ramsey, NJ 07446).
(f) Tandem m a ss  sp ec tro m e te r .— Triple Stage Quadrupole 

(TSQ) 46 (Finnigan MAT, San Jose, CA).
R e a g e n t s

(a) S o lven ts.— LC grade chloroform, acetone, methanol, 
hexane, anhydrous ethyl ether, and distilled water.
(b) C h em ica ls.— Reagent grade NaHC03, KC1, HC1, and 

anhydrous Na2S04.
(c) L C  m o b i le  p h a s e .— Solvent A, methanol-water 

(85 + 15); Solvent B, methanol-water (85 + 15) with 
4mM ZnS04-7H20.
(d) S ilica  ca rtr id g e .— Sep-Pak silica (Waters).
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(e) Standard solution.— Pure CPA (available from Joe W. 
Domer, U.S. Department of Agriculture, National Peanut Re­
search Laboratory, Dawson, GA 31742) dissolved in methanol 
(100 pg/mL).

(f) Working standards.— Transfer 40, 100, and 200 pL 
stock solution into separate 2 mL volumetric flasks and dilute 
to volume with methanol. Working standards contain CPA at
2.0,5.0, and 10 ng/pL, respectively.

E x tra c tio n

Grind com or peanuts and blend to pass U.S. No. 20 sieve. 
Place 50 g ground com or peanuts in blender jar. Add 200 mL 
methanol-2% NaHC03 solution (7 + 3) and blend 3 min at 
high speed. Filter extract by gravity through fluted paper. 
Transfer 100 mL com filtrate or 50 mL peanut filtrate to 
250 mL separatory funnel. Add 100 mL hexane and shake fun­
nel 1 min. Let phases separate and then drain lower phase into 
another 250 mL separatory funnel. Add 50 mL 10% KC1 solu­
tion, acidify with 2 mL 6N HC1, and extract with 50 mL chlo­
roform. Repeat extraction with additional 50 mL chloroform. 
Combine chloroform extracts. Add 50 g anhydrous Na2S04 
and filter into 250 mL round-bottom flask. Evaporate to dry­
ness, using rotary evaporator in 40°C water bath.

S ilic a  C a r tr id g e  C le a n u p

Place silica gel cartridge on port of vacuum manifold. Con­
dition cartridge by washing with 5 mL chloroform before use. 
Gently apply suction to generate flow rate of 3 mL/min. Dis­
solve residue in 10 mL chloroform and add to cartridge. Wash 
cartridge with 10 mL ethyl ether, 10 mL chloroform-acetone 
(1 + 1), and 10 mL chloroform-methanol (95 + 5). Do not let 
column run dry. Place 50 mLround-bottom flask under column 
and elute CPA with 10 mL chloroform-methanol (3 + 1). 
Evaporate eluate to dryness with rotary evaporator in 40°C 
water bath. Dissolve residue in chloroform and transfer quan­
titatively to 4 mL screw-cap vial. Evaporate and save for 
LC analysis.

22

Figure 1. Structure of cyclopiazonic acid.

L iq u id  C h r o m a to g r a p h y

The chromatography conditions are as follows: linear gra­
dient from 100% A to 100% B in 10 min, followed by 100% B 
for 10 min, 1.0 mL/min flow rate, and measurement at 279 nm. 
Inject 30 pL working standard containing CPA at 1 ng/pL to 
ensure that 20 pL loop is completely filled. The retention time 
of CPA is ca 10 min. Adjust sensitivity of UV detector to give 
reasonable integrator response (signal:noise = 5:1) for 20 ng 
CPA. If strip chart recorder is used, adjust control to give 10% 
full-scale deflection with 20 ng CPA. Prepare standard curve 
daily. Dissolve residue in 1 mL methanol and filter through 
0.2 pm filter. Inject 20 pL test solution. Identify CPA peak in 
chromatogram by comparing retention time with that of refer­
ence standard. Determine quantity of CPA in test solution in­
jected from standard curve. Calculate concentration of CPA in 
corn or peanuts, using the following equation:

ng/g = X x  (Tv/Iv) x (1/W) = 50 x (X!W)

where W =weight of test portion (W  = 25 g for com, W  = 12.5 g 
for peanuts), X  = ng CPA in test solution injected, Tv = volume 
of concentrated eluate (1000 pL), and Iv  = volume of test solu­
tion injected (20 pL).

C o n firm a tio n  o f  C P A  Id e n tity  b y  T a n d e m
M a s s  S p e c tr o m e t r y

Isolation o f  CPA.— Collect presumed CPA from LC detec­
tor outlet. Repeat injections as many times as necessary until a 
total of 100 ng presumed CPAis collected. Add 1 drop IN HQ 
to combined CPA fractions in separatory funnel and mix. Add 
3 mL chloroform. Shake funnel and let layers separate. Collect 
chloroform layer and evaporate to dryness under stream of ni­
trogen. Save residue for mass spectrometric (MS) analysis.

M ass spectrom etric analysis and conditions.— Reconstitute 
residue in chloroform and apply 2 pLto loop of direct exposure 
probe for introduction into mass spectrometer. The following 
instrumental parameters were used: methane positive ion 
chemical ionization (PICI), source temperature 110°C, 
pre-amp 10~8 A/V, electron energy 70 eV, electron multiplier 
1400 eV; emission current 0.35 mA, conversion dynode 5 keV, 
argon collision gas pressure 1.8 mtorr, and collision energy - 
14 eV. The first quadrupole was set to pass the ions at m /z 337 
(the CPA protonated molecular ion), the second quadrupole 
acted as a collision cell, and the third quadrupole recorded the 
daughter ion spectra, scanning a range from 60 to 360 daltons.

Results and Discussion

The method described in this paper is an improvement over 
existing methods. The use of a direct, basic methanol extrac­
tion, rather than an acidic methanol extraction followed by 
basic partition, improves recoveries by 20%. KC1 is added be­
fore CPA is partitioned into chloroform to eliminate emulsion 
problems. A time-saving, solvent-efficient cleanup step is pro­
vided by the use of the 700 mg silica gel cartridge. The ZnS04 
linear gradient system resolves CPA from an interference that 
has a retention time close to that of CPA when chromato-
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Figure 2. Liquid chrom atogram s of (A) control corn, (B) 
naturally contam inated corn (C PA  at 230 ng/g), and (C) 
sp iked  corn extracts (C PA  at 500 ng/g).

graphed isocratically. The limit of quantitation of the CPA stan­
dard is about 20 ng (signalmoise >5:1), and the minimum 
quantifiable concentrations of CPA in com and peanuts are 50 
and 100 ng/g, respectively. Figures 2A, 2B, and 2C are chro­
matograms of control com, naturally contaminated com (CPA, 
230 ng/g), and spiked com extracts (CPA, 500 ng/g), respec­
tively. Figures 3A, 3B, and 3C are chromatograms of control 
peanuts, naturally contaminated peanuts (CPA, 430 ng/g), and 
spiked peanut extracts (CPA, 1000 ng/g), respectively. Fig­
ure 4 is a mass spectrum of the presumed CPA fraction from 
naturally contaminated com (CPA, 820 ng/g). The protonated 
molecular ion at mfc 337 (M + H) and daughter ions at m/z 182 
and 196 were observed. The relative intensities of the ions from 
the test extract agreed with those of the corresponding ions 
from the CPA standard. Thus, the identity of CPA in the test 
extract was confirmed. The identity of CPA in naturally con­
taminated com at 50 ng/g was confirmed by using the same MS 
conditions for standard and extracts.

F igure  3. Liquid  ch ro m ato g ram s o f (A) control 
peanuts, (B) naturally contam inated  peanuts (C P A  at 
430 ng/g), and (C) sp iked  peanut extracts (C P A  at 
1000 ng/g).

Table 1 gives the average recoveries of CPA added to com 
and peanuts. The recoveries from com containing CPA at 50- 
500 ng/g were 72-84%, and the recoveries from peanuts con­
taining CPA at 100-500 ng/g were 74-80%. The relative 
standard deviations were 3.5-7.4%.

Results obtained by this method are equivalent to those ob­
tained by previously reported methods. However, this method 
offers a time-saving alternative, a simpler LC separation, and a 
technique for the isolation of CPA for MS. The application of 
MS/MS for confirmation of CPA identity at 50 ng/g in grain 
was demonstrated for the first time. Currently, we are using this 
method to conduct survey studies of CPA in com and peanuts. 
The results and co-occurrences of CPA and aflatoxins in these 
2 commodities will be reported in a separate publication.
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Table 1. Recovery of C P A  added to corn and peanuts

CPA added,
ng/g

Corn, % Peanuts, %

Av. Range SD RSD Av. Range SD RSD

50 72 69-78 4.9* 6.8 __ C

100 77 72-84 5.7s 7.4 74 72-77 2 .6a 3.5
200 82 78-88 3.7b 4.4 76 72-82 4.6* 6.0
500 84 80-90 4.5* 5.3 80 76-85 3.2* 4.0

* n = 3. 
b n = 6.
c Not determined; signalinoise < 5:1.
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A polyclonal enzyme immunoassay (EIA) method 
was developed that will quantitate methyl 2- 
benzimidazolecarbamate (MBC), the degradation 
product of benomyl, in blueberries. The entire anal­
ysis is completed within 25 min, and up to 8 sam­
ples can be analyzed simultaneously with a 
detection limit of 18 ppb. The assay response was 
linear from 0.69 to 22 ppb MBC. Cross-reactivity 
was confined to the benzimidazole and dicarboxlm- 
Ide type pesticides. Intra-assay percent coefficients 
of variation (% CVs) ranged from 3.4 to 18.4 for the 
standards, and from 3.2 to 20.6 for the samples. 
Interassay % CVs varied from 7.5 to 22.3 for the 
standards, and from 7.5 to 22.0 for the samples. 
Correlation coefficient between immunoassay and 
liquid chromatography was 0.87 for the methanol 
extract and 0.98 for the methylene chloride parti­
tion of the methanol extract containing 100 mL 1% 
sodium chloride. None of the 40 field samples ana­
lyzed approached the tolerance of 15 ppm (mean of 
20 positive samples was 55 ppb). The ability of the 
EIA to monitor MBC easily and Inexpensively at 
concentrations far below the tolerance has major 
Implications for current dietary risk assess­
ment methods.

B enomyl, a systemic benzimidazole fungicide, is used as 
either a preharvest or postharvest treatment on fruit and 
vegetables to prevent Botrytis and rotting during refrig­

eration (1). Benomyl degrades rapidly to methyl 2- 
benzimidazolecarbamate (MBC, or carbendazim) (2, 3). 
Tolerances, including MBC, range from 0.12 to 35 ppm. Re­
cently, questions have arisen about the safety of benomyl and 
MBC (4,5). Because of possible health effects (4,5), wide­
spread use (6), and insufficient residue data (6), there is a need 
to monitor benomyl and MBC in food commodities. Accurate
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and thorough monitoring of pesticide residues in foods is cru­
cial for proper dietary risk assessment.

Previous methods for benomyl and MBC determination in 
foods have focused on spectrophotometric and chromato­
graphic procedures (1,5, 7, 8). Because benomyl decomposes 
rapidly to MBC in many organic solvents, most methods deter­
mine total MBC by converting benomyl to MBC (9,10). Re­
cently, liquid chromatography (LC) has become the method of 
choice for benzimidazole fungicides (8). However, enzyme 
immunoassay technology is beginning to be applied to pesti­
cide residue analysis for reasons recently discussed (11). In 
fact, many scientists now believe that adequate monitoring of 
pesticides in our food supply will require that immunoassay 
play an increasingly key role (11). Previously, 2 EIA methods 
were developed for MBC in foods, but these were not applica­
ble to blueberries (7,12).

This paper describes an EIA method for the determination 
of MBC in blueberries (fresh, frozen, highbush, and lowbush) 
that is extremely sensitive without the need of a cleanup step. 
In fact, it was our use of the EIA technique that first gave us the 
indication that MBC was present in our blueberry samples. A 
modified LC method was then developed to confirm the results 
obtained by EIA.

METHOD

Apparatus and Reagents

(a) Reagents.—All reagents pertaining to preparation of 
immunogens for raising antisera to MBC were previously de­
scribed (7). Methanol used for sample extraction was ACS 
grade (Fisher Scientific, Fairlawn, NJ 35666). All other sol­
vents were LC grade (VWR, Boston, MA 02101).

(b) Analytical standards.—All pesticide standards were 
obtained from U.S. Environmental Protection Agency, Re­
search Triangle Park, NC 27711.

(c) Pesticide standard stock solutions.—Weigh 7.0 mg 
each pesticide into 20 mL scintillation vials, and dissolve and 
dilute to volume with 20 mL methanol.
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Figure 1. Chem ical structures of pesticides that 
cross-react with the benom yl antibody and the hapten 
used  for the conjugate. Structures: (I) benomyl, (II) M BC,
(ill) thiabendazole, (IV) thiophanate-methyl, (V) 
thiophanate, (VI) procym ldone, (VII) vinchlozolin, and 
(VIII) 2-succlnam idobenzlm idazoie (hapten).

(d) Pesticide intermediate standards for immunoassay.—  

Take 0.1 mL aliquot from corresponding stock solution and

place into 50 mL volumetric flask. Dilute to volume 
with water.

(e) P estic ide working standards fo r  imm unoassay.—Re­
move 10, 20,40, 80,160, and 320 pL aliquots and place each 
into 20 mL scintillation vial containing 1 mL evaporated 
MeOH blueberry extract. Reconstitute to original volume 
with water.

(f) M BC working standard fo r  L C .—Remove 0.1 mLstock 
solution and add 19.9 mL LC mobile phase.

(g) L iqu id  chrom atograph.—510 pump (Waters Associ­
ates, Milford, MA 01757); Valeo pneumatic injector (VICI In­
struments, Houston, TX 77255); Waters 470 fluorescence 
detector and HP 1040A photodiode array detector/integrator 
system (Hewlett-Packard, Avondale, PA 19311). Operating 
conditions: injection volume, 5 pL; flow rate, 1.0 mL/min; flu­
orescence, excitation at 286 nm and emission at 310 nm; UV 
absorbance 280 nm; absorbance range 0.04 AUFS.

(h) Chrom atographic column.—Ultracarb 30 ODS, stain­
less steel, 15 cm x 4.6 mm id (Phenomenex, Torrance, 
CA 90501).

(i) M obile phase.-—Acetonitrile-methanol-water-mono- 
ethanolamine (135 + 30 + 235 + 0.05).

(j) Sam ple extraction solvent.—Use methanol for both LC 
and immunoassay and use methylene chloride as partitioning 
solvent for LC analysis.

(k) Sam ple cleanup.—Acid alumina (Sigma Chemical Co., 
St. Louis, MO 63178) and basic alumina (Fisher Scientific).

(l) C onjugate synthesis and an tisera.—Follow methods 
described previously (7,12,13). See Figure 1 for hapten struc­
ture.

Extraction o f MBC for Immunoassay

Use method of Gilvydis and Walters (8). Add 50 g blueber­
ries (fresh or frozen) to 1 L blender jar followed by 100 mL 
ACS grade methanol. (In working with sample that may have 
free benomyl present, 10 mL IN HC1 can be added to MeOH 
before extraction.) Blend 5 min before filtering. Record vol­
ume of filtrate.

Immunoassay o f MBC

Use EnviroGard™ El A kits (Millipore Corp., Bedford, MA 
01730), which consist of polystyrene test tubes coated with 
MBC antibodies and an enzyme conjugate (horseradish perox­
idase bound to MBC). Use hydrogen peroxide as the substrate 
and tetramethylbenzidine as the chromogen.

Prepare MBC standards as described in (e). In the same way 
as for MeOH samples, remove 0.1 mL aliquot from methanol 
extract and place in 7 mL glass scintillation vial. Evaporate to 
dryness under nitrogen. Add 1 mL water to residue and soni­
cate.

For methylene chloride partition samples, remove 0.1 mL 
aliquot from LC sample before alumina cleanup step (for more 
details on LC samples, see LC determination of MBC in M eth­
ods section). Upon removal of 0.1 mL aliquot, follow proce­
dure described for MeOH samples.

Analyze standards and samples by adding 160 pLto coated 
tube followed by 160 pL enzyme conjugate. As many as 8
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MBC Concentration (ppb)
Figure 2. Typical standard curve for M B C  In water (0) 
and M B C  in M eO H  blueberry extract (A). The error bars  
are standard  deviation va lue s between runs.

tubes can be prepared simultaneously. Incubate tubes for 
10 min at room temperature. Rinse tubes 4 times with water to 
remove unreacted sample and enzyme conjugate. Add 160 pL 
each of substrate and chromogen. Incubate tubes for 10 min 
before adding 1 drop 2.5N sulfuric acid to stop reaction. Sulfu­
ric acid causes a blue to yellow color change in tubes.

D e t e r m i n a t i o n  o f  M B C  b y  I m m u n o a s s a y

Measure amount of yellow color formed after reaction is 
stopped by reading 200 |tL aliquots of each tube on Bio-Tek 
Model EL 301 microwell strip reader (Burlington, VT 05404) 
at 450 nm. Run control tube with each set of tubes to calculate 
%B0 values of standards and samples (absorbance at 450 nm of 
standard or sample/absorbance at 450 nm of control x 100). 
Run standard curve at beginning and end of each day. Take 
average of both runs and use this to quantitate MBC in samples. 
Prepare curves by analyzing 0.0, 0.69,1.38, 2.76,5.52,11.04, 
and 22.08 ppb MBC in blueberry matrix. Calculate unknowns, 
using standard curve.

L C  A n a l y s i s  o f  M B C

After methanol extract (described in M ethods section under 
extraction of MBC for immunoassay), place filtrate in 500 mL 
separatory funnel and adjust pH by adding 40 mL2.0M ammo­
nium chloride, pH 9.5. Extract with two 100 mLportions meth­
ylene chloride. Combine methylene chloride fractions, dry 
over sodium sulfate, and evaporate to dryness. Dissolve residue 
in 2 mL methanol-acetonitrile (50 + 50) followed by 2 mL 
water. Remove 1 mL aliquot and pass it through an alumina 
column made from Pasteur pipet containing 5 mm acid alu­
mina and 5 mm basic alumina. Inject 5 pL sample, using LC 
conditions described in M ethods section ((g), (h), and (i)). 
(Ultracarb column is excellent for basic compounds.)

Results and Discussion

The immunoassay standard curve showed a linear relation­
ship (Figure 2) from 0.69 to 22 ng/mL, which was observed 
between the logarithm of the MBC concentration and %B0 at 
450 nm. For samples having a concentration greater than

Table 1. Reproducibility o f the M B C  Im m un oassay  
for standards prepared In a 1:10 dilution of M eOH  
organ ic  blueberry extract

MBC standard, ppb CV, % (intraassay)8 CV, % (interassay)6

0.69 3.4 7.5
1.4 5.0 9.9
2.8 11 12
5.5 9.9 7.6

11 18 9.1
22 18 22

a Percent coefficients of variation based on 6 determinations in 
1 day.

6 Percent coefficients of variation based on 9 determinations 
performed on 9 different days.

22 ng/mL (indicated by %B0 < 11), a simple dilution must be 
performed on the sample.

To quantitate MBC in blueberries by EIA, a 1:10 dilution 
step was used to reduce matrix effects. Figure 2 shows a com­
parison between MBC standard curves in water and a 1:10 di­
lution of blueberry MeOH extract. The slopes were identical 
but the inhibition for the standard curve containing the blue­
berry extract was slightly greater. The difference between 
curves results in an error of approximately 3 ppb. For maxi­
mum accuracy using EIA, MBC can be prepared in 1:10 dilu­
tions of non-MBC blueberry extracts.

With any analytical technique, precision within and be­
tween days is crucial. Reproducibility results of the MBC im­
munoassay for standards and blueberries is illustrated in 
Tables 1 and 2. Table 1 shows the consistency data obtained 
from analyzing MBC standards fortified in a 1:10 dilution of 
organic blueberry extract, intra- and interassay. Percent coeffi-

Table 2. Reproducibility of the M B C  im m un oassay  
for M eO H extracts of blueberries

Blueberry
sample MBC, ppb

CV, %
(intraassay)8

CV, %
(interassay)6

1 25 8.7 9.8
2 48 3.2 20
3 55 17 9.6
4 123 6.6 20
5 62 5.4 18
6 63 11 11
7 39 11 21
8 46 4.5 22
9 65 21 12

10 54 9.8 21
11 151 8.8 20
12 63 3.4 7.5
13 63 11 9.9

a Percent coefficients of variation based on 6 determinations in 
1 day.

6 Percent coefficients of variation based on 4 determinations 
performed on 4 different days.
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Table 3. A ccu racy  of M B C  im m un oassay  
for blueberries8

MBC added, ppb
MBC found,

ppb Mean rec., % CV, %

27 28 103 9.4
54 56 103 13

108 110 102 19
216 253 117 14
810 980 121 8.9

8 Mean and percent coefficients of variation based on 5 
determinations.

cients of variation (% CV) ranged from 3.4 to 22.3, with most 
below 20. This range is considered excellent for a resi­
due method.

MBC was determined in 13 blueberry samples (ranging 
from 25.2 to 151 ppb MBC) by EIA. Intra-assay and interassay 
precision for field blueberry samples is depicted in Table 2. The 
% CVs ranged from 3.2 to 22.0, with most % CVs being 20 or 
lower. Unlike the standard data in Table 1, the interassay data 
are not as reproducible as the intra-assay results. However, the 
precision was still good, especially in view of the quickness and 
simplicity of using MeOH extracts compared to the more com­
plex LC method, which requires extensive cleanup.

Recovery studies were also performed on spiked organic 
blueberries. Results are given in Table 3. Spiking levels varied 
from 27 to 810 ppb, with recoveries ranging from 103 to 121% 
(mean recovery of 109%). Thus, the accuracy was acceptable.

Cross-reactivity of the benomyl antibody is shown in 
Table 4, with the structures of the cross reactants shown in

Table 4. Cross-reactivity of the benom yl antibody3

Pesticide l60, ppbb LDD, ppbc

Benomyl 4.0 0.5
MBC 4.0 0.5
Thiabendazole 30.0 5.0
Thiophanate-methyl 200.0 43.0
Thiophanate 200.0 43.0
Procymidone 550.0 —
Vinchlozolin 1500.0 —

8 The following pesticides showed no cross-reactivity at a 
concentration of 1.5 ppm: 2-aminobenzimidazole, iprodione, 
carbofuran, folpet, salithion, phosaione, alachlor, amitrole, 
chlormephos, bayleton, pronamide, guthion, tetradifon, 
metolachlor, dinoseb, acifluorfen, atrazine, benefin, 
diphenylamine, chlorothalonil, aldicarb, diazinon, metalaxyl, 
asulam, propachlor, thidiazuron, pyrolan, anilazine, bentazone, 
butylate, fluchloralin, butachlor, diphenamid, oxythioquinox, 
secbumeton, pyrazophos, metrazole, rubigan, basalin, morestan, 
pyrene, carbaryl, chlorpropham, acephate, mercarbam, nitralin, 
iodofenphos, bendiocarb, oryzalin, fluazifop-butyl, linuron, 
molinate, triforine, dodine, fenarimol, profluralin, monolinuron, 
methomyl, terbutylazine, barban, captofol, bensulfide, oxamyl, 
metoxuron, alar, tebuthiuron, terbutryn, diuron, phosmet, 
propoxur, mefluidide, and carbanolate. 

b Concentration in ppb giving 50% inhibition. 
c Least detectable dose in ppb estimated at % B0 of 80.
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Figure 3. Corre lation between M B C  concentra tions  
a s  determ ined by E IA  and  L C  in M eO H  blueberry  
extracts.

Figure 1. As might be expected, other benzimidazole and 
thiophanate types of fungicides (thiophanate-methyl can un­
dergo cyclization to MBC) show some cross-reactivity (8). 
MBC is the most cross-reactive. In fact, it has the same sensi­
tivity as benomyl. Of the other 5 pesticides that show cross-re- 
activity, only thiabendazole is sufficiently reactive to be 
detected at residue levels. Seventy-one pesticides representing 
the major chemical classes showed no cross-reactivity at a con­
centration of 1.5 ppm, including 2-aminobenzimidazole (2- 
AB), a metabolite of benomyl that is not included as part of the 
tolerance for benomyl.

A correlation study between immunoassay and LC was per­
formed on 40 blueberry samples. Twenty samples were nega­
tive for MBC by both methods, with a limit of detection of 
18 ppb for both methods. The other 20 samples showed detect­
able levels of MBC by both analytical techniques; their corre­
lation results are shown in Figures 3 and 4.

Figure 3 depicts the correlation for the 20 MBC-positive 
samples between LC, using the modified method of Gilvydis 
and Walters (8), and immunoassay, using the initial methanol 
extract from the LC method. The correlation coefficient, 0.87, 
is excellent considering that the initial crude extract from the 
LC method was used for the immunoassay analysis. Therefore, 
the only limitation on the number of samples that can be ana­
lyzed in 1 day is the number of extractions that can be done, 
because 8 samples can be analyzed simultaneously by im­
munoassay in 25 min.

Because a correlation was obtained that deviated from 1.0 
for the MeOH extracts (r = 0.87), a second sample was taken 
after the methylene chloride partitioning during the MBC ex­
traction and was analyzed by EIA. The correlation of these re­
sults with the LC data is shown in Figure 4. The improvement 
in correlation suggests some type of matrix effect from these 
blueberry samples that the methylene chloride partitioning step 
removes. The increased expense and sample preparation time 
required may not be warranted for rapid screening. The MBC
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ppb by LC
Figure 4. Correlation between M B C  concentrations a s  
determined by E IA  and L C  In MeOH blueberry extracts 

partitioned Into M eCb.

levels found in the 20 positive blueberry samples by all meth­
ods are given in Table 5.

Immunoassay technology makes it possible to analyze a 
large number of samples with a significant reduction in cost 
because of less labor, capital equipment, and solvents. The 
need for testing increased numbers of samples for pesticides 
has become apparent during the last few years and will become 
increasingly important for proper risk assessment. Im­
munoassay technology should allow for the simple measure­
ment of actual pesticide concentrations in foods, which will aid 
the scientists dealing with the dietary risk assessment process. 
At present, scientists trying to assess dietary risk from pesti­
cides do not have sufficient residue data and have to make an 
assumption that the pesticide residue on that particular food is 
at the tolerance level (4,14), which is usually not the case.
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PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES

A u t o m a t e d  C l o s e d - S y s t e m  H e a d s p a c e  D e t e r m i n a t i o n  

o f  M e t h y l  B r o m i d e  i n  a  V a r i e t y  o f  R a w  a n d  P r o c e s s e d  N u t s

J oseph H. F ord, M ichael G . L egendre, Dorothy L . L adner, J oseph A. Dawson, an d  C aleph R aymond 
U.S. Department of Agriculture, Animal and Plant Health Inspection Service, Science and Technology, 
National Monitoring and Residue Analysis Laboratory, Gulfport, MS 39505-3209

An automatic gas chromatographic method was de 
veloped for determining methyl bromide residues 
In 11 different types of nuts. A 50 g sample Is 
placed In a modified stainless steel blender con­
tainer and mixed with 200 mL 0.5M sodium sulfate. 
The blender container is sealed with a screw lid, 
and the sample Is blended 3 min and equilibrated 
17 min in a bath-reclrculator at 26°C. The head- 
space gas is automatically sampled and analyzed 
twice for methyl bromide residues. Recoveries are 
based on deviation from predetermined partition­
ing coefficients (p-values). The average p-values 
for the different nuts ranged from 0.28 to 0.43, and 
the CVs for their determinations ranged from 7.7 to 
23.5%. The method is sensitive, simple, and repro­
ducible, and it is operated In a totally closed sys­
tem. Over 1100 samples of assorted nuts were 
analyzed within a 6-month period.

M ethyl bromide (MB, bromomethane) has a registered 
use as an insecticidal fumigant for a variety of 
postharvest commodities. The U.S. Environmental 

Protection Agency (EPA) has expressed tolerances for MB in 
terms of inorganic bromide (INBR) residues in foodstuff. In 
recent years, EPA has solicited residue data for MB and INBR 
from the food industry and the U.S. Department of Agriculture 
(USDA) because of concern about the following MB toxic 
properties: time-weighted average (TWA), 5 ppm (20 mg/m3) 
on skin;* 1 short-term exposure limits (STEL), 15 ppm 
(60 mg/m3) on skin; and Occupational Safety and Health Ad­
ministration (OSHA) ceiling limit, 20 ppm (80 mg/m3) on skin
(1). Because MB is a gas (bp, 3.6°C; vapor pressure, 2 atm at 
23.3°C) (2), sample residue integrity is difficult to maintain. 
Therefore, samples for MB residue analysis must be shipped to 
a laboratory at dry ice temperatures. Upon receipt, they must 
be stored in cryogenic freezers until analysis.

Methods of analysis for MB residues were determined in a 
number of matrixes using several techniques. Initially, wet

R ec e iv e d  M a y  1 0 ,1 9 9 1 . A c c e p te d  S e p te m b e r  1 2 ,1 9 9 1 .
1 “S k in ” n o ta tio n  in d ic a te s  th a t th e re  is  a p o te n tia l co n trib u tio n  to  the  

o v e ra ll ex p o su re  b y  d ire c t c o n ta c t w ith  M B .

chemical methods were used, as described by Stenger, Shrader, 
and Beshgetour (3, 4); MB was converted to INBR and the dif­
ference between the total bromide (Br~) and INBR was mea­
sured. These methods used a muffle furnace to ash the sample 
and determined Br" by titration. The methods were laborious, 
and only a few samples could be analyzed at one time. Reeves 
et al. (5) compared the ashing method to a modification of the 
Stijve (6) packed column gas chromatographic (GC) method 
using electron capture detection (ECD); however, the data 
comparisons varied greatly, and it was obvious that the GC 
method was superior after GC/mass spectrometric (MS) con­
firmation of the comparative samples.

Heuser and Scudamore (7, 8) and Scudamore (9) used cold 
solvent extraction and packed column GC/ECD to determine 
residues of MB in a variety of commodities. However, some 
extraction times exceeded 48 h for certain matrixes, which lim­
ited the number of samples that could be analyzed in a given 
time frame. Fairall and Scudamore (10) converted MB to 
methyl iodide (MI) after the same type of cold solvent extrac­
tion of the sample. With this method, they were able to detect 
most types of samples in the 10 ppb range because MI is more 
sensitive than MB by ECD. However, they found that certain 
commodities exhibited an artifact that co-eluted with the MI 
peak on GC.

Malone (11,12), using a special glass apparatus, boiled 
grain in an acid medium and collected the volatile fumigants in 
a solvent at -86°C. An aliquot was taken for the ensuing 
GC/ECD analysis with a packed column. Recoveries of spiked 
samples ranged from 59 to 105%. Also, these methods were 
limited by the number of samples that could be analyzed in 
allocated time frames.

King et al. (13), using a headspace technique followed by 
packed column GC/ECD analysis, determined residues of MB 
in grapefruit. In this procedure, sample vapors were collected 
manually from the headspace of a modified blender container 
after the sample was blended with water. After equilibration 
time, an aliquot was taken from the headspace with a gas-tight 
syringe for manual injection on the GC. This method required 
minimal time for sample preparation and analysis, resulting in 
rapid turnaround for a large number of samples.

Page and Avon (14) reported a headspace technique using a 
gas-tight syringe with a modified needle assembly and deter­
mined MB residues by capillary GC/ECD and cryofocusing.
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Figure 1. Diagram of automated headspace analyzer 
with blender/water bath, 12-port actuated valve, 6-port 
actuated sampling valve, gas chromatograph, and data 
acquisition system.

This method equilibrated the sample in a sodium sulfate 
(Na2S04) slurry for 1 h at room temperature. Recovery data 
from spiked samples for a range of residue levels gave a CV 
of 6.8%.

DeVries et al. (15) developed a headspace technique using 
capillary GC/ECD, which could be automated for the analysis 
of large groups of samples. The analysis was accomplished 
without cryofocusing or cold-trapping of the sample. This tech­
nique, similar to the other headspace methods mentioned, pro­
vided rapid analysis and reproducibility of spiked samples.

In 1990, the U.S. Food and Drug Administration (FDA), 
under an interagency agreement with USDA, Animal and Plant 
Health Inspection Service (APHIS), Science and Technology 
(S&T), National Monitoring and Residue Analysis Laboratory 
(NMRAL), contracted to monitor pesticide residues in certain 
processed food commodities from various regions of the 
United States. One of the task assignments in this contract was 
to determine MB residues in processed nuts. Over 1100 sam­
ples of assorted nuts were collected for this survey and ana­
lyzed within a 6-month period. To accomplish this task within 
the allotted time frame, NMRAL developed an automated 
headspace capillary GC/ECD method. Residues can be con­
firmed by using photoionization detection (PID) in tandem

Swagelok 1/4* Bulkhead Reducer 
SS-400-R1-4

Teflon Gasket

Stainless Steel Washer Container Lid

Figure 2. Diagram of modified blender, stainless steel 
screw lid.

with ECD. This method required no cryofocusing of the sample 
nor oven temperatures lower than 40°C.

Experimental

A p p a r a t u s

(a) G a s c h ro m a to g ra p h .— Model 5700A (Hewlett- 
Packard Co., Palo Alto, CA 94303) equipped with a 63Ni ECD 
system and a PID system, 10.0 eV lamp, 6-port electronically 
actuated sampling valve (Valeo Instruments Co., Inc.) with 
250 pL sample loop (Figure 1), and 30 m GS-Q Megabore™ 
0.53 mm id capillary column (bonded Porapak Q particles, J & 
W Scientific, Folsom, CA 95630). Operating conditions: tem­
peratures, injector 150°C, detector 300°C (ECD) and 180°C 
(PID); oven temperature program, 100°C for 5 min, then to 
180°C at 20°C/min, and final hold at 180'C for 1 min. Helium 
carrier gas at 10 mL/min and 5% methane-argon make-up gas 
at 35 mL/min. Retention time of methyl bromide is ca 4.6 min 
on both detectors.

(b) H eadspace blender container assem bly .— Commercial 
blender (Waring Products Div., New Hartford, CT 06057), 2- 
speed, No. 8430 power unit. Blender container lid (Eberbach 
Corp., Ann Arbor, MI 48106) fitted with a 1/4 in. stainless steel 
Swagelok Bulkhead Reducer (SS-400-R1-4, Swagelok Co., 
Solon, OH 44139). Reducer is sealed to the screw lid with Tef­
lon gaskets on both sides and tightened with a bulkhead nut 
(Figure 2).

(c) A u to m a ted  h eadspace  sam p lin g  assem bly .—12-port 
electronically actuated valve (Valeo). Up to 12 ports connect to 
each of up to 12 individual headspace blender container assem­
blies, (b), via lengths of 1/8 in. od, 1.5 mm id Teflon tubing 
(No. 200-32, Rainin Instrument Co., Inc., Woburn, MA 
01801), using an appropriate valve and 1/8 in. Swagelok nuts 
(Figure 1).

The common port of the 12-port valve is connected to the 
suction side of a pump (135-200 mL/min 12 V D.C. 
minipump, Spectrex Corp., Redwood City, CA 94063) by a 
suitable length of 1/8 in. od, 1.5 mm id Teflon tubing. The dis­
charge side of the pump is connected to the 6-port valve de­
scribed in (a). The suction side of a second pump 
(135-200 mL/min 12 V D.C. minipump, Spectrex) is con­
nected to the 6-port valve described in (a). The actuators of 
both the 12-port and 6-port valves are electrically connected to 
a digital programmable timer/controller (CD-03, ChronTrol 
Corp., San Diego, CA 92126) for synchronization and pro­
grammability.

(d) D ata  acquisition system .—Gas chromatographic data 
acquisition and processing are done with a Nelson Analytical 
Model 2600 chromatography system and AT&T 6386 micro­
computer.

(e) P e r m e a tio n  d e v ic e .—Model SC-100 calibrator 
equipped with a permeation tube rated at 10 958 ng/min, at­
tached to the gas chromatograph to calibrate methyl bro­
mide concentrations (Kin-Tek Laboratories, Inc., Texas City, 
TX 77590).
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5.0 cm glass tube

6 0 mm i  (M  (■-))

Thermogreen® Septa
F igu re  3. D iag ram  o f sep tum  v ia l u sed  fo r  con tro l 
sam p le  fo rtif ica tio n .

(f) Septum vial.—5 cm glass tube made by cutting a 5.0 cm 
length from a Pasteur pipet (9 in. borosilicate glass, No. 72050, 
Kimble). Wash tube with detergent and rinse with water, ace­
tone, and hexane. Reduce the size of septa (Thermogreen LB-2,
9.5 MM, No. 2-0652, Supelco, Inc., Bellefonte, PA 16823) to
6.0 mm, using a No. 4 cork borer. On each end of the 5.0 cm 
tube, insert a 6.0 mm septum to make a gas-tight vial (Fig­
ure 3).

(g) Water bath/circulator.—Water bath/circulator (Grant 
W38, Science/Electronics, Inc., Dayton, OH 45401) is used to 
maintain the temperature (26°C) of the blender containers with 
the sampler.

(h) Syringes.—50 mL Gastight (No. 1050, Hamilton Co., 
Reno, NV 89502); 5 pL (No. 160021), 10 pL (No. 160022), 
25 pL (No. 160023), 50 pL (No. 160024), and 100 pL 
(No. 160025), Pressure-Lok (Dynatech Precision Sampling 
Corp., Baton Rouge, LA 70895).

( i )  Graduated cylinders.—250 mL (Pyrex No. 3025) and 
500 mL (Pyrex No. 3042),

(j) Gas sampling bags.—1 and 2 L, aluminum clad, lami­
nated (Calibrated Instruments, Inc., Ardsley, NY 10502).

(k) Volumetric flask.—2 L (No. 28014, Kimax).
(l) Magnetic stirrer.—Thermolyne Nuova II Model SP 

18425 (Bamstead/Thermolyne Corp., Dubuque, IA 52001); 
stirring bar; 11/2x3 in. (Cat. No. 37110-1128, Bel-Art Prod­
ucts, Pequannock, NJ 07440).

Reagents

(a) Methyl bromide gas.—Scott Specialty Gases, Hous­
ton, TX.

(b) Nitrogen gas.—Matheson Gas Products, Inc., Secau- 
cus, NJ 07096.

(c) Sodium sulfate.—0.5M, prepared by weighing 142 g 
sodium sulfate (previously conditioned 24 h at 180°C) into a 
2 L volumetric flask and filling to the mark with boiling LC 
grade or deionized water (previously extracted 5 times with 
isooctane, 100 mL/500 mL water). After solution cools, fill to 
mark with additional cool water.

(d) Isooctane.—Nanograde™ (Mallinckrodt, St. Louis, 
MO 63134).

(e) Preparation of standards.—Pure MB and MB concen­
trations in high purity nitrogen or air are maintained in com­

pressed gas cylinders. These standards are certified in terms of 
purity for the neat MB or ppm of MB in the mixtures. They 
were compared with certified permeation tubes used in a per­
meation device for the calibration of the GC system, which will 
be described later in this paper. Working standards were made 
by transferring desired concentrations of MB from the cylin­
ders to gas sampling bags, using regulators and tubing and fur­
ther diluting to additional gas sampling bags by milliliter and 
microliter syringes, as needed.

All gas transfers were performed in a well-ventilated labo­
ratory hood, and all gas sampling bag concentrations were 
stored under a hood after use for safety purposes. M B boils at 
3.6°C. Because the density of MB at 25°C is 3.88 g/L, all dilu­
tions and calibrations were maintained at this temperature. 
Low levels of standards were transferred from gas sampling 
bags to septum vials via a microliter syringe for GC calibration 
and sample spiking.

Calibration of Gas Chromatograph

The permeation device is equipped with a permeation tube 
rated at 10 958 ng/min at 25°C. Its operation is based on the 
molecular permeation of vapors emitted from the rated tube 
through a Teflon wall to provide a precise, controlled flow  
in pL/min of the pure component gas. This very small flow is 
mixed with a controlled flow of dilution gas (air or nitrogen) to 
form the concentration of calibration gas desired. This gas con­
centration is sampled by the automated sampling valve at­
tached to the GC system. A  specific volume is drawn into the 
fixed sample loop connected to the 6-port valve and then auto­
matically injected into the GC system for calibration. The cal­
ibration units can be expressed in ng, ppb, or ppm.2 The  
permeation device is operated for 16 h to reach equilibrium. 
After equilibration, and before it is calibrated, at least 3 -4  in­
jections are made onto the GC system to ensure stability o f the 
gas concentration.

If a permeation device is unavailable, the GC system can be 
calibrated by adding a known amount of MB to a septum vial, 
then placing it into a headspace blender container, blending, 
and equilibrating as described in the method. An automated 
headspace sample can be taken for GC/ECD analysis. The GC 
calibration is based on the headspace volume, the amount of 
MB in the blender container, and the fixed sample loop volume 
attached to the 6-port valve.

Sample Preparation and Analysis

Weigh 50 g nuts into 250 mL graduated cylinder. Note vol­
ume and pour nuts into modified blender container. Add 
200 mL 0.5M sodium sulfate solution. Install screw cover and 
hand-tighten. Attach 1/8 in. Teflon tubing to screw cover of 
Swagelok fitting and to appropriate port on 12-port valve. 
Headspace is now sealed. Blend 3 min at high speed. After 
blending, transfer blender container to water bath/circulator 
and let stand 17 min at 26°C. Once sample equilibrates, start

2 Calibration in ppb or ppm is expressed on a volume-to-volume basis 
rather than a weight-to-weight basis and should not be confused with ppb 
or ppm of residue results.
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F igu re  4. C h rom a to g ram  o f h e ad sp a ce  from  w a lnu t 
s a m p le  sp ik e d  at 776 p p b  M B ; M B  re ten tion  time, 
5.05 m in. C o n d it io n s  a s  lis ted  in text.

F ig u re  5. (a) C h ro m a to g ram  o f h e ad sp a ce  from  
p is ta c h io  sa m p le  s p ik e d  at 200 p p b  M B; M B  peak  
in d ica te d  b y  a rrow . C o n d it io n s  a s  lis te d  In text; M B  
re ten tion  tim e, 5.06 m in . (b) C h rom a to g ram  o f 
h e ad sp a ce  from  p is ta c h io  sa m p le  s p ik e d  at 20 ppb  MB; 
M B  peak  Ind ica ted  b y  a rrow . C o n d it io n s  a s  lis te d  In 
text, (c) C h rom a to g ram  o f h e ad sp a ce  from  p is ta ch io  
sa m p le  sp ik e d  a t 0.2 p p b  M B; M B  peak  in d ica ted  b y  
a rrow . C o n d it io n s  a s  lis ted  In text. C h rom a to g ram  
s e n s it iv ity  e xp an ded  x4. (d) C h rom a to g ram  of 
h e ad sp a ce  fro m  b la n k  p is ta c h io  sam p le . C o n d it io n s  a s  
lis ted  in  text.

digital timer/controller. Once activated, timer/controller 
switches 12-port valve to appropriate sample container and 
to n s  on the 2 pumps, thereby connecting sample loop to sam­
ple blender o f interest. Headspace gas is drawn into sample 
loop for 5.0 s, at which time pumps are turned off; 6-port valve 
is switched to inject position, and GC temperature programmer 
is started. After an additional 5 min (during which time methyl 
bromide elutes), 6-port valve is switched to “load” position and 
GC oven begins temperature programming to thermally strip 
column of extraneous material in preparation for next analysis. 
Analyze 2 headspace pulls for each sample and average results.

Determination o f Partitioning Coefficients

Partitioning coefficients (p-values) for the 11 nut matrixes 
are determined at 8 different spike levels. Spike levels are made 
by adding the following amounts o f methyl bromide to septum 
vials: 2.5 and 5.0 pL of a mixture of 60 mL pure methyl bro­
mide and 1940 mL pure N2 gas (v/v), and 0.5, 1.0, 2.0, 5.0,
10.0, and 20.0 pL pure methyl bromide gas. The correspond­
ing ppm levels are 5 .84 ,11 .68 ,38 .8 ,77 .6 ,155 .2 ,388 .0 ,776 .0 , 
and 1552.0, respectively. An appropriate amount of methyl 
bromide is injected into a clean septum vial with a gas-tight 
syringe. The fortified septum vial is placed in the bottom of a 
clean blender container; 50 g nut matrix (previously deter­
mined to be free o f methyl bromide) is poured into the blender, 
and 200 m L0.5M  sodium sulfate solution is added. The screw 
cover is installed and hand-tightened, and the procedure is con­
tinued as described in Sample Preparation and Analysis. When 
the jar contents are blended, the septum vial is broken, thereby 
releasing the methyl bromide to interact with the sample ma­
trix. The GC measures the MB gas in the headspace, and the 
data acquisition system calculates and prints the amount found 
in nanograms. This amount of MB is then converted to recov­
ered ppm. The p-value is the ratio of MB in the headspace to 
the total spike amount:

p-value = ppb MB in headspace/ppb MB fortified

Sample Group Control Spikes

A  group of samples is composed o f 4 controls (a solvent 
blank, a matrix blank, and 2 levels o f fortified matrix) and up 
to 10 samples. Two levels o f fortification (194 and 388 ppb, 
respectively) are prepared by adding 2.5 or 5.0 pLpure methyl 
bromide to clean septum vials. Analyses are performed as de­
scribed in Determination of Partitioning Coefficients.

R e su lts  and D is c u ss io n

Residue determination for MB in treated commodities has 
been difficult because of the nature of the compound. Because MB 
is a highly volatile gas with a low boiling point, sample enrichment 
is impossible unless the sample is maintained in a closed system. 
Therefore, a headspace method is the most logical approach for 
the development of reliable residue data. The approach of this 
method satisfies the need to rapidly analyze and report large num­
bers of samples within a short turnaround time. It also reduces 
systematic sample transfer errors that sometimes arise from man-



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

T im e  ( m in )

F igu re  6. (a) C h rom a tog ram  o f h e ad sp a ce  from  peanut 
sam p le  sp ik e d  at 1 ppm  MB; M B  re ten tion  tim e, 4.63 m in  
w ith  E C D . C o n d it io n s  a s  lis ted  in text, (b) C h rom a tog ram  
o f h ead spa ce  from  peanu t sam p le  sp ik e d  at 1 ppm  MB; 
M B  re ten tion  tim e, 4.58 m in  w ith  PID. C o n d it io n s  a s  
lis ted  in text.

ual injections of samples, which are drawn from the headspace 
by a syringe and injected into the GC system.

The GC column used does not require subambient or cryo­
genic temperatures for MB analysis. Samples can be analyzed 
at an oven temperature of 80°C or higher, and the resulting 
chromatogram is well defined without spurious peaks and/or 
noisy base line (Figure 4).

The main advantage of this method is its simplicity. It is 
almost a push-button exercise. Once all GC and timer/control- 
ler parameters are set and the data system has been properly 
programmed, samples can be analyzed unattended for 24 h or 
longer if enough sampling containers, blenders, and water 
baths are available.

Legendre et al. (16) reported residue levels o f MB at 1 ppb 
using an external, closed-inlet device (ECID) with a 10-port 
valve, solid-state cooled sample loop, and backflush interfaced

Tab le  1. p -Va lue  de te rm ina tion  fo r p is ta c h io s

Fort., ng Fort., ppb Rec., ppb Calc, p-value

292 5.84 1.65 0.28
584 11.68 3.37 0.29

1940 38.80 14.35 0.37
3880 77.60 21.29 0.27
7760 155.20 45.60 0.29

19400 388.00 99.57 0.26
38800 776.00 188.85 0.23
77600 1552.00 467.18 0.30

to a GC system. Because o f the restriction of the sampling ves­
sel used, the maximum sample size was 1 g. The vessel was 
part of the ECID and was used to purge the MB onto the GC 
column. Although sensitive, the method suffers from non­
homogeneity and is not representative because of the restricted 
sample size. The headspace method addressed in this text uses 
a larger sample (50 g) and can detect 2 ppb MB routinely.

Ford developed a method using portable GC (manufactured 
by XonTech, Inc., Van Nuys, CA) for determination of MB in 
spices (17). With this equipment, the stability o f MB in the 
headspace was examined on an oregano sample spiked at 
388 ppb. The headspace gas was sampled successively for 
24 h, and the data generated gave a mean residue value of 
342 ppb and a CV of 12.3% based on 116 analyses. In light of 
this information, a similar conclusion can be drawn for assorted 
nut samples fortified at comparable levels.

Initially, this same instrument was used in the analysis of 
nuts; however, the GC system had a limit o f quantitation (LQ) 
of 100 ppb because its detector used a 3H source. Using 63Ni 
ECD provides more linearity and a significant increase in sen­
sitivity for the determination of MB in nuts. Figure 5a shows a 
substantial signal for 200 ppb MB, which elutes at approxi­
mately 5.0 min. An LQ of 20 ppb (Figure 5b) can be routinely 
achieved. By increasing the scale sensitivity by a factor of 4, a 
level of 0.2 ppb (Figure 5c) can be detected. Figure 5d shows 
the chromatogram of the pistachio nut matrix blank.

Figure 6 shows 1 ppm of a spiked nut sample detected in 
tandem with ECD and PID. The sensitivity for MB on the PID 
appeared to be low; however, its electrometer was not operat­
ing at its highest sensitivity level. Further investigations are 
being made with the PID and other detectors, and these will be 
addressed in future publications.

Because a p-value is a physical constant (in this case for the 
distribution of MB in a given liquid and the headspace), it is 
assumed that the p-values will be unchanged for the commod­
ity samples once equilibrium has been established. This value 
(previously defined) was developed for each nut type. Table 1 
contains the following data pertaining to the p-value determi­
nation for pistachio nuts: fortification lev e ls  o f  M B in 
nanograms, the corresponding ppb (based on 50 g sample), 
the ppb of MB found in the headspace, and the calculated p- 
values. Thep -value for the matrix is then calculated by averag­
ing the individual trial p-values. Table 2 contains the average 
p-values, standard deviations, CV, and linear regression analy-
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Tab le  2. S ta t is t ic a l a n a ly s is  o f  p -va lu e  da ta  fo r d iffe ren t n u ts

Commodity Av. p-value SD CV, % Corn coeff.

Linear regression 

Y-inter. Slope p-value

Blanch almonds 0.36 0.05 14.3 0.997 0.21 0.30
Honey roast P/N 0.33 0.05 14.2 0.999 0.13 0.28
Creamy P/N butter 0.37 0.07 18.8 0.982 0.44 0.24
Pistachios 0.29 0.04 13.0 0.995 0.07 0.29
Cashews 0.32 0.03 7.7 0.998 -0.07 0.34
Walnuts 0.35 0.08 23.5 0.999 0.03 0.33
Port, pine nuts 0.24 0.03 13.6 0.979 0.18 0.20
Chin, pine nuts 0.28 0.05 16.0 0.999 0.01 0.30
Dry roast P/N 0.43 0.05 11.1 0.998 0.17 0.39
Crunchy P/N butter 0.34 0.07 19.4 0.999 0.16 0.27
Pecans 0.28 0.04 14.5 0.994 0.26 0.22

sis for each o f the 11 nut types addressed in this paper. The 
slope p-value is the p-value based on the entire raw fortification 
and headspace data for each matrix, and is coupled to the y-in- 
tercept. There is good agreement between the average p-value 
and the slope p-value in most cases.

Once the p-values are determined, groups of samples for a 
particular nut type are analyzed. Each group of samples con­
tains controls, as stated in Sample Group Control Spikes. Cor­
rections are calculated for the 2 control spikes by dividing the 
headspace determination by the p-value. The corrected head- 
space results are then divided by the fortification level and mul­
tip lied  by 100% to obtain percent recovery. Therefore, 
recovery values for a particular set of spikes are actually the 
deviations from the original p-value determined.

Methyl bromide residues were determined in 1132 nut sam­
ples. Three residues were found: 0.030 ppm in a pistachio, and 
0.017 ppm and 0.014 ppm in processed walnuts. This was ex­
pected because most o f the samples were processed (heat- 
treated), and any residual MB would have been driven off by 
the heat treatment.

The method described was used to analyze raw and pro­
cessed nuts and nut by-products. This technique, which is quite 
reproducible, was used successfully on other commodities with 
and without modifications. Some samples of high water con­
tent such as fruits and vegetables were found to have higher 
p-values because the MB was not absorbed by the oils as in the 
nuts. The method is also designed to analyze large groups of 
samples. After 100+ headspace samplings, the system must be 
thoroughly cleaned to ensure that there are not any constric­
tions in the tubing and valves caused by matrix material. These 
constrictions may cause reduced sensitivity to MB and/or the 
appearance of spurious GC peaks.
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PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES

A  Survey o f Benzene in Fruits and R etail F ru it Juices, 
F ru it D rinks, and Soft Drinks

B. Denis Page, Henry B.S. Conacher, Dorcas W eeer, and Gladys Lacroix

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

R ecen t fin d in g s  o f  b e n z e n e  In se v e r a l fruit-flavored  
m ineral w a ters  at low  p g/k g  le v e ls , rep orted ly  aris­
ing from  a d d ed  b e n zo a te , h a v e  p rom p ted  a su rv ey  
o f v a r io u s  fru its, Ju ices, an d  d rin k s for tr a c e s  o f  
b e n z e n e . H e a d sp a c e  sa m p lin g , cap illary  g a s  ch ro ­
m atography, an d  m a s s  sp e c tro m etr ic  d e te c tio n  e n ­
ab led  d e te c tio n  w ith con firm ation  (fu ll-scan  
sp ectru m ) o f b e n z e n e  a s  low  a s  0 .0 3  pg/kg. W ith s e ­
le c ted  ion  m on itorin g , th e  m eth od  d e te c tio n  limit 
w a s  0 .02  pg/kg , l.e., 3  t im e s  th e  an a ly tica l blank. In 
total, 97  s a m p le s  w e r e  a n a ly zed . B e n z e n e  w a s  
fo u n d  at le v e ls  ran g in g  from  0 .0 1 8  to  3 .8 3  pg/kg. 
S a m p le s  la b e led  to  co n ta in  ad d ed  b e n z o a te  or  b e ­
lieved  to  co n ta in  natural b e n zo a te , s u c h  a s  cran b er­
r ies, w ere  fo u n d  to  co n ta in  b e n z e n e  at h igher  
le v e ls  (n  = 41 , av. 0 .6 6  pg/kg) th an  o th er  s a m p le s  
(n = 32 , av. 0 .0 8 2  pg/kg). A v era g e  le v e ls  o f  b e n z e n e  
in fru its (a s  e x p r e s s e d  ju ice), in ju ic e s  w ith  and  
w ith ou t b e n zo a te , In n o n ca rb o n a ted  drinks with  
and w ith ou t b e n z o a te , and  In s o f t  d rin k s w ith and  
w ith ou t b e n z o a te  w e r e  0 .0 4 2 ,0 .6 7 2 ,0 .0 5 6 ,0 .3 9 5 ,  
0 .1 1 6 ,0 .7 9 3 , and 0 .0 6 2  pg/kg, resp ectiv e ly .

I n early 1990, considerable public and analytical interest 
was directed toward the occurrence of benzene in bottled 
mineral waters (1, 2) at levels exceeding the Canadian 

guideline of 0.005 mg/L as the maximum acceptable concen­
tration (MAC) in drinking water (3). The U.S. Environmental 
Protection Agency (EPA) maximum contaminant level (MCL) 
for benzene is also 0.005 mg/L (4). It was reported that the ben­
zene resulted from contaminated filtering equipment (5). Later 
in the same year, some samples of fruit-flavored mineral waters 
were also found to contain benzene at levels grea:er than
5.0 pg/kg (6). In this second instance, the mineral water was 
not found to be the source of benzene, and initial speculation 
suggested that the benzene could be a natural constituent o f the 
fruits. It was also suggested that the benzene could arise from 
the long-term decomposition of sodium benzoate in the pres­
ence of ascorbic or erythorbic acid (7). Benzoic acid, or its so­
dium or potassium salt, is a permitted additive in fruit juices,
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fruit drinks, and other carbonated and noncarbonated bever­
ages and functions as an antimicrobial agent. In Canada and the 
United States, the maximum permitted level, as benzoic acid, 
in these products is 1000 mg/kg (8, 9). The usual amount added 
to soft drinks ranges from 300 to 500 mg/kg (10). Benzoic 
acid, however, was also reported as a minor natural constit­
uent in a number o f fmits. In a survey for natural benzoic acid, 
Nagayama et al. (11) found the acid at <5 mg/kg in a variety of 
fruits and berries. Two exceptions were observed: cranberry- 
based drinks (20% cranberry juice) and strawberries had 77 and 
14 mg/kg concentrations of benzoic acid, respectively. Others 
have also reported benzoic acid as a natural constituent in cran­
berries, prunes, plums, and most berries (12,13). Benzene, as 
a result of the above-mentioned decomposition o f benzoic acid, 
could possibly be expected to occur in fruits, juices, or drinks 
whenever the natural or added precursor acid is present. It was 
decided, therefore, to conduct a survey of freshly expressed 
fruit juice and retail samples of fruit juices, fruit drinks, and soft 
drinks to determine the levels of benzene in these products.

Purge-and-trap sample concentration and capillary gas 
chromatography (GC) with mass spectrometric (MS) detection 
is probably the most sensitive analytical technique available to 
determine benzene in fruit juices, fruit drinks, and other bever­
ages. In our laboratories, however, this desired instrumental 
configuration was not available. We used the headspace (HS) 
sampling technique with capillary GC and MS detection. With 
this system , w e were able to confirm the presence (full 
spectrum) and concentration o f benzene at levels as low as 
0.03 pg/kg in most samples.

This report describes the sample preparation and handling, 
the analytical methods used, the monitoring of laboratory con­
tamination, and the results of a survey for benzene in fresh 
fruits and retail fruit juices, fmit drinks, and soft drinks. A  study 
was made of the possible correlation between the levels of ben­
zene found in the various products and the naturally occurring 
or labeled addition o f benzoic acid or its salts.

E xperim ental

Apparatus and Instrumentation

To minimize contamination, glassware was rinsed with hot 
tap water and then with acetone and methanol, and blown dry 
with nitrogen; stirring bars were rinsed with hot water. Both
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were stored in a 60°C oven and removed and cooled to room 
temperature just before use. Septa were used as received; mi­
croliter syringes were rinsed with acetone and methanol and 
blown dry with nitrogen. Different microliter syringes were 
used for different concentrations.

(a) Gas chromatograph.— Model Vista 6000 with direct 
interface to the MS system was used (Varian Analytical Instru­
ments, Sunnyvale, CA 94034). The GC system was equipped 
with cryogenic oven cooling, an on-column injector, and a DB- 
624 (1.8 pm film  thickness) fused silica capillary column, 
30 m x 0.32 mm (J&W Scientific Inc., Folsom, CA 95630). 
Operating conditions: He carrier gas at 1.5 mL/min; oven tem­
perature program, -20°C  (hold 1 min) to 200°C at 10°C/min 
and injector at 100°C.

(b) Mass spectrometer.— GC/MS was performed with a 
VG Analytical model 7070EQ tandem mass spectrometer (hy­
brid MS/MS with EBQQ configuration) using the conven­
tional section (configuration EB) with direct interface to the 
GC system. The MS conditions were as follows: electron-im­
pact ionization, 70 eV: source, all re-entrant and transfer line 
temperatures, 200°C; mass resolution, 1000. For repetitive 
scanning, the MS system was scanned exponentially down 
from 350 to 50 at 0.6 s/decade with 0.2 s interscan time. Data 
were acquired by a VG 11/250 data system. The reconstructed 
ion chromatogram (RIC) at mfc 78 (molecular ion) was exam­
ined, and the peak height was used for quantitation. The iden­
tification of benzene was confirmed by both retention time and 
a full spectrum (after background subtraction) down to 
0.03 pg/kg. For selected ion monitoring (SIM), a resolution of 
5000 (10% valley) was used. The ions monitored were m/z 
78.0469 for benzene and mlz 68.9952 for PFK lock mass.

(c) Headspace sampling syringe and needles.— A 1 mL 
gas-tight locking syringe series A -2 (Precision Sampling 
Corp.) fitted with a 2 in. sideport needle was used for the head- 
space sampling. This needle was then replaced by a modified 
on-column injection needle, as described previously (14), for 
the on-column injection of the headspace sample.

(d) Headspace sample vials.— 30 mL Hypovials, actual 
capacity ca 37 mL, were sealed after sample addition with Tef­
lon-laminated silicon mbber discs (discarded after single use) 
and aluminum seals. Vials were tightly crimped so that the alu­
minum seals could not be turned. Magnetic Teflon-coated stir­
ring bars (25 x 7.5 mm) were used in the vials.

Preparation o f Sam ples

Fruits, fruit juices, fruit drinks, and soft drinks were pur­
chased locally. The fruits, analyzed as their expressed juice, 
included replicate samplings o f grapefruit, lemon, lime, or­
ange, clementine (citrus fruit), kiwi, green and red grapes, 
apple, pear, and pineapple. Fresh cranberries were not available 
at the time of sampling. Expressed juice was obtained from 
peeled, diced fruit by using a 125 mL conical flask to press the 
juice from the fruit into a 400 mL beaker. The juice was de­
canted, filtered through glass wool, and stored in Teflon-lined 
screw-cap amber bottles. These samples were stored in the 
freezer (-2 0 °Q  until required. Other juices and drinks were 
stored unopened under refrigeration until analysis. The retail

juices included apple, grape, lemon, lime, orange, pineapple, 
grapefruit, and a tropical mix (pineapple, orange, passion fmit, 
and tangerine). Fruit drinks based on apricot, lemon, cranberry, 
raspberry, grape, cherry, orange, apple, and mixed tropical fmit 
were sampled. The soft drinks included tonic, ginger ale, cola, 
root beer, cream soda, orange, lime, lemon, and several mixed 
tropical fruit-based drinks. Frozen juice and drink concentrates 
were thawed and opened, and representative aliquots were di­
luted with boiled liquid chromatographic (LC) grade water 
(Milli-Q system, Millipore Corp., Bedford, M A 01730) in the 
proportions recommended on the package. LC grade water was 
boiled 15 min in an electric kettle to further reduce volatile in­
terferences. Periodically, a 20 g portion of this water was sam­
pled and analyzed by HS/GC/M S, as described below, to 
monitor the residual level of benzene. A  20 g portion of each 
juice or drink was sampled for HS/GC/MS.

Standards and Quantitation

The stock solution was prepared by adding 10 pL benzene 
to a tared 10 mL volumetric flask containing methanol, re­
weighing to accurately determine the weight of added benzene, 
and diluting to volume. This stock solution and all other stan­
dards were diluted to volume at 4°C and stored under refriger­
ation at 4°C. Serial dilutions, using chilled (<4°C) pipets or 
syringes, were made into cold (<4°C) boiled LC grade water to 
obtain secondary standards of ca 0.8 or 0.08 pg/mL. Standard 
responses were obtained by adding microliter quantities of 
these aqueous standards to 20 m L of the boiled LC grade water 
and sodium sulfate in the headspace vial. Sample peak re­
sponses (height or area) were compared to those of similar 
standards for quantitation. Typical headspace standards were 
prepared at 0.08,0.4, and 1.6 pg/kg. Other concentrations were 
prepared as required. The linearity o f benzene response in the 
headspace procedure was studied by using standards prepared 
at ca 0.05, 0 .1 ,0 .25 ,0 .5 ,1 .0 , and 2.5 pg/kg.

Sampling

Samples o f 20 g thawed, freshly expressed juice, retail fmit 
juice, fmit drinks, or bottled noncarbonated beverages at 4°C 
(refrigerator) were decanted into cold, tared 30 mL headspace 
vials and weighed on a top-loading balance. Before sampling, 
the vials were kept at 0°C in a water-ice bath and loosely cov­
ered with the silicon disc and aluminum cap. Each vial con­
tained a magnetic stirring bar and 4 g anhydrous sodium 
sulfate, used to increase the headspace partition. Carbonated 
beverages in cans at 4°C were opened and the 20 g sample was 
withdrawn by using a cold (=s0°C) 20 mL Luer-lok syringe fit­
ted with a syringe stopcock and a 6 in. needle (14 or 16 gauge). 
Before the analytical sample was taken, the syringe parts were 
prewetted by withdrawing a small amount of the cold sample, 
which was then discarded. The analytical sample was with­
drawn slowly to minimize foaming in the syringe barrel. The 
sample was then slowly dispensed into the headspace vial.

Carbonated bottled drinks were sampled as shown in Fig­
ure 1 by using a 6 or 8 in. 18 gauge double needle/gas purge 
unit (Aldrich Chemicals Co., Inc., Milwaukee, W I53201) fit­
ted through a small hole in a threaded plastic cap (to fit the
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T O  N 2

S Y R I N G E  P R E S S U R E

F igu re  1. S am p lin g  d e v ice  fo r bo ttled  d r in k s .

bottle). The needle unit was sealed into the cap by using a Tef­
lon liner (next to the sample) and a 20 mm Teflon-lined silicone 
septum to provide a seal. The needle-cap assembly was 
screwed onto the cold (4°C) beverage bottle, nitrogen pressure 
was applied to the short needle, and the sample was forced into 
a cold (sO°C) 20 mL Luer-lok syringe. The needle-cap assem­
bly was removed and the sample was slow ly dispensed, 
through the needle, into the headspace vial.

All sample weights were determined immediately after the 
sample was added to the vial. All vials were immediately sealed 
and brought to room temperature over a 15 min period with 
stirring in a 250 mL beaker containing ca 75 mL 45-50°C  
water. (Stirring bars trapped in the hydrated sodium sulfate can 
be released by carefully tapping the vial on a hard surface.) The 
vials were equilibrated 1 h (with stirring) before headspace 
sampling with the locking 1 mL gas-tight syringe.

Headspace Sampling

With the lock open, the barrel of the A-2 locking syringe and 
attached sideport needle were flushed by passing nitrogen 
through the needle. The plunger was replaced, trapping 1 mL 
nitrogen, the needle was inserted 1 -2  cm through the septum 
of the headspace vial, and the 1 mL nitrogen was injected. The 
plunger was withdrawn slowly (5 s) to beyond the 1 mL mark

and the barrel was allowed to fill (10 s). The plunger tip was 
aligned with the 1 mL mark, the syringe was locked, and the 
needle was withdrawn. The sideport needle was removed and 
replaced with the modified on-column injection assembly. The 
needle was inserted into the on-column injector, the syringe 
was unlocked, the headspace sample was injected onto the col­
umn, and the temperature program was started. Benzene was 
identified by its retention time and mass spectrum.

Repeatability and B enzene Partition Studies

To determine the variability (CV) associated with spiking 
standards in water, 6 separate vials each containing 20 g water, 
were individually spiked with 20 pL standard to give about 
0.094 pg benzene/kg. To determine the CV of benzene as de­
termined from 6 separate aliquots from a single sample o f ex­
pressed juice, ca 200 mL freshly expressed grapefruit juice was 
prepared and six 20 g aliquots were taken and analyzed. To 
determine the CV o f benzene as determined in the expressed 
juice from 6 individual fruits of the same type (purchased from 
the same store), the expressed juices from 6 lemons and 6 pine­
apples were separately collected and analyzed.

To compare the sample matrix effect of a particular sample 
to that of water, benzene partition studies were performed by 
comparing the peak responses obtained after identical microli­
ter spiking into 20 g water (as standard) or 20 g sample (for 
recovery) to give about 0.8 or 1.2 pg benzene/kg. To estimate 
the actual percentage of benzene in the headspace at equilib­
rium, the response was determined by 1 pL injections of ben­
zene in isopentane (0.938 pg/mL).

Evaluation of Laboratory Contamination

To estimate the possible increase in benzene levels in fresh 
fruit juice during sample preparation, when the samples are ex­
posed to the laboratory environment (air) for a considerable 
time, 25 g samples of our boiled LC quality water and 25 g 
samples of an orange juice were placed in 100 mL beakers, 
exposed to the laboratory air for 0 ,1 , or 2 h, and then analyzed. 
On another day, other water and orange juice samples were 
exposed to the laboratory environment and the same glassware 
for the same times as during the juice preparation. The samples 
were then analyzed as before.

R e su lts  an d  D isc u ss io n

Benzene was determined in most of the fruits (as expressed 
juice), fmit juices, fruit drinks, and soft drinks by HS/GC/MS 
with the MS system operating in the repetitive scanning mode. 
It is known that 1,2-dichloroethane (m/z 98) coelutes with ben­
zene (m/z 78) on the DB-624 column; however, the MS detec­
tion selectively determines only benzene. The benzene was 
quantified from the peak heights of the m/z 78 RIC and con­
firmed by a full-scan spectrum using background subtraction. 
In this mode, no coeluting peaks interfering with the full-scan 
spectra of benzene were noted with any of the samples. The 
detection limit was estimated to be about 0.03 pg/kg for a full- 
scan spectrum. The repetitive scanning mode was initially 
used, as screening for other volatiles was also being conducted
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F igu re  2. R e co n s tru c ted  Ion ch rom a to g ram s and 
co rre sp o n d in g  a ccu m u la te d  m a ss  sp e c tra  o f b en zene  
in: A , f re sh ly  e xp re s se d  g rape fru it ju ic e  (0.049 pg/kg); B, 
o range  ju ic e  labe led  to  co n ta in  ben zoate  (0.84 pg/kg); 
and  C, s tanda rd  (0.50 pg/kg).

simultaneously. Later analyses were conducted with the MS 
system operating in the SIM mode at a resolution o f5000 (10% 
valley) for increased selectivity. In this mode, the computer 
storage requirements and data manipulation time are consider­
ably reduced. Although the instrumental sensitivity is capable 
of detecting 0.001 pg/kg benzene with SIM (signal to noise 
ratio of 3:1), the overall method sensitivity is limited by the 
total analytical blank. With the boiled LC grade water, these 
blank values averaged 0.0066 pg/kg, giving a method detec­
tion limit o f about 0.02 pg/kg, i.e., 3 times this average analyt­
ical blank. No attempt was made to lower this blank.

The differences in sensitivity o f the benzene peak compared 
to baseline noise in the chromatograms obtained in the repeti­
tive scanning and SIM operating modes of the MS system can 
be observed in Figures 2 and 3, respectively. As shown in Fig­
ure 2A, the baseline noise in RIC for the freshly expressed 
grapefruit juice at 0.049 pg/kg is greater than that in the se­
lected ion chromatogram of the orange juice at 0.027 pg/kg in 
Figure 3A. A  similar trend is observed in a comparison of chro­
matograms of orange juice at higher levels o f benzene in Fig­
ures 2B and 3B.

A  calibration plot of the benzene standard response over the 
50-fold range studied showed a slightly decreasing slope with 
increasing concentration and a correlation coefficient o f 
0.9934. For quantitation of samples by comparison to individ­
ual standards, therefore, the standard was chosen so that its re­
sponse did not differ from that of the sample by ±50%. All 
samples below 0.05 pg/kg, however, were quantified against 
the 0.05 pg/kg standard.

Repeatability and B enzene Partition Studies

Table 1 gives the repeatabilities and partition data for ben­
zene in standards and samples. The CV for replicate (n = 6) 
determinations o f individually spiked benzene standards in 
water at 0.094 pg/kg was found to be 6.49% by the SIM mode 
for detection. This mode may be expected to give better sensi­
tivity and repeatability than that obtained by using RIC. With

Retention Time (min)
F igu re  3. S e le c ted  ion  ch ro m a to g ram s  o f ben zene  In: 
A , o range  ju ice , benzoa te  not d e c la re d  (0.027 pg/kg); B, 
o range  ju ice  labe led  to  co n ta in  ben zoa te  (0.53 pg/kg); 
and  C, ben zene  s tanda rd  (0.047 pg/kg).

RIC, the CVs were 37.5% for replicate (n = 6) determinations 
of “natural” benzene in pooled grapefruit juice at 0.028 pg/kg 
and 15.9% and 15.3%, respectively, for the juices of 6 individ­
ual lemons and 6 pineapples at 0.046 and 0.056 pg/kg.

The relative partition data in Table 1 compare the headspace 
partition of benzene in the aqueous sample to the water stan­
dard and indicate the effect of the aqueous matrix. The samples 
and water were spiked at levels exceeding the blank levels of 
benzene to obviate the need to correct for blanks. The typical 
blank represented less than 1% of the benzene present. The 
differences between the spiked water and the sample result 
from a reduced or enhanced partition into the headspace of the 
lipophilic volatiles. This change in partitions is due to increased 
(or decreased) solubility in (or affinity to) the sample liquid 
phase compared to that of the aqueous standard. The lower par­
tition is more apparent in the orange juice, probably because of 
analyte solubility in the natural orange oils, than in the pineap­
ple juice or the tonic water. In fact, the tonic water partition into 
the headspace is slightly greater than that of water, possibly 
because of dissolved sugars. In our survey, all the samples were 
quantified by comparison to benzene standards in water. Ide­
ally, each analytical sample should be quantified by standard 
additions or against a spiked identical sample matrix to obtain 
accurate quantitation. Because of the variety of samples ana­
lyzed, however, quantitation by these methods was not practi­
cal. Therefore, the reported HS/GC/M S survey results in 
Table 2 may, in fact, be slightly higher or lower than the actual 
values as a result o f the matrix effect.

The actual percentage of benzene that partitions into the 
headspace of an equilibrated standard was found to be about 
31%. This figure was calculated by using the headspace vol­
ume (17 mL) and comparing the benzene peak area of a 1 pL
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Tab le  1. R epea tab ility  and  pa rtition  (vs water) o f  b en zene  In s tanda rd s , fru it ju ice s , and  d r in k s

Sample Benzene, pg/kg Repeatability, CV, % Partition, %, vs water

Water (6 spikes)8 0.094 6.49 —

Grapefruit (6 aliquots)1’ 0.028 37.5 —
Pineapple (6 fruits)0 0.056 15.3 —
Lemon (6 fruits)6 0.046 15.9 —
Orange juice (spike)80 1.17 — 65.5
Orange drink (spike)6,0 0.83 — 80.6
Pineapple (spike)8,0 1.17 — 100.8
Tonic water (spike)810 1.17 — 103.2

8 Quantitation by peak areas from SIM chromatograms. 
6 Quantitation by peak heights from RIC.
0 Average of duplicate spikes.

(0.938 ng) direct injection to that of a 1 mL headspace injection 
taken over 20 g of a 1.173 pig/kg standard.

Laboratory Contamination

The results of the laboratory contamination study show vir­
tually no contribution from the laboratory environment to the 
blank water and orange juice samples. The water blank, with 
an initial benzene level of 0.013 pg/kg, showed no increase 
when exposed to the laboratory environment or to the juice 
preparation glassware for up to 2 h. The orange juice blank of 
0.026 pg/kg actually decreased to 0.014 pg/kg after a 2 h ex­
posure. These analyses demonstrate that benzene contamina­
tion during the analytical method is not a problem in 
our laboratories.

Sampling Problems

In every analysis for volatile compounds, there is always the 
problem of analyte loss by volatility when the standard or sam­
ple is transferred from one container to another. Steps taken to 
minimize this loss include cooling the syringes, other equip­
ment contacting the sample, samples, and standards to reduce 
analyte volatility; minimizing manipulative steps; and transfer­
ring samples by using inert gas pressure and syringes rather 
than reduced pressure and pipets.

In the sampling of carbonated drinks, however, volatile 
losses can occur as soon as the container is opened; the pressure 
over the drink falls to atmospheric pressure, and degassing, 
with possible purging of the analyte, can occur. Furthermore, 
degassing, and possible volatile loss, can also occur during any 
subsequent sample manipulation (pouring, pipetting, or other 
sample transfer). With headspace analysis, it is especially dif­
ficult to avoid degassing when the sample is added to the head- 
space vial containing the sodium sulfate. The sampling device 
for bottled samples shown in Figure 1 is designed to prevent or 
reduce degassing during sampling from a bottle. Cold aqueous 
standards in water, when decanted into the headspace vial, 
however, give only a slightly (<5%) lower response than equiv­
alent standards prepared by syringe spiking through 20 mL 
water to the bottom of the vial, which was quickly sealed. Thus, 
with noncarbonated samples, losses on sample decanting 
should be minimal; for pressurized products, reported results

are probably less than the actual volatile level in the un­
opened product.

Survey Results

The results of the survey for benzene in freshly expressed 
fruit juice, retail fruit juices, fruit drinks, and soft drinks are 
given in Table 2. As noted above, the reported levels of benzene 
are not enhanced by any background contamination; however, 
these results may be compromised by the matrix effect and by 
slight losses of benzene that may occur during sampling, espe­
cially with carbonated drinks.

Examples of the chromatograms obtained in the repeti­
tive scanning and the SIM modes for a freshly expressed 
juice and a retail juice without added benzoate are shown 
in Figures 2A and 3A, respectively. Similar chromato­
grams of orange juices with added benzoate are shown in 
Figures 2B and 3B, respectively.

The occurrence of benzene and the levels reported in 
Table 2 are not entirely representative of the marketplace. The 
survey was undertaken in 2 phases. The first sampling was per­
formed without regard to added sodium benzoate. Of the fruit 
juices selected, only 2 of 15 were labeled to contain benzoate; 
of the fruit drinks, 1 of 15; and of the soft drinks, 9 of 15. The 
second sampling was biased toward samples containing added 
benzoate to investigate the possibility of benzene arising from 
the use of this additive. Several samples of cranberry drinks 
were also selected to explore the possibility of naturally occur­
ring benzoic acid as a source of benzene.

In Table 2, the average benzene level found in the freshly 
expressed juices (0.042 pg/kg) was only slightly less than that 
found in the retail samples of juice not labeled to contain ben­
zoate. If the single highest juice sample, at 0.236 pg/kg, were 
excluded, the average benzene level in the retail juice samples 
would be 0.041 pg/kg, essentially the same as that of the fresh 
fruit, and the range would become 0.022-0.063 pg/kg, again 
equivalent to that of the freshly expressed juice (0.018- 
0.071 pg/kg). With the fruit juices labeled to contain benzoate, 
the average benzene levels were about 10 times as high. Asim­
ilar trend is noted with the carbonated soft drinks, the samples 
labeled as containing benzoate being about 10-fold higher. 
With the fruit drinks, however, the higher benzene levels are
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Table 2. Benzene levels found in fruits (expressed juice), fruit juices, fruit drinks, soft drinks, 
and other drinks by HS/GC/MS

Sample No. samples Benzoate on label

Benzene, ug/kg

Range Av.

Fruit (as juice) 24 _ 0.018-0.071 0.042
Juice (retail) 10 Yes 0.14-1.5 0.67

13 No 0.022-0.24 0.056
Fruit drinks 7 Yes 0.045-0.28 0.14

Include cranberry 16 No 0 ,011-1.8 0.29
Exclude cranberry 13 No 0 .011-0.66 0.12
Cranberry only 3 No 0.46-1.8 0.95

Carbonated soft drinks 6 No 0.029-0.12 0.062
20 Yes 0.013-3.8 0.79

Iced tea 1 Yes 0.55 0.55

not unequivocally associated with labeled benzoate. This may 
be due to naturally occurring benzoic acid in a juice, such as 
that from cranberries or other berries, or to undeclared added 
benzoate. Similar low levels of benzene were also found in 
drinks labeled as containing benzoate. Benzoic acid was not 
determined quantitatively in any of the samples, either to verify 
benzoate label declarations or to measure naturally occurring 
benzoate. In addition, no attempt was made to determine the 
production date of any beverage. With all other factors equal, 
one would expect the level of benzene in a benzoate-containing 
beverage to increase with benzoate concentration as well as 
with time.

The average level of benzene in samples with benzoate de­
clared on the label was 0.63 pg/kg for 38 samples. If the 3 sam­
ples of cranberry juice (natural benzoic acid) are included, the 
average for the 41 samples becomes 0.66 pg/kg. For the 32 
retail juices and drinks not labeled to contain benzoate and not 
including cranberry juice, the average was 0.082 pg/kg. The 
highest level of benzene found, attributed to added benzoate, 
was 3.83 pg/kg in a soft drink. Benzene at 1.81 pg/kg was 
found in a cranberry drink, with no declared benzoate. For the 
73 bottled juices and drinks, the average benzene level was 
0.40 pg/kg.

S o u r c e  o f  B e n z e n e

The decomposition of the added antimicrobial benzoate 
salts or benzoic acid in the presence of ascorbic or erythorbic 
acid was proposed as a possible source of benzene in fmit 
drinks (7). The results of Table 2 support the involvement of 
benzoate. The listing of benzoate salts as an ingredient appears 
to be associated with an approximate 10-fold increase in the 
concentration of benzene in fruit juices and soft drinks com­
pared to those beverages without added or sufficient natural 
benzoate. Benzoate in the fruit drinks, however, was not nec­
essarily associated with the findings of higher benzene levels. 
Traces of benzene in all samples containing added benzoate or 
natural benzoic acid are expected to increase with time.

Clearly, the higher levels of benzene found (>0.1 pg/kg) are 
associated with benzoate or benzoic acid. The consistent but 
low concentrations of benzene in the expressed or retail fmit

juices, however, suggest that benzene should be considered as 
a naturally occurring constituent of the fmit but not necessarily 
arising from traces of benzoic acid. Studies demonstrated that 
laboratory contamination is minimal. None of the samples was 
analyzed for benzoic acid to verify label claims or to estimate 
concentrations of the naturally occurring acid.

Conclusions

A comparison of the benzene levels in the fruit juices, fmit 
drinks, and soft drinks, with and without label-declared ben­
zoic acid or its salts, strongly suggests that the enhanced levels 
of this contaminant are due to the benzoate additive. Naturally 
occurring benzoic acid must also be considered as a possible 
source of “natural” benzene, as higher levels were found in 
fmit drinks in which benzoic acid or its esters were reported to 
occur naturally. The low concentrations of benzene found in 
freshly expressed fruit juice also suggest that benzene is a nat­
ural constituent of the fmit. Other experiments showed con­
tamination from the laboratory environment to be negligible. 
The highest level of benzene found in the 73 bottled juices and 
drinks analyzed was 3.8 pg/kg. The average level was 
0.40 pg/kg. This level is more than 10-fold lower than the Ca­
nadian or EPA guideline of 0.005 mg/L (5 pg/kg) for drinking 
water, and is not considered to represent a health concern.

Our studies demonstrated the HS/GC/MS method used to 
be reproducible, sensitive, and selective for the determination 
and confirmation of benzene at concentrations as low as 
0.03 pg/kg in fmit juices, fmit drinks, and soft drinks.
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Antibody against neosaxitoxin (neo-STX) was ob­
tained from rabbits after immunization with neo- 
STX conjugated to either keyhole limpet 
hemocyanin (KLH) or bovine serum albumin (BSA). 
An Indirect enzyme-linked immunosorbent assay 
(EUSA), in which either neo-STX-BSA or neo-STX- 
KLH was coated to the microplate, was used to 
monitor the antibody titer. Although high antibody 
titers were obtained from rabbits after immuniza­
tion with both Immunogens, only antibody ob­
tained from rabbits Immunized with neo-STX-KLH 
was useful for immunoassay. Competitive Indirect 
ELISA revealed that the antibodies obtained from 
rabbits Immunized with neo-STX-KLH are specific 
for neo-STX but also have good cross-reactivity 
with STX. The concentrations causing 50% Inhibi­
tion binding of neo-STX-BSA to the anti-neo-KLH 
by neo-STX, STX, and decarbamoyl-STX (DC-STX) 
were 0.9,8.0, and 53.1 ng/mL, respectively. Saxi- 
toxin conjugated to polylysine (STX-PLL) was also 
used as the coating reagent in the indirect ELISA. 
The concentrations causing 50% Inhibition binding 
of anti-neo-STX-KLH to STX-PLL coated on the 
microtiter plate by neo-STX, STX, and DC-STX were 
1.2,4.1, and 36.1 ng/mL, respectively. With this 
newly developed antibody, ELISA could be a very 
effective method for monitoring seafood for both 
neo-STX and STX.

S axitoxin (STX) is one of the most important and potent 
of a group of toxins involved in paralytical shellfish poi­
soning (PSP) (1-5). The toxin is produced predomi­

nantly by the dinoflagellate Alexandrium (= Protogonyaulax) 
catenallum and A. tamarense, and it is primarily encountered 
in toxic mussels, clams, and other marine animals. In addition 
to dinoflagellates, fresh-water cyanobacterium (blue-green 
alga) Aphanizomenone flos-aquae is also known to produce 
STX and neosaxitoxin (neo-STX) (6). The toxins involved in

R e c e iv e d  J u ly  1 0 ,1 9 9 1 .  A c c e p te d  A u g u s t  1, 1 9 9 1 .

PSP tend to have little adverse effect on the shellfish using the 
dinoflagellate as a food source. However, human ingestion of 
toxin-contaminated shellfish may result in PSP, which can be 
fatal (3,5).

Because of the potential health hazard, a quick, sensitive, 
and specific method is needed to determine the presence of 
toxin in shellfish. Both mouse bioassay and chemical methods 
were used for the analysis of PSP toxins (7-12). With the avail­
ability of antibodies against STX, several immunoassay proto­
cols (13), e.g., hemagglutination (14), radioimmunoassay (15), 
and enzyme-linked immunosorbent assays (ELISA) (16-18), 
were developed. Monoclonal antibodies against STX (19, 20) 
were produced, but these monoclonal antibodies had lower af­
finity to STX than the polyclonal antibodies. A commercial 
ELISA kit is also available (Inst. Armand-Frappier, Laval, 
Quebec, ON, H7N 423, Canada). However, antibodies used in 
these ELISAs are very specific for STX, with little cross-reac­
tion with other STX-related PSP toxins. The cross-reactivity 
with neo-STX was only 2% that of STX (16-18). Because neo- 
STX is also frequently involved in PSP, the use of these anti­
bodies in the analysis of PSP could result in underestimation of 
the total toxin concentrations in naturally occurring out­
break samples.

In the present study, polyclonal antibodies against neo-STX 
were developed. We found that these antibodies also have good 
cross-reactivity with STX. Details for the production of anti­
body in rabbits and characteristics of the polyclonal antibodies, 
as well as the use of these antibodies in an indirect ELISA for 
neo-STX and STX, are described in this paper.

Experimental

M a te r ia ls

(a) Saxitoxin.—All chemicals and organic solvents were 
reagent grade or better. Purified STX was kindly provided by
E.J. Schantz (FRI, UW) and R.W. Wannemacher, Jr 
(USAMRIID). Neo-STX was prepared in the U.S. Food and 
Drug Administration laboratory by the method previously de­
scribed (5). Decarbamoyl (DC)-STX was prepared by hydrol­
ysis of STX in the presence of 6N HC1 according to the 
methods of Ghazarossian et al. (21) and Koehn et al. (22).
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(b) Tritiated saxitoxinol (STXOH).— Prepared by reduc­
tion of STX with tritiated NaBH4  (50 Ci/mmol, New England 
Nuclear, Boston, MA) (21,22) and purified by affinity chro­
matography using the antibodies against STX.

(c) Keyhole limpet hemocyanin (KLH).— Obtained from 
Pierce Chemical Co., Rockford, IL 61105.

(d) Bovine serum albumin (BSA, RIA grade), o- 
phenylenediamine, and Tween 2 0 .— Sigma Chemical Co., St. 
Louis, MO 63178.

(e) Hydrogen peroxide.— 30% solution (J.T. Baker Chem­
ical Co., Phillipsburg, NJ 08865).

(f) Freund’s adjuvant.— Complete Freund’s adjuvant con­
taining Mycobacterium tuberculosis H37 Ra and incomplete 
Freund’s adjuvant were obtained from Difco Laboratories, De­
troit, M I 48232.

(g) Enzymes.— Goat anti-rabbit IgG-peroxidase conjugate 
and horseradish peroxidase (HRP) (ELISA grade, Cat. No. 605 
220) were obtained from Boehringer Mannheim Biochemicals, 
Indianapolis, IN  46250.

(h) ELISA microtiter plates and minisorp RIA tubes.—  
Nunc, Roskilde, Denmark.

(i) Rabbits.— Pasteurella-fret female New Zealand rabbits 
were purchased from LSR Industries, Union Grove, WI.

P r e p a r a t io n  o f  I m m u n o g e n s

Saxitoxin and neo-STX were conjugated to KLH and BSA  
or polylysine via the Mannisch reaction under the conditions 
previously described (16). In general, 10 mg protein carrier 
was reacted with 1 mg neo-STX. Formaldehyde was used as 
the cross-linking reagent. Because of limited amounts of con­
jugates available, the amount of neo-STX conjugated to each 
mole of protein carrier was not determined.

P r o d u c t io n  o f  A n t i b o d y

The immunization schedule and methods of immunization 
were essentially the same as those described for T-2 toxin (23) 
by the multiple injection technique. Two immunogens, neo- 
STX-KLH and neo-STX-BSA, were tested with 3 rabbits in 
each group. Each rabbit was injected intradermally with 
500 pg immunogen in 1.0 mL 0.1M phosphate buffer (PB) 
containing 0.85% NaCl (PBS) (pH 7.4), with 2.0 mL complete 
Freund adjuvant. For booster injections, 300 pg antigen in
1.0 mLPBS and 2.0 mL incomplete Freund adjuvant was used. 
The collected antisera were precipitated with (NH4 )2 S0 4  to a 
final saturation of 35%. Precipitates were redissolved in water 
and reprecipitated twice. Finally, precipitates were reconsti­
tuted to half the original volume with distilled water and dia­
lyzed 0.5-1 h against distilled water, then against 0.01 M  PB 
overnight at 6 °C, and lyophilized.

M o n ito r in g  A n t i b o d y  T i te r s  b y  I n d ir e c t  E L IS A

The protocol for the indirect ELISA is similar to that de­
scribed for STX (16). Depending on the immunogen used in 
the immunization, a neo-STX-protein conjugate with a protein 
carrier that is different from the protein carrier for immunogen 
was used in each assay. For example, neo-STX-BSA was used 
for monitoring the antibody titers of rabbits that were im­

munized with neo-STX-KLH. In general, 0.1 mL neo-STX- 
protein (1 pg/mL in bicarbonate buffer at pH 9.5, or 
100 ng/well) was added to each well of a 96-well ELISA 
microtiter plate (Nunc plate 2-69620). The plate was kept at 
6°C overnight. After the solution was removed, wells were 
washed 4 times with 0.35 mLPBS-Tween buffer (0.01M phos­
phate saline buffer, pH 7.4, with 0.5% Tween 20). This was 
followed by incubation with 0.17 mL 0.1% gelatin in 0.01M 
PBS (serves as the blocking agent) 30 min at 37°C. The plate 
was washed 4 times with 0.35 mL PBS-Tween to remove the 
excess blocking agent. To each well, 0.1 mL portions of various 
dilutions of anti-neo-STX antiserum were added, and the solu­
tions were gently mixed. The plate was incubated 1 h at 37°C 
and then washed with 0.35 mLPBS-Tween 4 times. Goat anti­
rabbit IgG-HRP conjugate (0.1 mL) at 1:20 000 dilution in 
0.01M PBS was added to each well. The plate was incubated 
1 h at 37°C and then washed, and 0.1 mL freshly prepared 
OPD-substrate solution was added. After 10 min of color de­
velopment in the dark at room temperature, the reaction was 
terminated by adding 0.1 mL IN HC1. The absorbance at 
490 nm was determined in an automatic ELISA reader 
(THERMOmax microplate reader, Molecular Devices Co., 
Menlo Park, CA); samples were run in triplicate.

C o m p e t i t i v e  I n d ir e c t  E L IS A

For antibody characterization or analysis of STXs, a compet­
itive indirect ELISA was used. The protocol was similar to those 
for monitoring antibody titers as described above, except that 
50 pL antiserum at an appropriate dilution and 50 pL neo-STX 
(or STX) at different concentrations were added to the neo- 
STX-protein conjugate-coated microplate well. The optimum 
dilution of neo-STX-protein coated on the microtiter plate was 
determined by titration against various semm dilutions.

R a d i o im m u n o a s s a y  (R IA )

Protocols for RIA were essentially the same as those described 
for T-2 toxin, except that ethanol was used as the reagent to sepa­
rate the free and bound toxin (23) instead of ammonium sulfate. 
In general, 100 pL radioactive STXOH (ca 11450 dpm) was in­
cubated with 0.1 mL antiserum solution of various dilutions in 
phosphate buffer (0.01M, pH 7.5) at room temperature for a min­
imum of 5 min (5-30 min). For competitive RIA, 50 pL radioac­
tive STXOH (ca 11 450) and 50 pL of various concentrations of 
different STX derivative were incubated with 100 pL diluted an­
tiserum. The reaction mixture (200 pL) was first precipitated with 
400 pL absolute EtOH; the precipitate was dissolved in 100 pL 
deionized water and precipitated again with 300 pL EtOH. The 
radioactivity of the pooled, unbound ligand (1 mL solution) was 
determined in a Beckman model LS-5801 liquid scintillation 
spectrometer in 5 mL Ready-Solu™ MP (Beckman, Fuller­
ton, CA).

Results and Discussion

P r o d u c t io n  o f  A n t i b o d y

An indirect ELISA was used to monitor antibody produc­
tion. Because some nonspecific binding of pre-immune semm
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F igu re  1. A n t ib o d y  t ite rs  a g a in s t n eo -ST X  from  rabb it 
No. 28. N e o -S T X -B S A  at a  co n cen tra tio n  o f 1.0 pg/m L 
w a s  coa ted  on  th e  E L IS A  plate. B o o s te r  In jection s w ere  
m ade at th e  6th, 10th, and  15th w eek  a fte r in itia l 
Im m uniza tion .

to the coated microtiter plate was observed, a preselected 
absorbance of 0.6 was arbitrarily used in the estimation of an­
tibody titer. Thus, the antibody titer was defined as the recipro­
cal of the antiserum dilution that gives an absorbance of 0.6 at 
490 nm under the indirect ELISA conditions described. The 
antibody titers for the pre-immune serum varied from 100 to 
300. Among 3 rabbits for each immunogen tested, only 2 gave 
good response. The rabbits started to elicit antibodies as early 
as 5 weeks after immunization. Antibody titers for one of the 
best rabbits (No. 28) immunized with neo-STX-KLH are 
shown in Figure 1. Although good antibody titers were also 
obtained from rabbits that were immunized with neo-STX- 
BSA, free-neo-STX could not compete for the binding of the 
antiserum with solid-phase neo-STX-KLH conjugate. Thus, 
the antisera obtained from this group of rabbits were not char­
acterized further.

S p e c i f i c i t y  o f  A n t i b o d y

The specificity of the antibody was determined by a com­
petitive indirect ELISA. The conditions for the analysis were 
optimized by a “checkerboard” titration. In general, with the 
minimum amount of antigen coated in the plate, the antiserum 
dilution that was used in the assay gave an absorbance in the 
0.7-1.0 range of the final substrate reaction (70% of the maxi­
mum absorbance in the titration). The typical inhibition curves, 
in which neo-STX, STX, and dec-STX were competing for the 
binding of the anti-neo-STX-KLH antibody with neo-STX- 
BSA as the solid phase, are shown in Figure 2. The concentra­
tions causing 50% inhibition of binding of anti-neo-STX-KLH 
antibodies to the solid-phase antigen neo-STX-BS A (coated on 
the plate) by neo-STX, STX, and DC-STX were found to be 
0.91,8.0, and 53.1 ng/mL, respectively. Thus, the relative reac­
tivities of neo-STX, STX, and DC-STX to the antibody are
100,11.4, and 1.7%, respectively.

LOG TOXIN C0NC ng/mL
F igu re  2. C o m pe t it iv e  in d ire c t E L IS A  o f  n eo -ST X  u s in g  
an t i-n eo -ST X -K LH  an tise rum . N e o -S T X -B S A  (1.0 pg/mL) 
w a s  coa ted  on  th e  E L IS A  p late. T he  a n t ise rum  d ilu tion  
(rabb it No. 2 8 ,9th w eek  b leed ing ) w a s  1:1000. N eo -STX  
(•), S T X  (O), and  d e c -S T X  (□)■  Data w ith  no-e rro r b a rs  
in d ica te  that the  e rro rs  w ere  w ith in  the  s iz e  o f the  
s ym b o ls . F o r d ec-STX , da ta  fo r a ve rage  o f 2 
e xpe rim en ts  are  p resen ted ; th us , no -e rro r b a rs  a re  not 
show n .

The linear response of inhibition of binding by neo-STX 
and STX in the competitive indirect ELISA was in the 0.5- 
5 ng/mL range (25-250 pg/assay) and 2-20 ng/mL (100- 
1000 pg/assay). If we assume that the concentration of 
neo-STX and STX causes a 20% inhibition of binding as the 
minimum detection level in these immunoassays, the mini­
mum detection levels for neo-STX and STX in indirect ELISA 
would then be 25 and 100 pg/assay, respectively. The present 
ELISA is considerably more sensitive than indicated in an ear­
lier study in which anti-STX-BSA antibody was used (16). The 
concentrations for 50% inhibition binding of the anti-STX to 
SIX-PLL by neo-STX and STX were 180 and 3.2 ng/assay, 
respectively.

Present results clearly indicate that the antibodies have good 
cross-reactivity with both STX and neo-STX. In contrast, the 
anti-STX-BSA antibodies, which are currently used in various 
immunoassays (15-18), are highly specific for STX with less 
than 2% cross-reactivity with neo-STX (15-18). Data are con­
sistent with the observations for several other haptens (24). 
When an immunogen containing an additional hydroxyl group 
in the side chain of a hapten molecule is used in the antibody 
production, the antibodies generally have good cross-reactivi­
ties with both the hydroxylated and nonhydroxylated haptens. 
Conversely, the antibodies have weak cross-reactivity with the 
hydroxylated derivatives when the nonhydroxylated derivative 
is used (24).

I n d ir e c t  C o m p e t i t i v e  E L I S A  U s in g  S J X - P L L  a s

C o a t in g  R e a g e n t

Because the data show that the antibody has good cross-re­
activity with STX, we also tested whether the STX-polylysine 
(STX-PLL) could be used as the coating reagent in the indirect 
ELISA. Results, shown in Figure 3, indicate that STX-PLL 
could indeed be substituted for neo-STX-BS A in the assay. The
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LOG TOXIN CONC ng/mL
Figure 3. Competitive indirect ELISA of neo-STX using 
anti-neo-STX-KLH antiserum. STX-polylysine (1.0 gg/mL, 
or 0.1 gg/well) was coated on the ELISA plate. The 
antiserum dilution (rabbit No. 28,9th week bleeding) 
was 1:1000. Neo-STX (•), STX (O), and dec-STX (□).
Data with no-error bars indicate that the errors were 
within the size of the symbols.

concentrations causing 50% inhibition binding of STX-PLL to 
the antibody by neo-STX, STX, and DC-STX were 1.2, 4.1, 
and 36.1 ng/mL, respectively. The relative reactivities of neo- 
STX, STX, and DC-STX to the antibody under this condition 
are 100, 29.3, and 3.3%, respectively. The sensitivity of this 
system for monitoring neo-STX is almost the same as that de­
scribed above when neo-STX-BSAwas coated in the wells of 
microplate (0.9 vs 1.2 ng/mL at 50% inhibition); yet the sensi­
tivity for determination of STX (8.0 vs 4.1) increased almost 
2-fold. Thus, this system could be used for monitoring the pres­
ence of both toxins in the sample. Another advantage is that a 
more commonly available toxin, STX, could be used as the 
starting reagent.

R a d i o i m m u n o a s s a y

Results for the radioimmunoassay are shown in Figure 4. A 
high concentration of antiserum (1:60 dilution) was necessary 
to give 50% binding of 11 450 dpm tritiated STXOH in the 
assay system. The concentrations causing 50% inhibition of 
binding of tritiated STXOH to the antibody by neo-STX, STX, 
and DC-STX in RIA were found to be about 29.3, 22.3, and
345.7 ng/mL respectively. The apparent affinity constants as 
determined by the method of Muller (25) of the antibody for 
neo-STX, STX, and DC-STX were found to be 1.23 x 108, 1.56 
x 108, and 7.9 x 106 L/mol, respectively. Competitive RIA for 
monitoring STX and neo-STX in this system was also less sen­
sitive than indirect ELISA.

Conclusion

Polyclonal antibodies that have good cross-reactivity to 
both neo-STX and STX were successfully obtained after im­
munization of rabbits with neo-STX conjugated to protein car­
riers. Using such antibodies, an indirect ELISA, which is 
considerably more sensitive than previously reported methods, 
was established for simultaneous analysis of neo-STX and

Figure 4. Radioimmunoassay for neo-STX using 
anti-neo-STX-KLH. The antiserum dilution was 1:60 
(0.1 mL) with tritiated STXOH of 11 450 dpm/assay. 
Neo-STX (•), STX (O), and dec-STX (□). Data of average 
of 2 experiments are presented; thus, no-error bars are 
not shown.

STX. For example, 1 mouse unit is equivalent to 185 ng STX 
or neo-STX (2, 5, 7). In contrast, as little as 0.5 ng/mL of either 
toxin could be measured in the present system. The sensitivity 
of the ELISA also compares favorably to that of the membrane 
assay, in which InM (0.372 ng/mL) of PSP toxins could be 
measured (12). A radioimmunoassay was established in the 
present study, but it is less sensitive than the indirect ELISA. 
We also observed a complete protection of the lethal toxic ef­
fect in mice when 200 pLof undiluted antisera and 350 ng neo- 
STX were administered together to the test mice (Huang and 
Chu, unpublished observation). These data indicate that this 
antibody not only will be very useful for analytical purpose but 
could also be used as a therapeutic agent.

Because all the standard curves established in the experi­
ments were prepared in buffer solutions, the matrix interfer­
ence problems should not be overlooked. In a previous study
(16), we found that extracts obtained from clams and mussels 
greatly interfered with the indirect ELISA. The interference 
was minimal when the concentrations of clams and mussels 
were at 50 and 5 mg/mL, respectively (16). Based on these 
data, the sensitivity of ELISA for neo-STX in clam and mussel 
extracts would be 20 and 80 ppb, respectively. Nevertheless, 
applications of present protocols for the analysis of STX and 
neo-STX in these samples, as well as the cross-reactivity of the 
antibodies with a battery of STX derivatives, need to be vigor­
ously tested. There is also a need for a monoclonal antibody 
that could cross-react with other STX derivatives. Research ef­
forts in our laboratory are currently directed to these areas.
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VITAMINS AND OTHER NUTRIENTS

F l u o r o m e t r i c  D e t e r m i n a t i o n  o f  T h i a m i n e  V i t a m e r s  i n  C h i c k e n

Jay B. Fox, Jr, Stanley A. A ckerman, and D onald W. Thayer

U.S. Department of Agriculture, Food Safety Research Unit, ERRC, ARS, 600 E. Mermaid Ln., Philadelphia, PA 19118

A  comparison was made of the direct determina­
tion of thiamine In acidified heated chicken ex­
tracts, by either flow injection or chromatographic 
determination, with the standard method (acid and 
enzyme digestion, adsorption, and elution, fol­
lowed by the fluorometric determination of 
thlochrome extracted by Isobutanol from 
K 3 Fe(CN)6 -treated eluates). Liquid chromatography 
of extracts, followed by oxidation of thiamine vita­
mers to thiochromes, showed 1 light scatter emis­
sion peak and 2 thiochromes, the latter 
corresponding to thiamine and thiamine mono­
phosphate. Both forms were determined quantita­
tively by flow injection determination, the lower 
detection limit of which was about 60 femtomol.
The determination was linear from 0.1 ng to 10 pg 
thlamine/mL, and the pooled coefficient of variation 
was 4%. The determination of thiamine In chicken 
extracts provides a nondestructive method for de­
termining thiamine and its phosphate esters, either 
In  t o t o  by flow injection determination or as Individ­
ual components by chromatography.

D uring the course of the study of the effects of ionizing 
radiation on thiamine in chicken, we had occasion to 
determine the concentrations of the various thiamine 

vitamers: thiamine (Thmn), thiamine monophosphate (TMP), 
and thiamine diphosphate (TDP, cocarboxylase). In the stan­
dard method of thiamine determination (1, 2), the last 2 vita­
mers are dephosphorylated by an enzyme digestion step 
because, for the measurement of the thiochrome formed from 
the oxidation of thiamine, the thiochrome is extracted into 
isobutanol in which the thiochrome phosphate esters are not 
soluble. This method does not distinguish the vitamers from 
each other. Liquid chromatography obviates the need for 
cleanup (2-16) and determines the phosphate esters individu­
ally, but most of the methods studied (3-12) involve precolumn 
oxidation to thiochrome, which destroys the vitamers before 
they are separated.

We determined the thiamine vitamers directly in an aqueous 
chicken extract, but the solutions were too turbid for fluores-

Received March 15,1991. Accepted September 4,1991. 
Mention of any company or product name does not constitute 

endorsement.

cence measurements because of Rayleigh and Raman scatter­
ing. Acidification and heating (equivalent to the AOAC rapid 
method, 953.17 (1)) yielded clear solutions suitable for mea­
suring thiochrome fluorescence, but we consistently obtained 
higher values for the thiamine content (ca 1.60 pg thiamine/g 
meat) than those reported in the literature (ca 0.4-0.8 pg/g) (3, 
8,17-20). Therefore, we examined the thiamine content of 
chicken breast extracts at each step of the sample preparation 
to ascertain if the lower values obtained from the standard 
method were due to losses in 1 or more of the steps. We also 
chromatographed the extracts on different resins to ascertain if 
we were measuring an artifact. We extended the study to the 
determination of the thiamine vitamers in toto  by flow injec­
tion determination.

Experimental

R e a g e n t s

All thiamine vitamers were obtained from Sigma Chemical 
Co., St. Louis, MO 63178: thiamine hydrochloride (T4625, lots 
125F-0250 and 94F-0334), thiamine monophosphate chloride 
(T8637, lot 93F-00391), and cocarboxylase (C-8754, lots 
106F-0182 and 110G-2420). For accurate determination of the 
fluorescence intensity, the vitamers were dried over silica gel 
at 84°C. By chromatography, thiamine was found to be a single 
component, but both thiamine monophosphate and 
cocarboxylase contained varying amounts of thiamine, proba­
bly due to decomposition of the phosphate esters during stor­
age. All other chemicals were reagent grade and all solutions 
were prepared in deionized/distilled water. As necessary, elut­
ing solutions were filtered through 45 pm Supor-450 mem­
brane filters and either sonically degassed or purged 
with helium.

E q u i p m e n t

Samples were injected into the buffer stream by either an 
ISIS autoinjector or a Rheodyne 7125 sample injector 
(Rheodyne, Inc., Cotati, CA 94931), both with 200 pL loops. 
Two fluorescence detectors were used: a Waters 420 fluores­
cence detector with a F4T5/BLlamp (Waters Chromatography, 
Milford, MA01757), 365 nm excitation filter, and a 425 cut-off 
emission filter, and a MacPherson FL-750 photofluorometer, 
êxcitation = 365 nm, Emission = 460 nm, with either a 400 or a 

440 nm cutoff filter. MPF-44E spectrophotofluorometer was 
used to measure the fluorescence spectra (Perkin-Elmer Corp.,
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Norwalk, CT 06859). For scanning the excitation spectra, the 
emission wavelength was set at 435 nm and the excitation 
spectrum was scanned from 325 to 400 nm. For the emission 
spectra, the excitation wavelength was set at 435 nm and the 
excitation spectrum was scanned from 380 to 500 nm.

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

Figure 1 is a flow diagram of sample preparation by the 
standard method. Asterisks indicate the steps after which sam­
ples are removed for thiamine determination. The double aster­
isk indicates the point at which samples are removed for the 
rapid method.

S lu r r y

Fresh chicken breasts were obtained from a wholesale 
dealer, usually 1  day after slaughter, although some breasts 
were obtained the first day. The skin and excess fat were re­
moved, and the meat was separated from the bone and sliced 
into 1/4—1/2 in. cubes. For homogeneity and ease of handling, 
80 g of the meat was blended 15 s with 160 mL water under 
nitrogen in a glove bag. (We felt the precaution of blending 
under nitrogen was advisable because the blending process in­
troduces a large amount of gas into the liquid.) The resulting 
slurry is a highly homogeneous material for the study of sample 
preparation; it was easily transferred quantitatively by aspira­
tion into a 50 mL irrigation syringe and transferred by weight 
into appropriate containers.

S a m p l e  S e t s

For all runs, sample sets consisted of a water blank, a thia­
mine vitamer standard, a chicken extract, and a chicken extract 
spiked with the standard.

S a m p l e  P r e p a r a t io n ,  S t a n d a r d  M e t h o d

To determine the thiamine concentration at each step of the 
standard method, the steps had to be modified slightly. For the 
HC1 extracts, 8  mL IN  HC1 was added to 90 g slurry to lower 
the pH to 1.5, and the mixture was stirred vigorously. The slurry 
was then drawn up into an irrigation syringe and 16.3 g was 
transferred into 50 mL Erlenmeyer flasks; 2 sample sets were 
prepared. Then, 15 g water was added to the zero concentration 
and the standard flasks. For the standard and spiked samples, 
0.5 mLof a stock solution of 10 pg thiamine/mL was added to 
the appropriate tubes. Next, 1.5 mL IN  HC1 was added to all 
flasks in both sets, and each flask was diluted to ca 35 mL. The 
flasks were stoppered with rubber stoppers covered with Saran 
wrap and heated 30 min in a boiling water bath. The flasks 
were cooled and the contents were adjusted to pH 4.5-4.7; one 
sample set was diluted to volume to serve as the acid digestion 
sample. Then, 2.5 mL 5% a-amylase was added to each of 
the flasks in the second sample set, and the set was incubated 
overnight at 37.5°C. We found that these time and tempera­
ture conditions were necessary for complete conversion of 
TMP to thiamine by the a-amylase preparation we used (cf 
2, 7). The samples in this set were transferred to 100 mL vol­
umetric flasks and diluted to volume. A  25 mL aliquot of 
each sample was placed on a Bio-Rex column prepared as

FLO W  C H A R T
C H IC K EN  S A M P L E  PR EPAR ATIO N

Step 1 S lurry

i  '
Step 2 A cidification

(HC l, TCA )

l
S tep 3** H eat

(b o il , a u t o c l a v e )

I
S tep 4 N eutralize

i
S tep 5 Enzyme D igestion (alpha-amylase)

(D ephosphorylates thiamine vitamers)

!
S t e p  6* C en tr ifu g a tio n

1
S tep 7* A dsorption/ elution (B io-R ex 70)

(E liminates material from

ENZYME DIGESTION)

1
Step 8  O xidation (K3F e(CN)6)

(O x id iz e s  thiam ine  t o  th io c h r o m e)

i
S tep 9* E xtraction (Isobutanol)

(E xtracts thiochrome only, 
no phosphate esters)

i
S tep 10 D etermine thiochrome (F luorescence)

F ig u re  1. F lo w  ch a rt fo r the  s tanda rd  m ethod  o f 
th iam in e  de te rm ina tion . A s te r is k s  Ind ica te  the  s te p  after 
w h ich  sa m p le s  w ere  taken  fo r th iam ine .

described below, washed with 20 mL 70°C water, and eluted 
with 70°C acid-KCl into 25 mL volumetric flasks. Next,
2.5 mL of each column eluant was placed in a centrifuge tube 
(capped type), 2.5 mL 0.04% K 3 Fe(CN) 6  and 7.5 mL 
isobutanol were added to each tube, and the tubes were 
capped and shaken lightly for 2 min. This last operation was 
performed in subdued light coming from the windows 30 ft 
away (thiochrome is sensitive to light), and in a hood 
(isobutanol is mutagenic). After the tubes were allowed to 
stand 1  min, the isobutanol supernatant cleared and was 
suitable for thiochrome determination in a fluorometer.

A  total of 5 sample sets was obtained: (i) TCA/heat treated,
(2) HCl/heat treated, (3 ) HCl/heat treated after enzyme diges­
tion, (4 ) HCl/heat treated after adsorption/elution on Bio-Rex 
70, and (5) HCl/heat treated after thiochrome forma- 
tion/isobutanol extraction.
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Hypersil
APS

Retention times in minutes

F igu re  2. C h ro m a to g ram s  o f c h ic k e n  extracts, w ith  and 
w ithou t s p ik in g  w ith  th iam in e  and  th iam ine  
m onopho spha te , on  H yp e rs il A P S  and  DM-614. C u rve s  
A , ch ic k e n  extract. C u rv e s  B , sam e w ith  th iam ine  sp ike . 
C u rv e s  C , sam e  w ith  th iam ine  m on o ph o sp h a te  sp ike .

Bio-Rex 70 Preparation and Use

Bio-Rex 70 resin, 50-100 mesh, Control No. 33772, was 
used to purify thiamine in chicken extracts. About 20 g resin 
was washed with distilled water, and the fines were decanted. 
The resin was then washed with four 250 mL portions IN  HC1, 
and the resin was allowed to stand for a short period of time in 
the acid. The resin was washed until the washings were neutral 
to pH test papers. The columns consisted o f a 50 mL tube 
sealed to a column 13 cm long by 6 mm id, with a Luer tip 
sealed to the end. A  3-way valve was placed on the Luer tip, 
and a 22 g needle (square tip) was attached to the valve. The 
column was plugged with polypropylene wool and filled to 
10 cm with the washed resin. With the mesh used and the 22 g 
needle, the flow rate was a little over 1 mL/min.

Sample Preparation, Rapid Method

Samples were acidified with either trichloroacetic acid 
(TCA) (15 ,21) or HC1 (1, 2). For the TCA extracts, 9 g slurry 
was weighed into centrifuge tubes (polyallomer, capped type) 
and 18 mL 2% (w/v) trichloroacetic acid was pipetted into the 
tube. For the zero thiamine concentration and standard sam­
ples, 9 g water was weighed into tubes. For the standard and 
spiked chicken extracts, 0.3 mL 10 pg/mL standard thiamine 
was added to the appropriate tubes. The tubes were capped 
tightly, shaken vigorously, and heated 30 min in a boiling water 
bath. After cooling, the tubes were shaken again, and centri­
fuged 15 min at 20 000 x g and 5°C.

Columns

For chromatographic separation of the thiamine vitamers, 
we used either Shodex’s DM-614 (equivalent to a C3-4 re- 
versed-phase) (22) or Hypersil APS (anion exchange) columns 
(Chrompak B.V., Middelburg, The Netherlands). The eluting 
solution for the DM-614 and Hypersil APS was 0.05M citrate 
buffer, pH 4.5. The columns were run at room temperature; any 
variations in retention times were compensated by including 
standards in all mns.

Determination of Thiamine

Thiamine was determined in either the standard or rapid 
method extracts by flow injection determination (FID) or after 
chromatographic separation (CD), except for the isobutanol- 
extracted thiochrome, for which the fluorescence was mea­
sured in a 1 cm sealed cuvette. After sample injection into the 
buffer stream, either with or without a column, a solution of 
0.04% K3Fe(CN)6 in 2% NaOH was mixed into the stream at 
the same flow rate as the buffer stream, and allowed to flow  
through a reaction coil 160 x 0.060 cm id at room temperature. 
Although this length of coil allows only 0.5 min of reaction 
time, we found, as Cooper and Matsuda (13) observed, that the 
oxidation of thiamine by ferricyanide is exceedingly rapid. The 
thiochrome produced by oxidation of thiamine by ferricyanide 
was determined fluorometrically in a 12 pL flow cell.

R e su lts

Before we initiated the major study, some preliminary stud­
ies were performed. We tried the direct addition o f ferricyanide 
to the chicken extracts, but the results were erratic and gener­
ally low. The indicated heating step was found necessary to 
obtain clear extracts and eliminate reduced yields for both the 
trichloroacetic and hydrochloric acid extracts. The usual con­
centration of alkali for the oxidation step is 15% (w/v), but suc­
cessive dilutions showed no difference in the measured 
thiochrome until about 1% (w/v) NaOH. The desired alkaline 
conditions of about pH 13 were produced by choosing 2% 
(w/v). Concentrations of ferricyanide above 0.1% resulted in 
decreased yields of thiochrome, probably through further oxi­
dation of the thiochrome formed (23). The only 2 thiamine vi­
tamers found in any great quantity in the chicken breasts we 
studied  w ere thiam ine and thiam ine m onophosphate; 
cocarboxylase was present in only very low quantities. The ex­
ception to this observation occurred when the chicken was 
slaughtered the same day, in which case the cocarboxylase con­
tent was distinctly greater. Because the first 2 compounds con­
stituted the bulk o f the vitamin present, w e focused our 
attention on them.

Thiamine and Thiamine Monophosphate

These vitamers were identified in the column effluents by 
their retention time on DM-614 and Hypersil APS resins and 
by their fluorescent spectra. Curves “A ” in Figure 2 represent 
the chicken extracts on the 2 resins; peaks “B,” the changes in 
the curves when the chicken extracts were spiked with thia-
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Tab le  1. R e ten tio n  t im e s  In m inu te s

Compound Hypersil APS Shodex DM-614

Thiamine 3.8 7.1
Thiamine monophosphate 4.8 4.5
Cocarboxylase 7.0 4.5
Light-scattering material 2.5 8.2

mine; peaks “C,” TMP-spiked chicken extracts. The thiamine 
and thiamine monophosphate peaks had the same retention 
times as the standards (Table 1), and the fluorescence excita­
tion and emission spectra o f the thiochromes were identical to 
the spectra o f the thiochrome standards (Figure 3). The peak 
identified as TMP disappeared after the digestion by crude a- 
amylase, showing it to be the phosphate ester. The low shoulder 
below the cocarboxylase arrow had approximately the same 
retention time as the cocarboxylase standard, but, as shown, 
was usually present in only very small quantities. A  sharp spike 
is shown in the Hypersil APS column effluent preceding the 
thiamine peak, but it had neither an excitation nor an emission 
spectrum; that is, the peak was a scatter peak due to soluble 
compounds in the extracts. This peak was the only peak present 
in the alkali blanks, where it was as high as in the ferricyanide- 
treated effluents. In the effluents from DM-614 columns, this 
peak appeared in the alkali blanks and came off the column 
shortly after thiamine. This peak was highly variable from 
preparation to preparation, as expected, and it was not al­
ways observed.

Trichloroacetic Acid Extracts

The TCA/heated extracts gave uniformly clear solutions, 
with insoluble precipitates that packed well upon centrifuga­
tion. The thiochrome spectra o f the chicken extracts chromato­
graphed on DM-614 showed the presence o f both thiamine and 
TMP, with retention times o f 7.1 and 4.5 min, respectively 
(Table 1). There was no indication of cleavage of the phosphate 
esters. The results from the flow injection determination of thi­
amine in 12 chicken breasts are shown in Table 2. The first 3 
values are not significantly different from each other, but after 
the adsorption/elution step, the determined concentration of  
thiamine was about half the initial values, which was a signif­
icant difference (P < 0.05). The precision of the flow injection 
determination is shown in Table 3, which summarizes the co­
efficient o f variation for the various steps and sample variation. 
The first 3 rows are for the determination step in standards and 
chicken slurries. The next 3 rows show the variation due to the 
sample preparation procedure, the variation between chicken 
breasts, and the variation from chicken to chicken. The average 
value for thiamine in the TCA extracts was highest o f all the 
reliable measurements (excluding enzyme-digested samples) 
and show ed the low est pooled  coeffic ien t o f  variation  
(Table 2).

Hydrochloric Acid Extraction

The HCl/heated solutions were not always clear when ad­
justed to pH 4.0-4.3, the pH used for the enzyme digestion

Exitation <— U n n m ->  Emission

F igu re  3. F lu o re s ce n t sp e c tra  o f th io ch ro m e  and 
th io ch ro m e  m ono pho spha te , both  s ta nd a rd s , Iso lated 
from  ch ick en  ex tra c ts  b y  liq u id  ch rom a tog raphy . A l l  had 
th e  sam e  spectra .

(1, 2). This introduced a very high background in the FID or 
CD separation determinations, and the turbid solutions tended 
to foul the Bio-Rex 70 columns. Upon investigation, it was 
found that if the pH of the solutions were brought to pH 4.6-4.8  
before centrifugation, clear solutions were obtained (24). The 
coefficients o f variation were quite high: 30.6% for the be- 
tween-chicken variation and 17.4% for the breast pairs. Of the 
2 acids, TCA was preferred over HC1 because it produced a 
clear solution in weak acid solutions, whereas it was necessary 
to raise the pH of the HC1 solutions to a value where thiamine 
oxidation was a factor.

k-Amylase Digestion

The enzyme-digested solutions were yellowish, but clear. 
The chicken samples were generally lighter than the thiamine 
standards or water solutions, and the spiked chicken samples 
lighter still, but the differences were not reflected in the fluo­
rescent spectra. That is, the colored compounds did not fluo­
resce. There was, however, a very large amount o f light 
scattering material, reflected in very high alkali blanks in the 
FID determination. Chromatography of the enzyme-digested 
extracts on DM-614 showed that the addition of the enzyme 
introduced an emission peak that had the same retention time 
as TMP, but was lower in the thiochrome solutions than in the 
alkali blanks. That is, the oxidation reduced the fluorescence. 
When the chicken and spiked chicken extracts were corrected 
for this difference, no TMP was found in the extracts, as ex­
pected after enzyme digestion. The amount o f thiamine in­
creased slightly, identifying the peak as TMP, but the increase 
was not always commensurate with the loss of TMP. When 
chicken extracts were spiked with TMP, the enzyme digestion 
eliminated the TMP peak, but there was very little increase in 
the thiamine peak (Table 4).
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Tab le  2. D ete rm ina tion  o f th iam ine  du rin g  sam p le  
p reparation  (re su lts  o f 12 p reparations)
In pg th lam lne/g  c h ic k e n 4

TCA/heat HCI/heat
Enzyme
digestion

Bio-Rex 70 Thiochrome/ 
effluent isobutanol

Av. 1.81 1.64 2.26 1.08 0.95
s 0.20 0.40 1.44 1.18 0.30

a Values for TCA/heat, HCI/heat, and enzyme digestion are not 
significantly different; values for Bio-Rex 70 effluent and 
thiochrome/isobutanol are not significantly different.

After Adsorption/Elution on Bio-Rex 70

The values were uniformly low, averaging 1.21 fig thia­
mine/mL, about 2/3 of the values were obtained by direct mea­
surement. There was no background fluorescence and only 1 
thiamine peak by chromatography.

Thiochrome Formation/lsobutanol Extraction

This is the final step in the usual method of thiamine deter­
mination, and it is the principal reason for the enzyme diges­
tion and adsorption/elution steps. B ecause it is a hand 
operation, it is inherently less reliable than FID. The coefficient 
of variation rose to 29%. The average value was 0.95 pg thia- 
mine/mL, which is about the value usually reported for thia­
mine in chicken but is half the value determined in the 
acid/heated samples.

Spike Recovery

Spike recovery was the best for the TCA extracts, averaging 
99.7% of the standard in preparations 1-12. In a separate ex­
periment, standard solutions of thiamine ranging from 1  to 
5 pg/g of chicken were added to portions of a slurry, which 
was then processed and the thiamine determined. The coeffi­
cient of regression was 85.3 units/pg spike/mL, compared to a 
value of 84.5 units/pg thiamine/mL for the standard. That is, 
the spike fluorescence was quantitatively the same as that of 
the standard.

Tab le  3. P re c is io n  o f f lo w  in je c t ion  d e te rm ina tio n

Coefficient of variation, % 

Source of variation TCA HCI

Thiamine determination

Standards, n = 25

400 nm cut-off filter 
440 nm cut-off filter 
1 slurry, 5 preps., n = 15

2.10
1.36
1.52

1.91
0.00
0.37

Sample preparation

1 slurry, 5 preps., n = 5 3.37 1.50
Breast pairs, n = 6 6.7 17.4
Chicken variation, n = 12 15.7 30.6

A ttributes o f  th e  M ethod

Specificity

A  determinative method is required to be specific, accurate, 
precise, linear, sensitive, reproducible, repeatable, and rugged. 
Both the CD and FID measurements were specific for thiamine 
and/or its vitamers by criteria of retention time and identity of 
the fluorescent spectra of the standards with those o f the vita­
mers isolated from chicken. As shown by chromatography, the 
measured emission of the alkali blanks was due to a single 
light-scatter peak, the magnitude of which was the same in both 
the alkali blanks and the ferricyanide-treated samples. The 
sample peaks in FID were, therefore, specific for thiamine and 
its esters after subtraction o f the scatter peak o f  the alkali 
blanks.

Linearity and Sensitivity

Linearity was tested in standard solutions and spiked 
chicken extracts. The determination of thiamine in water or 
buffer using the MacPherson FL-750 was linear over a range 
of 0.1 ng thiamine/mL (60 femtomol) to 10 pg/mL. Figure 4 is

Tab le  4. T h iam ine  m on o ph o sp h a te  lo s s  du r in g  en zym e  d ig e s t io n  and  ad so rp tio n /e lu tio n

Thiamine, pg/mL

Thiamine TMP Total

Source Run 16 Run 17 Run 16 Run 17 Run 16 Run 17

TCA extract

standard (TMP) 0.56 0.00 0.43 1.00 0.99 1.00
chicken 1.68 2.40 0.54 0.00 2.22 2.40
spike (TMP) 1.88 2.40 1.60 1.00 3.48 3.64

Bio-Rex 70 effluent

standard 1.00 1.00 0.00 0.00 1.00 1.00
chicken 0.93 0.96 0.00 0.00 0.93 0.96
spike 1.20 1.37 0.00 0.00 1.20 1.38
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Logarithm ng Thiamine / mL
F igu re  4. E xp re ss ion  of m ethod sensitiv ity : square  sym bo ls , f lu o re scen ce  determ ined w ith a 440 nm  cut-off filter; 95% 
con fiden ce  lim its show n  are fo r these  data only. C ircu la r sym bo ls , f lu o rescen ce  determ ined w ith a 400 nm cut-off filter in 
the em iss io n  light beam . T he  la tte r s h o w  th e  e ffe c t o f R a y le ig h  and  R am an  lig h t s c a t te r in g  a t lo w  c o n c e n tra t io n s  o f 
th iam in e .

a plot of the lower portion o f the curve and shows the effect of 
using different wavelength cut-off filters. The data represented 
by the square symbols and the circular symbols were deter­
mined by using a 440 nm cut-off filter and a 400 nm filter, re­
spectively, the latter showing the effect o f reducing Rayleigh 
and Raman scattering. Such scattering becomes an important 
factor at the very low levels o f thiochrome fluorescence from

the thiamine in chicken. Sensitiv ity  values o f  7 and 30 
femtomol were reported by Brunnekreeft et al. (6) and Kimura 
and Itokawa (15) for precolumn and postcolumn oxidation to 
thiochrome, respectively, compared with our value of 60 
femtomol. However, as the sensitivity is equivalent to less than 
0 .1 % of that normally found in the determination of thiamine 
in chicken, we did not pursue the matter further.
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Precision

The results o f a quintuplicate preparation/triplicate determi­
nation experiment are given in Table 3. The coefficients of 
variation for the determination of thiamine in a single chicken 
slurry using 5 preparation samples were 0.37% for the HC1 ex­
tracts and 1.52% for the TCA extracts. The difference between 
the H Q  and TCA values represents some unknown and erratic 
stability factor, in either the oxidation process or the output of 
the fluorometer. At certain times of the day, we did observe 
great instabilities in the fluorometers, which may have been 
due to voltage fluctuations.

Accuracy

Confirming our previous observations, the results o f the di­
rect addition o f ferricyanide to the chicken extracts yielded 
higher values for the thiamine content of chicken meat than 
after the adsorption/elution and thiochrome/extraction steps. In 
Table 2, the first 3 values are not significantly different from 
each other but are significantly different (P < 0 .0 1 ) from the 
extracts after adsorption/elution. Because the values after the 
adsorption/elution step are about the same as reported in the 
literature (10.8 and 0.95 pg thiamine/g chicken), the modifica­
tions made in the method for purposes of the study did not alter 
the essential character of the procedure.

Repeatability, Reproducibility, and Ruggedness

Repeatability is difficult to determine in the case of thiamine 
because the vitamin is unstable and varies from chicken to 
chicken; therefore, a standard concentration sample is impossi­
ble to establish. Because the experiment involving the 12 sam­
ples was performed over a period of 4 weeks, the measured 
precision is partly a repeatability measurement. Reproducibil­
ity was not tested at this time. Because the method is faster (an 
important factor with unstable compounds) and contains few  
steps (consistent with accurate and precise results), the method 
is as rugged a procedure as can be devised.

D isc u ss io n

Accuracy

The question of accuracy was one of the principal reasons 
for the study, the answer to be found in either the measurement 
of an artifact in the CD and FID measurements or a loss of the 
vitamin in one of the steps in the usual purification scheme. 
From the chromatographic results, the only extraneous interfer­
ence in the HC1 and TCA extracts occurred equally in both the 
alkali blank and ferricyanide solutions, producing neither pos-

Tab le  5. S p ik e  re co ve ry  (average pe rcen t 
o f the  standard)

TCA/heat HCI/heat
Enzyme
digest

BR-70
effluent

Isobutanol
extract

Av. 99.7 91.1 110.7 99.3 91.8
s 11.9 7.2 18.7 15.8 4.4

itive nor negative interference in either CD or FID measure­
ments. The possibility that some component in the chicken ex­
tracts w as causing  greater con version  o f  th iam ine to 
thiochrome in the extracts than in the standards was eliminated 
by the observation that the thiamine concentrations in the 
spikes were equivalent to the standards. The loss o f thiamine in 
the standard method indicates that the rapid method yields a 
more accurate and higher value for the thiamine content of the 
chicken than the standard method does.

The loss of thiamine in the adsorption/elution step was ob­
served by many authors (9, 2 5 -2 7 ) , and w as listed  by 
McRoberts (24) as a specific problem to be addressed in the 
determination of thiamine in enriched flour. Early in the history 
of the procedures for determining thiamine, Wang and Harris
(28) listed as one of the special advantages of their procedure 
the elimination of the adsorption/elution step!

The problem is not just one of loss of thiamine in chicken 
on the Bio-Rex 70 columns, however. The concentration o f thi­
amine in the chicken extracts was calculated by using the fluo­
rescence o f a standard that itself was adsorbed and eluted from 
the resin. That is, there was a loss of thiamine in the chicken 
extracts not observed in the standards. The problem was not 
one of incomplete elution. Pippen and Potter (25) found that a 
larger volume, 50 mL, was frequently required to effect total 
elution from Decalso. However, when we eluted Bio-Rex 70 
with further portions of hot acid-KCl, we obtained no more 
thiamine. Furthermore, incomplete elution should have af­
fected spike recovery, but no diminution in the spikes was ob­
served (Table 5). The measured concentration of thiamine in a 
chicken extract appears to be lower simply because it is in the 
extract, which suggests that the thiamine in chicken differed 
from free thiamine. It apparently was not bound to any other 
compound, as its retention times on the Hypersil APS and DM- 
614 columns were the same as those of free thiamine. Oxida­
tion of the chicken thiamine on the resin seems unlikely, as the 
oxidation would be expected to extend to the free thiamine in 
the spike. The nature of the problem of the poor elution of the 
thiamine in chicken extracts is not clear. Further investigation 
should yield interesting information on the state of thiamine in 
this meat.

Fluorescence

The fluorescent spectra o f the various thiochrome deriva­
tives and the molar fluorescences were dissimilar from some 
reports in the literature. Ishii et al. ( 1 0 ) reported excitation and 
emission spectra that show only 1  maximum in either spectra, 
but both of their peaks were skewed. Matsuda and Cooper
(21) reported 2 emission maxima at 435^140 and 450 nm but 
only 1 excitation maximum at 365 nm. Mohamed et al. (29) 
reported spectra with a major excitation peak at 360 nm and a 
major emission peak at 425 nm, and minor peaks at 415 (exci­
tation) and 360 (emission) nm. A ll o f the thiochrome vitamers, 
both standards and from chicken, had the spectra shown here. 
The spectra were not of any compounds extracted from the 
plastic tubes used for the digestion, because the zero concen­
tration thiamine samples showed no fluorescence. Ishii et al.
(1 0 ) did not give details o f how they measured the spectra, and
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it may be that their instrument did not have the resolution of the 
Perkin-Elmer instrument w e used, hence the skewing in 
their spectra.

Molar fluorescence values are also a problem. We did not 
observe any difference in the molar fluorescence of thiochrome 
and its phosphorylated vitamers, thiochrome monophosphate 
and thiochrome diphosphate. Ishii et al. (10 ) reported that the 
molar fluorescences o f  thiochrom e monophosphate and 
thiochrome diphosphate were lower than that of thiochrome, in 
the ratio of 63:83:100, respectively. Conversely, Matsuda and 
Cooper (21) reported that the fluorescences of thiochrome di­
phosphate and thiochrome triphosphate had to be multiplied by 
factors o f 0.87 and 0.80 because they were high in comparison 
with thiochrome. Lewin and Wei (30) did not find any differ­
ence in the molar fluorescences of the 3.

The problem is not simple. As Risinger and Pell (31) re­
ported, thiamine is readily oxidized to the disulfide, and Ryan 
and Ingle (32) and Rose and France (33) observed multiple 
oxidation products during the formation of thiochrome. Fur­
thermore, the reaction does not go completely to thiochrome 
(34). Barger et al. (35) reported that the reaction, as they ran it, 
resulted in only 30% conversion of thiamine to thiochrome. 
Marquez et al. (23), using a kinetic method to determine thia­
mine, found maximal production o f  thiochrome at about 
1 0  min in their system, with a gradual decrease of fluorescence 
after that time. Under these conditions, it is possible that the 
vitamers might not be oxidized to the same extent depending 
on the conditions, but taking the literature in toto, and in view  
of our own results, we believe it is correct to assume that the 
molar fluorescences o f the vitamers are all the same.

Precision

Precision values in the literature are limited to total proce­
dures and a limited number of samples. A  survey of the articles 
in which precision values are reported showed a range of 0 .5 -  
50% for the coefficients o f variation, with an average o f about 
8 %. Coefficients o f variation reported for chicken thiamine are 
4% for replicate determination (3) (in this study, ca 1.5%); 8 .1 -  
21% (17) and 8.6-28.6%  (18) for replicate samples (in this 
study, 3.37%). The higher coefficients o f variation in the last 2 
may be due to the chicken-to-chicken variation, which was 
found to be 15.7% in this study. From these comparisons, the 
precision of the rapid method is better than reported in the lit­
erature. One of the major problems in precision comes at the 
fluorescence measurement step, where a very small amount of 
light scattering can result in very large deviations in the mea­
sured peak. Light scattering results in high and variable peaks; 
it was observed that the outliers were almost all in the direction 
of greater values. The use of a cut-off filter as close to the de­
sired emission wavelength as possible reduces or eliminates 
variation from this source (Figure 3) and increases the preci­
sion of the measurements.

C o n c lu s io n s

The determination of thiamine has to be a balance between 
elimination of interferences and losses introduced by excessive

handling or too many steps in preparation. The results o f this 
study indicate that the AOAC rapid method, 953.17 (1), when 
modified, yields more precise and accurate values for the thia­
mine in chicken than does the longer method, 942.23, princi­
p a lly  b ecau se o f  lo sse s  in the adsorption /elu tion  and 
thiochrome formation/extraction steps of the latter. The use of 
trichloroacetic acid, flow  injection determination, and cut-off 
filters as close to the emission wavelength as possible yields the 
best results.

R e fe r e n c e s

(1) Official Methods of Analysis (1984) 14th Ed., AOAC, Arling­
ton, VA

(2) Ellefson, W.C. (1985) Methods of Vitamin Assay, 4th Ed., 
John Wiley & Sons, New York, Chapter 13, Thiamine

(3) Ang, C.Y.W., & Moseley, F.A. (1980) J. Agric. Food Chem. 
28,483-486

(4) Bontemps, J., Bettendorff, L., Lombet, J., Grandfils, C., Dan- 
drifosse, G., & Schoffeniels, E. (1984) J. Chromatogr. 295, 
486-491

(5) Bettendorff, L., Grandfils, C., de Rycker, C., & Schoffeniels, 
E. (1986)7. Chromatogr. 382, 297-302

(6) Brunnekreeft, J.W.I., Eidhof, H., & Gerrits, J. (1989) 7. Chro­
matogr. 491,89-96

(7) Defibaugh, P.W. (1987)7. Assoc. Off. Anal Chem. 70,514- 
517

(8) Fellman, J.K., Artz, W.E., Tassinari, P.D., Cole, C.L., & Au­
gustin, J. (1982)7. Food Set 47,2048-2050,2067

(9) Fernando, S.M., & Murphy, P.A. (1990) 7. Agric. Food 
Chem. 38,163-167

(10) Ishii, K., Sarai, K., Sanemori, H., & Kawasaki, T. (1979) 
Anal. Biochem. 97,191-195

(11) Kawasaki, T. (1986) Methods in Enzymol 122,15-20
(12) Skurray, G.R. (1986) Food Chem. 7,77-80
(13) Cooper, J.R., & Matsuda, T. (1986) Methods Enzymol. 122, 

20-29
(14) Kamman, J.F., Labuza, T.P., & Warthesen, J.J. (1980) 7.

Food. ScL 45,1497-1504
(15) Kimura, M., & Itokawa, Y. (1985)7. Chromatog. 332,181— 

188
(16) Toma, R.B., & Tabekhia, M.M. (1979) 7. Food ScL 44,263- 

268
(17) Kim, C.S., & Bowers, J.A. (1988) Poultry ScL 67,72-77
(18) Vanderslice, J.T., & Huang, M.-H.A. (1986)7. Micronutr. 

Anal. 2,189-199
(19) Wimalasiri, P., & Wills, R.B.H. (1985)7. Chromatogr. 318, 

412-416
(20) U.S. Dept of Agriculture (1978) Composition of Foods, Poul­

try Products, Agriculture Handbook No. 8-5, U.S. Govern­
ment Printing Office, Washington, DC

(21) Matsuda, T., & Cooper, J.R. (1981) AnaL Biochem. 117,203-207
(22) Panjipan, B., Kimura, M., & Itokawa, Y. (1982)7. Chro­

matogr. 245,144-147
(23) Marquez, M., Silva, M., & Perez-Bendito, D. (1989) Anal. 

Lett. 22,2485-2500
(24) McRoberts, L.H. (1957) 7. Assoc. Off. Agric. Chem. 40,843- 

853



3 5 4  M tt.tf.r -Tht i &  G r e e n e : Jo u r n a l  O f  A O A C  In te r n a t io n a l  V o l . 75, N o . 2 ,1 9 9 2

(25) Pippen, E.L., & Porter, A.L. (1975)7. Agric. Food Chem. 23, 
523-526

(26) Finglas, P.M., & Faulks, R.M. (1987) 7. Micronutr. Anal. 3, 
251-283

(27) Rindi, G., & de Giuseppe, L. (1961) Biochem. J. 78, 602-606
(28) Wang, Y.L, & Harris, LJ. (1939) Biochem. J. 33,1356-1369
(29) Mohamed, A.-M.I., Hussein, S.A., & El-Shabouri, S.R. 

(1988)7. Assoc. Off.Anal. Chem. 71,1131-1133
(30) Lewin, L.M., & Wei, R. (1966) Anal. Biochem. 16,29-35

(31) Risinger, G.E., & Pell, F.E. (1965) Biochim. Biophys. Acta 
107,374-379

(32) Ryan, M.A., & Ingle, J.D., Jr (1980) Anal. Chem. 52,2177- 
2184

(33) Rose, R.C., & France, L.A. (1989) 7. Micronutr. Anal. 5,227- 
233

(34) Kline, O.L. (1948) 7. Assoc. Off. Agric. Chem. 31,455-459
(35) Barger, G., Bergel, F., & Todd, A.R. (1935) Chem. Ber. 68, 

2257-2262

VITAMINS AND OTHER NUTRIENTS

Graphite Furnace Atomic Absorption Method for the 
Determination of Chromium in Foods and Biological Materials

NJ. Mttj.er-Ihli and F.E. Greene
U.S. Department o f Agriculture, ARS, BHNRC, Nutrient Composition Laboratory, 
Bldg 161 BARC-East, Beltsville, MD 20705

A m eth od  w a s  d e v e lo p e d  for th e  d eterm in ation  o f  
ch rom iu m  In fo o d  s a m p le s  and o th er  b io lo g ica l m a­
teria ls. S a m p le s  are dry a s h e d  In a m uffle fu rn ace  
and are a n a ly zed  b y  grap h ite  fu rn ace  a to m ic  a b ­
so rp tio n  sp ectrom etry . M agn esiu m  nitrate Is u se d  
a s  a m atrix m odifier, an d  s a m p le s  are quantitated  
b y  platform  atom iza tion  an d  p ea k  area m e a su r e ­
m e n ts  w ith d irect ca libration  a g a in s t  a q u e o u s  s ta n ­
d ard s. T he d e te c tio n  limit (b a se d  o n  3 .2 9  o) w a s  
5 .6  p g , or 0 .2 8  pg/L for a 20  pL Injection . T he char­
a c ter istic  m a s s  w a s  3 .2  p g . T h is m eth o d  w a s  vali­
d ated  b y  a n a lyz in g  a ran ge o f re feren ce  m ateria ls  
and w a s  su b se q u e n t ly  u se d  for th e  a n a ly s is  o f  a  v a ­
riety o f  fo o d  s a m p le s . A  c o m p a r iso n  o f  analytical 
r e su lts  o b ta in ed  from  d irect ca libration  an d  m eth od  
o f a d d itio n s  w a s  m ad e.

B ecause chromium is an essential element for sustaining 
life, it is o f interest to nutritionists and health profes­
sionals. The estimated safe and adequate daily dietary 

intake (ESADDI) of chromium is 0.05-0.20 mg/day (1). Ade­
quate methods for diagnosing chromium status do not exist; 
therefore, ESADDI is based on the absence of signs of chro­
mium deficiency in the majority of the U.S. population, which 
consumes an average o f 50 pg chromium daily. The suggested 
range is based on the assumption that a varied diet providing an
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adequate intake of other essential micronutrients will furnish 
chromium with an average absorbability of 0.5%. If one as­
sumes that any food contributing 5% or more of ESADDI in a 
typical 10 0  g  portion is significant, then the levels o f interest 
are 25-100 ng/g (dry weight basis). Taking into account the 
moisture level o f foods and any dilution factor associated with 
the sample preparation step, a very sensitive analytical method 
is needed to determine chromium at the levels o f interest, often 
ppb and sub-ppb concentrations. Unfortunately, most chro­
mium data presented in the literature are quite variable, and 
there are very few papers with chromium food composition 
data (2-6). Many older references that report chromium values 
are not useful because samples were clearly contaminated. 
Also, the data for some references were obtained by atomic 
absorption analyses without adequate background correction 
or where significant matrix interferences were present. These 
errors resulted in unreasonably high chromium concentrations. 
The lack o f reliable chromium food composition data is, then, 
the result o f a combination of factors, including insensitive 
techniques, lack of data, and lack of low -level, commercial 
certified reference materials that can be used to validate 
analytical methods.

Graphite furnace atomic absorption spectrometry (GFAAS) 
is a highly sensitive technique that can be used to determine 
chromium at sub-ppb concentrations. This analytical technique 
is used routinely in the Nutrient Composition Laboratory for 
the determination of very low concentrations of elements in 
foods and biological fluids (7, 8). In this report, w e outline an 
optimized method for the routine determination of low-level 
chromium in foods by peak area measurements and calibration 
against aqueous standards. Zeeman background correction was



M il l e r -Ih l i &  G r e e n e : Jo u r n a l  O f  A O A C  In t e r n a t io n a l  V o l . 75 , N o . 2 ,1 9 9 2  355

Tab le  1. D ry  a sh in g  m e thod  v a lid a t io n  s tu d y

(Cr concn, ng/g, dry weight)

Reference material Certified concn
Determined

concn8

Mixed Diet RM 8431 102 ±6 108 ±4
Oyster Tissue SRM 1566 690 ± 270 588 *  29
Citrus Leaves SRM 1572 800 ± 200 780 ± 26

8 Uncertainties represent ±1 standard deviation (n = 9).

used to ensure adequate compensation for background from 
complex sample matrixes. No time-consuming matrix match­
ing of standards or method o f standard additions was required. 
The method was developed by starting with the evaluation of 
sample preparation methods. Next, charring and atomization 
studies were completed and calibration range studies were per­
formed. The final phase was validation of the method and es­
tablishment of quality control protocols. Analytical figures of 
merit for the method are presented and accuracy of validation 
data are reviewed.

E xperim ental

Apparatus

A  Perkin-Elmer Model 5100PC with Zeeman background 
correction was used for most of the study (Perkin-Elmer Corp., 
Norwalk, CT 06859). Preliminary work was done with a Per­
kin-Elmer Model 3030, but that spectrometer was replaced 
with a Model 5100PC, and the final method was validated 
using the newer spectrometer. Zeeman background correction 
was used to eliminate interferences associated with back­
ground, typically due to a complex sample matrix. The spec­
trometer was equipped with an AS-60 autosampler and an 
HGA-600 furnace. A ll analyses were done using platforms 
(commercial Perkin-Elmer platforms part No. B0109324) in­
serted into pyrolytically coated graphite tubes (Perkin-Elmer 
part No. B0109322). A  2% H N 0 3 rinse was used for the au­
tosampler to avoid carryover from one injection to the next. A  
single-element, hollow cathode lamp (Perkin-Elmer part No. 
N066-1297) was operated at 25 mA, and all data were taken at 
the 357.9 nm wavelength. The integration time was 8 s for all 
analyses. The slit width was 0.7 nm. Argon was used as the 
purge gas.

Reagents

Care was taken to avoid sample contamination by the re­
agents. Nitric acid used to prepare samples and standards was 
sub-boiling distilled [National Institute o f Standards and Tech­
nology (NIST), Gaithersburg, MD 20899, or Seastar Chemi­
cals, Seattle, WA]. The nitric acid is certified as containing 
0.03 pg Cr/L. Ultra-pure magnesium nitrate (Johnson Matthey, 
Materials Technology, UK) was used to prepare a 20% solution 
that was diluted and used as an ashing aid and matrix modifier.

Sample Blending

Samples for analysis were blended in commercial food pro­
cessors (typically a Robot Coupe Model R-15) equipped with 
a plastic bowl or a nylon-coated bowl and titanium blades. 
Food samples were cut with a titanium knife. Great care was 
taken to minimize the likelihood o f  contamination by eliminat­
ing the use of stainless steel apparatus. All utensils were nylon 
or polyethylene, and samples were prepared in a clean room or 
clean hood (Class 100). Homogenized samples were placed in 
acid cleaned polyethylene containers and stored at -40°C.

Dry Ashing Procedure

Approximately 0.5-2.0 g sample was weighed into a 25 x 
150 mm quartz test tube and 100 pLO.36% magnesium nitrate 
was added. Samples were dried on a heating block at 100°C. 
Dry samples such as cereals and grains were slurried with de­
ionized distilled water before addition o f magnesium nitrate to 
ensure adequate interaction o f sample and matrix modifier. 
Samples were then placed in a muffle furnace at 100°C. Tem­
perature was ramped 50-75°C /h to a final temperature of 
480°C. Samples were heated overnight at 480°C; the next 
morning, they were removed from the muffle furnace, allowed 
to cool, and 1 mL concentrated sub-boiling distilled nitric acid 
was added. Samples were again dried on a heating block and 
then returned to the muffle at 250°C, and the temperature was 
ramped to a final temperature o f 480°C. Samples were heated 
overnight. This acid treatment step was repeated until the sam­
ple ash was white. Finally, samples were cooled and diluted to 
a final volume o f ca 10 mL with 5% nitric acid.

R e su lts  an d  D isc u s s io n

Dry Ashing Method Validation

Although we routinely do wet ash (HNO3/H2O2) digestions 
o f food samples, w e recognize the benefit of dry ash sample 
preparation procedures for some elements and applications. 
Unfortunately, we often have had difficulty with chromium 
contamination from peroxide and have found that even high 
purity peroxides contain significant, and highly variable, 
amounts o f chromium. We have had some success with Perone 
peroxide (Du Pont, Wilmington, DE), which is a product pro­
duced for the semiconductor industry, but there is some vari­
ability in chromium contaminant levels between batches of this 
product. As a result, we chose to pursue a modified dry ashing 
procedure that has reduced likelihood of contamination and 
that requires no peroxide. In addition, the equipment needed for 
dry ashing is simple, and sample manipulation is minimized, 
making this an attractive technique for batch analyses o f large 
numbers of samples.

Three NIST standard reference materials (SRMs) were dry 
ashed and analyzed to validate this dry ashing procedure. Sam­
ples were dry ashed in quartz test tubes or disposable borosili- 
cate tubes that were silanized to help keep samples from 
creeping up tube walls and to minimize contact with test tube 
walls. The results appear in Table 1. The first material, Mixed 
Diet RM 8431, was prepared and characterized by the Nutrient
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Atomization Temperature Study

2000 2200 2400 2600 2800

Temperature ( C)
F igu re  1. A to m iz a t io n  te m p e ra tu re  o p t im iz a t io n  
data.

Charring Temperature Study

Temperature ( C)
F igu re  2. C h a rr in g  tem pera tu re  o p t im iza t io n  data.

Composition Laboratory and is marketed by NIST (9). This 
freeze-dried material contains a representative cross section of 
those foods routinely consumed in an American diet. The de­
termined chromium concentrations (mean ± standard devia­
tion , n = 9) for all 3 m aterials fe ll w ithin the certified  
concentration range (mean ± uncertainty) provided by NIST. 
These data verified the accuracy of the dry ashing sample prep­
aration procedure.

GFAAS Program Optimization

The next step was to optimize the GFAAS method. This was 
done by performing charring and atomization temperature 
studies and selecting an appropriate matrix modifier. Magne­
sium nitrate was selected as a matrix modifier, and 5 pL 1.2% 
M g(N 03)2 was added to provide a total of 0.06 mg/sample. At­
omization temperature studies were conducted with tempera­
tures ranging from 2200 to 2700°C. Figure 1 shows the results 
from the atomization temperature study. The optimum temper­
ature was 2500°C because this was the lowest temperature in 
the plateau region of the curve. Acharring study was performed 
with temperatures ranging from 1350 to 1750°C (Figure 2). 
Note that 2 different materials were used to establish the opti­
mum charring temperature. An aqueous standard was used, and 
the data suggest that a temperature as high as 1650°C could be 
used without premature loss o f analyte. A  digest o f Mixed Diet 
RM 8431 was then used, and the data suggest that 1450°C was 
the maximum allowable charring temperature that could be 
used without analyte loss, as evidenced by an almost 50% de­
crease in the chromium integrated absorbance signal. Mixed 
Diet RM 8431 was selected as being representative o f the var­
ious food matrixes o f interest because o f its composition. 
Clearly, the sample matrix must be considered when determin­
ing optimum GFAAS operating conditions. The optimum char 
temperature was determined to be 1450°C and was used for the 
balance of this work. The optimized GFAAS program used is 
summarized in Table 2. Figure 3 contains resultant absorbance

vs time plots for these conditions. Minimal background is seen 
with the 1450°C char, and peak shapes are very reasonable for 
both an aqueous standard and for the diet sample matrix. Slavin 
et al. (10) reported that fast furnace analyses are possible with 
the elimination of the char step. This was investigated and the 
results are summarized in Figure 4, where absorbance vs time 
plots are shown for the analysis of a M ixed Diet RM 8431 
digest with and without the char step. With no char step, 
the results are biased low  by approximately 13% and the 
background signal is more than doubled. The conclusion was 
that the char step could not be eliminated for this work.

Calibration Range Optimization

The identification of an optimum calibration working range 
was the next phase of this research. The concentration range 
considered was 1.0-100.0 pg/L (for 20 pL GFAAS injections). 
Because calibration algorithms are available to handle nonlin­
ear curves, we were not necessarily limited to linear least 
squares fits. A  calibration study was done starting with 0 ,5 .0 , 
and 10.0 pg/L standards. Subsequently, 20 .0 , 50 .0 , and
100.0 pg/L standards were run and calibration curves were 
constructed. Figure 5 shows the curves with 10.0, 20.0, 50.0, 
and 100.0 pg/L top standards. For the first 3 curves, slopes are 
nearly identical and correlation coefficients suggest a good lin-

Tab le  2. O p tim ized  G F A A S  p rog ram 0

Step Temp., 'C Ramp, s Hold, s

Dry 180 80 40
Char 1450 20 40
Cool down 20 1 10
Atomize 2500 0 8fi
Clean out 2700 1 5

® Platform atomization used; matrix modifier, 0.06 mg Mg(N03)2. 
b 10 mU/min.
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10 jog/L Cr Std.: 0.357 A-sec

Diet Digest (0.457g/5mL); 0.306 A-sec 
= 8.6 pg/L (98 ng/g, dry wt)

F igu re  3. (Top) A b so rb a n ce  v s  tim e  p ro file  fo r 10 pg/L 
standard . (Bottom ) A b so rb a n ce  v s  tim e p ro file  fo r  d ig e s t 
o f  M ixed  D iet R M  8431.

ear least squares fit. Admittedly, correlation coefficients are not 
necessarily the best measure of goodness-of-fit (11), but the 
fourth curve shows a poorer correlation coefficient as well as a 
decreased slope, suggesting that with a 100.0 pg/L top stan­
dard, the curve is not linear. Figure 6 compares the linear least 
squares fit and the nonlinear calibration algorithm provided in 
the Perkin-Elmer software (12). The nonlinear calibration al­
gorithm provided an even poorer fit. On the basis of these data, 
the upper limit for calibration was selected to be 50 pg/L (for a 
20 pL injection). Concentration precision studies were also 
conducted to discern where the optimum measurement preci­
sion could be obtained. The conclusion was that it is best to 
work above 20 pg/L whenever possible. Unfortunately, many 
samples analyzed fell below 20 pg/L. Table 3 contains data for 
several different dilutions o f a Citrus Leaves NIST SRM 1572 
digest. A  single digest was diluted so that determinations were 
made in the 4-22  pg/L concentration range. Recoveries, based 
on comparison to the mean reference concentration value, 
ranged from 97 to 104%. There was no apparent systematic 
bias as a function of concentration. Although additional repli­
cates are required at lower concentrations to obtain reasonable 
uncertainties, these data and similar data for other digests sug-

With Char: 0.253 A-sec 0.020 Background 
= 9.46 pg/L (103 ng/g)

No Char: 0.222 A-sec 0.055 Background 
= 8.21 pg/L (90 n/g)

o Time (sec) 8 00
F ig u re  4. A b so rb a n ce  v s  tim e  p ro file  o f d ig e s t o f  M ixed 
D ie t RM  8431 (re ference co n cen tra tio n , 102 ±6 ng/g)
(top) w ith  a ch a r step , and  (bottom) w ith  no  ch a r  step.

gested that the optimum working range for analysis was ap­
proximately 5.0-25.0 pg/L.

Performance Characteristics

Through the course of the study, characteristic mass (mo) 
and detection limits were monitored. The mo, defined as that 
amount of analyte required to produce an integrated absorb­
ance measurement o f 0.0044, was typically 3.2 pg. This is con­
sistent with the manufacturer’s specification for chromium 
(3.3 pg). The calculation o f the detection limit was based on
3.29 a. A  well-characterized blank was used to compute the

Tab le  3. C it ru s  le a ve s  d ig e s t a n a ly s e s8

Dilution
Approximate 
Cr concn, pg/L

Determined 
Cr concn, ng/g

x2 22 834
x5 8.5 772
x10 4.3 807

a Citrus leaves digest, 0.55 g/10 mL (ca 44 pg/L); 
certified concn, 800 ± 200 ng/g.
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F ig u re  5. C r  ca lib ra tio n  cu rv e s  w ith  top  s ta nd a rd s  of (top left) 10 pg/L, (top right) 20 pg/L, (bottom  left) 50 pg/L, and  
(bottom  right) 100 pg/L.

standard deviation (o). The average detection limit was 5.6 pg, 
or approximately 0.3 pg/L for a 20 pL injection.

Aqueous Calibration vs Method o f Additions

We have experience in our laboratory with a prototype 
multielement atomic absorption spectrometer that has helped 
us to develop a strategy for method development (13). The 
preference is to avoid the unnecessary use of matrix modifiers,

----------- i
Concentration (gg/L)

F igu re  6. C o m p a r is o n  o f cu rv e  fitt ing  a lg o r ith m s o f 
(top) lin ea r le a s t sq ua re s , and  (bottom) n on lin ea r fit.

if possible, and to develop methods that are rugged and not 
matrix specific. As a result, the use of method of additions is 
avoided when possible. In this study, direct calibration against 
aqueous standards was compared to the method of standard 
additions. Table 4 compares data for 7 materials analyzed by 
both methods. Visual inspection of the data shows excellent 
agreement between the 2 methods for all materials. These ma­
terials represent a range of sample matrixes, and this suggests 
that direct calibration (with platform atomization and quantita­
tion by integrated absorbance measurements) provides accu­
rate results. Direct calibration was used for the balance of the 
study.

Applications

The GFAAS method described here was used to determine 
chromium in a wide range of foods (14). This method was also

Tab le 4. A n a ly t ic a l re su lts  co m p a r in g  s tra ig h t 
ca lib ra tio n  and m ethod o f a d d it io n s

Food

Determined Cr concn, ng/g, as received

Aqueous calibration3 Method of additions6

Cola 2.00 ± 0.28 2.03 ± 0.04
Vegetable juice 11.9 ±1.6 12.3 ±1.4
Pepper 1027 ±141 1067 ±248
Corn chips 107 ± 16 100 ±17
Cereal 100 ±4 107 ±2
Grape jelly 23.2 ± 1.5 22.7 ±1.6
Mixed Diet RM 8431c 102 ±9 107 ±10

a Uncertainties represent ±1 standard deviation (n = 9). 
b Uncertainties represent ±1 standard deviation (n = 3). 
c Reference value for Mixed Diet RM 8431,102 ± 6 ng/g,
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Tab le  5. B e ve rag e  a n a ly s e s

Material

Determined Crconcn, pg/L*

Dry ashing Direct

Orange soda 4.63 ± 0.29 4.13 ±0.50
Fruit punch 3.21 ± 0.26 2.90 ± 0.25
Vegetable juice 10.8 ±1.1 10.2 ±2.0

a Uncertainties represent ±1 standard deviation (n = 9).

used to provide some data that contributed to the reference val­
ues for 7 in-house control materials as w ell as a wide range of 
biological samples. A  modified version o f this method was also 
used successfully to determine chromium in urine and serum 
as well as chromium in solids prepared as slurries (15). Also, 
this method was used to help characterize several solid sam­
pling controls developed by our colleagues in Germany. Awide 
range of beverages was also analyzed directly (not ashed) using 
the GFAAS method described. Data appear in Table 5 for 3 
beverages analyzed by the direct method compared to the dry 
ash method. Good agreement is seen between the 2 methods, 
with determined concentrations (mean ± uncertainty) for the 2 
methods agreeing favorably, pointing out the feasibility of 
doing direct determinations o f beverages.

C o n c lu s io n s

A  graphite furnace atomic absorption method was devel­
oped for the accurate determination of chromium in foods and 
biological samples. Analysis o f a diet sample digest high­
lighted the problem with optimizing charring temperatures 
with an aqueous standard. Magnesium nitrate was found to be 
a beneficial ashing aid as well as a matrix modifier. The dele­
tion of the charring step o f the furnace program was not possi­
ble because low  chromium values were produced with this

procedure. The time-consuming method of standard additions 
was found to be unnecessary. Samples were successfully quan­
titated using platform atomization, peak area measurements, 
and calibration against aqueous standards.
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A  c o l la b o r a t iv e  s t u d y  w a s  c o n d u c te d  to  v a l id a te  a 
m e th o d  to  d e te rm in e  th e  I n s o lu b le  d ie ta r y  f ib e r  
(IDF) a n d  s o lu b le  d ie ta r y  f ib e r  (S D F )  c o n te n t s  o f  
f o o d s  a n d  fo o d  p r o d u c t s  b y  u s in g  a  c o m b in a t io n  o f  
e n z y m a t ic  a n d  g r a v im e t r ic  p ro c e d u r e s .  T h e  
m e th o d  w a s  b a s ic a l ly  th e  s a m e  a s  th a t  f o r  d e te r ­
m in in g  to ta l d ie ta r y  f ib e r , w h ic h  w a s  a d o p te d  a s  
f in a l a c t io n  b y  A O A C  a n d  fu r th e r  m o d if ie d  to  In­
c lu d e  c h a n g e s  in  th e  c o n c e n t r a t io n  o f  b u ffe r  a n d  
b a s e  a n d  s u b s t i t u t io n  o f  h y d r o c h lo r ic  a c id  f o r  p h o s ­
p h o r ic  a c id .  T h ir t y - n in e  c o l la b o r a t o r s  w e re  e a c h  
s e n t  7  t e s t  s a m p le s  in  a  s ta g g e re d  d e s ig n  fo r  d u p l i ­
c a te  b lin d  a n a ly s is .  T h e y  w e re  a ls o  s e n t  a  s ta n d a rd  
c o n ta in in g  4 .3 -5 .4 %  ID F  a n d  1 .5 -2 .7%  S D F . T h e  22  
f o o d s  th a t  w e re  a n a ly z e d  fo r  ID F  a n d  S D F  w e re  c a b ­
b a g e , c a r r o t s ,  F r e n c h  b e a n s , k id n e y  b e a n s , b u tte r  
b e a n s , o k ra , o n io n s ,  p a rs le y , c h ic k  p e a s , b r u s s e ls  
s p r o u t s ,  b a r le y , ry e  f lo u r , t u r n ip s ,  s o y  b ra n , w h e a t  
g e rm , r a is in s ,  C a l im y r n a  f ig s ,  p ru n e  p o w d e r, B la c k  
M is s io n  f ig s ,  a p p le  p o w d e r, p e a c h  p o w d e r , a n d  a p r i­
c o t  p o w d e r. B o th  ID F  a n d  S D F  v a lu e s  w e re  c a lc u ­
la te d  a s  th e  w e ig h t  o f  r e s id u e  m in u s  th e  w e ig h t  o f  
p ro te in  a n d  a s h  re p o r te d  o n  a d r y  w e ig h t  b a s is .
T h e  r e p r o d u c ib i l i t y  r e la t iv e  s ta n d a rd  d e v ia t io n  
( R S D r) o f  th e  ID F  r e s u lt s  r a n g e d  f ro m  3 .6 8  to  
19.44%  fo r  th e  f o o d s  a n a ly z e d ;  a lm o s t  h a lf  th e  te s t  
s a m p le s  h a d  a n  R S D r  <10%. T h e  R S D r v a lu e s  fo r  
th e  S D F  r e s u lt s  w e re  s o m e w h a t  h ig h e r . A p p r o x i­
m a te ly  50%  o f  th e  f o o d s  a n a ly z e d  h a d  a n  R S D r 
>20% , a n d  45%  h a d  a n  R S D r  b e tw e e n  10  a n d  20% . 
A n  R S D r  a p p r o a c h in g  45%  w a s  c a lc u la t e d  fo r  th e  2  
te s t  s a m p le s  w ith  th e  lo w e s t  S D F  c o n te n t ,  1 .35  a n d

1.90% . R a is in s  a n d  p ru n e  p o w d e r  h a d  h ig h  R S D r 
v a lu e s  f o r  b o th  S D F  a n d  IDF. A  m a jo r  r e a s o n  fo r  
h ig h  R S D r  v a lu e s  s e e m s  to  b e  f i l t r a t io n  p ro b le m s ,  
w h ic h  a re  a v o id a b le  b y  a n a ly z in g  0 .5 -0 .2 5  g  te s t  
s a m p le s .  T h e  m e th o d  fo r  th e  d e te rm in a t io n  o f  S D F  
r e q u ir e s  fu r th e r  s tu d y , b u t  th e  m e th o d  f o r  th e  d e te r ­
m in a t io n  o f  ID F  w a s  a d o p te d  f ir s t  a c t io n  b y  A O A C  
In te rn a t io n a l.

T he enzymatic-gravimetric determination of total dietary 
fiber (TDF) in foods, 985.29, was adopted as final action 
by AOAC (1). Further modifications, including changes 

in concentration of buffer and base and the use of hydrochloric 
acid instead of phosphoric acid, were also adopted as final ac­
tion (2). A  pilot study (2) found that the basic method for the 
determination of TDF could be modified to measure insoluble 
dietary fiber (IDF) by filtering out the IDF before precipitating 
the soluble dietary fiber (SDF) with ethanol, as described ear­
lier in a similar method using physiological enzymes (3). TDF 
results from independent analysis were similar to TDF values 
obtained by summing IDF and SDF. However, the soy isolate 
appeared to have approximately 4 times as much IDF as TDF * 1992

R ec e iv e d  fo r  p u b lic a tio n  S e p te m b e r  1 0 ,1 9 9 1 .
T h is  re p o rt w a s  p re se n te d  at th e  10 4 th  A O A C  A n n u a l In te rn a tio n a l 

M ee tin g , S e p te m b e r  9 - 1 3 ,1 9 9 0 ,  N e w  O rle a n s , L A
T h e  re c o m m e n d a tio n  w a s  ap p ro v ed  b y  th e  G e n e ra l R e fe re e  a n d  th e  

C o m m itte e  o n  F o o d s  II and  w a s  a d o p te d  b y  th e  O ffic ia l M e th o d s  B o a rd  o f  
A O A C . S ee  “ C h an g e s  in  O ffic ia l M e th o d s  o f  A n a ly s is ,”  J. AOAC Int.
(1 9 9 2 ) 7 5 ,2 2 3 -2 2 5

M en tio n  o f  trad e  n a m e s, c o m m e rc ia l firm s, o r  s p e c if ic  p ro d u c ts  o r  
in s tru m e n ta tio n  is  fo r  id e n tif ic a tio n  p u rp o se s  o n ly  a n d  d o e s  n o t co n stitu te  
en d o rsem e n t b y  th e  U .S . F o o d  a n d  D ru g  A d m in is tra tio n .
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(probably from the precipitation o f some material other than 
fiber during the enzyme treatment step) and, therefore, about 4 
times as much TDF when calculated by summing DDF and 
SDF, as compared with the independent determination o f  TDF. 
A ll other values (9 foods) for TDF obtained by summing IDF 
and SDF were acceptable. In the present study, the number and 
the variety o f foods were extended to include more fruits and 
vegetables with higher amounts of SDF than those in the pre­
vious collaborative study. This study was designed according 
to the rules o f Youden and Steiner (4).

C o l la b o r a t iv e  S t u d y

The 39 collaborators participating in this study, representing 
15 countries, were analysts in food companies, universities, 
and commercial and government laboratories. Each collabora­
tor was sent 7 test samples for duplicate blind analysis. They 
were also sent a standard, containing 4.3-5.4%  IDF and 1 .5- 
2.7% SDF, and 3 enzymes (Termamyl, amyloglucosidase, and 
protease) to be used in the procedure. The values for the stan­
dard were derived from a previous collaborative study. The col­
laborators were further instructed to weigh test portions to the 
nearest 0.1 mg and to calculate % IDF and % SDF to 2 decimal 
places according to the formulas provided.

The following 22 foods were to be analyzed for SDF and 
IDF: (a) cabbage, (b) carrots, (c) French beans, (d) kidney 
beans, (e) butter beans, (f) okra, (g) onions, (h) parsley, (i) chick

Tab le  991.42. M e thod  pe rfo rm an ce  fo r  991.42 In so lub le  
d ie ta ry  f ib e r In fo o d  and  fo o d  p ro d u c ts  
b y  e n zym a tic -g ra v im e tr ic  m ethod

Food/food
product

No.
labs. IDF, av. % sr Sr RSDr, % RSDr , %

Beans, butter 10 17.36 0.41 1.96 2.34 11.31
Beans, French 10 25.64 0.83 1.51 3.23 5.87
Beans, kidney 13 16.33 0.74 1.04 4.53 6.39
Brussels sprouts 15 30.23 0.69 2.39 2.27 7.89
Cabbage 9 21.60 0.86 1.68 4.00 7.79
Carrots 12 32.29 1.74 3.68 5.38 11.39
Chick peas 12 16.69 1.73 2.80 10.38 16.80
Okra 14 24.15 1.55 3.28 6.43 13.57
Onions 12 13.32 0.87 1.57 6.51 11.79
Parsley 12 34.39 1.22 4.69 3.56 13.64
Turnips 12 21.38 1.41 3.55 6.60 16.61
Apples 4 55.57 0.51 2.53 0.92 4.55
Apricots 5 44.92 0.39 3.69 0.86 8.22
Figs, Calimyrna 5 43.07 2.41 7.92 5.59 18.40
Figs, Mission 6 33.61 0.93 4.06 2.76 12.09
Peaches 6 39.53 0.86 2.44 2.17 6.16
Prunes 6 46.18 2.82 8.98 6.11 19.44
Raisins 8 49.18 2.71 9.49 5.51 19.30
Barley 12 4.30 0.43 0.62 9.92 14.33
Rye flour 15 11.81 0.58 1.02 4.87 8.62
Soy bran 13 65.24 0.91 2.40 1.40 3.68
Wheat germ 9 15.67 0.71 0.96 4.54 6.13

peas, (j) brussels sprouts, (k) barley, (1) rye flour, (m) turnips,
(n) soy bran, (o) wheat germ, (p) raisins, (q) Calimyma figs, (r) 
prune powder, (s) Black Mission figs, (t) apple powder, (u) 
peach powder, and (v) apricot powder. Each food was analyzed 
by at least 6 laboratories except for q, t, and v. Items a-m  were 
purchased at the local supermarket either fresh, canned, or as 
the dried product. Item n was supplied by Solnut, Inc., Hudson, 
IA; item o by Vitamins, Inc., Chicago, IL; item p by the Cali­
fornia Raisin Advisory Board, San Francisco, CA; items q and 
s by the California Fig Advisory Board, Fresno, CA; and items 
r and t-v  by Vacu-Dry, Santa Rosa, C A

To prepare test samples, all products were homogenized in 
a Cuisinart, lyophilized, and ground in a continuous-grinding 
M icrojet 10 Centrifugal M ill (Quartz Technology, Inc., 
Westbury, NY) to a uniform size o f 350 pm. Items b and p-v  
were extracted 3 times each with 10 volumes o f 85% methanol 
to remove sugars, lyophilized overnight to a dry material, and 
ground in a Microjet 10 Centrifugal Mill. The test samples 
were dried at 70°C in a vacuum oven and then stored at room 
temperature in numbered 25 mL plastic vials. None o f the test 
samples contained >10% fat; therefore, fat extraction was 
not recommended.

A  moisture analysis was performed before the determina­
tion of IDF and SDF by the collaborator to report the results on 
a dry matter basis.

9 9 1 .4 2  In s o lu b le  D ie ta ry  F ib e r  in  F o o d  a n d  F o o d  
P r o d u c t s — E n z y m a t ic - G r a v im e t r ic  M e th o d , 
P h o s p h a te  B u f fe r

F i r s t  A c t io n  1991

(Applicable to determination o f insoluble dietary fiber in 
vegetables, fruit, and cereal grains.)

Method Performance:
See Table 991.42 for method performance data.

A. Principle

Duplicate test portions of dried foods, fat-extracted if they 
contain >10% fat, are gelatinized with Termamyl (heat-stable 
a-amylase) and then enzymatically digested with protease and 
amyloglucosidase to remove protein and starch. SDF is re­
moved by filtering and washing residue with water. Remaining 
residue, IDF, is washed with 95% ethanol and acetone, dried, 
and weighed. One duplicate is analyzed for protein, and the 
other is incinerated at 525°C to determine ash. IDF is weight of 
residue less weight of protein and ash.

B. Apparatus

See 985.29B.

C. Reagents

See 985.29C. (Note: Reagent (e), Termamyl solution, is 
available from Novo Nordisk Biolabs, 33 Turner Rd, Danbury, 
CT 06810.)

(a) 85% Methanol.— Place 105 mL water into 1 L volu­
metric flask, and dilute to volume with 95% ethanol.
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Tab le  1. C o lla b o ra t iv e  re su lts  (b lind  dup lica te s) o f d e te rm ina tion  o f IDF and  S D F  by  e n zym a tic -g ra v im e tr ic  m ethod

Food/food product Coll.® IDF duplicates, % SDF duplicates, % Food/food product Coll.® IDF duplicates, % SDF duplicates, %

Beans, butter

Beans, French

Beans, kidney

Brussels sprouts

2 14.77 15.60 2.76 2.98 35 23.95 22.92 3.80 3.32
3 16.61 17.04 3.04 3.42 37 23.14 22.25 3.42 3.36
8 18.25 18.25 3.15 3.66 38 20.55 20.99 5.18 5.21

12 15.44 15.54 4.33 4.30 39 18.97 19.23 4.42 4.96
13 16.46 15.87 2.79 2.87 40 19.85 21.86 4.77 5.03
17 19.52 19.89 3.06 2.75
21 21.32 20.40 2.76 3.19 Carrots 2 31.71 30.99 11.03 11.37

23 15.22 15.66 2.25 1.66 5 27.85 29.85 10.01 —

27 16.57 17.48 2.98 2.14 9 34.89 35.47 8.56 9.54

30 18.76 18.53 3.97 3.39 10 37.64 — 8.17 —
11 30.07 32.71 12.86 13.42

2 24.65 24.26 8.74 10.12 14 28.34 31.33 — —
7 25.15 26.76 11.74 11.20 17 36.12 34.98 10.71 12.38

16 27.20 27.53 11.64 11.28 23 27.94 23.82 13.68 —
17 25.05 27.07 9.69 10.02 27 34.95 35.29 11.24 9.45
19 25.77 24.91 12.06 11.51 28 29.92 — 10.83 —
23 24.29 24.87 11.42 10.49 30 36.97 35.34 10.73 10.65
25 23.79 24.13 _ b — 32 28.50 32.81 14.43 10.61
26 24.95 25.37 11.65 11.23
27 25.64 25.20 11.65 11.41 Chick peas 3 15.25 15.57 0.91 1.20

30 27.40 29.69 9.37 10.43 8 19.05 19.03 1.11 1.36
9 13.31 16.05 0.97 —

1 16.79 17.59 4.45 3.91 10 17.00 16.90 0.72 0.45
2 15.93 14.18 3.79 4.26 11 18.17 14.82 0.72 2.53
4 15.39 16.04 4.55 5.53 12 12.23 12.46 2.11 2.11

17 20.01 27.52c 2.88 3.39 13 16.35 17.59 1.07 1.31
22 15.33 15.23 3.44 5.46 14 20.66 18.22 1.38 0.87
23 16.60 15.05 2.90 3.31 21 24.13 18.23 1.16 1.77
27 16.88 16.99 4.18 3.66 28 12.60 1.35 —
30 17.30 18.37 3.63 3.69 32 18.32 17.09 1.86 2.64
31 15.52 15.89 3.80 3.74 33 18.39 16.57 0.77 1.63
35 17.06 17.84 4.67 3.53
37 15.47 17.35 3.05 3.29 Okra 1 22.84 26.19 13.28 12.27

38 16.62 16.67 4.02 4.13 4 21.74 24.15 14.47 12.76

39 16.47 17.55 3.24 3.30 5 18.58 20.30 10.86 10.48

40 15.25 _ 2.13d 1.78d 9 23.04 23.66 9.82 12.45
11 24.57 — 13.91 —

1 29.24 29.26 6.38 6.14 14 31.50 31.14 — —
3 33.26 31.28 6.36 7.39 22 21.66 23.23 — —
4 31.01 30.85 7.65 8.49 28 22.43 28.04 15.64 14.49
8 31.58 32.65 5.84 6.91 31 21.97 23.19 14.90 12.95

12 29.14 29.14 6.73 6.57 32 28.43 29.34 9.32 9.08
13 27.89 26.56 8.09 9.54 35 25.19 26.21 12.48 10.36
21 35.09 34.04 4.93 5.27 37 24.02 22.48 13.87 12.18
22 29.56 30.70 5.70 — 38 22.54 23.40 11.14 11.94
31 30.84 32.33 6.29 6.24 39 20.23 21.60 10.38 10.08
33 32.33 — 5.90 — 40 8.96 16.15d 10.23 —
35 32.96 31.95 4.49 4.92
37 29.36 29.00 4.77 6.50 Onions 2 12.42 13.11 3.49 2.23
38 27.67 27.31 6.40 6.73 5 10.14 12.71 1.51 2.95
39 26.62 26.11 5.08 4.94 9 14.31 13.66 2.65 5.31
40 28.65 28.27 5.00 3.92 10 16.83 — 2.30 —

1 21.16 20.56 7.03 6.52 11 12.07 12.14 1.88 5.07
4 21.53 19.74 6.99 9.08 14 14.72 12.66 — —

22 23.00 21.08 5.93 5.90 17 12.11 12.26 3.91 3.82
31 24.00 24.07 5.53 6.85 23 11.67 11.53 5.34 5.29

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

Food/fbod product Coll.® IDF duplicates, % SDF duplicates, % Food/food product Coll.® IDF duplicates, % SDF duplicates, %

Parsley

Turnips

Apples

Apricots

Figs, Callmyrna

Figs, Mission

27 15.56 15.30 1.93 1.93
28 13.19 — 4.23
30 12.55 12.78 4.58 3 95
32 13.06 14.82 4.85 5.19

3 34.31 33.30 4.54 3.21
7 28.27 27.28 10.17 9.02
8 39.11 39.21 3.09 3.85

12 24.46 25.43 10.46 10.43
13 39.15 37.74 3.40 3.23
16 39.92 36.46 1.92 4.27
18 31.51 — — —
19 37.37 38.98 5.82 2.35
21 36.06 35.50 4.25 4.37
25 36.91 — — —
26 34.37 36.15 4.55 3.41
33 33.99 31.34 —

3 19.84 24.40 11.03 8.25
7 19.61 19.65 11.40 12.78
8 24.70 28.44 5.46 3.62

12 20.32 20.39 9.22 9.71
13 17.91 17.41 10.22 10.26
16 26.03 26.67 7.27 6.73
18 22.42 — —
19 17.40 17.60 10.25 10.51
21 25.10 23.39 —
25 18.33 —
26 17.26 18.07 10.61 11.77
33 24.13 23.28 —

7 55.73 55.20 16.25 15.86
18 59.09 59.16 16.96 18.23
19 53.89 53.21 20.68 21.11
26 54.71 53.56 19.18 18.29

2 41.14 41.03 25.51 26.48
17 48.16 48.83 25.92 23.36
23 42.42 37.49 25.81 24.04
27 47.77 47.48 22.85 22.78
30 42.09 42.89 34.10 33.43

2 41.54 41.18 17.85 16.66
17 58.10 54.86 13.37 15.54
23 43.48 37.37 19.29 20.74
27 41.67 39.68 17.41 17.62
30 35.18 37.66 21.76 21.22

7 32.22 34.61 11.27 11.44
16 38.24 38.74 8.43 9.71
18 38.10 38.34 11.17 11.36
19 31.63 32.07 12.79 9.78
25 30.67 — 12.41 14.93
26 28.24 29.78 12.22 11.07

7 40.21 39.38 23.97 23.44
16 43.71 42.54 25.50 25.89

Prunes

Raisins

Barley

Rye flour

Soy bran

18 41.25 41.61 26.62 26.02
19 37.64 37.24 29.05 31.17
25 37.84 37.54 29.33 28.47
26 38.93 36.41 30.12 29.24

3 39.61 39.52 39.76 41.46
8 56.46 55.01 23.19 22.76

12 37.32 38.02 44.25 44.24
13 37.72 37.36 39.19 40.23
21 56.20 50.24 27.11 33.49
33 49.58 57.14 24.49 20.91

5 54.24 — — —

9 63.27 56.34 10.62 8.75
11 60.06 58.14 9.39 11.49
14 50.35 51.36 19.75
28 44.45 — 11.69
37 42.01 40.47 23.39 23.39
39 51.42 53.38 9.36 8.71
40 35.35 33.51 19.82 16.74

1 4.42 4.75 4.89 4.13
3 3.24 4.38 2.41 3.67
4 3.30 2.92 1.25 1.33
8 5.47 4.37 3.47 2.34

12 4.05 4.21 4.49 4.45
13 4.02 4.85 4.14 4.75
21 4.62 — 4.39 3.80
22 4.90 5.20 5.54 6.91
31 4.02 4.26 3.95 4.50
33 3.86 4.46 2.18 1.80
35 4.06 3.91 4.24 4.26
38 4.69 4.71 4.26 4.84

1 11.70 12.32 3.55 3.30
4 12.63 12.01 3.51 1.97
9 11.20 10.24 2.36 2.48

10 11.51 12.25 3.44 3.52
11 12.16 11.42 3.88 3.50
14 12.52 13.42 4.01 2.88
22 11.19 11.22 3.78 —
28 12.99 — 3.74 —
31 11.94 11.84 4.54 4.32
32 13.75 13.89 2.25 3.29
35 11.71 — 4.06
37 11.39 11.35 2.89 3.35
38 11.14 11.17 3.49 3.60
39 10.99 10.81 2.99 3.16
40 11.46 9.24 2.62 2.56

5 58.48 60.55 — —

7 62.40 61.73 7.40 7.93
9 66.35 65.93 4.95 5.91

10 67.43 68.08 5.65 7.96
11 64.40 66.36 5.84 8.73
14 65.21 65.01 7.29 8.42Peaches
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Tab le  1. C o n t i n u e d

Food/food product Coll.3 IDF duplicates, % SDF duplicates, %

16 68.16 67.25 6.73 6.14
18 67.35 67.61 — —
19 64.99 64.61 7.14 6.84
25 64.87 65.39 — —
26 66.44 63.55 6.55 8.71
28 66.08 67.75 7.15 7.63
32 64.98 65.17 7.22 7.43

Wheat germ 1 15.21 17.49 2.45 2.14
4 16.61 17.35 0.70 0.77

22 15.33 15.30 3.69 2.35
31 16.33 15.80 2.18 2.10
35 14.97 16.26 2.97 2.52
37 16.23 15.46 1.59 1.93
38 15.50 15.08 1.67 1.29
39 15.53 15.52 2.18 1.72
40 13.63 14.43 1.23 0.67

3 Collaborators 6,15, 24, 26, 29, and 30 did not report IDF results 
and Collaborators 6,15, 24, 29, and 30 did not report SDF results 
in time for evaluation. IDF and SDF results from Collaborator 5
are not Included because of analyst's concerns. 

b No results reported.
0 Cochran and Grubbs outlier. 
d Grubbs outlier.

D. Enzym e Purity

See 985.29D.

£  Sample Preparation

Analyze dry samples without pretreatment whenever possi­
ble. Mill dry samples to 0.3-0.5 mm mesh. Homogenize and 
freeze-dry wet foods before milling. If high fat content (>10%) 
prevents proper milling, defat with petroleum ether (3 times 
with 25 mL portions/g sample) before milling. Determine re­
sidual moisture in milled samples by drying overnight in 70°C 
vacuum oven, or 5 h in 105°C air oven. Record weight loss due 
to fat and/or water, and make appropriate correction to final % 
TDF. (Note: For samples high in sugars that cannot be dried by 
lyophilization, extract 3 times each with 10 volumes of 85% 
methanol to remove sugars, which may interfere in determina­
tion.)

F. Determination

Run blank 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. Duplicate sample weights should 
not differ by >20 mg. Add 50 mL phosphate buffer to each bea­
ker. Check pH and adjust to pH 6.0 ± 0.2 by adding 0.275N 
NaOH or 0.325N HC1. Add 0.1 mLTermamyl solution to each 
beaker. Cover beakers with aluminum foil and place in boiling 
water bath. Shake beakers gently at 5 min intervals throughout 
incubation. When thermometer indicates beaker contents have 
reached 100°C, continue incubation 15 min. Total of 30 min in

bath is usually sufficient. Cool solutions to room temperature. 
Adjust to pH 7.5 ± 0.1 by adding ca 10 mL NaOH solution.

Add 5 mg protease to each solution. Protease sticks to spat­
ula, so it may be preferable to prepare enzyme solution (50 mg 
in 1 mL phosphate buffer) just before use, and pipet 0.1 mL to 
each sample.

Cover beakers with aluminum foil. Incubate 30 min at 60°C 
with continuous agitation. Cool. Check pH and adjust to pH
4.0-4.6 with ca 10 mL HC1 solution. Add 0.3 mL amylo- 
glucosidase, cover with aluminum foil, and incubate 30 min at 
60°C with continuous agitation.

Weigh crucible containing Celite to nearest 0.1 mg. Wet and 
redistribute bed of Celite in crucible, using stream of water 
from wash bottle. Apply suction to draw Celite onto fritted 
glass as even mat. Apply enzyme mixture from beaker to cru­
cible, filtering into suction flask. Wash residue 2 times with 
10 mL water (removing SDF), 2 times with 10 mL95% EtOH, 
and 2 times with 10 mL acetone. Break surface film that devel­
ops after addition of sample to Celite with spatula, to improve 
filtration. Careful intermittent suction throughout filtration and 
back-bubbling with air, if available, will speed up filtrations. 
Normal suction can be applied at washing.

Dry cmcible containing residue overnight in 70°C vacuum 
oven or 5 h in 105°C air oven. Cool in desiccator and weigh to 
nearest 0.1 mg. Subtract cmcible and Celite weights to deter­
mine residue weight.

Using 1 of duplicates, scrape sample, Celite, and fiber mat 
onto filter paper that can be folded shut, and analyze for protein 
by 960.52. Use N x 6.25 as conversion factor.

Incinerate second of duplicates 5 h at 525°C. Cool in desic­
cator and weigh to nearest 0.1 mg. Subtract cmcible and Celite 
weights to determine ash.

G. Calculations

See 985.29G, calculating IDF as described for TDF.
Ref.: J. A O A C  Int. 75, March/April issue (1992)

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

The determination of TDF by an enzymatic-gravimetric 
procedure was adopted as final action by AOAC in March 1986
(1) and modified by changing the concentration of buffer and 
base and by using hydrochloric acid instead of phosphoric acid
(2) . In the collaborative study reported in this paper, the method 
for measuring IDF and SDF was applied to a wide variety of 
22 foods: cabbage, carrots, French beans, kidney beans, butter 
beans, okra, onions, parsley, chick peas, bmssels sprouts, bar­
ley, rye flour, turnips, soy bran, wheat germ, raisins, Calimyma 
and Black Mission figs, and pmne, peach, apple, and apri­
cot powders.

Thirty-two of the laboratories submitted results. Six labora­
tories did not report any results for the test samples they were 
sent, despite numerous follow-up letters. Laboratory 5 reported 
values but indicated dissatisfaction with its data and the proce­
dure. We decided against using its results.

The results of the individual determinations of IDF are 
shown in Table 1. Only 2 laboratories’ values were not used
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Tab le  2. M e thod  p e rfo rm an ce  fo r  S D F  In foo d  and  food  
p ro d u c ts  b y  e n zym a tic -g ra v im e tr ic  m ethod

Food/food
product

No.
labs. SDF, av. % Sr SR RSDr, % RSDr , %

Beans, butter 10 3.07 0.33 0.68 10.62 22.17
Beans, French 9 10.85 0.51 0.95 4.71 8.75
Beans, kidney 13 3.48 0.61 0.68 17.43 19.48
Brussels sprouts 15 6.16 0.61 1.29 9.91 20.99
Cabbage 9 5.41 0.62 1.56 11.51 28.88
Carrots 11 11.02 1.25 1.74 11.37 15.76
Chick peas 12 1.35 0.53 0.60 39.06 44.38
Okra 13 12.06 1.05 1.91 8.71 15.85
Onions 11 3.59 1.09 1.36 30.41 37.86
Parsley 9 5.13 1.12 2.92 21.83 56.86
Turnips 8 9.32 0.97 2.53 10.38 27.14
Apples 4 18.56 0.43 2.44 2.34 13.17
Apricots 5 26.43 1.05 4.31 3.98 16.36
Figs, Calimyrna 5 18.15 0.93 2.79 5.10 15.39
Figs, Mission 6 10.84 1.23 1.47 11.32 13.58
Peaches 6 27.30 0.84 3.17 3.09 11.61
Prunes 6 33.42 2.19 9.53 6.56 28.51
Raisins 7 14.61 1.34 6.02 9.14 41.21
Barley 12 3.83 0.53 1.37 13.92 35.87
Rye flour 15 3.35 0.47 0.64 13.96 19.25
Soy bran 10 7.08 1.04 1.04 14.66 14.66
Wheat germ 9 1.90 0.40 0.81 21.12 42.83

because of statistical considerations. Data from 1 of 15 labora­
tories for the determination of IDF in okra, and data from 1 of 
14 for the determination of IDF in kidney beans were omitted. 
All other values were used as reported by the analysts. The 
measures of precision for IDF are shown in Table 991.42. The 
average IDF values ranged from 4.30% for barley to 65.24% 
for soy bran. The repeatability relative standard deviation 
(RSDr) of the determination for IDF of the 22 foods ana­
lyzed ranged from 0.86% for apricots to 10.38% for chick 
peas. These RSDr values are considered excellent for this 
concentration range. The reproducibility relative standard 
deviation (RSDr) ranged from 3.68% for soy bran to 
19.44% for prunes. These RSDr values are also very good, 
considering that 10 of the 22 foods analyzed had RSDr val­
ues <10%, and an additional 7 foods had RSDr values 
<15%. The highest RSDr values were those for prunes, rai­
sins, and Calimyrna figs; the lowest was for apples.

The results of individual determinations of SDF are shown 
in Table 1. Collaborator 40’s values represented a Cochran and 
Grubbs outlier in the determination of SDF in kidney beans and 
were dropped for statistical considerations. The measures of 
precision for the determination of SDF are shown in Table 2. 
The products analyzed had average SDF values that ranged 
from 1.35% for chick peas to 33.42% for prunes. RSDr values 
ranged from 2.34% for apples to 39.06% for chick peas, with 
approximately 50% of the laboratories having RSDr values 
<10%. Of RSDr values for the 22 foods, approximately 50% 
were >20%, 45% were between 10 and 20%, and only French 
beans had an RSDr <10%. The preliminary results for SDF

IDF BLANK

BLANK (MG)
IDF PROTEIN

PROTEIN (MG)

IDF ASH

F igu re  1. C o m p a r is o n  o f  cu m u la t iv e  p e rcen t fo r b lanks, 
p ro te in , and  a sh  fo r  IDF.

determinations indicate that a major reason for the differences 
between the laboratories is long and variable filtration times, 
both when the IDF fraction is filtered away from the TDF frac­
tion and when the precipitated SDF fraction is separated in the 
second filtration. Several laboratories suggested that these 
problems can be overcome by using a 0.5-0.25 g test portion 
for analyzing materials with high levels of viscous fiber, which 
hinders the filtration.

Because good results are obtained both for TDF determina­
tions (1) and, as this study has demonstrated, for IDF determi­
nations, it follows that SDF can be determined by the 
difference between TDF and IDF.
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SDFBLANK

SDF ASH PROTEIN (MG)

Figure 2. Comparison of cumulative percent for blanks, 
protein, and ash for SDF.

In previous collaborative studies, we did not report values 
for blanks, protein, and ash in the determination of dietary fiber. 
For this study, the individual values for blanks, protein, and ash 
for IDF are illustrated in Figure 1. If one plots the percentage 
equal to or greater than (cumulative %) the value for the mea­
surement of blanks, protein, and ash against the individual val­
ues for the resp ectiv e  determ inations, the fo llo w in g  
observations can be made. For IDF blanks, the 5-95 percentile 
range is from -1 .2  to 3.9 mg, i.e., 5% o f the blank values fall 
below -1 .2  mg and 5% fall above 3.9 mg. The average IDF 
blank is 1.44 mg. For IDF protein, the 5-95  percentile values 
range from 0.37 to 6.03 mg. The average IDF protein is
1.75 mg. One negative protein value was reported by a labora­
tory. Also, the reporting of zero or close to zero values by a few  
participants suggests that the Kjeldahl procedure should be

checked. For IDF ash, the 5-95  percentile values range from 
-11.25 to 2.05 mg. The average IDF ash value is -2 .08  mg. The 
negative ash values reported by many laboratories are obvi­
ously due to losses of Celite through the filter. The quality of 
both the crucibles and the Celite should be checked when such 
losses exceed 5 mg. Such results were reported by 3 labora­
tories.

The individual values for blanks, protein, and ash for SDF 
are illustrated in Figure 2. For SDF blanks, the 5-95  percentile 
values range from 0.1 to 11.2 mg. The average SDF blank is
5.95 mg. For SDF protein at the 5-95 percentile, the values 
range from 0.35 to 9.33 mg. The average SDF protein is
5.95 mg, with a range o f 0.0-10.5 mg. For SDF ash at the 5-95  
percentile, the values range from -4 .65  to 7.9 mg. The average 
SDF ash is 3.34 mg.

Only 3 laboratories reported negative ash values for the 
SDF blank determination. This finding indicates less Celite 
loss in the second filtration with 78% ethanol. The zero or very 
low protein values reported by some laboratories should also 
be checked.

Recommendation

We recommend that the method for the determination of 
IDF be adopted as first action. This method can be used in con­
junction with the final action method for the determination of 
TDF to obtain SDF by difference until a procedure for the de­
termination of SDF is developed. We further recommend that 
test samples high in sugar be extracted with 3 volumes o f 85% 
methanol to remove sugars, which keep the test samples from 
drying and may interfere with the fiber determination.
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TECHNICAL COMMUNICATIONS

H i s t o r y  o f  t h e  I U P A C / I S O / A O A C  H a r m o n i z a t i o n  P r o g r a m

W illiam H orwitz

U.S. Food and Drug Administration, Center for Food Safety and Applied Nutrition, Washington, DC 20204

As a result of the preference of the Joint Food and 
Agriculture Organlzation/World Health Organiza­
tion Codex Allmentarlus Program to endorse meth­
ods of analysis for which Interlaboratory 
performance parameters are available, many Inter­
national organizations now conduct method-perfor­
mance (collaborative) studies. International 
meetings sponsored by the International Union of 
Pure and Applied Chemistry, the International Orga­
nization for Standardization, and AOAC Interna­
tional have produced a harmonized protocol for the 
design, conduct, and interpretation of method-per­
formance studies, and this protocol Is being im­
plemented by many method standardization 
organizations. The same group of organizations 
hopes to provide a harmonized protocol for the 
quality control and quality assurance of laboratory 
(analyst) performance.

C onsiderable evidence exists in the literature that few an­
alytical chemists pay attention to the question of the re­
liability of the analytical results they produce. These 

chemists believe a natural law exists in measurement science 
that if the directions for conducting a measurement are fol­
lowed, the true value necessarily results. This may have been 
true a generation or two ago, when analytical measurements 
were based on the laws of mass action, and the analytical sys­
tem was based on a series o f unit operations such as weighing, 
solution, precipitation, filtration, drying, or titration. Then, only 
carelessness and inexperience kept the laws of chemistry from 
producing the correct result.

Today, most analytical operations are based on physical, not 
chemical, principles. One would think that physical laws would 
be harder to transgress than chemical laws, but Murphy’s law, 
“If anything can go wrong, it will,” is overriding. Unfortu­
nately, the consequences of the action of Murphy’s law lie hid­
den until som eon e’s life  or property is affected. Then, 
experiments are repeated, disparate results occur, and disagree­
ments arise. In the manufacturing of items, where the concept 
of quality control o f repetitive operations arose, mistakes ex­
hibited themselves by items not conforming to specifications,

Received April 19,1991. Accepted November 11,1991.
Presented at the Fourth International Symposium on the Harmonization 

of Quality Assurance Systems in Chemical Analysis, Geneva, Switzerland, 
May 2-3,1991.

parts not fitting, and machines not operating. However, analyt­
ical mistakes do not announce themselves. We must find ways 
to discover aberrant chemical results and to eliminate them be­
fore others find them for us.

Many analytical laboratories appear to believe in the divine 
right of chemists to analyze everything for anything, and they 
think that to turn down the opportunity to perform an analysis 
reflects on their professional credentials. However, part of 
every analytical report should be a local audit that provides a 
confidence interval in which the “true value” is expected to lie 
within a reasonable probability, e.g., 95%. The basis for such a 
confidence interval is the proper use of validated methods that 
would give expected results when applied to materials with a 
known true value. Without such a chain of evidence, how do 
you know that your results are right? The fact that proper results 
were obtained yesterday is a necessary, but not a suffi­
cient, condition.

Methods

To obtain valid results, the first line of defense is validated 
methods. Chemists would never think of using a new instru­
ment before performing exhaustive tests to ensure that the ma­
chine is operating properly; that the sensitivity, resolution, and 
repeatability at least match the specifications on which the 
order was based. However, chemists seem to have no hesitation 
in taking a method fresh out of the literature and applying it to 
the current problem, particularly when they see the opportunity 
for fine-tuning some of the conditions. By adjusting the pH or 
modifying a reagent concentration, they can state that the anal­
ysis was accomplished by their modification of the method.

The first and probably the easiest way to improve the results 
of chemical analysis was to standardize the analytical methods. 
Many organizations, both national and international, had un­
dertaken this task on a commodity-by-commodity basis for 
more than a century. This was noted by Harold Egan, the Gov­
ernment Chemist of the United Kingdom, in his lively address 
to AOAC in 1973 (1). Egan pointed out the dangers “o f overlap 
and duplication of effort and the difficulty in deciding which of 
2 or more well-authenticated methods, each properly estab­
lished by collaborative study, should be selected for standard­
ization or referee or arbitration purposes___ ” Egan continued,
“The time is coming, I believe, when we w ill need to consider 
the harmonization of collaborative studies, and to call upon the 
various agencies which organize collaborative studies to study 
not the methods of analysis themselves but the basis on which
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collaborative studies are made and their management.” With 
his insight he prophesied that it would be helpful “to consider 
the question of how far methods require standardization and 
how far the analyst (or rather the standard of his professional 
training and attainment) should instead be the subject o f stan­
dardization. Where in a method of analysis does the written 
description end and the professional analyst begin?”

Egan was the United Kingdom delegate to the Joint Food 
and Agriculture Organization (FAO)/World Health Organiza­
tion (WHO) Committee o f Government Experts on the Code 
of Principles Concerning Milk and Milk Products. This organi­
zation was established in 1958 to develop international stan­
dards for milk products. It is the predecessor organization to the 
FAO/WHO Codex Alimentarius (“Codex” for short), which 
develops international standards for all food products. From its 
earliest sessions, the Milk Committee bogged down on. the 
question of choice of methods of analysis because the 3 pri­
mary organizations in the field were attempting to dominate the 
method approval process: the International Dairy Federation 
(IDF), the International Organization for Standardization (ISO) 
Technical Committee on Milk Products, and AOAC. At the 
time, the United States was not a participant in either IDF or 
ISO standardization programs, and both organizations had a 
strong incentive to have such participation. Largely at the urg­
ing of the Codex Secretariat, an IDF/ISO/AOAC technical 
group was formed with the responsibility of supplying jointly 
approved methods of analysis for supporting international 
Codex standards for milk products. In a surprisingly short time, 
about 12 harmonized methods were approved by the joint 
group and by its sponsoring organizations for submission to the 
Committee of Government Experts. This Joint Committee con­
tinues to function and sponsors an annual “Chemical Week” at 
which methods are discussed among representatives of the 3 
organizations. The harmonization has been extended even to 
microbiological methodology.

A  similar situation developed in the Codex Committee on 
Methods o f Analysis and Sampling (CCMAS), which had the 
responsibility to review and endorse methods of analysis re­
quired for supporting the now enlarged overall program o f de­
veloping international standards for all food. Many food 
standards contained specifications that required enforcement 
through the application o f analytical methods. Many organiza­
tions aspired to the role o f supplying its methods to the Codex 
program. Food analysts had a history of 100 years of “improv­
ing” their methods o f analysis. This resulted in a multitude of 
procedures for food constituents, some with good reason, such 
as driving off volatiles from delicate sugars at 70°C to avoid 
decomposition. However, the conditions of some procedures 
are arbitrary, such as various methods for loss on drying, using 
practically every temperature from 98 to 105°C, with and with­
out vacuum. These irritatingly small deviations nevertheless 
made a significant difference in the reported solids content of 
a food. Consequently, a set o f principles was developed for use 
by this Committee as a guide for the selection o f methods 
o f analysis.

The detailed set o f principles for the choice of methods of 
analysis adopted by the Codex (2) may be summarized as fol­

lows: ( i )  Methods of analysis compiled by international orga­
nizations should be preferred; (2) methods o f analysis whose 
reliability was established through method-performance (col­
laborative) studies are preferred, speed and simplicity are of 
secondary importance; (3) methods of analysis should measure 
the entity that they are claimed to measure; (4) methods of anal­
ysis should be usable in laboratories with the usual modem ap- 
paratus; and (5) methods o f analysis that are applicable 
uniformly to various groups o f materials are preferred to those 
that can be applied only to individual materials.

As a result of the adoption of these guidelines, organizations 
realized that methods to be used by many laboratories had to 
be tested in many laboratories. The imprimatur o f a prestigious 
organization no longer sufficed as the guarantee o f satisfactory 
performance. Even the largest organization, ISO, began en­
couraging its technical committees to perform interlaboratory 
method-performance studies so that methods could be submit­
ted for acceptance to the Com m ittees o f  the Codex A l­
imentarius. However, such independent activities naturally led 
to independent guidelines for the design, conduct, and interpre­
tation of collaborative studies. Therefore, Egan recommended 
that the Analytical, Applied, and Clinical Divisions of the In­
ternational Union of Pure and Applied Chemistry (IUPAC) 
“call together representatives of the main international bodies 
who at present sponsor collaborative analytical studies in order 
to discuss the philosophy of collaborative analysis and the pos­
sible harmonization of the approach to such studies” (3).

The representatives of various organizations that standardize 
methods of analysis met in London, England, in 1978, and they 
later participated in a formal meeting in Helsinki, Finland, August 
20-21,1981, under the auspices o f IUPAC’s Analytical, Applied, 
and Clinical Divisions. The proceedings (4) show that there was 
no lack of appreciation for the necessity of providing estimates of 
reliability of methods of analysis applied to commodities ranging 
from iron ores to foods and pesticides. Many organizations were 
already conducting such studies in exactly the same manner but 
were using different vocabularies and outlier tests, which made the 
mechanics appear quite different.

A  third harmonization meeting was also planned in 1984 in 
Washington, DC, by Egan in conjunction with AOAC’s cen­
tennial anniversary. Unfortunately, Egan did not live to see his 
dreams fulfilled, but his work was carried on by his colleagues 
from IUPAC. A  series o f 13 papers was published in the Jour­
nal of the AOAC (5), which outline in detail how various spe­
cialists and organizations viewed method performance studies; 
their interpretations were remarkably similar.

Production o f Harmonized Protocols

Representatives of the international organizations met again 
in 1987 in Geneva, Switzerland, to agree by consensus on the 
specifics of a protocol for the design, conduct, and interpreta­
tion of method-performance studies (6). The protocol specified 
the number of laboratories (5 or 8), test samples (3 or 5), and 
replicates (1 or 2), the special conditions under which the 
smaller number may be used, and the statistical analysis and 
outlier removal techniques to be used. In 2 important respects,
1-way analysis o f variance and removal o f outliers by the
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Cochran and Grubbs tests, the protocol complies with the gen­
eral ISO standard for method-performance studies, ISO 5725- 
1986, which is currently under revision.

A  follow-up meeting entitled “The Second International 
Workshop on the Harmonization of the Adoption and Pre­
sentation of Methods Standardized by Collaborative Study” 
was held in Washington, DC, April 1 7 -18 ,1989 . The result­
ing document (7) provides guidance on acceptability criteria 
for standard methods, minimum requirements for quality 
control, use o f repeatability and reproducibility limits, and 
checks on bias. A  recommended format is given for report­
ing the results o f interlaboratory tests to avoid overlooking 
important items o f information.

The relationship between what has been accomplished in 
the harmonization of protocols to study and report method per­
formance and what we wish to accomplish in the future arises 
from the most controversial aspect of the previous protocol—  
outlier removal. Some organizations do not permit data re­
moval unless an explanation is available for the aberrant value. 
At the other extreme, a liberal policy of applying scientific 
judgment to the data removes all inconsistent values. The first 
philosophy allows some ludicrous values to remain to contam­
inate an otherwise “normal” set of data. With the second phi­
losophy, different values would be removed by different 
judges, destroying the value of the harmonized protocol we 
worked so hard to achieve. If w e provide a means of preventing 
the production of outlying data to start with, we can avoid the 
difference in opinion engendered by the problem of outlier re­
moval because there would be no outliers to remove!

Valid Data

We recently provided some concrete evidence showing that 
analytical chemists produce many more outliers than they are 
willing to admit to (8). We examined the published data on the 
biological standard reference materials (SRMs) of the National 
Institute of Science and Technology (NIST) as compiled by 
Gladney et al. (9). This compilation contains practical data 
from that part of the analytical chemistry community that is 
willing to place their output on public display. As such, this 
publication shows the best performance that the analytical 
chemistry profession has to offer. These SRMs were analyzed 
with full knowledge o f the assigned value o f the certified an­
alyte. As pointed out by Thompson recently (10) and by Banes 
many years ago (11), analysts exhibit better precision and less 
bias when analytical samples are analyzed as knowns rather 
than as unknowns.

We reviewed the compiled data for the 117 certified analyte- 
matrix combinations from 11 biologically related SRMs for 
which at least 8 values from different references were avail­
able, representing 28 elements over a concentration range from 
5 ng/g (10-9-1 to40ms/g(4%). We looked at the numbers of outliers 
removed by the compilers, who exercised subjective, critical 
analytical judgment to eliminate data “clearly beyond the limit 
of acceptability.” From the 117 certified combinations, 16 
(14%) had to have more than 22% (maximum 39%) of the val­
ues removed; only 1 combination had no outliers removed by 
the compilers. To put this in perspective, the ISO 5725 criteria

for flagging outliers by statistical tests operates at the 1% prob­
ability level. Independent application o f the Cochran and 
Grubbs tests should remove only 1% outliers by each (total 2%) 
merely from the operation of normal distribution statistics. In 
this case, even the conservative IUPAC protocol removed an 
average of 5% of the values instead of the expected 2%.

We looked at the data from another point of view. We recal­
culated the relative standard deviation (RSDr) o f the data 
(when more than 8 values were present per analyte/matrix 
combination) in 3 ways: (7) considering the associated NIST 
uncertainty as a standard deviation; (2) using the compilers 
consensus values after their judgmental outlier removal proce­
dure; and (3) by the IUPAC-1987 protocol. We then normalized 
the RSDr with respect to concentration by taking the ratio to 
the RSDr calculated from the Horwitz curve:

[RSDr (%) = 2̂ 1-0-5 log10 9 ]

where C is expressed as a decimal fraction (e.g., 1% = 10'2) 
because the concentration range covered 7 decades. On the 
basis of our experience with over 6000 among-laboratories 
data sets covering numerous commodities, analytes, and meth­
ods, we found that the typical normalized ratio is about 1 and 
that a ratio over 2 is usually unacceptable. By this criterion, 
only 2 of the 117 analyte/matrix combinations using the con­
sensus value provided by the compilers have a ratio over 2.0. 
When the IUPAC-1987 protocol is applied, 30 of the 117 (26%) 
of the data sets show an unacceptably high ratio. In other 
words, the IUPAC protocol is leaving in too many reported an­
alytical values in the unusually favorable situation of knowing 
the “true value.”

Conclusion

Our conclusion is that the judgment applied by the compil­
ers provides a consensus value that closely matches the values 
supplied by the certifying organization, but at the expense of 
removing about 14% o f the values. We regard this as excessive. 
In our opinion, a massive effort is required to bring the tech­
niques of quality control to the attention o f analysts so that all 
results reported in the literature are reported together with a 
statement of the quality control efforts that support the pub­
lished data. Our efforts here should be devoted to providing 
relatively simple guidelines that should be taken as good ana­
lytical practices: consistent use of primary or historical refer­
ence materials, independent replication under different 
conditions, and quality control parameters built into the meth­
ods of analysis to inform the analyst that his analytical opera­
tions are proceeding as expected. The modem computer can 
memorize calibration curves and compare today’s curve with 
last year’s curve and notify us o f significant differences. We 
have performed several million calculations during the prepa­
ration of our method performance databases and have yet to 
find a mistake made by our computers. A ll the mistakes we 
discovered were caused by human error.
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TECHNICAL COMMUNICATIONS

N o n e n z y m a t i c - G r a v i m e t r i c  D e t e r m i n a t i o n  o f  T o t a l  D i e t a r y  F i b e r  

i n  F r u i t s  a n d  V e g e t a b le s

Betty W. L i and M aria S. C ardozo

U.S. Department o f Agriculture, Agricultural Research Service, BHNRC, Nutrient Composition Laboratory, Beltsville, MD 20705

Most gravimetric methods for total dietary fiber 
(TDF) determination require the complete removal 
of starch and the partial removal of protein with var­
ious combination of enzymes in buffers at different 
pH values and at temperatures much above ambi­
ent condition. A hydrolysis step is crucial in dietary 
fiber analysis of samples, such as cereals and le­
gumes, which contain appreciable amounts of 
starch. However, many vegetables and most fruits 
contain very little or no starch, and they are often 
eaten uncooked, it would be unnecessary to use 
high temperatures and enzymes on these types of 
samples, initially, we found that hexane and dilute 
alcohol extractions of a few selected fruits and veg­
etables gave residue weights comparable to those 
after enzymatic treatments. We were able to show 
later that simply suspending the samples In deion­
ized water for 90 min at 37°C and then adding 95% 
ethanol also yields TDF values similar to those ob­
tained from other published methods. Comparison 
data obtained by using variations of the AOAC/TDF 
method are presented for 10 fruits and vegetables.

I n 1936, McCance et al. (1) described a “simple” method for 
“dietary fiber” determination. The samples were extracted 
with 80% ethanol to give an alcohol-insoluble fraction 

whose starch, protein, and ash contents were determined sepa­
rately and subtracted from the original residue weight. The 
value thus obtained was considered to be dietary fiber, which 
included other insoluble material not accounted for. Sandberg 
et al. (2) compared the total dietary fiber content of 6 samples 
obtained by the above method, the neutral detergent fiber 
(NDF) method, and a direct determination that estimated di­
etary fiber as the sum of polysaccharide components and Kla- 
son lignin minus starch. Their results indicated that NDF gave 
consistently lower values, while results by the other 2 methods 
were quite similar, particularly for carrots and white cabbage.

Siddiqui (3) suggested that the total dietary fiber content of 
a fruit or vegetable may be evaluated precisely by determining

Received May 30,1991. Accepted September 25,1991.
Mention of trademark cf proprietary products does not constitute a 

guarantee or warranty of the product by the U.S. Dept of Agriculture and 
does not imply their approval to the exclusion of other products that may 
also be suitable.

its moisture, starch, protein, and ash contents and subtracting 
the sum of these from the ethanol-insoluble residue. We have 
gone a step further to recommend that starch determination 
should be omitted for most fruits and vegetables. The method 
w e propose is a further simplification o f a method based on the 
same principles as the official AOAC method for total dietary 
fiber determination (4 ,5). Unlike most enzymatic gravimetric 
methods, our 1988 version uses only 1 enzym e, amylo- 
glucosidase, for starch hydrolysis. The method makes no at­
tempt to hydrolyze any of the protein present in the original 
sample; however, the value for protein that remains in the res­
idue is later corrected based on a Kjeldahl nitrogen determina­
tion. A  gelatinization temperature o f 121 °C was incorporated to 
accommodate samples with relatively high starch content, e.g., 
rice, potatoes, bread, etc. After we completed a study o f the 
effect of freeze-drying and cooking on some vegetables, and in 
view of the observations made by others (6 ,7 ), it became clear 
that the use of high temperatures and enzymes may be entirely 
unnecessary when analyzing fruits and vegetables that are 
known to contain little or no starch.

METHOD

Apparatus

(a) A nalytical balance.— Capable of weighing to 0.1 mg.
(b) Filtering flask.— 1 L.
(c) F ritted  crucible.— Porosity No.2 (coarse ASTM  4 0 -  

60 pm). Wet and redistribute Celite (0.5 g) with 78% ethanol; 
then suck dry to form an even mat. Ash crucible containing 
Celite 1 h at 525°C at least 1 day before use.

(d) Muffle furnace.— 525°C.

Reagents

(a) Ethanol.— 95% and 78%. Mix 207 mL deionized water 
with 95% ethanol to give a final volume o f 1 L78%  ethanol.

(b) Celite.— Analytical filter aid, No. C211-500 (Fisher 
Scientific, Fairlawn, NJ).

Determination

Weigh duplicate 500 mg freeze-dried, ground samples (ac­
curate to 0.1 mg) into 250 mL beakers. Add 25 mL deionized 
water to each beaker; sonicate or stir suspensions until no 
clumps remain. Rinse insides of beakers with 1-2  mL deion-
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r . ,  (% protein in residue + % ash in residue) . ,  ,[mg residue -  ~— c------------------- ——------------------------- i  x mg residue]
TDF (% )------------------------------------------------------------------------------------------------------- x 100

mg sample

Figure 1. TDF calculation.

ized water. Cover beakers with aluminum foil and leave 90 min 
without stirring in incubator or water bath at 37°C. Add 100 mL 
95% ethanol to each beaker and let stand 1 h at room tempera­
ture. Collect dilute alcohol-insoluble material under vacuum 
on preweighed crucible containing Celite. Wash residues twice 
with 20 mL78% ethanol, twice with 10 mL95% ethanol, and 
once with 10 mL acetone. Dry crucibles containing residues in 
air oven at least 2 h at 105°C. Cool crucibles in desiccator at 
least 2 h and weigh to nearest 0.1 mg. Ash residues from 1 of 
the duplicates in a muffle furnace 5 h at 525°C. Analyze resi­
dues from remaining duplicate for protein by Kjeldahl nitrogen 
determination, using N  x 6.25 as conversion factor. Calculate 
TDF as shown in Figure 1.

Results and Discussion

Our initial attempt at extracting some fruit and vegetable 
samples with hexane and dilute alcohol (either 80% methanol 
or ethanol) indicated that the alcohol-insoluble residues, after 
correction for protein and ash, were similar to the TDF values 
obtained by other enzymatic-gravimetric methods (4 ,5). Fur­
ther experimentation led to even simpler procedures as de­
scribed above. We determined the total dietary fiber content of 
10  different fruits and vegetables (freeze-dried test samples 
from various collaborative studies or purchased locally) by the

following procedures: (A) Incubate in deionized water 90 min 
at 37°C, dilute with 95% ethanol, filter, and dry; (8) extract 
with hexane and 80% ethanol, filter, and dry; and (C) simpli­
fied TDF method (4).

Contents collected in crucibles by Procedures A  and B were 
corrected for residual protein and ash. Duplicate TDF values 
were compared with the mean values of the same samples from 
various collaborative studies or the values obtained in our lab­
oratory by either the AOAC/TDF method or a modified ver­
sion. An overall comparison is presented in Table 1.

To illustrate the similarities and differences between the 
various procedures, we include a sample work sheet, shown in 
Table 2. The TDF values obtained from Procedures A  and B 
are very comparable for all samples, except for onion, and none 
of these 2 procedures requires a blank determination. However, 
Procedure A  is less labor-intensive, can be easily performed in 
beakers, and does not require any solvent other than 95% eth­
anol and water. Further comparisons between the simplified 
enzymatic-gravimetric method and these 2 procedures indi­
cated that an autoclaving temperature of 121 °C may be too 
drastic for certain samples, e.g., broccoli, resulting in lower 
TDF values. In general, Procedure A  compares favorably with 
other methods, such as the AOAC/TDF method (5) and the 
AACC approved method (8). The nonenzymatic-gravimetric 
method described here is suitable for the determination of the

Table 1. Comparison of total dietary fiber values (g/100 g dry weight) of fruits and vegetables by different methods
Procedure3

Plant food A B C Others

Apple 13.2 13.2 11.6 11.4 11.3 11.3 12.2'
Apricot 69.3 68.7 66.4 66.7 63.5 61.9 67.2'
Broccoli 30.3 30.3 32.9 32.1 30.0 26.2 30.1'
Cabbage 21.2 21.1 23.2 22.4 21.0 20.0 21.2'
Carrot 22.3 22.2 23.2 22.4 21.6 20.4 20.5'
Cucumber 15.9 16.4 17.1 16.8 16.8 16.9 15.4'
Green pepper 31.3 31.7 30.1 30.7 29.6 31.3 32.4'
Onion 15.2 14.7 19.8 21.2 16.9 16.5 16.6'
Prune 31.4 32.3 31.9 32.0 27.9 28.4 30.2'
Turnip 20.3 20.7 19.9 20.0 19.1 19.3 22.2'

8 A: incubate in deionized water, add 95% ethanol, filter, and dry. 
B: extract with hexane, 80% methanol or ethanol, filter, and dry. 
C: Simplified TDF method.

6 AOAC/TDF method.
0 AACC/TDF method.
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Table 2. Sample worksheet for calculating total dietary fiber of cabbage, methods comparison
Procedure

Measurements A B C AOAC/TDF method AACC/TDF method

Sample weight, g 0.4621 0.4679 0.5005 0.5026 0.5100 0.5167 1.0013 1.0002 1.0006 1.0072

Residue, g 0.1302 0.1326 0.1617 0.1587 0.1451 0.1490 0.2720 0.2853 0.2849 0.2850
% of sample 28.2 28.3 32.3 31.6 28.4 28.8 27.2 28.5 28.5 28.3

Protein, mg 25.0 — 37.3 — 33.0 — 16.7 — 44.6 —

% of residue 19.2 — 23.1 — 22.8 — 6.2 — 15.7 —

Ash, mg — 7.9 — 11.5 — 8.3 — 36.0 — 18.9
% of residue — 5.9 — 7.3 — 5.6 — 13.2 — 6.6

Blank correction, mg — — 3.18 13.5 8.55

TDF, % 21.2 21.1 22.5 21.9 19.8 20.0 20.8 21.6 21.3 21.1

total dietary fiber content of most fruits and vegetables, espe­
cially for quality control and labeling purposes.
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O regon Department o f  Agricu lture  
635 Capital Street N E  
Salem, O R  97310 

(503) 378-3793

P a c if ic  Sou thw est R e g io n a l 
Section

President: R ichard  Jacobs 

U S  Food  &  D ru g  Adm inistration 
50  United Nations Plaza 
San Francisco, C A  94102 

(415) 556-1463

So u th e a st-U SA  R e g io n a l Section

President: James H ess 
U S  Department o f  Agricu lture  

A M S  C S S D  
Eastern Laboratory 
645 C o x  R d  

G aston ia ,NC  28504 
(704) 867-3873

So u th w e st -U SA  R eg io na l Section

President: D on n a  Montague 

211 S. Johnson Street 

Little Rock, A R  72205-5823 

(501) 686-5140

For information on  starting a regional section, contact; Regional Section Coordinator, A O A C  International, 
Suite 400, 2200  W ilso n  B lvd , A rlington, V A  22201-3301. Phone + 1  '(703) 522-3032, fax (703) 522-5468.
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B e  a  P a r t  o f  t h e  1 0 6 t h  A n n u a l  
A O A C  I n t e r n a t io n a l  M e e t in g  &  E x p o s i t io n

CINCINNATI, OHIO • AUGUST 31-SEPTEMBER 3, 1992

S ym posia:

F u m o n o s i n  T o x i n s

P r o c e s s  C o n t r o l

M i l k :  A n t i b i o t i c  R e s i d u e s  a n d  

O t h e r  C o n t a m i n a n t s

F o r e n s i c  M e t h o d s / P r o d u c t  

T a m p e r i n g

C u r r e n t  T o p i c s  i n  L i p i d  A n a l y s i s  —  

W i t h  a n  E m p h a s i s  o n  L a b e l i n g

M i c r o b i o l o g y :  O l d  F r i e n d s ,

N e w  E n e m i e s

P lu s . . .
More than 200 Poster Presentations
Newly Expanded Regulatory 
Roundtable:
Two Sessions: EEC Regulations and 
North American Trade Zone 
Regulatory Considerations

Workshops:
Determination of Fruit Juice 
Adulteration
Quality Assurance of Mass Spectral 
Data
Antibiotics and Drugs in Feed 
Open Forum,
Short Courses, Lab Equipment 
Exposition, Modem Lab Workshop

For more information, contact the AOAC Meetings Department:
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