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 MARTIN ALEWIJN RIKILT Netherlands 

 KAREN ANDREWS USDA USA 

 JOHN AUSTAD Covance Laboratories USA 

 BRAD BARRETT SCIEX USA 

 JOSEPH BETZ NIH - ODS USA 

 DONNA LYNN BROWNE Naturipe Farms LLC USA 

 ANTON BZHELYANSKY US Pharmacopeia (USP) USA 

 ROBERT CLIFFORD Shimadzu Scientific Instruments, Inc. USA 

 GREGORY DIACHENKO FDA - CFSAN USA 

 MILDA EMBUSCADO McCormick USA 

 ANDY ERICKSON NSF International USA 

 HEATHER FIGORE Healthy Directions USA 

 ARLENE FOX AOAC INTERNATIONAL USA 

 JAMES GRIFFITHS Council Responsible Nutrition (CRN) USA 

 GREG JAUDZEMS Nestle USA, Inc USA 

 MARTHA JENNENS-CLOUGH Covance Laboratories USA 

 GEORGE JOSEPH AsureQuality, New Zealand New Zealand 

 DAVID KENNEDY Phenomenex USA 

 THOMAS LAWSON Garden State Nutritionals USA 

 PAUL MILNE Keurig Green Mountain, Inc. USA 

 DEEPALI MOHINDRA Thermo Fisher Scientific USA 

 ELIZABETH MUDGE BCIT Canada 

 MARIA OFITSEROVA Pickering Laboratories, Inc. USA 

 MELISSA PHILLIPS NIST USA 

 TOM PHILLIPS MD Department Of Agriculture USA 

 CURTIS PHINNEY Curtis S. Phinney, CNS USA 

 
 

 
 

 
 
2015 AOAC MID YEAR MEETING 
MARCH 19, 2015 
STAKEHOLDER PANEL ON DIETARY SUPPLEMENTS–  
LIST OF REGISTERED ATTENDEES 
 

Name Affiliation  Country 



 LARS REIMANN Eurofins Scientific, Inc. USA 

 SHAUNA ROMAN RB (Reckitt Benckiser) USA 

 JOE ROMANO Waters Corporation USA 

 ERIC ROY Rigaku Raman Technologies USA 

 LEILA SALDANHA Office of Dietary Supplements, NIH USA 

 SUSHMA SAVARALA USDA USA 

 BRIAN SCHANEBERG Starbucks Coffee Company USA 

 ANIKO SOLYOM GAAS Corporation USA 

 DARRYL SULLIVAN Covance Laboratories USA 

 JOHN SZPYLKA Silliker Laboratories USA 

 JAMES TRAUB Waters Corporation USA 

 LAURA WOOD NIST USA 

 JASON WUBBEN Archer Daniels Midland Company USA 

 SEONG-JAE YOO Pharmavite LLC USA 

 YANJUN ZHANG Herbalife 

 JOSEPH ZHOU Sunshineville Health Products, Inc USA 

 JOYCE ZHU Jamieson Laboratories Canada 

 GARRETT ZIELINSKI Covance Laboratories USA 

 



 



 



STAKEHOLDER PANEL CHAIR 

 

DARRYL SULLIVAN, COVANCE LABORATORIES 
Chair, AOAC Stakeholder Panel on Dietary Supplements 
 

 
Darryl Sullivan is a Fellow of AOAC and has been an active member since 1980. He has served terms as 
secretary, president-elect, president, past president, and director of the Board of Directors, and 
previously served a three-year term as chair of the Official Methods Board, and is currently serving as 
Chair of the AOAC Stakeholder Panel on Infant Formula and Adult Nutritionals. In 2012 Darryl lead a very 
successful AOAC engagement with government and industry thought leaders in India and China on 
behalf of SPIFAN. He is also active with the Stakeholder Panel for Strategic Food Analytical Methods and 
the Stakeholder Panel for Agent Detection Assays. Sullivan also served a three-year term as a director on 
the AOAC Research Institute Board of Directors. He was a founding member and chair of the 
Presidential Task Force on Dietary Supplements and a member of the Task Force on Bacillus anthracis, as 
well as the AOAC Task Force on Nutrition Labeling and the AOAC Task Force on Sulfites. Prior to 
chairing the OMB, he served as a member and chair of the Methods Committee on Commodity Foods 
and Commodity Products. Sullivan was a founding member of the AOAC Technical Division on Reference 
Materials and served three terms on the Division's Executive Board. A staunch supporter of the 
Association, Sullivan was active in the e-CAM and Scholar I projects at AOAC, has exhibited at the annual 
meetings for many years, has presented hundreds of papers and posters at AOAC meetings and 
regularly publishes his research in the journal of the AOAC. He has also presented a significant number 
of papers on behalf of AOAC at other scientific meetings in many different parts of the world. 

 
 

 

BRIAN SCHANEBERG, STARBUCKS COFFEE CO. 
Vice Chair, AOAC Stakeholder Panel on Dietary Supplements 
 

 
Brian Schaneberg, Ph.D., is the Global Scientific & Regulatory Affairs Director for Starbucks Coffee Company.  Brian 
participates in the execution of company strategies while ensuring compliance and regulatory guidelines are met 
and followed by the company across all products: Starbucks, Teavana, Tazo, Evolution Fresh, La Boulange, and 
Ethos. Brian has over 15 years of natural products experience in the area of dietary supplements and herbals.  
Brian was also the Quality & Food Saftey and Scientific & Regulatory Affairs Director for Mars Botanical, a division 
of Mars, Inc. focusing on cocoa flavanol science and products.  Before Mars Botanical, he was the Director of 
Technical Services at ChromaDex, Inc. in Irvine, California and was an Associate Research Scientist at the National 
Center for Natural Products Research at the University of Mississippi under the guidance of Dr. Ikhlas Khan, in a 
position funded by the US FDA for the development of methods to ensure the quality and safety of botanicals and 
dietary supplements.  Over the years, Brian has worked closely with trade groups, industry, academia and 
government leaders.  He has been a member of various review committees including NIH grants, analytical 
validation ERPs at AOAC and the Registry of Carcinogens.  Brian also had the pleasure of holding an adjunct faculty 
position at the University of Colorado, Denver, advising a student that received his MS in Analytical Chemistry 
isolating phytochemicals and developing analytical testing procedures for Horse Chestnut.  Brian has a Ph.D. in 
Organic Chemistry from Virginia Commonwealth University and a B.A. in Chemistry with a minor in Biology from 
Central College in Iowa.  He has authored or co-authored more than 50 publications and presentations. 
 



PRESENTER BIOS 
 

 
 

JOHN AUSTAD, COVANCE LABORATORIES 
SPDS VITAMIN D WORKING GROUP 
 
John Austad is Global Analytical Support Manager in the Nutritional Chemistry and Food 
Safety Department at Covance Laboratories.  In this role, he is directly responsible for 
leading a group of senior chemists supporting domestic and global sites with 
methodology including technical issue resolution , SOP and instrumentation 
harmonziation, instrument maintenance,  and new laboratory and capability set up 
within the Nutritional Chemistry and Food Safety business unit of Covance.  He is also 
responsible for working with clients to develop and validate client specific methods. 

Mr. Austad has been with Covance Laboratories for over 14 years where he has held various positions of increasing 
responsibility.  During his tenure, he has held positions of increasing responsibility.  During his tenure, he has held 
positions in several analytical testing groups that include:  Method Development, Mineral Analysis, Fat Soluble 
Vitamins, Amino Acid Analysis, and Sugar Analysis.  Mr. Austad is actively involved in AOAC INTERNATIONAL.  Mr. 
Austad has co-authored several poster presentations at the AOAC Annual Meeting.  Mr. Austad is a member of the 
SPIFAN and SPDS Stakeholder Panels and has Chaired several Method Centric Review Committees.   Mr. Austad 
holds a B.S. degree in Chemistry from the University of Wisconsin-Stevens Point.  He resides in Sun Prairie, WI, 
with his son, Landon. 

 
 
MILDA EMBUSCADO, McCORMICK & CO., INC. 
SPDS CINNAMON WORKING GROUP 
 
Dr. Milda Embuscado, currently a Senior Principal Scientist at the Materials and Process Technology, Applied 
Research at McCormick & Co., Inc., Hunt Valley, Maryland, obtained her Ph. D. from Purdue University, West 
Lafayette, IN and worked as a Research Scientist at the Whistler Center for Carbohydrate Research, a world 
renowned carbohydrate research institute. Her areas of research include ingredient characterization and 
functionality, new product innovation, process improvement and flavor/bioactive microencapsulation including 
optimization of formulations and processes through the employment of design of experiment and response 
surface methodology to optimize ingredient functionality in food systems such as food emulsion and 
flavor/bioactive encapsulated products. Her research also includes bioactives and antioxidants from spices and 
herbs and the effects of processing and cooking on these bioactive components; and the effects of spice/herb 
extracts on altering digestion of starches.  She has given invited presentations to the Institute of Food Technologist 
(IFT)and has edited and authored books on Functionalizing carbohydrates for food applications:  Texturizing and 
bioactive/flavor delivery systems and on Edible films and coatings for food applications, a best seller book in its 
category.  She also authored several refereed scientific articles on carbohydrates and food bioactives.  She was the 
chairman of the IFT Nutraceuticals and Functional Foods Division (2012-13) and the CarbohydrateDivision (2006-
07).  She was elected a full member to the following honor societies: Sigma Xi (The Scientific Research Society), Phi 
Tau Sigma (The Honor Society of Food Science and Technology) and Gamma Sigma Delta (The Honor Society of 
Agriculture).  She is a professional member of the IFT and a Certified Food Scientist (April 1, 2013) awarded by the 
International Food Science Certification Commission and a member of the inaugural class. 
 

 
 
 
 



 
 
 
 

PRESENTER BIOS (Continued) 

 
 

PRASHANT INGLE, HERBALIFE  
SPDS ALOIN WORKING GROUP 
 
Prashant Ingle is a Quality Control Manager at Herbalife International of American Inc. His 
main responsibilities are managing Herbalife quality control laboratory for testing and 
disposition of raw materials and finished products. He is also part of the key team member 
at Herbalife for Botanical Identification Program. He has rich experience in testing of Aloe 
raw materials and finished products by HPLC and NMR for identification and quantitation of various Aloe maker 
compounds and impurities. He has managed ISO 17025 Accreditation of Herbalife laboratories and is member 
of Life Sciences Advisory Committee (LSAC),Measurement Advisory Committee (MAC) and product Certification 
Advisory Committee (PCAC) of A2LA for ISO 17025 accreditation of laboratories. 
  
He has more than 16 years of experience in various positions in quality control and quality assurance with Food, 
Dietary Supplement, Pharmaceutical and Biotech companies. He has contributed toward method development and 
setting up laboratories for Herbalife at various manufacturing locations. He has contributed to AHP monograph 
development for Aloe as a reviewer from Herbalife team. 
 

 
 
 
 
JOHN FINLEY, SCHOOL OF NUTRITION AND FOOD SCIENCE, LOUISIANA STATE 
UNIVERSITY  
SPDS FOLIN C WORKING GROUP 
 
Dr. John Finley’s combination of academic, industrial, and government experience in 
the area of nutritional food ingredients and consumer product formulations makes him 
a recognized expert in the field of functional foods than enhance heath and wellness. 
Dr. Finley’s research interests include low calorie ingredients, anti-inflammatory 
compounds in the diet and modified lipids.  Previously, Dr. Finley was the Chief 
Technology Officer of A.M. Todd Co.  Dr Finley came to A.M. Todd from Kraft Foods where he developed several 
low calorie technologies and satiety enhancing products. At Monsanto he was the leader of the food science 
program which was focused on delivery of intense sweeteners and reduced calorie ingredient development.  He 
also initiated a program to produce low calorie fats in engineered plants. At Nabisco Dr Finley assembled and led 
the Fundamental Science program which resulted in multiple innovations and technologies to support the Nabisco 
businesses.  Dr. Finley has authored over 100 technical publications, edited eleven books and holds over 50 
patents.  Currently he is an associate editor for the Journal of Agricultural and Food Chemistry. Dr. Finley holds a 
B.S. Degree in Chemistry from LeMoyne College and a Ph.D. in Biochemistry and Food Science from Cornell 
University. 
 

 
 
 
 
 



SANNI RAJU, NATREON, INC.  
SPDS ASHWAGANDHA WORKING GROUP 
 
Dr. Sanni Raju is CEO & Chairman and a founding director of Natreon, Inc.  He has his 
Bachelor’s and Master’s degrees in Pharmacy from India and a Ph.D. in Pharmaceutics 
from University of Maryland at Baltimore. He worked for two major pharmaceutical 
companies - Wyeth Laboratories and Burroughs Welcome Company – in USA and 
some generic drug companies before founding Natreon. Natreon’s mission is to bring 
near pharmaceutical quality to the nutraceutical products. He is a Registered 
Pharmacist in New York State. 
 
Dr. Raju is also President of GlobePharma,Inc.,  a manufacturer of specialized pharmaceutical equipment and 
quality-assurance devices that he founded in 1993. He is the inventor of and holds a number of U.S. patents in 
connection with the design and application of such equipment and devices and also some pharmaceutical 
products.  

 
YANJUN ZHANG, HERBALIFE  
SPDS TEA  WORKING GROUP 
 
Dr. Yanjun Zhang is currently a Principal Scientist at Herbalife International of America in Torrance, California. Dr. 
Zhang obtained his PhD degree from Chinese Academy of Medical Science & Peking Union Medical College. . Prior 
to joining Herbalife he has more than 29 years of work experience in the field of phytochemical analysis. Dr. Zhang 
was the director of the Phytochemistry Core Laboratory at the UCLA Center for Human Nutrition and was also 
assistant researcher at the UCLA’s David Geffen School of medicine. Throughout his career, Dr. Zhang has held 
positions as lecturer, associate professor and director at Chengde Medical College in China, was a guest professor 
at the National Museum of Natural History in France, and received his postdoctorate at the Bioactive Natural 
Products and Phytoceuticals Laboratory at Michigan State University.  Dr. Zhang was instrumental in launch the 
Botanical Identification Program at Herbalife in 2009. Under his technical direction, the team has developed more 
than 90 botanical identification methods for raw material botanical ingredients used globally in Herblalife 
products.  

Since the tea chemical project launch in 2008 at UCLA, Dr. Zhang’s science team has developed chemical analytical 
methods for analysis of tea catechins, tea amino acids, and tea purine alkaloids content. Dr. Zhang’s team also 
optimized tea extraction conditions to obtain the high quality tea extracts for Herbalife products. In addition to his 
work at Herbalife, Dr. Zhang also developed analytical methods for pomegranate extract and pioneered analytical 
methods for the authentication of pomegranate juice.   Currently, Dr. Zhang is a member of the American Chemical 
Society and the American Society of Pharmacognosy. His research has been widely reported in peer-reviewed 
journals and book chapters. Dr. Zhang’s current work is directed towards the authentication and evaluation of 
foods, spices and the establishment of analytical methods for botanical dietary supplements quality control. 

 

 



 



 



  

 

Stakeholder Panel on Dietary Supplements (SPDS) 
 

March 19, 2015 | 8:30AM – 5:00PM EDT 
Registration Opens at 7 :30 

 
Hilton Washington DC Gaithersburg – Salon A/B 

620 Perry Parkway, Gaithersburg, Maryland, USA 
 

SPDS Chair :  Darryl Sullivan, Covance Laboratories  
SPDS Vice Chair :  Brian Schaneberg, Starbucks  

 

A G E N D A 
 

1. Welcome and Introductions (8 :30 a.m. -8 :35 a.m.) 
Jim Bradford, AOAC INTERNATIONAL 
 

2. AOAC INTERNATIONAL Policies and Procedures (8 :35 a.m. – 8 :40 a.m.)  
Darryl Sullivan, Covance Laboratories  
 

3. Project Overview (8 :40 a.m. – 9 :20 a.m.) 
a. Project Scope and Standards Development Overview (8 :40 – 9 :00) 

Darryl Sullivan, Covance Laboratories  
b. Advisory Panel Update on Priority Ingredients (9 :00-9 :20) 

Dawn Frazier, AOAC INTERNATIONAL 
 

4. Working Group Standard Method Peformance Requirements℠  (SMPR) (9 :20 a.m. – 2 :30 p.m.) 
a. Ashwagandha – Scott Coates, AOAC INTERNATIONAL.* (9 :20 a.m. – 10 :20 a.m.) 
b. Cinnamon – Milda Embuscado, McCormick* (10 :30 a.m. – 11 :30 p.m.) 
c. Folin C – John Finley, Louisiana State University* (11 :30 p.m. - 12:30 p.m.)  

 
Lunch 12 :30 p.m. -1 :30 p.m. - On Your Own 

 
d. Kratom – Scott Coates, AOAC INTERNATIONAL* (1:30 p.m. –2 :30 p.m.) 

 
5. Launch of Next Working Groups (2:30 p.m. – 4 :15 p.m.) 

a. Aloin in Aloe – Chair Prashant Ingle, Herbalife (2 :30 p.m. – 3 :00 p.m.) 
b. Tea – Chair Yanjun Zhang, Herbalife (3 :15 p.m. – 3 :45 p.m.) 
c. Vitamin D – Chair John Austad, Covance Laboratories (3 :45 p.m. – 4 :15 p.m.) 

 
6. Next Steps (4:30 p.m. – 5 :00 p.m.) 

Darryl Sullivan, Covance Laboratories & Brian Schaneberg, Starbucks 
 

7. Adjourn 
-Working Group Meetings to Follow on Day 2- 

 
*Requires a Vote                                                                                                                                                                                March 19, 2015  SPDS Meeting  Agenda 

 03/12/2015 – v5.0 



 
 
AOAC INTERNATIONAL Stakeholder Panel on Agent Detection Assays  
Working Group Sessions – March 20, 2015 (Day 2) 
 
 

I. Aloin in Aloe (8:30 a.m. – 10 :30a.m.) 
a. Review of Fitness for Purpose 
b. SMPR Development Session 

 
II. Tea (11:00 a.m. – 1:00 p.m.) 

a. Review of Fitness for Purpose 
b. SMPR Development Session 

 
III. Vitamin D (2:00 p.m. – 4:00 p.m.) 

a. Review of Fitness for Purpose 
b. SMPR Development Session 

 
 

 



 



AOAC Stakeholder Panel on DietaryAOAC Stakeholder Panel on Dietary 
Supplements (SPDS) 

Project Overview

Darryl M. Sullivan
Chair – AOAC Stakeholder Panel on Dietary Supplements

March 19, 2015

AOAC INTERNATIONAL HEADQUARTERS
481 N. Frederick Avenue, Suite 500
Gaithersburg, Maryland USA 20877 

About AOAC INTERNATIONAL

AOAC is a scientific standards development association dedicated to 
analytical excellence.

• ~ 3000 members worldwide including organizational affiliate members

1/3 f bo 1/3 of members overseas

• Established a wholly owned subsidiary – AOAC Research Institute

o administers AOAC conformity assessment programs

• Maintains 16 active international sections representing over 90 countries

• Develops voluntary consensus standard method performance requirements 
(SMPRs)

• Publishes the Official Methods of Analysis of AOAC INTERNATIONAL

• Maintains an accredited Laboratory Proficiency Testing Program

• Governed by a membership‐elected volunteer Board of Directors

AOAC® INTERNATIONAL  (AOAC) is an independent third‐party international 
standards developing organization and AOAC has no vested interest in the 

development of standards or in the evaluation of methods of analysis.



About AOAC INTERNATIONAL

AOAC leverages its networks to gather stakeholders and experts to:

• Develop international voluntary consensus standards method 
f i t

AOAC 
INTERNATIONAL 
Headquarters

performance requirements

• Discuss & adopt methods that are published in the Official 
Methods of Analysis of AOAC INTERNATIONAL using judgment 
of the world’s leading experts.

Providing fit for purpose methods through standards developmentProviding fit for purpose methods through standards development

General Locations of AOAC stakeholder panel participants           General Locations of the 16 AOAC INTERNATIONAL current Sections 

• AOAC offers a number of resources through its goods and 

services; however, AOAC does not:

l d

About AOAC INTERNATIONALAbout AOAC INTERNATIONAL

– Regulate products

– Buy or sell food, beverage products, or proprietary technologies

– Promote specific food and beverage products

– Set tolerance levels

– Own a laboratory or provide laboratory services



About AOAC INTERNATIONAL - Resources

AOAC's Proficiency 
Testing Program

Analytical 
Communities

SMPRSM

AOAC Mid‐Year Meeting

About AOAC INTERNATIONAL ‐ Power of Many

As a scientific association, AOAC brings scientists together to do a 
job together that they should not do alone.

• AOAC leverages its global networks and the value of its independent third 
party status to provide opportunities for scientific stakeholder groups to talk 
about methods driven by the need for reliable, scientifically valid, fit for 
purpose methodology.  

• Reliable, scientifically valid, fit for purpose methodology are attained by 
beginning with the development of voluntary consensus standards.  

• Methods deemed that meet the voluntary consensus standard are 
considered  fit for purpose and are adopted and published in the Official 
Methods of Analysis of AOAC INTERNATIONAL.



AOAC Standards DevelopmentAOAC Standards Development

PPProcessesProcesses

Transparency, Openness, 
Balance, Due Process, 
Consensus, Appeals

US National Technology 
Transfer and 

Advancement Act (PL 104‐
113)

Standards Process

Defensibility

Consensus

Acceptability

As an international standards development organization, 

AOAC maintains the following principles throughout all 

AOAC INTERNATIONALAOAC INTERNATIONAL

standard setting activities:

Transparency

Openness

Balance of Interests

Due Process

Consensus

Appeals



77 The number of new fit for purpose First Action methods adopted and published in

Accomplishments

77 The number of  new fit for purpose First Action methods adopted and published in 
the Official Methods of Analysis of AOAC INTERNATIONAL since 2011

11 The number of First Action OMA adopted through the AOAC Research Institute since 
2013

47 The number of AOAC voluntary consensus standards developed since 2010

65 The number of analytes covered by AOAC voluntary consensus standards since 2010

35 The number of analytes for which AOAC voluntary consensus standards are currently in 
development

12 The number of working groups in process for drafting AOAC voluntary consensus
standards

7 The number of working groups being launched in 2015

>230 The number of methods processed and reviewed by AOAC ERPs

ISO and AOAC Sign Cooperation Agreement for Joint Development and Approval of Common Standards
(for milk and milk products)

Working Group (WG) Initiative

• AOAC Board of Directors initiates WG 
Initiative on December 9, 2014

• Individual or entity who expresses a need 
for a method 

• WG may be funded and formed with 
assistance of AOAC 

• WG will develop SMPR to present to an 
existing stakeholder panels for review



Why the new WG Initiative?

• Offers companies the opportunities to solve 
challenges without waiting on priorities of 
existing stakeholder panels

• WG’s funded by current OA’s and new 
companies interested in solving problems

• Identify key areas amongst stakeholders.

• Build consensus.
In approach

Summary of AOAC Value

– In approach

– In standards

– In solutions

• Focus on inconsistencies in analytical methods.

• Results driven process.

• Pace of Industry

• Global Engagement

• Address immediate or urgent need for voluntary consensus 
standards and scientifically valid fit‐for‐purpose methods



The AOAC INTERNATIONAL Board ofThe AOAC INTERNATIONAL Board of 
Directors approved this flow chart as 
part of the new policy on adopting 
methods as First Action Official 
Methods.

• Identifies key stakeholders and subject matter experts

Advisory Panel

• Frames the issues and set priorities for the stakeholder 
panel

• Provides financial support

• Stakeholder Panel Chair moderates discussion

Advisory Panel
Stakeholder 

Panel

Publication of 
Standard 
Method 

Performance 
Requirements

Working 
Groups

Expert Review 
Panel

First Action, 
Official Methods 

status

After 2 years, 
ERP 

recommends to 
AOAC Official 
Methods Board 
regarding status 

of method



Standards Development

Stakeholder Panels 

•Incorporates discussions about methods
•Approves voluntary consensus standards
•Decisions trigger a next step

•Managed by AOAC
•Documented
•Funded

Working Groups

Smaller groups of stakeholders who 
do the detailed work of the 
stakeholders

Make recommendations on standards 
to the working group

Stakeholder Panel Composition

• Product Manufacturers

• Analyte/Method Subject Matter 
Experts

• Technology Providers

• Reference Materials Developers

• Ingredient Manufacturers

• Method End Users

• Academiagy

• Method Developers

• Government and Regulatory Agencies

• Contract Research Organizations

Academia

• Non‐Governmental Organizations  (ISO, 
IDF, etc…)

• Other…. as identified

Anyone with a material interest can participate

Balanced group of voting stakeholders

Chair and voting members vetted

Advisory Panel
Stakeholder 

Panel

Publication of 
Standard 
Method 

Performance 
Requirements

Working 
Groups

Expert Review 
Panel

First Action, 
Official Methods 

status

After 2 years, 
ERP 

recommends to 
AOAC Official 
Methods Board 
regarding status 

of method



Working Groups

Community Subgroup

d ll d

Stakeholder Working 
Group

E i th d t il d di i• Discuss and rally around 
subtopics of the community

• May make recommendation 
and participate in larger 
community meeting

• Based on interest

• Balance of perspectives not 

• Engage in the detailed discussions 
and work of the stakeholders

• Develop draft fitness for purpose  
and standard method performance 
requirements (SMPRs)or other 
draft standard as proposed by 
stakeholder panel

• Recommend draft standards to the 
stakeholder panel

• Formed based on efficiency forconsidered

• Usually not funded

• Not managed by staff

• Formed based on efficiency for 
work

• Managed by staff

• Conducted in accordance with 
national and international 
standards development criteria

• Documents a community’s 
analytical method needs.

• Very detailed description of the

Standard Methods Performance 
Requirements (SMPRs)

• Very detailed description of the 
analytical requirements.

• Includes method acceptance 
requirements.

• Used to adopt AOAC Official 
Methods by Expert Review 
Panels.
Published as a standard• Published as a standard.

Advisory Panel
Stakeholder 

Panel

Publication of 
Standard 
Method 

Performance 
Requirements

Working 
Groups

Expert Review 
Panel

First Action, 
Official Methods 

status

After 2 years, 
ERP 

recommends to 
AOAC Official 
Methods Board 
regarding status 

of method



After SMPRs are Approved

• AOAC  issues a Call for Methods 

– Using the SMPRs that has been approved.

• AOAC issues a Call for Experts

– Establish a list of candidates and their 
credentials to be members of an AOAC Expert 
Review PanelReview Panel. 

AOAC Expert Review Panel

• Review methods for First Action Official Methods status

• Adopt methods as First Action Official Methods status

• Tracks First Action methods for 2 years after adoption
– ERP reviews any additional information (reproducibility 

information, proficiency testing, and user feedback)

– ERP makes recommendation to the Official Methods Board 
regarding Final Action or Repeal method status.

Advisory Panel
Stakeholder 

Panel

Publication of 
Standard 
Method 

Performance 
Requirements

Working 
Groups

Expert Review 
Panel

First Action, 
Official Methods 

status

After 2 years, 
ERP 

recommends to 
AOAC Official 
Methods Board 
regarding status 

of method



• When ERP has sufficient information it can:
– Make a recommendation for Final Action Official Method status

Make a recommendation to repeal the Official Method

Tracking First Action Official Methods 

– Make a recommendation to repeal the Official Method

• Official Methods Board
– Reviews ERP recommendations and renders decisions on Final 

Action status or repeal

Advisory Panel
Stakeholder 

Panel

Publication of 
Standard 
Method 

Performance 
Requirements

Working 
Groups

Expert Review 
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First Action, 
Official Methods 

status

After 2 years, 
ERP 

recommends to 
AOAC Official 
Methods Board 
regarding status 

of method

Expert Review Panels



Documentation and Communication

• AOAC carefully documents the actions of Stakeholder Panel and the 
Working Groups

• AOAC will prepare summaries of the meetings 
– Communicate summaries to the stakeholders
– Publish summaries in the Referee section of AOAC’s Inside 

Laboratory Management

• AOAC publishes its voluntary consensus standards and Official 
Methods
– Official Methods of Analysis of AOAC INTERNATIONAL
– Journal of AOAC INTERNATIONAL

• AOAC publishes the status of standards and methods in the Referee 
section of AOAC’s Inside Laboratory Management

AOAC Active Stakeholder Panels

Infant 
Formula & 

Adult

AOAC 
Standards 

Development

Adult 
Nutritionals

Dietary 
Supplements

FreshBiological

Harmonized 
Validation of 
Alternative 
Methods

Fresh 
Produce

Food and 
Beverages

Biological 
Threat Agents



AOAC and Dietary Supplements

• Guidelines for Dietary Supplements and Botanicals

• Guidelines for Single‐Laboratory Validation of Chemical Methods for 
Dietary Supplements and Botanicals 

• Guidelines for Validation of Botanical Identification Methods• Guidelines for Validation of Botanical Identification Methods

• Probability of Identification: A Statistical Model for the Validation of 
Qualitative Botanical Identification Methods

• A section within the Journal of AOAC INTERNATIONALwith over 250 
papers

• A new chapter in AOAC Official Methods of Analysis

• 16 Official Methods of Analysis

• Training courses for single laboratory and multi‐laboratory validation 

• Community of dietary supplement experts

• Concept of fitness for purpose

• Concept of expert review panels

• Standard method performance requirements for St. John’s wort, 
Chondrotin, Anthocyanins, and PDE5 Inhibitors. 

Stakeholder Panel on Dietary Supplements 
(SPDS)

• Inaugural SPDS Meeting 
held March 2014
– Lauched first 3 ingredients:

• 2nd SPDS Meeting held in 
September 2014.
– Launched next 4 ingredients

• Chondroitin, Jana Hildreth 
(Chair)

• Anthocyanins, Dana Kruegar 
(Chair)

• PDE5 Inhibitors, Kate 
Mastovska (Chair)

Working groups developed

• Ashwagandha, Sanni Raju 
(Chair) 

• Cinnamon, Milda 
Embuscado (Chair) 

• Folin C, John Finley (Chair)

• Kratom , Corey Hilmas 
(Chair)– Working groups developed 

draft SMPRs and 
recommended draft SMPRs 
for stakeholder panel 
consensus approval at AOAC 
AM 2014.  Stakeholders 
approved six (6) SMPRs.

– Working groups developed 
draft SMPRs and will 
recommend draft SMPRs for 
stakeholder panel consensus 
approval at AOAC Mid‐Year 
Meeting 2015.  



Stakeholder Panel on Dietary Supplements (SPDS)

• Today’s  SPDS meeting will:

– Launch next 3 ingredients
Al i i Al P h t I l (Ch i )• Aloin in Aloe – Prashant Ingle (Chair)

• Vitamin D – John Austad (Chair)

• Tumeric – Yanjun Zhang (Chair)

• Working Group meetings on Friday, March 20, 
2015 

SPDS Contact Information

For more information: www.aoac.org

SPDS Chair:

Darryl SullivanDarryl Sullivan

Covance Laboratory

Email: darryl.sullivan@covance.com

Telephone: (608) 232‐2711

Dawn Frazier – Executive for Scientific Business Development, dfrazier@aoac.org, 

(301) 924‐7077 x117

S tt C t Chi f S i Offi t @ (301) 924 7077 137Scott Coates – Chief Science Officer, scoates@aoac.org, (301) 924‐7077  x137

Deborah McKenzie – Sr. Director, Standards Development & Research Institute, 
dmckenzie@aoac.org, (301) 924‐7077 x157

Christopher Dent – Coordinator, Standards Development, cdent@aoac.org, 

(301) 924‐7077 x119

http://www.aoac.org/
mailto:darryl.sullivan@covance.com
mailto:dfrazier@aoac.org
mailto:dmckenzie@aoac.org
mailto:cdent@aoac.org
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AOAC INTERNATIONAL NEWS RELEASE 

For Immediate Release: March 23, 2015 

 

Industry Stakeholders Develop Internationally Accepted Supplement Standards: AOAC Mid-Year 
Meeting, March 2015 

Story Contact: Bob Rathbone, rrathbone@aoac.org, 301-924-7077 ext 105 
 

Rockville, MD -- On March 16-20, 2015, as part of the 5th Annual AOAC INTERNATIONAL Mid-Year Meeting, AOAC and 
industry stakeholders will lead an effort to establish voluntary consensus standards for high-priority ingredients, with the goal of 
Official MethodsSM. Under AOAC’s latest 5-year contract with the National Institutes of Health/Office of Dietary Supplements, 
the initiative is expected to result in standard method performance requirements (SMPRs) for 25 priority dietary supplement 
ingredients that reflect the needs of the dietary supplements community. Key to the project is industry engagement and 
participation to help ensure that efforts are up to date and relevant. 

From stakeholder panels and working groups to expert review panel (ERP) activities, the AOAC stakeholder process has resulted 
in significant progress in new standards and modern methods for the analytical sciences communities. Some potential outcomes 
of the 2015 AOAC Mid-Year Meeting for dietary supplments include: 

* Approval of SMPRs for Mitragyna speciosa (kratom), Folin C, cinnamon, and ashwagandha 

* Development of draft SMPRs for vitamin D, tea, and aloe 

“This is an exciting project, analytically and from the standpoint of societal, industrial, and governmental need,” said AOAC 
Executive Director James Bradford. “AOAC’s previous work in the dietary supplements area has resulted in an impressive list 
of methods adopted, botanical identification guidelines, including a statistical model for the validation of qualitative botanical 
identification methods, and standards for anthocyanins, chondroitin, and PDE5 inhibitors, among others. Sound, science-based 
solutions can help level the playing field for the dietary supplements industry’s problem of inferior products and the need for 
standardized testing methodology.” 
 
The analysis of complex dietary supplements poses many challenges. For example, dietary supplements are often mixtures of 
large numbers of compounds. Further, compounds of dietary supplements are often unstable, making extraction difficult and 
posing reference material challenges. Methods are needed with analytical ranges appropriate to everything from raw materials to 
finished products. There is a lack of uniform industry test standards necessary to help resolve the safety, quality, and regulatory 
issues that follow as a result. 
 
In response, through its standards development process, AOAC engages the dietary supplements industry to develop voluntary 
consensus standards in an effort to standardize and modernize methods. AOAC leverages networks and dietary supplements 
stakeholders for industry outreach and engagement. AOAC encourages industry to participate to help drive and move the effort 
forward and ensure that the work is relevant. 
 
The overall objectives of the contract are to provide ODS with “a stakeholder-informed master list of dietary supplement 
ingredients/finished products for which scientifically valid methods are lacking; to use a formal process to set stakeholder-
informed priorities for the order in which method needs identified in the master list will be addressed; and to provide consensus 
driven expert guidance in selecting individual high-priority methods to become candidate methods for future validation studies.” 
 
 
The AOAC Process 
 
An advisory panel, comprised of key experts and stakeholders from industry, government, and academia, identifies and 
prioritizes 25 dietary supplement ingredients/finished products for which systematically reviewed analytical methods are needed. 
 
A stakeholder panel, through smaller, topic-specific working groups, develops fitness-for-purpose statements, clearly stating the 
intended use of the methods. Working groups examine analytical issues and needs and develop draft SMPRs for the priority 

mailto:rrathbone@aoac.org


ingredients. SMPRs are voluntary consensus standards that describe the minimum performance criteria that methods must meet 
or exceed. SMPRs are developed by stakeholders in a highly controlled process that ensures that users, research organizations, 
government agencies, technology providers, and consumers work together to create a standard that meets the requirements of the 
user community. 
 
Draft SMPRs are posted on the AOAC website for an open comment period, and all comments are carefully reviewed and 
reconciled, if necessary. SMPRs are reviewed and, if successful, approved by the stakeholder panel. 
 
SMPRs are the valuable result of AOAC’s standards development activities and are integrated into the AOAC Official 
MethodsSM systematic review process in which ERPs have the authority to adopt methods that meet SMPRs. Once SMPRs are 
approved by the stakeholder panel, AOAC issues a call for methods and experts. ERPs, which are thoroughly vetted by the 
Official Methods Board (OMB), evaluate the best candidate methods against SMPRs for possible adoption as First Action 
Official MethodsSM. 
 
As part of the project, AOAC is also providing technical guidance and assistance on protocol development for single- and 
multilaboratory studies as needed, through the AOAC Research Institute (AOAC is not responsible for collection of laboratory 
data). 
 
Approved SMPRs and First Action Official MethodsSM are codified and published in the Journal of AOAC INTERNATIONAL 
and Official Methods of Analysis. 

Next Steps 

On September 5, 2014, the AOAC Stakeholder Panel on Dietary Supplements (SPDS) introduced and began standards 
development activities for ashwagandha, cinnamon, Folin C, and Mitragyna speciosa (kratom). Working groups have developed 
draft SMPRs, which are anticipated to be reviewed for possible approval by SPDS in March 2015 during the AOAC Mid-Year 
Meeting. Once SMPRs are approved, AOAC will then issue calls for experts and methods for the ingredients. 

In addition, as part of the Mid-Year Meeting, working groups are expected to begin standards development activities for three 
new ingredients identified as priority by an advisory panel in December 2014: vitamin D, tea, and aloe. Working group chairs 
will provide an overview of their respective ingredients, including background information, technical issues, regulatory 
requirements, available methodology, and more. Working groups will then develop draft fitness-for-purpose statements, which 
will be reviewed by SPDS for possible endorsement, and begin developing draft SMPRs. 

For more information on the AOAC SPDS initiative, visit www.aoac.org > Standards Development > Stakeholder Panel on 
Dietary Supplements or contact Dawn Frazier, executive for scientific business development, at dfrazier@aoac.org. 

 

http://www.aoac.org/
mailto:dfrazier@aoac.org
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Sanni Raju, NatreonSanni Raju, Natreon
Ashwagandha Working Group
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Ashwagandha
Working Group Members

•Sanni Raju, Natreon, Inc. (Chair)
•Joseph Betz, NIH
•Carolyn Burdette, NIST
•Anton Bzhelyansky, USP
•Teresa Cain FDA•Teresa Cain, FDA
•Mark Collison, Archer Daniels Midland
•Steven Dentali, Herbalife
•John Finley, LSU
•David Kennedy, Phenomenex
•Brian Fischer, NBTY
•Elizabeth Mudge, BCIT
•Tom Phillips, MD Dept. of Agriculture
•Jonna Pratt, McCormick
B i S T B A l ti l R h•Bernice Sauza, Tampa Bay Analytical Research

•Brian Schaneberg, Starbucks
•Sidney Sudberg, Alkemists Pharmaceuticals
•Darryl Sullivan, Covance
•James Traub, Waters
•Jason Wubben, ADM
•Garrett Zielinski, Covance
•Jerry Zweigenbaum, Agilent



Ashwagandha Working Group 
Work to Date

•1 In Person Meeting

•2 teleconferences (October 2014 – November 
2014)

•1 SMPR Drafted 

•Public comment period (December 15 2014•Public comment period (December 15, 2014 –
January 30, 2015)

•SMPRs made ready for SPDS review and 
approval 

Applicability

Methods shall quantitatively determine q y
withanolide glycosides and aglycones of 
interest from biomass, extracts, and 
ashwagandha-containing finished 
products.   



Analytical Range and LOQ Requirements

Total GlycosidesTotal Glycosides
Analytical Range: 10– 250,000 ppm 
Limit of Quantitation ≤10  ppm

Aglyconesg y
Analytical Range: 10 – 20,000 ppm
Limit of Quantitation ≤10  ppm

Range, ppm 10‐100 >100 – 1,000 1,000 – 10,000 >10,000

Recovery, Repeatability, and Recovery for 
both Total Glycosides and Aglycones

g pp

Recovery,  % 80‐110 90 – 107 95 – 105 97 – 103

Repeatability, % ≤ 7 ≤ 6 ≤ 4 ≤ 1

Reproducibility, % ≤ 10 ≤ 9 ≤ 6 ≤ 2



Target Compound Panel 

Withanolide glycosides and aglycones measured  with the USP‐
HPLC method

Matrices

• Tablets

• Capsules p

• Liquids

• Powders

• Extracts

• Plant productsPlant products



Comments Submitted

• Should the LOQ and 
range be based on 

h l d

• For discussion.

each analyte and not 
total?  Normally LOQ 
is signal to noise for a 
certain compound.

Motion

• Move to accept the Standard Method 
Performance Requirements for 
Ashwagandha as presented.



Discussion?



DRAFT AOAC SMPR 2015.XXX; Version 4; December 3, 2014 1 
 2 
Method Name:   Determining Withanolide glycosides and aglycones of 3 

Ashwagandha (Withania somnifera) 4 
 5 
Intended Use:  Reference method for cGMP compliance. 6 
 7 
1. Purpose    8 

 9 
AOAC SMPRs describe the minimum recommended performance characteristics to be used 10 

during the evaluation of a method.  The evaluation may be an on-site verification, a single-11 
laboratory validation, or a multi-site collaborative study.  SMPRs are written and adopted by AOAC 12 
Stakeholder Panels composed of representatives from the industry, regulatory organizations, 13 
contract laboratories, test kit manufacturers, and academic institutions.  AOAC SMPRs are used by 14 
AOAC Expert Review Panels in their evaluation of validation study data for method being considered 15 
for Performance Tested Methods or AOAC Official Methods of Analysis, and can be used as 16 
acceptance criteria for verification at user laboratories.  [Refer to Appendix F: Guidelines for 17 
Standard Method Performance Requirements, Official Methods of Analysis of AOAC INTERNATIONAL 18 
(2012) 19th Ed., AOAC INTERNATIONAL, Gaithersburg, MD, USA.] 19 

 20 
2. Applicability:  21 

Methods shall quantitatively determine withanolide glycosides and aglycones of interest from 22 
biomass, extracts, and Ashwagandha-containing finished products.    23 

3. Analytical Technique:   24 
Any analytical technique(s) that measures the analytes of interest and meets the following method 25 
performance requirements is/are acceptable.   26 

 27 
4. Definitions:   28 

 29 
Dietary Ingredients 30 
A vitamin; a mineral; an herb or other botanical; an amino acid; a dietary substance for use by man 31 
to supplement the diet by increasing total dietary intake; or a concentrate, metabolite, constituent, 32 
extract, or combination of any of the above dietary ingredients.1 33 
 34 
Dietary Supplements 35 
A product intended for ingestion that contains a "dietary ingredient" intended to add further 36 
nutritional value to (supplement) the diet. Dietary supplements may be found in many forms such as 37 
tablets, capsules, softgels, gelcaps, liquids, or powders.  38 
  39 
Limit of Quantitation (LOQ) 40 
The minimum concentration or mass of analyte in a given matrix that can be reported as a 41 
quantitative result. 42 
 43 
 44 
 45 

1 Federal Food Drug and Cosmetic Act §201(ff) [U.S.C. 321 (ff) 

 

                                                 



 46 
  47 

Quantitative method 48 
Method of analysis which response is the amount of the analyte measured either directly 49 
(enumeration in a mass or a volume), or indirectly (color, absorbance, impedance, etc.) in a certain 50 
amount of sample. 51 

 52 
Repeatability  53 
Variation arising when all efforts are made to keep conditions constant by using the same 54 
instrument and operator and repeating during a short time period. Expressed as the repeatability 55 
standard deviation (SDr); or % repeatability relative standard deviation (%RSDr).   56 
 57 
Reproducibility  58 
The standard deviation or relative standard deviation calculated from among-laboratory data. 59 
Expressed as the reproducibility relative standard deviation (SDR); or % reproducibility relative 60 
standard deviation (% RSDR). 61 

 62 
Recovery  63 
The fraction or percentage of spiked analyte that is recovered when the test sample is analyzed 64 
using the entire method. 65 

 66 
5. Method Performance Requirements:   67 

See table 1 and 2. 68 
 69 

6. System suitability tests and/or analytical quality control:   70 
Suitable methods will include blank check samples, and check standards at the lowest point and 71 
midrange point of the analytical range. 72 

 73 
7. Reference Material(s):    74 

Refer to Annex F: Development and Use of In-House Reference Materials in Appendix F: Guidelines 75 
for Standard Method Performance Requirements, 19th Edition of the AOAC INTERNATIONAL Official 76 
Methods of Analysis (2012).  Available at:  http://www.eoma.aoac.org/app_f.pdf 77 
 78 
NIST Guidance document 79 
 80 
Withanoside IV 81 
Withanoside V 82 
Withaferin A 83 
Withanolide A 84 
Withanolide B 85 
Withastramonolide 86 
Withanone 87 
 88 
 89 

8. Validation Guidance:   90 
All target compounds in table 3 and all matrices in table 4 shall be evaluated. 91 
 92 
Appendix D: Guidelines for Collaborative Study Procedures To Validate Characteristics of a Method 93 
of Analysis; 19th Edition of the AOAC INTERNATIONAL Official Methods of Analysis (2012).  Available 94 
at:  http://www.eoma.aoac.org/app_d.pdf 95 
 96 

http://www.eoma.aoac.org/app_f.pdf
http://www.eoma.aoac.org/app_d.pdf
http://www.eoma.aoac.org/app_f.pdf
http://www.eoma.aoac.org/app_d.pdf


Appendix F:  Guidelines for Standard Method Performance Requirements; 19th Edition of the AOAC 97 
INTERNATIONAL Official Methods of Analysis (2012). Available at:  98 
http://www.eoma.aoac.org/app_f.pdf 99 
 100 
Appendix K: Guidelines for Dietary Supplements and Botanicals; 19th Edition of the AOAC 101 
INTERNATIONAL Official Methods of Analysis (2012).  Available on line at: 102 
http://www.eoma.aoac.org/app_k.pdf 103 
 104 

9. Maximum Time-To-Result:  None105 

http://www.eoma.aoac.org/app_f.pdf
http://www.eoma.aoac.org/app_k.pdf
http://www.eoma.aoac.org/app_f.pdf
http://www.eoma.aoac.org/app_k.pdf


Table 1:  Analytical Range and LOQ Requirements 106 
 107 

 Total Glycosides Aglycones 

Analytical Range, ppm 10– 250,000 10 – 20,000 

Limit of Quantitation (LOQ),  ppm 10 

 108 
 109 
 110 
Table 2:  Recovery, Repeatability, and Recovery for both Total Glycosides and Aglycones 111 
 112 

Range, ppm 10-100 >100 – 1,000 1,000 – 10,000 >10,000 

Recovery,  % 80-110 90 – 107 95 – 105 97 – 103 

Repeatability, % ≤ 7 ≤ 6 ≤ 4 ≤ 1 

Reproducibility, % ≤ 10 ≤ 9 ≤ 6 ≤ 2 

 113 
 
Table 3:  Target Compound Panel   

Withanolide glycosides and aglycones measured  with the USP-
HPLC method

  
 
Table 4:  Matrices 
 
Tablets 
Capsules  
Liquids 
Powders 
Extracts 
Plant products 
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Fitness for Purpose

The Identity Fitness for Purpose of this SMPR is:

Identification of selected Cinnamomum spp. bark in 
dietary supplement raw materials and/or finished 
products

Cinnamomum verum Presl (syn. C. zeylanicum Nees) 
C. cassia Presl (C. aromaticaum) 
C b ii BlC. burmannii Blume
C. loureirii Nees
C. tamala (Buch.-Ham.) Nees & Eberm.



Cinnamon
Working Group Members

•Milda Embuscado, McCormick (Chair)
•Brad Barrett, AB SCIEX
•Joseph Betz, NIH
•Anton Bzhelyansky, USP
•Mark Collison, Archer Daniels Midland
•John Finley, LSU
•Brian Fischer, NBTY
•Martha Jennens-Clough, Covance
•Tom Phillips, MD Dept. of Agriculture
•Jonna Pratt, McCormick
•Steve Royce, Agilent
•Leilia Daldanha NIH•Leilia Daldanha, NIH
•Brian Schaneberg, Starbucks
•Darryl Sullivan, Covance
•Jason Wubben, ADM
•Garrett Zielinski, Covance
•Jerry Zweigenbaum, Agilent
•Special thanks to Danica Harbaugh Reynaud, Authen Technologies

Cinnamon Working Group 
Work to Date

•1 In Person Meeting

•2 teleconferences (October 2014 – November 
2014)

•1 SMPR Drafted 

•Public comment period (December 15 2014•Public comment period (December 15, 2014 –
January 30, 2015)

•SMPRs made ready for SPDS review and 
approval 



Cinnamon is an aromatic, sweet and warm 
spice made from the inner bark of several 

Background

Cinnamomum trees that is used in sweet and 
savory foods.

Background

• Cinnamon species:
– Cinnamomum verum (Ceylon cinnamon) – most 
commonly used mostly in Europe and Mexicoy y p

– Cinnamomum aromaticum (Cassia cinnamon or 
Chinese cinnamon) – originates from  southern China
and is typically less expensive than Ceylon cinnamon 
mostly used in USA and Canada

C. verum (left) and 
C. burmannii ( right)



Cinnamon - Family Lauraceae

Cinnamomum Common name Properties

Cinnamomum verum
Presl (syn. C. 

l i N )

True or Ceylon cinnamon
Sri Lanka cinnamon
M i i

Very thin, light yellow brown 
smooth bark, less dense,

bl t t hi hlzeylanicum Nees) Mexican cinnamon more crumbly texture, highly 
fragrant aroma, more 
aromatic in flavor
Lower levels of coumarin

C. cassia Presl (C. 
aromaticaum)

Cassia, Chinese cinnamon, 
“Cassia lignea”

Cassia ‐Much stronger and 
harsher flavor than Ceylon 
i di t li ht

C. burmannii Blume Indonesian cassia, Korintje
cinnamon, Pandang cinnamon

cinnamon, medium to light 
reddish brown, hard and 
woody, thicker bark; 
spicy/spice sweet/spicy bitter

C. loureirii Nees Vietnamese cassia, Saigon 
cinnamon, Vietnamese 
cinnamon

C. tamala (Buch.‐
Ham.) Nees & Eberm.

Indian cassia

Uses

• Food
– Culinary spice for flavor and aroma
– Food preservative and antioxidantFood preservative and antioxidant
– Source of nutrients – manganese, iron, calcium, dietary 
fiber

• Traditional medicine
– Effective against fungal, bacterial and viral infections
– Have antispasmodic properties
– Useful for diabetes, hypercholesterolemia andUseful for diabetes, hypercholesterolemia and 
inflammatory conditions

• Dietary supplements



Volatile oil content of cinnamon

Species Source % volatile oil Remarks

C. burmannii Indonesia 1 ‐ 3.5% High amount of 
icoumarin

With mucilage

C. cassia China
Tung Hing
Sikiang

High V.O. Sweetest

C. Cassia Northern Vietnam 3 – 4%

C. lourieroi Central Vietnam 4 – 6% Also called 
Vietnamese  
cinnamon, Saigon 
cinnamon

Essential oil components

Species Linalool
‐

Caryophyllene
‐

Terpineol
Dihydrocinnam

aldehyde
Cinnamic
acetate

Eugenol

C 0 % 0 2% 0 % 0 3 6% 0 3 6%C. 
aromaticum*

<0.1% 0.2% 0.7% 0.1‐3.6% <0.1‐3.6%

C. loureiroi 0‐5% 0‐0.1% 1.1‐1.6% 0.6‐3.9% 0‐0.3%

C. 
zeylanicum/C.
verum*

2.1‐7.8% 1.6‐3.2% 1.0‐1.9% 0.2‐1.0% 1.5‐10.6% 2.9‐22.3%

C. burmannii* 0‐1.0% 0.1‐0.6% 1.5‐2.6% 1.6‐1.7% 0‐0.4% 0‐0.4%

* With calcium oxalate



Typical FIMS spectra of 4 cinnamon species* 
*Chen, Sun & Ford (2014) JAFC, 62, 2516-2512

PCA score plot for FIMS fingerprints*
*Chen, Sun & Ford (2014) JAFC, 62, 2516-2512



DNA sequencing screenshot 

Courtesy of Danica Harbaugh Reynaud
Authen Technologies, Richmond,  CA

Other sources

• GenBank

– Cinnamomum verum

– Cinnamomum aromaticum

• 2011 Annual Report ‐Industrial Technology 
Institute, Sri Lanka

– DNA Barcoding of Ceylon Cinnamon 
(Cinnamomum zeylanicum) ‐ This project was 
carried out as a support for the Branding of Ceylon 
Cinnamon, by upholding its scientific 
authentication as Cinnamomum zeylanicum, the 
true Ceylon Cinnamon



Other sources

• Published references
– Abeysinghe et al. (2009) Molecular Characterization of Cinnamon 

(Cinnamomum verum Presl) Accessions and Evaluation of Genetic 
Relatedness of Cinnamon Species in Sri Lanka Based on TrnL Intron 
Region, Intergenic Spacers Between trnT‐trnL, trnL‐trnF, trnH ‐psbA and 
nuclear ITS. Research Journal of Agriculture and Biological Sciences, 5(6): 
1079‐1088.

– Abeysinghe et al. (2014) Preliminary investigation for the identification of 
Sri Lankan Cinnamomum species using randomly amplified polymorphic 
DNA (RAPD) and sequence related amplied polymorphic (SRAP) markers. J. 
Natn. Sci. Foundation Sri Lanka, 42(303: 201‐208.

– Swetha et al (2014) DNA barcoding for discriminating the economically 
important Cinnamomum verum from its adulterants. Food Biotechnology, 
28(3), 183‐194.

– Kojoma et al. (2002)  Genetic identification of cinnamon (Cinnamomum spp.) based 
on the trnL–trnF chloroplast DNA. Planta Medica, 68: 94–96.

– Swetha et al. (2014) Isolation and amplification of genomic DNA from barks of 
Cinnamomum spp. Turk J Biol, 38: 151‐155.

• Chemical components fingerprinting

• Genetic fingerprinting

Identification of Cinnamomum spp.

• Genetic fingerprinting



SMPR Key Points

• Identification of selected Cinnamomum spp. 
bark in dietary supplement raw materials 
and/or finished products.

• Any analytical technique(s) based on 
chemical and/or genetic fingerprints that 
identifies Cinnamomum spp. bark and 
meets the method performancemeets the method performance 
requirements as outlined in the SMPR is/are 
acceptable.  

SMPR Key Points



Comments Submitted

• No comments were received

Motion

• Move to accept the Standard Method 
Performance Requirements for Cinnamon as 
presented.



Discussion?



 



 
DRAFT AOAC SMPR 2015.XXX; Version 4.0;  November 18, 2014 1 
 2 
Method Name:  Identification of selected Cinnamomum spp. bark in dietary supplement raw 3 
 materials and/or finished products 4 
 5 
Approved by:   Stakeholder Panel on Dietary Supplements (SPDS) 6 
 7 
Final version date:  8 
Effective date:   9 
 10 
Intended Use:  Method for dispute resolution or routine surveillance 11 
 12 
1. Applicability:    13 
       Identification of selected Cinnamomum spp. bark (Annex 1) in dietary supplement raw 14 

materials and/or finished products. 15 
 16 
2. Analytical Technique:   17 

Any analytical technique(s) based on chemical and/or genetic fingerprints that identifies 18 
Cinnamomum spp. bark and meets the following method performance requirements is/are 19 
acceptable.   20 

 21 
3. Definitions:   22 

 23 
Identification 24 
Identification is the characterization of the substance being analyzed, including its chemical, mineral, 25 
or biological classification, as applicable. In many investigations the identity of the analyte is assumed 26 
and the correctness of the assumption is merely confirmed.  27 

 28 
Authenticity Panel 29 
Authenticated materials to be used in the validation study for identity. 30 
 31 
Authentication Validation Study 32 
A study to verify that a candidate method can correctly identify selected Cinnamomum 33 
species bark in materials specified in the Authenticity Panel. 34 
 35 
Dietary Ingredients 36 
A vitamin; a mineral; an herb or other botanical; an amino acid; a dietary substance for use 37 
by man to supplement the diet by increasing total dietary intake; or a concentrate, 38 
metabolite, constituent, extract, or combination of any of the above dietary ingredients.1 39 
 40 
Dietary supplements 41 
A product intended for ingestion that contains a "dietary ingredient" intended to add 42 
further nutritional value to (supplement) the diet. Dietary supplements may be found in 43 
many forms such as tablets, capsules, softgels, gelcaps, liquids, or powders.  44 

 45 
Selected Cinnamomum species (Annex 1) 46 
Cinnamomum  species identified by the AOAC Cinnamon Working Group that are the focus 47 
of methods for identification by chemical and/or genetic profiles.  48 

1United States Federal Food Drug and Cosmetic Act §201(ff) [U.S.C. 321 (ff)] 
 
 

                                                 



 
 49 

4. Method Performance Requirements:   50 
See Table III 51 
 52 

5. System suitability tests and/or analytical quality control: 53 
Methods will include a protocol to demonstrate sensitivity and specificity.    54 
 55 

6. Reference Material(s):    56 
Refer to Annex F: Development and Use of In-House Reference Materials in Appendix F: 57 
Guidelines for Standard Method Performance Requirements℠, 19th Edition of the AOAC 58 
INTERNATIONAL Official Methods of Analysis (2012). 59 
 60 
Selection of authentic materials from vouchered and/or accredited sources 61 
 62 
Hildreth, J. et al. (2007) Anal. Bioanal. Chem. 389, 13–17 63 
 64 
Applequist, W., & Miller (2013) Anal. Bioanal. Chem. 405, 4419–4428 65 
 66 
National Center for Natural Products Research, University of Mississippi, Oxford, MS 67 

68 

http://www.eoma.aoac.org/app_f.pdf


 
 69 

7. Validation Guidance:   70 
Appendix K: Guidelines for Dietary Supplements and Botanicals, 19th Edition of the AOAC 71 
INTERNATIONAL Official Methods of Analysis (2012). 72 
 73 
Appendix D: Guidelines for Collaborative Study Procedures to Validate Characteristics of a 74 
Method of Analysis, 19th Edition of the AOAC INTERNATIONAL Official Methods of Analysis℠ 75 
(2012). 76 
 77 
Method developers must submit validation data for all of the species listed in Annex I for 78 
First Action Official Methods consideration.   79 
 80 

8. Maximum Time-To-Result:   81 
No maximum time to result.  82 

83 

http://www.eoma.aoac.org/app_k.pdf
http://www.eoma.aoac.org/app_d.pdf


 
Table I:  Selected Cinnamomum spp. 84 
 85 
Cinnamomum verum Presl (syn. C. zeylanicum Nees) [True cinnamon] 86 
C. cassia Presl (C. aromaticaum) [Chinese cinnamon] 87 
C. burmannii Blume [Indonesian cinnamon] 88 
C. loureirii Nees [Saigon cinnamon] 89 
C. tamala (Buch.-Ham.) Nees & Eberm.  [Indian Bay Leaf] 90 
C. ramulus  91 
 92 
 93 
 94 
 95 
Table II:  Exclusivity Panel 96 

 97 
Wheat flour 98 
Rice starch 99 
Sawdust 100 
Non-Cinnamon Tree bark 101 
Walnut shell 102 
Clove 103 

 104 
 105 
 106 
 107 
 108 
 109 
 110 
 111 
 112 
 113 
 114 
 115 
 116 
 117 
 118 
 119 
 120 
 121 
 122 
 123 
 124 
 125 
 126 
 127 
 128 
 129 
 130 
 131 
 132 
 133 
 134 



 
Table III: 135 

 136 

 137 
 138 

 
Study Parameter  Parameter Requirements Minimum 

Acceptable Results 
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Matrix 
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POI  
 

Minimum of 33 replicates(1) 
representing all target species in 
Annex I plus exclusivity species 
in Annex II 

 90% POI† 
of the pooled data 

for all target 
species. 

M
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Matrix 
Study 

(2) 

  
LPOI 

Use Appendix N: ISPAM 
Guidelines for Validation of 
Qualitative Binary Chemistry 
Methods. 
 

≥ 0.95†  

Notes:   
†      95% confidence interval 
(1) 100% correct analyses are expected.  Some aberrations may be acceptable if the aberrations 

are investigated, and acceptable explanations can be determined and communicated to 
method users. 

(2) Multi-Laboratory Validation Matrix Study (LPOI) are not required for First Action 
 Official Methods of Analysis approval. 
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AOAC INTERNATIONAL
STAKEHOLDER PANEL ON 
DIETARY SUPPLEMENTS
John Finley, Louisiana State UniversityJohn Finley, Louisiana State University

Folin C Working Group
March 19, 2015

Hilton Washington DC North, Gaithersburg, Maryland, 20877

Fitness For Purpose Statement

• The method must reproducibly measure 
phenolic concentration in a range of dietary 
supplements. Appropriate standards must be 
identified and methods to account for 
interfering compounds establishedinterfering compounds established.
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Folin C
Working Group Members

•John Finley, Louisiana State University (Chair)
•Brad Barrett, AB SCIEX
•Joseph Betz, NIH
•Paula Brown, BCIT
•Carolyn Burdette, NIST
•Anton Bzhelyansky, USP
•Mark Collison, ADM
•Milda Embuscado, McCormick
•Brian Fischer, NBTY
•Martha Jennens-Clough, Covance
•Jungmin Lee, USDA
•Elizabeth Mudge, BCIT
•Tom Phillips, MD Department of Agriculture
•Sanni Raju, Natreon
•Steve Royce, Agilent
•Brian Schaneberg, Starbucks
•Aniko Solyom, GAAS Corporation
•Darryl Sullivan, Covance
•James Traub, Waters
•Jason Wubben, ADM
•Weiguo Zhang, Synutra
•Garret Zielinski, Covance
•Jerry Zweigenbaum, Agilent

Folin C Working Group 
Work to Date

•1 In Person Meeting

2 t l f (O t b 2014 N b 2014)•2 teleconferences (October 2014 – November 2014)

•1 SMPR Drafted 

•Public comment period (December 15, 2014 – January 
30, 2015)

•SMPRs made ready for SPDS review and approval 
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Background

Phenolics:

• Widely distributed
• Dietary Antioxidants
• Core to bioactivity of many supplements

Challenges of Phenolic Analysis

• Multiple Analytes – > 8000 known compounds

• Lack of Standards – Many compounds are not 
available as commercial standards.  

d d i d f i i• Standards are expensive and of uncertain purity

• Many are unstable, particularly for quantitative 
analysis
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Folin-Ciocalteu Assay

• Developed by Folin and Denis 1912 to measure 
tyrosine

• Originally developed as an analysis for protein by 
Folin in 1927

WO4
2‐ / MO4

2‐ + Tyrosine –OH        Blue color

• Folin‐Ciocalteu (1927) added Lithium Sulfate and 
Bromine to reaction mixture to prevent precipitate 
formation

• Adopted for phenolics in wine by Singleton 1999

Folin-Ciocalteu Assay

•PRINCIPAL

•Reduction of phosphomolybdic phosphotungstic acid (Folin) reagent•Reduction of phosphomolybdic‐phosphotungstic acid (Folin) reagent 
to a blue‐colored complex in an alkaline solution occurs in the 
presence of phenolic compounds.

•The Folin ‐Ciocalteu Ciocalteu reagent reagent is not specific specific
and detects all phenolic groups found in extracts including those found 
in the extractable proteins.
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Proposed Chemistry

• The exact chemical nature of the FC‐reagent is not known, but it is 
believed to contain heteropolyphosphotunstates‐molybdates. 

• Sequences of reversible one‐ or two‐electron reduction reactions lead toSequences of reversible one or two electron reduction reactions lead to 
blue species, possibly (PMoW11O40)4‐. 

• It is believed that the molybdenum is easily reduced in the complex and 
electron‐transfer reaction occurs between reductants Phenolics) and 
Mo(VI)

Mo(VI) + e f Mo(V)
• Phenolic compounds react with FCR only under basic conditions (adjusted 

by a sodium carbonate solution to pH 10).

• Dissociation of a phenolic proton leads to a phenolate anion, which is 
capable of reducing FCR.

Issues

• The FC assay may not give an accurate estimation of 
phenolic contents of plants, extracts or 

l h h l hsupplements which also contain other FC‐reactive 
substances

• The FC assay is a nonspecific antioxidant assay

• Many possible interferences including ascorbic acid
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What Are Plant Phenolics?

• 8,000 Phenolic structures known 

• Account for 40% of organic carbon circulating in the 
biospherebiosphere

• Evolution of vascular plants: in cell wall structures, plant 
defense, features of woods and barks, flower color, flavors.

• Dietary Antioxidants

• Core to bioactivity of many supplements

Challenges of Phenolic Analysis

• Multiple Analytes – > 8000 known compounds

• Lack of Standards – Many compounds are not 
available as commercial standards.  

• Standards are expensive and of uncertain purity

• Many are unstable, particularly for quantitative 
analysis
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Folin-Ciocalteu Assay

• Developed by Folin and Denis 1912 to measure tyrosine

• Originally developed as an analysis for protein by Folin in• Originally developed as an analysis for protein by Folin in 
1927

WO4
2‐ / MO4

2‐ + Tyrosine –OH        Blue color

• Folin‐Ciocalteu (1927) added Lithium Sulfate and Bromine 
to reaction mixture to prevent precipitate formation

• Adopted for phenolics in wine by Singleton 1999

Folin-Ciocalteu Assay

•Reduction of phosphomolybdic‐phosphotungstic acid (Folin) 
t t bl l d l i lk li l ti ireagent to a blue‐colored complex in an alkaline solution occurs in 

the presence of phenolic compounds.

•The Folin ‐Ciocalteu Ciocalteu reagent reagent is not specific 
specific and detects all phenolic groups found in extracts including 
those found in the extractable proteins.
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Proposed Chemistry

• The exact chemical nature of the FC‐reagent is not known, but it is 
believed to contain heteropolyphosphotunstates‐molybdates. 

• Sequences of reversible one‐ or two‐electron reduction reactions lead toSequences of reversible one or two electron reduction reactions lead to 
blue species, possibly (PMoW11O40)4‐. 

• It is believed that the molybdenum is easily reduced in the complex and 
electron‐transfer reaction occurs between reductants Phenolics) and 
Mo(VI)

Mo(VI) + e f Mo(V)
• Phenolic compounds react with FCR only under basic conditions (adjusted 

by a sodium carbonate solution to pH 10).

• Dissociation of a phenolic proton leads to a phenolate anion, which is 
capable of reducing FCR.

SPMR

• Method for estimation of total phenolic 
content of dietary supplement raw 
materials and finished products. 

• Any Folin reagent‐based technique that 
measures the total phenolic content and 
meets the following method performancemeets the following method performance 
requirements is/are acceptable.  
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SPMR

Applicability

Method for estimation of total phenolic content of dietary supplement 
raw materials and finished products. 

Analytical Technique

Any Folin reagent‐based technique that measures the total phenolic 
content and meets the following method performance requirements 
is/are acceptable. 

Definitions

• Dietary Ingredients.— A vitamin; a mineral; an herb  other botanical; 
an amino acid; a dietary substance for use by man to supplement the 
diet by increasing total dietary intake; or a concentrate, metabolite, 

tit t t t bi ti f f th b di tconstituent, extract, or combination of any of the above dietary 
ingredients.

• Dietary supplements.— A product intended for ingestion that contains 
a "dietary ingredient" intended to add further nutritional value to 
(supplement) the diet. Dietary supplements may be found in many 
forms such as tablets, capsules, softgels, gelcaps, liquids, or powders.

• Federal Food Drug and Cosmetic Act §201(ff) [U.S.C. 321 (ff)
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Method performance requirements

Gallic acid equivalent  
(w/w)

A l ti l 5 500Analytical range 5 – 500 ppm

Limit of Quantitation (LOQ) ≤ 5 ppm

Recovery, % 80 – 110

5 – 30 ppm ≤ 12

Repeatability, %
>30 – 100 ppm ≤ 10

>100 – 500 ppm ≤ 8

Reproducibility, % 5 – 30 ppm ≤ 7

Comments Submitted (if any)

• The reference NIST materials recommended was not certified for total 
phenolics, so not sure how these NIST materials are appropriate to list.  
Possibly include a sample purification step to remove interfering 

d th th h li th FC t t ith f b ttcompounds other than phenolics the FC reagent reacts with for better 
total phenolic value. 

• The SMPR has been revised to Estimate of Phenolic Content using 
Folin‐C which is determined in the SRM. 
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Motion

• Move to accept the Standard Method 
Performance Requirements for Estimation 
of Total Phenolic Content in Dietary 
Supplements as presented.

Discussion?



 



 

DRAFT AOAC SMPR 2015.XXX; Version 2; December 5, 2014  
 

Method Name:   Estimation of Total Phenolic Content Using the Folin-C 
Assay 

 
Purpose:   AOAC SMPRs describe the minimum recommended performance characteristics to be 
used during the evaluation of a method.  The evaluation may be an on-site verification, a single-
laboratory validation, or a multi-site collaborative study.  SMPRs are written and adopted by 
AOAC Stakeholder Panels composed of representatives from the industry, regulatory 
organizations, contract laboratories, test kit manufacturers, and academic institutions.  AOAC 
SMPRs are used by AOAC Expert Review Panels in their evaluation of validation study data for 
method being considered for Performance Tested Methods or AOAC Official Methods of 
Analysis, and can be used as acceptance criteria for verification at user laboratories. 
 
Approved by:   Stakeholder Panel on Dietary Supplements (SPDS) 
 
Final version date:  
Effective date:   
 
Intended Use:  Dispute resolution and routine surveillance  
 
1. Applicability:  

Method for estimation of total phenolic content in dietary supplement raw materials and 
finished products using the Folin-C Assay for comparison within same matrices.   
 

2. Analytical Technique:   
Any Folin reagent-based technique that measures total phenolic content and meets the 
following method performance requirements is/are acceptable.   

 
3. Definitions:   

 
Dietary Ingredients 
A vitamin; a mineral; an herb or other botanical; an amino acid; a dietary substance for use 
by man to supplement the diet by increasing total dietary intake; or a concentrate, 
metabolite, constituent, extract, or combination of any of the above dietary ingredients.1 
 
Dietary supplements 

A product intended for ingestion that contains a "dietary ingredient" intended to add 
further nutritional value to (supplement) the diet. Dietary supplements may be found in 
many forms such as tablets, capsules, softgels, gelcaps, liquids, or powders.  

  
Limit of Quantitation (LOQ) 
The minimum concentration or mass of analyte in a given matrix that can be reported as a 
quantitative result. 
 
 

                                                 
1
 Federal Food Drug and Cosmetic Act §201(ff) [U.S.C. 321 (ff) 

 



 

 
 

  
Quantitative method 
Method of analysis which response is the amount of the analyte measured either directly 
(enumeration in a mass or a volume), or indirectly (color, absorbance, impedance, etc.) in a 
certain amount of sample. 

 
Repeatability  
Variation arising when all efforts are made to keep conditions constant by using the same 
instrument and operator and repeating during a short time period. Expressed as the 
repeatability standard deviation (SDr); or % repeatability relative standard deviation 
(%RSDr).   
 
Reproducibility  
The standard deviation or relative standard deviation calculated from among-laboratory 
data. Expressed as the reproducibility relative standard deviation (SDR); or % reproducibility 
relative standard deviation (% RSDR). 

 
Recovery  
The fraction or percentage of spiked analyte that is recovered when the test sample is 
analyzed using the entire method. 
 

 
4. Method Performance Requirements:  
 
 

  Gallic acid equivalent  (w/w) 
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Analytical range 5 – 500 ppm 

Limit of Quantitation 
(LOQ)  

≤ 5 ppm 

Recovery  80 - 110% 

Repeatability (RSDr) 
3- 5 ppm ≤ 9 % 

> 5 ppm ≤ 7 % 
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Reproducibility (RSDR) 

3- 5 ppm ≤ 13 % 

> 5 ppm ≤ 10% 

 
 

5. System suitability tests and/or analytical quality control:   
Suitable methods will include a blank, and check standards at the lowest point and midrange 
point of the analytical range. 

 
 

6. Reference Material(s):    
Refer to Annex F: Development and Use of In-House Reference Materials in Appendix F: 
Guidelines for Standard Method Performance Requirements, 19th Edition of the AOAC 

http://www.eoma.aoac.org/app_f.pdf


 

INTERNATIONAL Official Methods of Analysis (2012).  Available at:  
http://www.eoma.aoac.org/app_f.pdf 
 
NIST Guidance document 
NIST 3287 Blueberry fruit powder 
NIST 3281 Cranberry fruit powder 
NIST: https://www-s.nist.gov/srmors/viewTable.cfm?tableid=79 

 
 

7. Validation Guidance:   
 
Appendix D: Guidelines for Collaborative Study Procedures To Validate Characteristics of a 

Method of Analysis; 19th Edition of the AOAC INTERNATIONAL Official Methods of Analysis 
(2012).  Available at:  http://www.eoma.aoac.org/app_d.pdf 
 
Appendix F:  Guidelines for Standard Method Performance Requirements; 19th Edition of the 
AOAC INTERNATIONAL Official Methods of Analysis (2012). Available at:  
http://www.eoma.aoac.org/app_f.pdf 
 
Appendix K: Guidelines for Dietary Supplements and Botanicals; 19th Edition of the AOAC 
INTERNATIONAL Official Methods of Analysis (2012).  Available on line at: 
http://www.eoma.aoac.org/app_k.pdf 
 

8. Maximum Time-To-Result:  None 

https://www-s.nist.gov/srmors/viewTable.cfm?tableid=79
http://www.eoma.aoac.org/app_d.pdf
http://www.eoma.aoac.org/app_f.pdf
http://www.eoma.aoac.org/app_k.pdf
http://www.eoma.aoac.org/app_f.pdf
http://www.eoma.aoac.org/app_d.pdf
http://www.eoma.aoac.org/app_f.pdf
http://www.eoma.aoac.org/app_k.pdf


 



AOAC INTERNATIONAL
STAKEHOLDER PANEL ON 
DIETARY SUPPLEMENTS
Corey Hilmas, Natural Products AssociationCorey Hilmas, Natural Products Association
Mitragyna speciosa (Kratom) Working Group

March 19, 2015

Hilton Washington DC North, Gaithersburg, Maryland, 20877

Work Group Roadmap

• Fitness for Purpose
• Working Group Members
• Work to Date
• Background
• Regulatory Guidance
• Methods
• ChallengesChallenges
• SMPR Key Points
• Comments Submitted
• Motion
• Discussion



Fitness for Purpose

Methods must be able to determine 
mitragynine, 7-OH mitragynine, and 

fother relevant indole alkaloids of 
Mitragyna spp., in a broad range of 
matrices. Methods should be able to 
quantitate the analytes for which 
appropriate standards are available and 
account for interfering compoundsaccount for interfering compounds.

Mitragyna Speciosa
Working Group Members

•Corey Hilmas, NPA
•Joseph Betz, NIH
•Paula Brown, BCIT
•Carolyn Burdette, NISTCarolyn Burdette, NIST
•Teresa Cain, FDA
•Mark Collison, ADM
•Gabriel Giancaspro, USP
•Jana Hildreth, Synutra Pure
•Jim Kababick, Flora Research Labs
•David Kennedy, Phenomenex
•Iklas Khan, University of Mississippi 
•Elizabeth Mudge, BCIT
•Sanni Raju Natreon•Sanni Raju, Natreon
•Mitzi Rettinger, Cerrilliant
•Brian Schaneberg, Starbucks
•Aniko Solyom, GAAS Corporation
•Darryl Sullivan, Covance
•James Traub, Waters
•Jason Wubben, ADM
•Garret Zielinski, Covance



Mitragyna Speciosa Group 
Work to Date

•1 In Person Meeting

•2 teleconferences (October 2014 – November 
2014)

•1 SMPR Drafted 

•Public comment period (December 15 2014•Public comment period (December 15, 2014 –
January 30, 2015)

•SMPRs made ready for SPDS review and 
approval 

• 2006 (street drug language in labeling)
• 2011 – Develop tox regulatory strategy for “low

hanging fruit” using NDI adulteration charge
 No safety data or safety concern based on MOA 
 “ l h”/ ll d

Background (Agency History)

 “Legal High”/Centrally Active Ingredients
 Analysis of importation

• 2012 – Dietary Supplement (54) Import Bulletin 
written for Kratom

• Thousands of kilos of kratom detained/refused 
(between 2012 and Present)

• “Operation Log Jam” – not a massive nationwide crackdown
on kratom
S S di i (S 2014) K ld b h i di• SPDS Prediction (Sept 5, 2014): Kratom would be the ingredient 
of 2014 and 2015

• September 25, 2014 – U.S. Marshals seized 25,000 lbs raw
Kratom (> $5M)

Today
• Kratom is adulterated to CFSAN FDA because of the alkaloids
• NDI filing would receive a “Not a Dietary Ingredient Letter”



 Botanical (fits within 201(ff))( ( ))

 Leaves are traditionally chewed and ingested

 Trees grow 12-30 ft, leaves are 4-7 inches long

 Kratom contains over 25 different alkaloids (mitragynine and 7-
hydroxymitragynine)

 Diff t hi l i ti i th i lk l id iti Different geographical varieties - vary in their alkaloid composition 
and potency

Malasia and Borneo – have more red vein
Sumatra and Bali – have more white vein
Thailand has Maeng Da variety (potent red vein)

 20 l 17 it

 Each leaf – 0.5% alkaloids

Background (Agency History)

 White Vein/Red Vein

 White – euphoric, energetic 
& stimulating

 Red – more sedating

 20 leaves – 17 mg mitrag

 Whether stimulating or sedating - depends mostly on the alkaloid 
dose ingested

 Alkaloid amounts can vary markedly within the white or red vein leaf 
varieties at different harvest times and due to variations in climate



Background

Whole LeafWhole Leaf

 Crushed Leaf Crushed Leaf

Background (Matrix)

 Powder

 Extracts

 Tinctures

 Relaxation DS “Drinks”

 Capsules, Tablets

 Powder

 Capsules, Tablets

 Extracts

 Tinctures

 Relaxation DS “Drinks” Relaxation DS Drinks

 Shots

 Relaxation DS Drinks

 Shots

 Mists Mists

 Teas Teas

 Resins & Brownies



 kratom – banned in Thailand - Kratom Act 2486

 2nd most abused substance in Thailand and Malaysia today

 known substitute for opium (banned in Thailand)

 dietary ingredients should not be addictive

Background (Public Health)

 dietary ingredients should not be addictive

 sold with capsule filling machines

 not scheduled by DEA but on their list of Drugs and Chemicals of concern

 botanical marketed as a “legal high”, “Not for Human Consumption”, 

“Incense”, and “Ethnobotanical” that are coming through US ports coded as 

dietary supplements and dietary ingredients

 ingested products with centrally active alkaloids

 products with a clear CNS antinociceptive profile products with a clear CNS antinociceptive profile

 sold in head shops (they are the new K2, Spice, and Bath Salts)

 typically imported into the U.S. directly to consumers or distributors

 consignee and shipper unable to be located/contacted during detention 
process

 products marketed for their alkaloid content
 products with cloaked language in labeling (“has long legs”)
 the shipper and consignee do not want to be known during detention 

process and after refusal

Background (Public Health)

process and after refusal
 multiple forms:  liquid DS/capsules, extracts, raw plant material 

(parachuted)
 Leaves of Mitragyna speciosa are used to suppress pain and mitigate 

opioid withdrawal
 Readily available psychoactive plant to the consumer (all you need is 

a credit card)

12

Refusals/Seizures
 Most detained/refused entry by FDA over the past 3 years – largest hauls are

$200k+
 Detained and refused 35,000 (low estimate) kilos kratom in 30 months
 IB (2012, 2013) and IA (2/2014)
 Seizure by U.S. Marshals (September 25, 2014)

12



Alkaloid %Analyte Alkaloid %Analyte

Background (Kratom Alkaloid Breakdown)

Mitragynine
Paynantheine
Speciogynine
7‐Hydroxymitragynine
Speciociliatine
Mitragynine oxindole B
Mitrafoline
Isomitrafoline
Ciliaphylline

66
8.6 ‐ 9
6.6 ‐ 7
2
0.8 ‐ 1
<1
<1
<1
<1

Isomitraphylline
Mitraphylline
Mitraciliatine
Isospeciofoline
Ajmalicine (Raubasine)
Akuammigine
Epicatechin
Isopteropodine
9 Hydroxycorynantheidine

<1
<1
<1
<1
<1
<1
<1
<1
<1Ciliaphylline

Corynantheidine (δ‐yohimbine)
Corynoxeine
Corynoxine
Rhynchophylline
Isorhynchophylline

<1
<1
<1
<1
<1
<1

9‐Hydroxycorynantheidine
Mitraversine
Speciophylline
Stipulatine
Tetrahydroalstonine
Speciofoline

<1
<1
<1
<1
<1
<1

Chelsea College Pharmacognosy Research Laboratories (1961-1970)

Background (Structures)

C23H30N2O4

MW 398.495
C23H30N2O5

MW 414.49

Mitragynine 7‐Hydroxymitragynine
CAS no. 4098‐40‐2 CAS no. 174418‐82‐7



Speciociliatine

Background (Diastereoisomers of Mitragynine)

Speciogynine

(S)

(S)
(S)

(S)

(S)

(R)

 Kratom – should be slotted appropriately
 comfrey

 ephedra

Regulatory Guidance

 rauwolfia

 red yeast rice

 butterbur

 Kratom could fit under 201(ff) as an herb or other botanical 
(alkaloids with opioid activity are the issue)

 Kratom (mitragynine or 7‐hydroxymitragynine)

= adulterated based on 402(f)(1)(B)= adulterated based on 402(f)(1)(B)

 Kratom (mitragynine and 7‐hydroxymitragynine removed)

= allowable? (all other alkaloids left ‐ cause relaxation)

 At what level would they be acceptable?

 Zero tolerance?  Agency has to make that case



 Kratom – burden is on the Agency

• Labeling as kratom or one of its synonyms alone does not 
l d l

Regulatory Guidance

imply adulteration

• FDA must confirm presence of the alkaloids with quantitative 
level

 Remember: 
• Comfrey without pyrrolizidine alkaloids (Pas)

• Butterbur without PAs

• Ephedra without ephedrine alkaloids

• Rauwolfia without reserpine

• RYR without lovastatin

FDA Import Alert
• IA 54‐15 DETENTION/REFUSAL

Regulatory Guidance

Label (kratom, Mitragyna speciosa, mitragynine
extract, biak‐biak, cratom, gratom, ithang, 
kakuam, katawn, kedemba, ketum, krathom, 
krton, mambog, madat, Maeng da leaf, nauclea, 
Nauclea speciosa, or thang)

+
Quantitative level for mitragynine and 7‐
hydroxymitragynine



Methods (General Considerations)

Three independent chromatographic methods 
coupled with 2 detection systems

1) GC with mass spectrometry

2) Supercritical fluid chromatography with 
diode array detection

3) High‐performance liquid 
chromatography with mass spectrometry 
and diode array detection

Techniques Used for Detection of Mitragynine and Other 
Indole and Oxindole Alkaloids in Kratom

Chromatographic Methods

 HPLC (most common)

 GC GC

 SFC

Detection Systems for Indole Alkaloids

 Diode Arrays

 Mass‐specific

 Quadrupole Quadrupole

Linear ion trap

Triple quadrupole MS



Methods (Published)

• GC – MS

• SFC Method SFC‐DAD

• UHPLC MS DAD• UHPLC‐MS‐DAD

• Triple Quadrupole MS

• Linear Ion Trap MS

• LC‐MS with quadrupole mass spec (scan mode)

Methods (FDA)

 FDA Method
– FDA has not used a screening method

– NPA submitted FOIA for FDA’s quantitative method
• GC‐MS method single quadrapole – full scan spectra

• Mitragynine Q Ion 214, Confirmation Ions 397, 383, 186
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1000000

1100000

1200000

1300000

Scan 1705 (14.642 min): 07071404.D
397

214

Spectra and 
Q/Confirmation Ions of 
20 ug/mL mitragynine
solvent standard
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Methods (FDA)

 FDA Method

Spectra and Q/Confirmation Ions of Powdered Kratom Leaf

1200000

1400000

1600000

1800000

2000000

Abundance

Scan 1706 (14.649 min): 07071410.D
397214

50 100 150 200 250 300 350 400 450 500 550 600 650
0

200000

400000

600000

800000

1000000
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75
155 327129 240 295103 429 479 553505 589619647

Challenges

• GC Methods

– not commonly applied for M. speciosa, particularly in the wide 
variety of matrices encounteredy

– High temperatures required to elute the alkaloids – restricts 
parameter adjustment for resolution of any alkaloid mixture

– inadequate resolution of mitragynine and speciociliatine

– Reliance on mass‐specific detection – EI, ESI, and ESI MS/MS 
spectra of mitragynine, speciogynine, and speciociliatine are 
nearly identical

– Interference of speciociliatine – would probably not be detected– Interference of speciociliatine – would probably not be detected 
by either DAD or MS detectors

– Methods should account for interference

– derivatization may be necessary to overcome poor chrom. res.



• LC Methods

– Classical LC with bonded stationary phases and aqueous/organic 
eluents coupled to mass detection

Challenges

p

– Viable for M. speciosa alkaloids in plant material and various 
fluids (Kikura‐Hanajiri, 2009)

– Resolution of diastereoisomers is OK (eluent pH dependent order)

– MS/MS increases sensitivity and selectivity

– problems with mass specific detection (as stated previously)

– Pure analytical standards (labor intensive isolation from natural 
d t )products)

• SFC (plant material)

– SFC with liquid carbon dioxide modified with organic liquid as eluent

– Unexplored effective

Challenges

Unexplored, effective

– Advantages of mass‐specific detection  and MS/MS are applicable to 
SFC and HPLC

– Requires less organic liquids than HPLC

– Successfully applied for separation of enantiomers and 
diastereoisomers, resolves diastereoisomer resolution in M. speciosa

– Faster, better resolution, separations orthogonal to HPLC



• Mitragynine and 7‐hydroxymitragynine are exclusive to speciosa
– the only 2 alkaloids of interest to the Agency (safety)

physiology/pharm is lagging behind on the other alkaloids (binding data)

SMPR Key Points

–physiology/pharm is lagging behind on the other alkaloids (binding data)

• Focus is only on Mitragyna speciosa

• Need ‐ a quantitative method for the 2 alkaloids of concern to 
the FDA … AND other relevant indole alkaloids for which 
standards are available

• Method should resolve the diasteriosomers

• Method should be able to handle a variety of matrices based 
upon finished forms:
– tablets, capsules, liquid extracts, concentrated extracts, dry whole leaf, 

powder

– detentions have mostly involved raw botanical form and liquids

Motion

• Move to accept the Standard Method 
Performance Requirements for Mitragyna
speciosa as presented.



Discussion?



 



 
DRAFT AOAC SMPR 2015.XXX; Version 4; December 1, 2014 1 
Standard Method Performance Requirements for  2 
Determining Alkaloids of Mitragyna speciosa 3 
 4 
Intended Use:  Reference method for GMP compliance and surveillance. 5 
 6 
1 Purpose    7 

 8 
AOAC Standard Method Performance RequirementsSM (SMPR) describe the minimum 9 

recommended performance characteristics to be used during the evaluation of a method.  10 
The evaluation may be an on-site verification, a single-laboratory validation, or a multi-site 11 
collaborative study.  SMPRs are written and adopted by AOAC Stakeholder Panels composed 12 
of representatives from the industry, regulatory organizations, contract laboratories, test kit 13 
manufacturers, and academic institutions.  AOAC SMPRs are used by AOAC Expert Review 14 
Panels in their evaluation of validation study data for method being considered for 15 
Performance Tested Methods or AOAC Official Methods of Analysis, and can be used as 16 
acceptance criteria for verification at user laboratories.  [Refer to Appendix F: Guidelines for 17 
Standard Method Performance Requirements, Official Methods of Analysis of AOAC 18 
INTERNATIONAL (2012) 19th Ed., AOAC INTERNATIONAL, Gaithersburg, MD, USA.] 19 

 20 
2 Applicability 21 

 22 
Methods must be able to determine mitragynine, 7-hydroxymitragynine, and other 23 

relevant indole alkaloids of Mitragyna speciosa, in a broad range of matrices including plant 24 
material, extracts, and finished products. Methods should be able to quantitate the analytes 25 
for which appropriate standards are available and account for interfering compounds. 26 

 27 
3 Analytical Technique:  28 

 Any analytical technique(s) that measures the analytes of interest and meets the 29 
following method performance requirements is/are acceptable.   30 

 31 
4 Definitions:   32 

 33 
Dietary Ingredients.— A vitamin; a mineral; an herb or other botanical; an amino acid; a 34 

dietary substance for use by man to supplement the diet by increasing total dietary intake; 35 
or a concentrate, metabolite, constituent, extract, or combination of any of the above 36 
dietary ingredients.1 37 

 38 
Dietary supplements.— Products intended for ingestion, containing at least one "dietary 39 

ingredient", and not represented as a conventional food or as a sole item of a meal or the 40 
diet. They are products intended to add (supplement) further nutritional value to the diet. 41 
Dietary supplements may be found in many forms such as tablets, capsules, softgels, 42 
gelcaps, liquids, or powders.  43 

 44 
7-hydroxymitragynine.— (αE,2S,3S,7aS,12bS)-3-Ethyl-1,2,3,4,6,7,7a,12b-octahydro-7a-45 

hydroxy-8-methoxy-α-(methoxymethylene)indolo[2,3-a]quinolizine-2-acetic acid methyl 46 
ester. CAS no. 174418-82-7. See figure 1 for molecular structure. 47 

1 Federal Food Drug and Cosmetic Act §201(ff) [U.S.C. 321 (ff) 

 

                                                 



 
 48 
 49 
Limit of Quantitation (LOQ).— The minimum concentration or mass of analyte in a given 50 

matrix that can be reported as a quantitative result 51 
 52 
Mitragynine.—(E)-2-[(2S,3S)-3-ethyl-8-methoxy-1,2,3,4,6,7,12,12b-octahydroindolo[3,2-53 

h]quinolizin-2-yl]-3- methoxyprop-2-enoic acid methyl ester.  CAS no. 4098-40-2.  See figure 54 
2 for molecular structure. 55 

 56 
Quantitative method.— Method of analysis which response is the amount of the analyte 57 

measured either directly (enumeration in a mass or a volume), or indirectly (color, 58 
absorbance, impedance, etc.) in a certain amount of sample. 59 

 60 
Repeatability.—  Variation arising when all efforts are made to keep conditions constant 61 

by using the same instrument and operator and repeating during a short time period. 62 
Expressed as the repeatability standard deviation (SDr); or % repeatability relative standard 63 
deviation (%RSDr).   64 

 65 
Reproducibility.— The standard deviation or relative standard deviation calculated from 66 

among-laboratory data. Expressed as the reproducibility relative standard deviation (SDR); or 67 
% reproducibility relative standard deviation (% RSDR). 68 

 69 
Recovery.— The fraction or percentage of spiked analyte that is recovered when the test 70 

sample is analyzed using the entire method. 71 
 72 

5 Method Performance Requirements 73 
 74 
See table 1. 75 
 76 

6 System suitability tests and/or analytical quality control 77 
 78 
Suitable methods will include blank check samples, and check standards at the lowest 79 

point and midrange point of the analytical range. 80 
 81 

7 Reference Material(s) 82 
 83 

Refer to Annex F: Development and Use of In-House Reference Materials in Appendix F: 84 
Guidelines for Standard Method Performance Requirements, 19th Edition of the AOAC 85 
INTERNATIONAL Official Methods of Analysis (2012).  Available at:  86 
http://www.eoma.aoac.org/app_f.pdf 87 

 88 
ISO Guide 34:2009 General requirements for the competence of reference material 89 

producers. 90 
 91 

Cerilliant or equivalent  92 
H-099  7-Hydroxymitragynine, 100 μg/mL     93 
H-109  7-Hydroxymitragynine-D3, 100 µg/mL          94 
M-152  Mitragynine, 100 μg/mL              95 
M-182  Mitragynine-D3, 100 µg/mL     96 

 97 

http://www.eoma.aoac.org/app_f.pdf
http://www.eoma.aoac.org/app_f.pdf


 
 98 

8 Validation Guidance 99 
 100 

Appendix D: Guidelines for Collaborative Study Procedures To Validate Characteristics of 101 
a Method of Analysis; 19th Edition of the AOAC INTERNATIONAL Official Methods of Analysis 102 
(2012).  Available at:  http://www.eoma.aoac.org/app_d.pdf 103 
 104 

Appendix F:  Guidelines for Standard Method Performance Requirements; 19th Edition of 105 
the AOAC INTERNATIONAL Official Methods of Analysis (2012). Available at:  106 
http://www.eoma.aoac.org/app_f.pdf 107 
 108 

Appendix K: Guidelines for Dietary Supplements and Botanicals; 19th Edition of the AOAC 109 
INTERNATIONAL Official Methods of Analysis (2012).  Available on line at: 110 
http://www.eoma.aoac.org/app_k.pdf 111 
 112 

9 Maximum Time-To-Result: 113 
 114 

None115 

http://www.eoma.aoac.org/app_d.pdf
http://www.eoma.aoac.org/app_f.pdf
http://www.eoma.aoac.org/app_k.pdf
http://www.eoma.aoac.org/app_d.pdf
http://www.eoma.aoac.org/app_f.pdf
http://www.eoma.aoac.org/app_k.pdf


 
 116 

Table 1:  Method performance requirements 117 
 118 

Type of Study Parameter 

Minimum acceptance criteria 

7-OH Mitragynine Mitragynine 

Single-
laboratory 
validation 

Analytical range 0.01-0.5% 0.1-15% 

Limit of quantitation (LOQ) ≤ 0.0005% 
(≤   5 ppm) 

≤ 0.0005% 
(≤   5 ppm) 

Recovery 
 

0.01% - 0.1% 90-107% - 

 >0.1%  - 0.5% 95-105% 95-105% 

>0.5%  - 15% - 97-103% 

Repeatability (RSDr) 

 0.01% - 0.1% ≤ 5 - 

 >0.1%  - 0.5% ≤ 4 ≤ 4 

>0.5%  - 15% ≤ 3 ≤ 3 

Multi-
laboratory 
Validation 

Reproducibility 
(RSDR) 

0.01% - 0.1% ≤ 8 - 

 >0.1%  - 0.5% ≤ 6 ≤ 6 

>0.5%  - 15% ≤ 4 ≤ 4 
 119 
 120 

121 



 
Figure 1: Molecular structure of 7-OH mitragynine 122 
 123 

 124 
 125 
 126 
Figure 2: Molecular structure of mitragynine 127 
 128 
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 131 
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 135 
 136 
 137 
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STAKE HOLDER PANEL FOR DIETARY SUPPLEMENTS

Working Group on Aloin in Aloe

Outline 

• Background

• Chemistry 

• Regulations

• Analytical challenges

• Current analytical methods and techniques

• Fitness for purpose statement

• Questions for SPDS discussion



Background:

• Aloin belongs to the anthraquinoid (anthrone) class 
of compounds widely found in many plant species, 
especially in the latex of the aloe plants.

• Occurs as A and B sterioisomeric forms, also known 
as barbaloin and isobarbaloinas barbaloin and isobarbaloin

• Dried aloe latex, rich in aloin, was used widely as a 
stimulant laxative from ancient times

• There is still a USP Aloe (latex) monograph

Aloe Vera: Aloe vera (L.) Burm. f.

Background:Background:



Chemistry and Properties of Aloin:

Aloin A Aloin B Aloe Emodin

Chemistry and Properties of Aloin:

• Synonyms/Other names: Barbaloin, 1,8-Dihydroxy-10-(β-D-

glucopyranosyl)-3-(hydroxymethyl)-9(10H)-anthracenone; 10-β-D-

Glucopyranosyl-1,8-dihydroxy-3-(hydroxymethyl)-9(10H)-anthracenone; 

• CAS Number: 1415-73-2

• C21H22O9

• Molecular weight: 418.39 g/mol

• Solubility: Soluble in water, alcohol, DMSO, pyridine

• Melting Point: 148 °C to 149 °C

• Recommended storage: Store at 2-4 °C



Chemistry and Properties of Aloin:

• Yellow‐brown colored 
latex constituent.

• It is used as a stimulant‐
laxative before 2002.

• Treating constipation by 
inducing bowel g
movements.

• Found under the rind of 
the aloe leaf and in 
between it and the gel. 

Regulations

• Approved in the US in 1975 as an OTC drug to treat• Approved in the US in 1975 as an OTC drug to treat 
chronic constipation, aloe latex is no longer approved for 
such US use as of May 9, 2002

• US FDA National Toxicology Program conducted toxicity 
study on unpurified (high‐aloin) dry leaf juice

• European Council Directive 88/388/EEC of 22 June 1988 
ll t 0 1 /k l i f d/b fl iallows up to 0.1 mg/kg aloin as food/beverage flavoring 

• Topical use in cosmetics up to 50 ppm of aloin is allowed 
(CIR 2007)



Analytical Challenge

• Traces of latex containing aloin may be present in inner• Traces of latex containing aloin may be present in inner 
leaf juice production, or substantial amounts (several 
percent) are found in leaf juice prior to removal, usually 
via activated carbon filter

• Very low concentration (ppb/ppt levels) in purified aloe 
vera juice and dry juice ingredients and finished products 

R l t d d / th i l t d• Related compounds/anthocyanins can co‐elute and can 
lead to misinterpretation

• Need cost effective test method to find trace levels 
(ppb/ppt)

Current analytical methods and techniques

Currently four analytical techniques are available for aloinCurrently four analytical techniques are available for aloin 
testing:

• Thin Layer Chromatography: For identification TLC does 
not provide quantitative results for low levels (ppb/ppt)

• HPLC: Good resolution, cost effective, easy sample 
preparation, most labs can run HPLCp p ,

• LC‐MC and GC‐MS: good resolution, expensive 
instrumentation and maintenance as compared to 
LC/HPLC, need trained chemist for interpretation



Fitness for Purpose (proposal)

The method must be able to quantitate aloin A 
and aloin B in the range of in the range of 0.01 
ppm to 100 ppm in aloe vera leaf juice and dry 
juice ingredients, as well as in liquid, powder, 
tablets, soft gels, creams, lotions, and ointment 
matrices The range 0 01 ppm to 100 ppm is tomatrices. The range 0.01 ppm to 100 ppm is to 
cover all various matrices and to detect and 
quantitate if aloin is present as an impurity in 
these matrices.

Fitness for Purpose (proposal)



QUESTIONS?



 



STAKEHOLDER PANEL ON DIETARY SUPPLEMENT

Working Group On Tea Analysis

Outline 

• Background

• Chemistry 

• Analytical challenges

• Current analytical methods and techniques

• Fitness for purpose statement

• Questions for SPDS discussion



Background 
Advanced chromatographic methods have generated realg p g
progress in the field of analysis of tea constituents. Methods for
the determination of tea catechins, monomers, oligomers,
theaflavins, flavone and flavonol glycosides are available, not
only for tea, but also for some other tea products. We have
made great progress on tea chemistry and chromatographic
techniques and this has made for improved analysis of tea
components. However, it is apparent that more robust
chromatographic methods for analysis of tea catechins,
caffeine and theaflavins in tea products are needed for the
Food and Dietary Supplement Industry.

Chemistry of Tea
• Polyphenols, (Flavan‐3‐ols); o yp e o s, ( a a 3 o s);

• Alkaloids (caffeine, theophylline and theobromine); 

• Amino acids (teanine);

• Volatile compounds (aromas); 

• pigments (chlorophyll and carotenoids); 

• Carbohydrates; 

• Others (lipids, sterols, vitamins, proteins). 

The above chemicals are responsible for Tea aroma, 

taste, color and health benefit.



Significance

A simple, cost effective and accurate test method to 
measure tea catechins caffeine, theaflavin levels and 
other phenolic compounds is needed for for 
products containing a variety of tea extracts.

General Analytical Requirements
Tests for Identity, Purity, AssayTests for Identity, Purity, Assay

Methods to verify the identity of Tea leaf material

Methods to analyze the amount of selected tea  
components in tea leaf

Methods to analyze the amount of selected tea  
components in tea extract

Methods to analyze the amount of selected tea  
components in dietary supplements containing tea extract.



Challenges
Chemical differentiation of oolong tea andg
black tea/orange pekoe tea

Variation of tea catechins content due to
• Different geographic locations

• Seasonal changes

• Different processing methods of tea products

• Different extraction methods

• Different solvents

Interference from other ingredients.

Existing Methods – General Literatures

• HPLC (UPLC) UV‐MS: Identification and quantitation 
catechins, caffeine, flavonoids, phenolics, amino acids

• HPTLC: Identification 

• NMR: Metabolic Profiling

• FTIR and NIR: Identification, Differentiation 

• GC: Aroma and flavor

• UV: Total polyphenols



Existing Methods‐Compendium 

• USP‐Powdered Decaffeinated Green Tea Extract ‐2014

• ISO 14502 Determination of substances characteristic of 
green and black tea‐2005
– Part 1: Content of total polyphenols in tea —Colorimetric method using 

Folin‐Ciocalteu reagent

– Part 2: Content of catechins in green tea —Method using high‐
performance liquid chromatographyperformance liquid chromatography

• GB/T8312 (China) Tea‐Determination of caffeine content‐2002

Fitness for Purpose (proposal)

The method must be suitable for analysis of tea
catechins, caffeine and theaflavins in tea leaf, tea
extract, powdered tea extract, liquid tea and tea
extract in other herbal blend matrices.



• Questions for SPDS discussion
What criteria need to be established to differentiate 
different tea extracts?

 Should a standardized tea extract be used in routine 
QC other than individual chemical standards? 

 Cost of the analysis? Cost of the analysis?
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Background on analyte

• Vitamin D• Vitamin D
– Two Primary Forms:

• Ergocalciferol (Vitamin D2)

– Formed from UV‐Light Irradiated Ergosterol

– C28H44O  Molecular Mass = 396.55 g/mol

Ch l l if l (Vit i D )• Cholecalciferol (Vitamin D3)

– Formed from UV‐Light Irradiated 7‐dehydrocholesterol

– C27H44O  Molecular Mass = 384.64 g/mol



Background

Vitamin D2 Vitamin D3

Background on analyte

• 1600‐1890s
• Vitamin D Deficiency – Rickets
• Research to determine foods that prevent rickets

• 1920s
• Links between UV‐Light Exposure, Irradiated Foods
and cod liver oil and Ricket Prevention in Animalsand cod liver oil and Ricket Prevention in Animals

• 1932 Vitamin D2 structure discovered
• 1936 Vitamin D3 structure discovered 



Significance

• Promotes calcium absorption

• Essential for bone growth

• Prevents Rickets in Children

• Prevents osteomalacia in adults

C bi i h C l i d l f• Combine with Calcium, protects adults from 
osteoporosis

General Analytical Needs
• Method shouldMethod should

– Separate and accurately determine both Vitamin D2 and D3

– Determine Pre Vitamin D2 and D3

– Determine 25 Hydroxy D2 and D3

– Also determine the above in raw materials used to 
produce/formulate dietary supplements



Challenges
• HPLC Chromatography Challengingg p y g g

• Methods Use Vitamin D2 as Internal 
Standard

Existing Methods ‐ General

• HPLC – UV

• U/HPLC – MS/MS



Existing Methods

• AOAC  has 15 Official methods

– 2 specific to this area of focus
• AOAC 979.24

– Vitamin D in Vitamin Preparations

– HPLC Based

• AOAC 980.26
Vit i D i M lti it i P ti– Vitamin D in Multivitamin Preparations

– HPLC Based

Existing Methods

• USP Method

– Oil‐ and Water‐Soluble Vitamins with Minerals Tablets

– HPLC

• AOAC 2011.11
/– UHPLC‐MS/MS

– Validated for Infant Formula



Regulatory Guidance

• RDA
– 0‐1 Year 400 IU

– 1‐70 Years  600 IU

– >70 Years 800 IU

• Upper Intake Levels (ULS)
– 0 ‐ 6 Months 1000 IU

– 7 ‐ 12 Months 1500 IU

– 1 ‐ 3 Years 2500 IU

– 4 – 8 Years 3000 IU

– > 9 Years 4000 IU

Fitness for Purpose (proposal)

• The Method will separate and accurately 
determine vitamin D2 (ergocalciferol), vitamin 
D3 (cholecalciferol), and their previtamin d 
forms in the presence of vitamins and otherforms in the presence of vitamins and other 
ingredients typically found in dietary 
supplement consumer products and the raw 
materials used to formulate these products



Fitness for Purpose (proposal)

• The analytical range of the chosen method 
must encompass the vitmain D content 
found in dietary supplements and their raw 
materials
– Dietary Supplements 100 – 4000 IU/DoseDietary Supplements 100  4000 IU/Dose
– Custom Premixes
– Raw Materials 100,000 IU/gram to 100%

Questions for Stakeholders to Consider

• Does the method need to separate Pre Vitamin• Does the method need to separate Pre Vitamin 
D or just measure?

• Can we have more than one method to meet the 
requirements of this panel?



Fitness for Purpose (proposal)

QUESTIONS??
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Name Role Email Telephone 

Scott Coates AOAC Chief Scientific Officer scoates@aoac.org 

301.924.7077 x 
137 

Christopher Dent Standards Development 
Coordinator cdent@aoac.org 

301.924.7077 x 
119 

Dawn Frazier Executive, Scientific Business 
Development dfrazier@aoac.org 

301.924.7077 x 
117 

Deborah McKenzie 
Sr. Director, Standards 
Development and Method 
Approval Processes 

dmckenzie@aoac.org 

301.924.7077 x 
157 

 

Key Volunteer Contacts: 

Name Role Email Telephone 

 
Darryl Sullivan Chair, SPDS darryl.sullivan@covance.com 

 

(608) 242-2711 
 
 

Brian Schaneberg Vice Chair, SPDS 
bschaneb@starbucks.com 
 (206) 318-0900 

AOAC Website:  http://www.aoac.org 

SPDS Microsite:  http://bit.ly/1rU4BmU 

SPDS Working Group Sign Up:  http://adobe.ly/1Bk7AJp 

SPDS ERP Application:  http://adobe.ly/1Bk8cPb 
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AOAC Stakeholder Panel Voting Members

AOAC INTERNATIONAL (AOAC) assembles
stakeholder panels to develop voluntary
consensus standards. While AOAC maintains
transparency and openness in accordance with
national and international guidance and
regulations for standards development and its
policies and procedures for assembling
stakeholder panels, its policies and procedures
also ensures that there is a balance of interests
and perspectives in achieving consensus of the
stakeholder panel.

Due Process and Balance
All AOAC stakeholder panels are diverse and can
vary in size. Where a stakeholder panel is not
balanced or if it is significantly large whereby
consensus of the general assembly may be
impractical, a balanced representative voting
panel will be used to demonstrate consensus.
AOAC encourages      ALL stakeholders to
participate in deliberations during stakeholder
panel meetings and working group meetings, in
addition to participating during any posted
comment periods. To ensure that there is a
balance of interests and perspectives, a
representative subset of the stakeholder panel,
the voting members, is selected to reach
consensus for the development of AOAC
voluntary consensus standards.

Composition
Voting members represent the perspectives of
the larger stakeholder panel. The voting
members consist of no more than ¼ to 1/3 of
the total number of stakeholders in registered.
Primary and secondary representative voting
members are approved. Every attempt is made
to approve a panel of voting members that
represents all perspectives of the stakeholder
panel. In the event of a primary voting member
is not able to attend, and no alternate has been
approved, the stakeholder panel chair, working

with AOAC can provisionally approve an
alternate from those in attendance to assure
balance and lack of dominance. For stakeholder
panels with scopes including diverse topics, the
voting member representatives may be rotated
to include other stakeholders for successive
meetings to ensure a lack of dominance by any
particular stakeholder.

Approval Process
AOAC works with the chair of the stakeholder
panel and potentially other key stakeholders to
develop a proposed representative voting
member panel. Following AOAC policies and
procedures, the proposed voting members and
documentation are submitted to the AOAC
Official Methods Board (OMB) for review and
approval. The OMB’s review ensures that the
proposed panel is balanced in interests and
perspectives representing the stakeholder panel
and a lack of dominance.

Roles and Responsibilities
Every stakeholder has a voice and every
stakeholder is entitled to state his/her or
organizational perspective(s). This is due
process. In developing AOAC standards,
stakeholder consensus is demonstrated by 2/3
vote (67%) in favor of a motion to adopt a
standard. It is important to note: Individual
voting members do not have any additional
weight, voice or status in stakeholder
deliberations than other stakeholders. The role
of the voting members is to demonstrate the
consensus of the stakeholder panel. Voting
members may vote in favor or against any
motion and/or they may abstain. Stakeholder
panel chair will moderate voting process. AOAC
carefully documents the vote. It is important for
voting members to be in the room during the
time for voting. It is also important for voting
members to inform the chair of his/her inability
to serve as a voting member.
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SPDS Volunteer Role Description – Working Groups 

Version 1 

AOAC INTERNATIONAL 

STAKEHOLDER PANEL ON DIETARY SUPPLEMENTS (SPDS) 
 WORKING GROUP CHAIR & MEMBERS 

VOLUNTEER ROLE DESCRIPTION 

POSITION TITLE: Working Group Chair and Members, AOAC SPDS Working Group 
POSITION CLASSIFICATION:  Volunteer  
REPORTS TO:  SPDS Chair 
DATE PREPARED:  March 13, 2014  

POSITION SUMMARY: 
In keeping with the mission of AOAC INTERNATIONAL 
and the goals of the Stakeholder Panel on Dietary 
Supplements (SPDS), working group chairs will lead 
their working group in the development of standards 
(or other tasks as assigned by the SPDS chair) for 
specific priority ingredients as defined by the SPDS 
Advisory Panel.  Working group chair(s) will work with 
AOAC staff and stakeholders to meet the working 
group’s goals and disseminate recommendations to the 
stakeholder panel and community at-large.  The 
working group may hold meetings in person and/or via 
teleconference (web and video) to complete its work. 
The chair of the working group will moderate the 
working group discussions, assist in scheduling the 
meetings, and report the working group’s 
recommendation back to SPDS.  Working group chairs 
will work with AOAC to formulate the working group’s 
recommendations into motions for SPDS’s 
consideration. 

ELIGIBILITY CRITERIA FOR SPDS WORKING GROUP 
CHAIR: 

Must be a key expert and/or thought leader in
dietary supplements and the technologies used for 
priority ingredients as assigned for the specific 
working group. 
Must have the recommendation of the SPDS Chair.

WORKING GROUP CHAIR RESPONSIBILITIES: 
Chair meetings of the working group, moderate
discussions of the working group and work with 
AOAC staff to facilitate working group’s work. 

Work with AOAC staff and SPDS chair to identify
working group members, any additional
expertise/resources needed facilitate the work of
the working group.
Work as a team member and also independently.
Present an overview on the specified priority
ingredient under consideration including, but not
limited to, regulatory implications, and public
health and public safety challenges with
methodology.
Prepare a draft fitness for purpose statement for
specified priority ingredient and technology to
present to SPDS for consideration.
Work with AOAC staff to reconcile actions and
outcomes of working group deliberations.
Using AOAC guidance to reconcile comments and
address questions on SMPR.
Present working group recommended SMPR to
SPDS for review and approval.
Work with AOAC staff and stakeholders to draft and
review relevant methodology and working group
documentation.
Draft SMPR white paper for publication.
Perform duties and reviews in timely fashion.
Other tasks as agreed upon by working group chair,
SPDS chair and AOAC staff.

DUTIES AND RESPONSIBILITIES OF THE SPDS WORKING 
GROUP MEMBERS: 
The working group will meet either in person and via 
teleconference, web conferencing or by other means of 
communication.  All communication and meetings of 
the working group must be facilitated through AOAC 



Page 2 
SPDS Volunteer Role Description – Working Groups 

Version 1 

staff.  The working group’s tasks will include developing 
standard method performance requirements (SMPRs), 
review of methodology, identifying expertise and other 
as may be requested by the SPDS chair.  Working groups 
are not required to vote, but to show general consensus 
for its recommendations.    The groups should meet to 
discuss their objectives and complete their assigned 
tasks.  Individuals on the working groups may be tasked 
with their own action items and responsibilities. More 
than one meeting and one round of communication 
may be required to complete the working group’s tasks. 
All working group participants are expected to 
contribute and are expected to have completed the 
SMPR Education Session.  AOAC staff will document all 
working group decisions and actions. 

AOAC RESOURCES: 
Referencing AOAC guidance documentation to
assist in drafting the fitness for purpose statement,

standard method performance requirements 
(SMPR), and additional work as tasked.  

1) AOAC Fitness for Purpose Statement
Guideline

2) Appendix F: Guidelines for Standard
Method Performance Requirements

3) Appendix K: Guidelines for Dietary
Supplements and Botanicals

STAFF LIASON: 
AOAC will assign staff to facilitate the work of the 
working group.   

TERMS OF REVIEW: 
This document will be reviewed biannually by the SPDS 
Chair and AOAC staff. 

DATES REVISED: 



Helpful Definitions & Terminology

Fundamentals of Parliamentary Law and Procedure, 3rd edition. p. 151

Fundamentals of Parliamentary Law and Procedure, 3rd edition. p. 237).

Fundamentals of
Parliamentary Law and Procedure, 3rd edition. p. 1)

(Fundamentals of Parliamentary Law and Procedure, 3rd edition. pp. 1 2).

(Fundamentals of Parliamentary Law and Procedure, 3rd edition. p. 2).

(Fundamentals of Parliamentary Law and Procedure, 3rd edition. p. 2).

(Fundamentals of Parliamentary Law and Procedure, 3rd edition. p. 2).

(Fundamentals of Parliamentary Law and Procedure, 3rd edition. p. 2).

Voting Panel – There is no formal voting panel. Any interested and knowledgeable party may participate. Working groups sole
purpose is to provide recommendations to stakeholder panels.

Voting Guidelines –majority vote carries all motions, dissenting opinions considered by assembly and recorded.

Voting Panel – A vetted, representative, and balanced subset of the assembled stakeholders. Ideally the number of voters
represents 1/4 to 1/3 of the assembly.

Voting Guidelines – A. motions to create a consensus based standard (ex: voting on fitness for purpose statements or Standard
Method Performance Requirements) require a 2/3 vote for the motion to carry.
B. Any other motion (ex: votes to clarify information for working groups, set priorities or direction, etc.) requires a majority
vote to carry.

Voting Panel – 7 – 10 vetted experts

Voting Guidelines – Motions to adopt a First Action Official MethodSM of Analysis carry by unanimous vote on first ballot. If not
unanimous, negative votes must delineate scientific reasons, and can be overridden by 2/3 of voting ERP members after due
consideration. Dissenting opinions are recorded.
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Appendix W

POLICY AND PROCEDURES ON VOLUNTEER CONFLICT OF INTEREST

Statement of Policy

While it is not the intention of AOAC INTERNATIONAL (AOAC) to restrict the personal, professional,
or proprietary activities of AOAC members nor to preclude or restrict participation in Association affairs
solely by reason of such activities, it is the sense of AOAC that conflicts of interest or even the appearance
of conflicts of interest on the part of AOAC volunteers should be avoided.  Where this is not possible or
practical under the circumstances, there shall be written disclosure by the volunteers of actual or potential
conflicts of interest in order to ensure the credibility and integrity of AOAC.  Such written disclosure shall
be made to any individual or group within the Association which is reviewing a recommendation which the
volunteer had a part in formulating and in which the volunteer has a material interest causing an actual or
potential conflict of interest.

AOAC requires disclosure of actual or potential conflicts of interest as a condition of active participation in
the business of the Association.  The burden of disclosure of conflicts of interest or the appearance of
conflicts of interest falls upon the volunteer.

A disclosed conflict of interest will not in itself bar an AOAC member from participation in Association
activities, but a three-fourths majority of the AOAC group reviewing the issue presenting the conflict must
concur by secret ballot that the volunteer's continued participation is necessary and will not unreasonably
jeopardize the integrity of the decision-making process.

Employees of AOAC are governed by the provision of the AOAC policy on conflict of interest by staff.  If
that policy is in disagreement with or mute on matters covered by this policy, the provisions of this policy
shall prevail and apply to staff as well.

Illustrations of Conflicts of Interest

1. A volunteer who is serving as a committee member or referee engaged in the evaluation of a method
or device; who is also an employee of or receiving a fee from the firm which is manufacturing or
distributing the method or device or is an employee of or receiving a fee from a competing firm.

2. A volunteer who is requested to evaluate a proposed method or a related collaborative study in which
data are presented that appear detrimental (or favorable) to a product distributed or a position
supported by the volunteer's employer.

3. A referee who is conducting a study and evaluating the results of an instrument, a kit, or a piece of
equipment which will be provided gratis by the manufacturer or distributor to one or more of the
participating laboratories, including his or her own laboratory, at the conclusion of the study.

4. Sponsorship of a collaborative study by an interest (which may include the referee) which stands to
profit from the results; such sponsorship usually involving the privilege granted by the investigator to
permit the sponsor to review and comment upon the results prior to AOAC evaluation.

5. A volunteer asked to review a manuscript submitted for publication when the manuscript contains
information which is critical of a proprietary or other interest of the reviewer.



The foregoing are intended as illustrative and should not be interpreted to be all-inclusive examples
of conflicts of interest AOAC volunteers may find themselves involved in.

Do's and Don't's

Do avoid the appearance as well as the fact of a conflict of interest.

Do make written disclosure of any material interest which may constitute a conflict of interest or the
appearance of a conflict of interest.

Do not accept payment or gifts for services rendered as a volunteer of the Association without disclosing
such payment or gifts.

Do not vote on any issue before an AOAC decision-making body where you have the appearance of or an
actual conflict of interest regarding the recommendation or decision before that body.

Do not participate in an AOAC decision-making body without written disclosure of actual or potential
conflicts of interest in the issues before that body.

Do not accept a position of responsibility as an AOAC volunteer, without disclosure, where the discharge
of the accepted responsibility will be or may appear to be influenced by proprietary or other conflicting
interests.

Procedures

Each volunteer elected or appointed to an AOAC position of responsibility shall be sent, at the time of
election or appointment, a copy of this policy and shall be advised of the requirement to adhere to the
provisions herein as a condition for active participation in the business of the Association.  Each volunteer,
at the time of his or her election or appointment, shall indicate, in writing, on a form provided for this
purpose by AOAC, that he or she has read and accepts this policy. 

Each year, at the spring meeting of the AOAC Board of Directors, the Executive Director shall submit a
report certifying the requirements of this policy have been met; including the names and positions of any
elected or appointed volunteers who have not at that time indicated in writing that they have accepted the
policy.

Anyone with knowledge of specific instances in which the provisions of this policy have not been
complied with shall report these instances to the Board of Directors, via the Office of the Executive
Director, as soon as discovered.

*   *   *  *   *   *
Adopted:  March  2, 1989
Revised:  March 28, 1990
Revised: October 1996
Reviewed by outside counsel March 2000 (Fran Dwornik) and found to be current and relevant



Appendix U

ANTITRUST POLICY STATEMENT AND GUIDELINES

Introduction

It is the policy of AOAC INTERNATIONAL (AOAC) and its members to comply strictly with all laws
applicable to AOAC activities.  Because AOAC activities frequently involve cooperative undertakings and
meetings where competitors may be present, it is important to emphasize the on-going commitment of our
members and the Association to full compliance with national and other antitrust laws.  This  statement is a
reminder of that commitment and should be used as a general guide  for AOAC and related individual
activities and meetings.

Responsibility for Antitrust Compliance

The Association's structure is fashioned and its programs are carried out in conformance with antitrust
standards.  However, an equal responsibility for antitrust compliance -- which includes avoidance of even
an appearance of improper activity -- belongs to the individual.  Even the appearance of improper activity
must be avoided because the courts have taken the position that actual proof of misconduct is not required
under the law.  All that is required is whether misconduct can be inferred from the individual's activities.

Employers and AOAC depend on individual good judgment to avoid all discussions and activities which
may involve improper subject matter and improper procedures.  AOAC staff members work
conscientiously to avoid subject matter or discussion which may have unintended implications, and
counsel for the Association can provide guidance with regard to these matters.  It is important for the
individual to realize, however, that the competitive significance of a particular  conduct or communication
probably is evident only to the individual who is directly involved in such matters.

Antitrust Guidelines

In general, the U.S. antitrust laws seek to preserve a free, competitive economy and trade in the United
States and in commerce with foreign countries.  Laws in  other countries have similar objectives. 
Competitors (including individuals) may not restrain competition among themselves with reference to the
price, quality, or distribution of their products, and they may not act in concert to restrict the competitive
capabilities or opportunities of competitors, suppliers, or customers.

Although the Justice Department and Federal Trade Commission generally enforce the U.S. antitrust laws,
private parties can bring their own lawsuits.  Penalties for violating the U.S. and other antitrust laws are
severe: corporations are subject to heavy fines and injunctive decrees, and may have to pay substantial
damage judgments to injured competitors, suppliers, or customers.  Individuals are subject to criminal
prosecution, and will be punished by fines and imprisonment.  Under current U.S. federal sentencing
guidelines, individuals found guilty of bid rigging, price fixing, or market allocation must be sent to jail for
at least 4 to 10 months and must pay substantial minimum fines.

Since the individual has an important responsibility in ensuring antitrust compliance in AOAC activities,
everyone should read and heed the following guidelines.

1. Don't make any effort to bring about or prevent the standardization of any method or
product for the purpose or intent of preventing the manufacture or sale of any method or
product not conforming to a specified standard

2. Don't discuss with competitors your own or the competitors' prices, or anything that might



affect prices such as costs, discounts, terms of sale, distribution, volume of production,
profit margins, territories, or customers.

3. Don't make announcements or statements at AOAC functions, outside leased exhibit
space, about your own prices or those of competitors.

4. Don't disclose to others at meetings or otherwise any competitively sensitive information.

5. Don't attempt to use the Association to restrict the economic activities of any firm or any
individual.

6. Don't stay at a meeting where any such price or anti-competitive talk occurs.

7. Do conduct all AOAC business meetings in accordance with AOAC rules.  These rules
require that an AOAC staff member be present or available, the meeting be conducted by
a knowledgeable chair, the agenda be followed, and minutes be kept.

8. Do confer with counsel before raising any topic or making any statement with competitive
ramifications.

9. Do send copies of meeting minutes and all AOAC-related correspondence to the staff
member involved in the activity.

10. Do alert the AOAC staff to any inaccuracies in proposed or existing methods and
statements issued, or to be issued, by AOAC and to any conduct not in conformance with
these guidelines.

Conclusion

Compliance with these guidelines involves not only avoidance of antitrust violations, but avoidance of any
behavior which might be so construed.  Bear in mind, however, that the above antitrust laws are stated in
general terms, and that this statement is not a summary of applicable laws.  It is intended only to highlight
and emphasize the principal antitrust standards which are relevant to AOAC programs.  You must,
therefore, seek the guidance of either AOAC counsel or your own counsel if antitrust questions arise.

Adopted by the AOAC Board of Directors:  September 24, 1989
Revised:  March 11, 1991
Revised October 1996



Appendix V

POLICY ON THE USE OF THE ASSOCIATION NAME, INITIALS, IDENTIFYING INSIGNIA,
LETTERHEAD, AND BUSINESS CARDS

Introduction

The following policy and guidelines for the use of the name, initials, and other identifying insignia of
AOAC INTERNATIONAL have been developed in order to protect the reputation, image, legal integrity
and property of the Association.

The name of the Association, as stated in its bylaws, is "AOAC INTERNATIONAL". The Association is
also known by its initials, AOAC, and by its logo, illustrated below, which incorporates the Association
name and a representation of a microscope, book, and flask.  The AOAC logo is owned by the
Association and is registered with the U.S. Patent and Trademark Office.

6JG HWNN #UUQEKCVKQP KPUKIPKC� KNNWUVTCVGF DGNQY� KU EQORTKUGF QH VJG NQIQ CPF VJG VCINKPG� �6JG

5EKGPVKHKE #UUQEKCVKQP &GFKECVGF VQ #PCN[VKECN 'ZEGNNGPEG�� UJQYP DGNQY� 6JG V[RGHCEG WUGF KU .CTIQ�

6JG #1#% VCINKPG KU QYPGF D[ VJG #UUQEKCVKQP CPF KU TGIKUVGTGF YKVJ VJG 7�5� 2CVGPV CPF 6TCFGOCTM

QHHKEG�

Policy

Policy on the use of the Association's name and logo is established by the AOAC Board of Directors as
follows:

“The Board approves and encourages reference to the Association by name, either as AOAC
INTERNATIONAL or as AOAC; or reference to our registered trademark, AOAC®, in
appropriate settings to describe our programs, products, etc., in scientific literature and other
instances so long as the reference is fair, accurate, complete and truthful and does not indicate or
imply unauthorized endorsement of any kind.

The insignia (logo) of AOAC INTERNATIONAL is a registered trade and service mark and shall
not be reproduced or used by any person or organization other than the Association, its elected and
appointed officers, sections, or committees, without the prior written permission of the
Association. Those authorized to use the AOAC INTERNATIONAL insignia shall use it only for



the purposes for which permission has been specifically granted.

The name and insignia of the Association shall not be used by any person or organization in any
way which indicates, tends to indicate, or implies AOAC official endorsement of any product,
service, program, company, organization, event or person, endorsement of which, has not been
authorized by the Association, or which suggests that membership in the Association is available
to any organization.”

The Executive Director, in accordance with the above stated policy, is authorized to process, approve, fix
rules, and make available materials containing the Association name and insignia.

It should be noted that neither the Association's name nor its insignia nor part of its insignia may be
incorporated into any personal, company, organization, or any other stationery other than that of the
Association; nor may any statement be included in the printed portion of such stationery which states or
implies that an individual, company, or other organization is a member of the Association.

Instructions

1. Reproduction or use of the Association name or insignia requires prior approval by the Executive
Director or his designate.

2. Association insignia should not be altered in any manner without approval of the Executive
Director or his designate, except to be enlarged or reduced in their entirety.

3. Artwork for reproducing the Association name or insignia, including those incorporating approved
alterations, will be provided on request to those authorized to use them (make such requests to the
AOAC Marketing Department).  Examples of the types of alterations that would be approved are
inclusion of a section name in or the addition of an officer's name and address to the letterhead
insignia.

4. When the Association name is used without other text as a heading, it should, when possible, be
set in the Largo typeface.

5. Although other colors may be used, AOAC blue, PMS 287, is the preferred color when printing
the AOAC insignia, especially in formal and official documents.  It is, of course, often necessary
and acceptable to reproduce the insignia in black.

6. Do not print one part of the logo or insignia in one color and other parts in another color.

7. The letterhead of AOAC INTERNATIONAL shall not be used by any person or organization
other than the Association, elected and appointed officers, staff, sections, or committees; except
by special permission.

Correspondence of AOAC official business should be conducted using AOAC letterhead.
However, those authorized to use AOAC letterhead shall use it for official AOAC business only.

Copies of all correspondence using AOAC letterhead or conducting AOAC official business,



whether on AOAC letterhead or not, must be sent to the appropriate office at AOAC headquarters.

8. AOAC INTERNATIONAL business cards shall not be used by any person or organization other
than the Association, its staff, and elected officials, except by special permission.

Those authorized to use AOAC business cards shall use them for official AOAC business only and
shall not represent themselves as having authority to bind the Association beyond that authorized.

Sanctions

1. Upon learning of any violation of the above policy, the Executive Director or a designate will
notify the individual or organization that they are in violation of AOAC policy and will ask them
to refrain from further misuse of the AOAC name or insignia.

2. If the misuse is by an Individual Member or Sustaining Member of the Association, and the
misuse continues after notification, the Board of Directors will take appropriate action.

3. If continued misuse is by a nonmember of the Association or if a member continues misuse in
spite of notification and Board action, ultimately, the Association will take legal action to protect
its property, legal integrity, reputation, and image.

*   *   *   *   *   *

Adopted by the AOAC Board of Directors:  September 24, 1989
Revised:  June 13, 1991; February 26, 1992; March 21, 1995; October 1996
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Introduction to
Standard Method Performance Requirements

Standard method performance requirements (SMPRs) are a unique 
and novel concept for the analytical methods community. SMPRs 
are voluntary consensus standards, developed by stakeholders, 
that prescribe the minimum analytical performance requirements 
for classes of analytical methods. In the past, analytical methods 
were evaluated and the results compared to a “gold standard” 
method, or if a gold standard method did not exist, then reviewers 
would decide retrospectively if the analytical performance was 
acceptable. Frequently, method developers concentrated on the 
process of evaluating the performance parameters of a method, and 
rarely set acceptance criteria. However, as the Eurachem Guide 
points out: “ . . . the judgment of method suitability for its intended 
use is equally important . . .” (1) to the evaluation process.
International Voluntary Consensus Standards

An SMPR is a form of an international, voluntary consensus 
standard. A standard is an agreed, repeatable way of doing 
something that is published as document that contains a 
technical specifi cation or other precise criteria designed to be 
used consistently as a rule, guideline, or defi nition. SMPRs are a 
consensus standards developed by stakeholders in a very controlled 
process that ensures that users, research organizations, government 
departments, and consumers work together to create a standard that 
meets the demands of the analytical community and technology. 
SMPRs are also voluntary standards. AOAC cannot, and does not, 
impose the use of SMPRs. Users are free to use SMPRs as they 
see fi t. AOAC is very careful to include participants from as many 
regions of the world as possible so that SMPRs are accepted as 
international standards.
Guidance for Standard Method Performance Requirements

Commonly known as the “SMPR Guidelines.” The fi rst version 
of the SMPR Guidelines were drafted in 2010 in response to the 
increasing use and popularity of SMPRs as a vehicle to describe 
the analytical requirements of a method. Several early “acceptance 

criteria” documents were prepared for publication in late 2009, 
but the format of the acceptance criteria documents diverged 
signifi cantly from one another in basic format. AOAC realized that 
a guidance document was needed to promote uniformity.

An early version of the SMPR Guidelines were used for 
a project to defi ne the analytical requirements for endocrine 
disruptors in potable water. The guidelines proved to be extremely 
useful in guiding the work of the experts and resulted in uniform 
SMPRs. Subsequent versions of the SMPR Guidelines were used 
in the Stakeholder Panel for Infant Formula and Adult Nutritionals 
(SPIFAN) project with very positive results. The SMPR Guidelines 
are now published for the fi rst time in the Journal of AOAC 
INTERNATIONAL and Offi cial Methods of Analysis.

Users of the guidelines are advised that they are: (1) a guidance 
document, not a statute that users must conform to; and (2) a “living” 
document that is regularly updated, so users should check the AOAC 
website for the latest version before using these guidelines.

The SMPR Guidelines are intended to provide basic information 
for working groups assigned to prepare SMPRs. The guidelines 
consist of the standard format of an SMPR, followed by a series of 
informative tables and annexes.
SMPR Format

The general format for an SMPR is provided in Annex A.
Each SMPR is identifi ed by a unique SMPR number consisting 

of the year followed by a sequential identifi cation number 
(YYYY.XXX). An SMPR number is assigned when the standard 
is approved. By convention, the SMPR number indicates the year 
a standard is approved (as opposed to the year the standard is 
initiated). For example, SMPR 2010.003 indicates the third SMPR 
adopted in 2010.

The SMPR number is followed by a method name that must 
include the analyte(s), matrix(es), and analytical technique (unless 
the SMPR is truly intended to be independent of the analytical 
technology). The method name may also refer to a “common” 
name (e.g., “Kjeldahl” method). 

The SMPR number and method name are followed by the name 
of the stakeholder panel or expert review panel that approved the 
SMPR, and the approval and effective dates.

Information about method requirements is itemized into nine 
categories: (1) intended use; (2) applicability; (3) analytical 
technique; (4) defi nitions; (5) method performance requirements; 
(6) system suitability; (7) reference materials; (8) validation 
guidance; and (9) maximum time-to-determination.

An SMPR for qualitative and/or identifi cation methods may 
include up to three additional annexes: (1) inclusivity/selectivity 
panel; (2) exclusivity/cross-reactivity panel; and (3) environmental 
material panels. These annexes not required.

Informative tables.—The SMPR Guidelines contain seven 
informative tables that represent the distilled knowledge of many 
years of method evaluation, and are intended as guidance for SMPR 
working groups. The informative tables are not necessarily AOAC 

Appendix F: Guidelines for Standard Method 
Performance Requirements
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policy. SMPR working groups are expected to apply their expertise 
in the development of SMPRs.

Table A1: Performance Requirements. Provides recommended 
performance parameters to be included into an SMPR. Table A1 
is organized by fi ve method classifi cations: (1) main component 
quantitative methods; (2) trace or contaminant quantitative 
methods; (3) main component qualitative methods; (4) trace or 
contaminant quantitative methods; and (5) identifi cation methods. 
The table is designed to accommodate both microbiological and 
chemical methods. Alternate microbiological/chemical terms are 
provided for equivalent concepts.

Table A2: Recommended Defi nitions. Provides defi nitions 
for standard terms in the SMPR Guidelines. AOAC relies on 
The International Vocabulary of Metrology Basic and General 
Concepts and Associated Terms (VIM) and the International 
Organization for Standadization (ISO) for defi nition of terms not 
included in Table A2.

Table A3: Recommendations for Evaluation. Provides general 
guidance for evaluation of performance parameters. More detailed 
evaluation guidance can be found in Appendix D, Guidelines for 
Collaborative Study Procedures to Validate Characteristics of 
a Method of Analysis (2); Appendix I, Guidelines for Validation 
of Biological Threat Agent Methods and/or Procedures (3); 
Appendix K, AOAC Guidelines for Single-Laboratory Validation 
of Chemical Methods for Dietary Supplements and Botanicals (4); 
Codex Alimentarius Codex Procedure Manual (5); and ISO 
Standard 5725-1-1994 (6).

Table A4: Expected Precision (Repeatability) as a Function 
of Analyte Concentration. The precision of a method is the 
closeness of agreement between independent test results obtained 
under stipulated conditions. Precision is usually expressed in terms 

of imprecision and computed as a relative standard deviation 
(RSD) of the test results. The imprecision of a method increases 
as the concentration of the analyte decreases. This table provides 
target RSDs for a range of analyte concentrations.

Table A5: Expected Recovery as a Function of Analyte 
Concentration. Recovery is defi ned as the ratio of the observed 
mean test result to the true value. The range of the acceptable mean 
recovery expands as the concentration of the analyte decreases. 
This table provides target mean recovery ranges for analyte 
concentrations from 1 ppb to 100%.

Table A6: Predicted Relative Standard Deviation of 
Reproducibility (PRSDR). This table provides the calculated 
PRSDR using the Horwitz formula:

PRSDR = 2C–0.15

where C is expressed as a mass fraction.

Table A7: POD and Number of Test Portions. This table 
provides the calculated probability of detection (POD) for given 
sample sizes and events (detections). A method developer can use 
this table to determine the number of analyses required to obtain a 
specifi c POD.

Informative annexes.—The SMPR Guidelines contain 
informative annexes on the topics of classifi cation of methods, POD 
model, HorRat values, reference materials, and method accuracy and 
review. As with the informative tables, these annexes are intended to 
provide guidance and information to the working groups.
Initiation of an SMPR

See Figure 1 for a schematic fl owchart diagram of the SMPR 
development process.

Figure 1. Schematic fl owchart diagram of the SMPR development process.
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Advisory panels.—Most commonly, an SMPR is created in 
response to an analytical need identifi ed by an advisory panel. 
Advisory panels normally consist of sponsors and key stakeholders 
who have organized to address analytical problems. Usually, the 
advisory panel identifi es general analytical problems, such as the 
need to update analytical methods for determination of nutrients 
in infant formula. An advisory panel, with the input of appropriate 
subject matter experts, also prioritizes the specifi c analytical 
problems within the general topic. This panel is critical in planning 
for the stakeholder panel meeting.

Stakeholder panels.—After an advisory panel has identifi ed 
a general analytical problem, AOAC announces the standards 
development activity, identifi es stakeholders, and organizes a 
stakeholder panel. Membership on a stakeholder panel is open 
to anyone materially affected by the proposed standard. AOAC 
recruits scientists to participate on stakeholder panels on the basis 
of their expertise with the analytical problem identifi ed by the 
advisory panel. Experts are recruited from academia, government, 
nongovernmental organizations (such as ISO), industry, contract 
research organizations, method developers, and instrument/
equipment manufacturers. AOAC employs a representative 
voting panel model to ensure balance with regards to stakeholder 
perspective, and to ensure that no particular stakeholder 
perspective dominates the proceedings of the stakeholder panel. All 
stakeholder candidates are reviewed by the AOAC Chief Scientifi c 
Offi cer (CSO) for relevant qualifi cations, and again by the Offi cial 
Methods Board to ensure that the stakeholder panel is balanced and 
all stakeholders are fairly represented.

Stakeholder panels are extremely important as they serve several 
functions: (1) identify specifi c analytical topics within the general 
analytical problem described by the advisory panel; (2) form 
working groups to address the specifi c analytical topics; (3) identify 
additional subject matter experts needed for the working groups; 
(4) provide oversight of the SMPR development; and (5) formally 
adopt SMPRs originally drafted by working groups.

Working groups.—Working groups are formed by the stakeholder 
panel when a specifi c analytical topic has been identifi ed. The 
primary purpose of a working group is to draft an SMPR. Working 
groups may also be formed to make general recommendations, 
such as developing a common defi nition to be used by multiple 
working groups. For example, SPIFAN formed a working group 
to create a defi nition for “infant formula” that could be shared and 
used by all of the SPIFAN working groups.

The process of drafting an SMPR usually requires several 
months, and several meetings and conference calls. An SMPR 
drafted by a working group is presented to a stakeholder panel. A 
stakeholder panel may revise, amend, or adopt a proposed SMPR 
on behalf of AOAC.
Fitness-for-Purpose Statement and Call for Methods

One of the fi rst steps in organizing a project is creating a 
fi tness-for-purpose statement. In AOAC, the fi tness-for-purpose 
statement is a very general description of the methods needed. It 
is the responsibility of a working group chair to draft a fi tness-for-
purpose statement. A working group chair is also asked to prepare a 
presentation with background information about the analyte, matrix, 
and the nature of the analytical problem. A working group chair 
presents the background information and proposes a draft fi tness-for-
purpose statement to the presiding stakeholder panel. The stakeholder 
panel is asked to endorse the fi tness-for-purpose statement.

The AOAC CSO prepares a call for methods based on the 
stakeholder panel-approved fi tness-for-purpose statement. The 
call for methods is posted on the AOAC website and/or e-mailed 
to the AOAC membership and other known interested parties. 
AOAC staff collects and compiles candidate methods submitted in 
response to the call for methods. The CSO reviews and categorizes 
the methods.
Creating an SMPR

Starting the process of developing an SMPR can be a daunting 
challenge. In fact, drafting an SMPR should be a daunting challenge 
because the advisory panel has specifi cally identifi ed an analytical 
problem that has yet to be resolved. Completing an SMPR can be 
a very rewarding experience because working group members will 
have worked with their colleagues through a tangle of problems 
and reached a consensus where before there were only questions.

It is advisable to have some representative candidate methods 
available for reference when a working group starts to develop an 
SMPR. These methods may have been submitted in response to the 
call for methods, or may be known to a working group member. 
In any case, whatever the origin of the method, candidate methods 
may assist working group members to determine reasonable 
performance requirements to be specifi ed in the SMPR. The 
performance capabilities of exisiting analytical methodologies is a 
common question facing a working group.

Normally, a working chair and/or the AOAC CSO prepares 
a draft SMPR. A draft SMPR greatly facilitates the process and 
provides the working group with a structure from which to work.

Working group members are advised to fi rst consider the 
“intended use” and “maximum time-to-determination” sections 
as this will greatly affect expectations for candidate methods. For 
example, methods intended to be used for surveillance probably 
need to be quick but do not require a great deal of precision, and 
false-positive results might be more tolerable. Whereas methods 
intended to be used for dispute resolution will require better 
accuracy, precision, and reproducibility, but time to determination 
is not as important.

Once a working group has agreed on the intended use of 
candidate methods, then it can begin to defi ne the applicability of 
candidate methods. The applicability section of the SMPR is one of 
the most important, and sometimes most diffi cult, sections of the 
SMPR. The analyte(s) and matrixes must be explicitly identifi ed. 
For chemical analytes, International Union of Pure and Applied 
Chemistry (IUPAC) nomenclature and/or Chemical Abstracts 
Service (CAS) registry numbers should be specifi ed. Matrixes 
should be clearly identifi ed including the form of the matrix such 
as raw, cooked, tablets, powders, etc. The nature of the matrix may 
affect the specifi c analyte. It may be advantageous to fully identify 
and describe the matrix before determining the specifi c analyte(s). It 
is not uncommon for working groups to revise the initial defi nition 
of the analyte(s) after the matrix(es) has been better defi ned.

Table 1. Example of method performance table for a single 
analyte
Analytical range 7.0–382.6 μg/mL

Limit of quantitation (LOQ) 7.0 μg/mL

Repeatability (RSDr) <10 μg/mL 8%

10 μg/mL 6%
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For projects with multiple analytes, for example, vitamins A, D, 
E, and K in infant formula, it may be useful to organize a separate 
working group to fully describe the matrix(es) so that a common 
description of the matrix(es) can be applied to all of the analytes.

For single analyte SMPRs, it is most common to organize the 
method performance requirements into a table with 2–3 columns 
as illustrated in Table 1. For multiple analyte SMPRs, it is often 
convenient to present the requirements in an expanded table with 
analytes forming additional columns as illustrated in Table 2.

Once the intended use, analytical techniques, and method 
performance requirements have been determined, then a working 
group can proceed to consider the quality control parameters, 
such as the minimum validation requirements, system suitability 
procedures, and reference materials (if available). It is not 
uncommon that an appropriate reference material is not available. 
Annex F of the SMPR Guidelines provides comprehensive guidance 
for the development and use of in-house reference materials.

Most working groups are able to prepare a consensus SMPR in 
about 3 months.
Open Comment Period

Once a working group has produced a draft standard, AOAC 
opens a comment period for the standard. The comment period 
provides an opportunity for other stakeholders to state their 
perspective on the draft SMPR. All collected comments are 
reviewed by the AOAC CSO and the working group chair, and the 
comments are reconciled. If there are signifi cant changes required 
to the draft standard as a result of the comments, the working group 
is convened to discuss and any unresolved issues will be presented 
for discussion at the stakeholder panel meeting.
Submission of Draft SMPRs to the Stakeholder Panel

Stakeholder panels meet several times a year at various locations. 
The working group chair (or designee) presents a draft SMPR to the 
stakeholder panel for review and discussion. A working group chair 
is expected to be able to explain the conclusions of the working 
group, discuss comments received, and to answer questions from 
the stakeholder panel. The members of the stakeholder panel may 
revise, amend, approve, or defer a decision on the proposed SMPR. 
A super majority of 2/3 or more of those voting is required to adopt 
an SMPR as an AOAC voluntary consensus standard.
Publication

Adopted SMPRs are prepared for publication by AOAC staff, 
and are published in the Journal of AOAC INTERNATIONAL and in 
the AOAC Offi cial Methods of AnalysisSM compendium. Often, the 
AOAC CSO and working group chair prepare a companion article 
to introduce an SMPR and describe the analytical issues considered 
and resolved by the SMPR. An SMPR is usually published within 
6 months of adoption.

Conclusion

SMPRs are a unique and novel concept for the analytical 
methods community. SMPRs are voluntary, consensus standards 
developed by stakeholders that prescribe the minimum analytical 
performance requirements for classes of analytical methods. The 
SMPR Guidelines provide a structure for working groups to use 
as they develop an SMPR. The guidelines have been employed in 
several AOAC projects and have been proven to be very useful. The 
guidelines are not a statute that users must conform to; they are a 
“living” document that is regularly updated, so users should check 
the AOAC website for the latest version before using the guidelines.
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Table 2. Example of method performance table for multiple analytes
Analyte 1 Analyte 2 Analyte 3

Analytical range 10–20 μg/mL 100–200 μg/mL 200–500 μg/mL

Limit of quantitation (LOQ) 10 μg/mL 100 μg/mL 200 μg/mL

Repeatability (RSDr) <10 μg/mL 8% <10 μg/mL 8% <200 μg/mL 10%

10 μg/mL 6% 10 μg/mL 6% 200 μg/mL 8%

http://www.eurachem.org/guides/pdf/


© 2012 AOAC INTERNATIONAL

AOAC OFFICIAL METHODS OF ANALYSIS (2012) GUIDELINES FOR STANDARD METHOD PERFORMANCE REQUIREMENTS
Appendix F, p. 5

ANNEX A
Format of a

Standard Method Performance Requirement

AOAC SMPR YYYY.XXX
(YYYY = Year; XXX = sequential identifi cation number)

Method Name: Must include the analyte(s), matrix(es), and 
analytical technique [unless the standard method performance 
requirement (SMPR) is truly intended to be independent of the 
analytical technology]. The method name may refer to a “common” 
name (e.g., “Kjeldahl” method).

Approved By: Name of stakeholder panel or expert review panel

Final Version Date: Date

Effective Date: Date

1. Intended Use: Additional information about the method and 
conditions for use.

2. Applicability: List matrixes if more than one. Provide 
details on matrix such as specifi c species for biological analytes, 
or International Union of Pure and Applied Chemistry (IUPAC) 
nomenclature and Chemical Abstracts Service (CAS) registry 
number for chemical analytes. Specify the form of the matrix such 
as raw, cooked, tablets, powders, etc.

3. Analytical Technique: Provide a detailed description of the 
analytical technique if the SMPR is to apply to a specifi c analytical 
technique; or state that the SMPR applies to any method that meets 
the method performance requirements.

4. Defi nitions: List and defi ne terms used in the performance 
parameter table (see Table A2 for list of standard terms).

5. Method Performance Requirements: List the performance 
parameters and acceptance criteria appropriate for each method/
analyte/matrix. See Table A1 for appropriate performance 
requirements.

If more than one analyte/matrix, and if acceptance criteria differ 
for analyte/matrix combinations then organize a table listing each 
analyte/matrix combination and its minimum acceptance criteria 
for each performance criteria.

6. System Suitability Tests and/or Analytical Quality 
Control: Describe minimum system controls and QC procedures.

7. Reference Material(s): Identify the appropriate reference 
materials if they exist, or state that reference materials are not 
available. Refer to Annex E (AOAC Method Accuracy Review) for 
instructions on the use of reference materials in evaluations.

8. Validation Guidance: Recommendations for type of 
evaluation or validation program such as single-laboratory 
validation (SLV), Offi cial Methods of AnalysisSM (OMA), or 
Performance Tested MethodsSM (PTM).

9. Maximum Time-to-Determination: Maximum allowable 
time to complete an analysis starting from the test portion 
preparation to fi nal determination or measurement.

Annex I: Inclusivity/Selectivity Panel. Recommended for 
qualitative and identifi cation method SMPRs.

Annex II: Exclusivity/Cross-Reactivity Panel. Recommended 
for qualitative and identifi cation method SMPRs.

Annex III: Environmental Materials Panel. Recommended 
for qualitative and identifi cation method SMPRs.
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Table A1. Performance requirements
Classifi cations of methodsa

Quantitative method Qualitative method

Identifi cation methodMain componentb Trace or contaminantc Main componentb Trace or contaminantc

Parameter

Single-laboratory validation

Applicable range

Biasd

Precision

Recovery

Limit of quantitation (LOQ)

Applicable range

Biasd

Precision

Recovery

LOQ

Inclusivity/selectivity

Exclusivity/cross-reactivity

Environmental interference

Laboratory variance

Probability of detection 
(POD)e

Inclusivity/selectivity

Exclusivity/cross-reactivity

Environmental interference

Laboratory variance

POD at AMDLf

Inclusivity/selectivity

Exclusivity/cross-reactivity

Environmental interference

Probability of identifi cation 
(POI)

Reproducibility

RSDR or target
 measurement
 uncertainty

RSDR or target 
measurement
uncertainty

POD (0)

POD (c)

Laboratory PODg

POD (0)

POD (c)

Laboratory PODg

POI (c)

Laboratory POI
a See Annex B for additional information on classifi cation of methods.
b ≥100 g/kg.
c <100 g/kg.
d If a reference material is available.
e At a critical level.
f AMDL = Acceptable minimum detection level.
g LPOD = CPOD.
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Table A2. Recommended defi nitions
Bias Difference between the expectation of the test results and an accepted reference value. Bias is 

the total systematic error as contrasted to random error. There may be one or more systematic 
error components contributing to the bias.

Environmental interference Ability of the assay to detect target organism in the presence of environmental substances and 
to be free of cross reaction from environmental substances.

Exclusivity Strains or isolates or variants of the target agent(s) that the method must not detect.

Inclusivity Strains or isolates or variants of the target agent(s) that the method can detect.

Laboratory probability of detection (POD) Overall fractional response (mean POD = CPOD) for the method calculated from the pooled 
PODj responses of the individual laboratories (j = 1, 2, ..., L).a See Annex C.

Limit of quantitation (LOQ) Minimum concentration or mass of analyte in a given matrix that can be reported as a 
quantitative result.

POD (0) Probability of the method giving a (+) response when the sample is truly without analyte.

POD (c) Probability of the method giving a (–) response when the sample is truly without analyte.

POD Proportion of positive analytical outcomes for a qualitative method for a given matrix at a given 
analyte level or concentration. Consult Annex C for a full explanation.

Probability of identifi cation (POI) Expected or observed fraction of test portions at a given concentration that gives positive result 
when tested at a given concentration. Consult Probability of Identifi cation (POI): A Statistical 
Model for the Validation of Qualitative Botanical Identifi cation Methods.c

Precision (repeatability) Closeness of agreement between independent test results obtained under stipulated 
conditions. The measure of precision is usually expressed in terms of imprecision and 
computed as a standard deviation of the test results.d

Recovery Fraction or percentage of the analyte that is recovered when the test sample is analyzed using 
the entire method. There are two types of recovery: (1) Total recovery based on recovery of 
the native plus added analyte, and (2) marginal recovery based only on the added analyte (the 
native analyte is subtracted from both the numerator and denominator).e

Repeatability Precision under repeatability conditions.

Repeatability conditions Conditions where independent test results are obtained with the same method on identical 
test items in the same laboratory by the same operator using the same equipment within short 
intervals of time.

Reproducibility Precision under reproducibility conditions.

Reproducibility conditions Conditions where independent test results are obtained with the same method on identical test 
items in different laboratories with different operators using different equipment.

Relative standard deviation (RSD) RSD = si  100/

Standard deviation (si) si = [Σ(xi – )2/n]0.5

a AOAC INTERNATIONAL Methods Committee Guidelines for Validation of Biological Threat Agent Methods and/or Procedures (Calculation of CPOD and 
dCPOD Values from Qualitative Method Collaborative Study Data), J. AOAC Int. 94, 1359(2011) and Offi cial Methods of Analysis of AOAC INTERNATIONAL 
(2012) 19th Ed., Appendix I.

b International Vocabulary of Metrology (VIM)—Basic and General Concepts and Associated Terms (2008) JCGM 200:2008, Joint Committee for Guides in 
Metrology (JCGM), www.bipm.org

c LaBudde, R.A., & Harnly, J.M. (2012) J. AOAC Int. 95, 273–285.
d ISO 5725-1-1994.
e Offi cial Methods of Analysis (2012) Appendix D (Guidelines for Collaborative Study Procedures to Validate Characteristics of a Method of Analysis), AOAC 

INTERNATIONAL, Gaithersburg, MD.

http://www.bipm.org/
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Table A3. Recommendations for evaluation
Bias (if a reference material is available) A minimum of fi ve replicate analyses of a Certifi ed Reference Material.a

Environmental interference Analyze test portions containing a specifi ed concentration of one environmental materials panel 
member. Materials may be pooled. Consult with AOAC statistician.

Exclusivity/cross-reactivity Analyze one test portion containing a specifi ed concentration of one exclusivity panel member. 
More replicates can be used. Consult with AOAC statistician.

Inclusivity/selectivity Analyze one test portion containing a specifi ed concentration of one inclusivity panel member. 
More replicates can be used. Consult with AOAC statistician.

Limit of quantitation (LOQ) Estimate the LOQ = average (blank) + 10  s0 (blank). Measure blank samples with analyte 
at the estimated LOQ. Calculate the mean average and standard deviation of the results. 
Guidanceb: For ML ≥ 100 ppm (0.1 mg/kg): LOD = ML  1/5. For ML < 100 ppm (0.1 mg/kg): 
LOD = ML  2/5.

Measurement uncertainty Use ISO 21748: Guidance for the use of repeatability, reproducibility, and trueness estimates 
in measurement uncertainty estimation to analyze data collected for bias, repeatability, and 
intermediate precision to estimate measurement uncertainty.

POD(0)
Use data from collaborative study.

POD (c)

Repeatability Prepare and homogenize three unknown samples at different concentrations to represent the 
full, claimed range of the method. Analyze each unknown sample by the candidate method 
seven times, beginning each analysis from weighing out the test portion through to fi nal result 
with no additional replication (unless stated to do so in the method). All of the analyses for one 
unknown sample should be performed within as short a period of time as is allowed by the 
method. The second and third unknowns may be analyzed in another short time period. Repeat 
for each claimed matrix.

Probability of detection (POD) Determine the desired POD at a critical concentration. Consult with Table A7 to determine the 
number of test portions required to demonstrate the desired POD.

Probability of identifi cation (POI) Consult Probability of Identifi cation (POI): A Statistical Model for the Validation of Qualitative 
Botanical Identifi cation Methodsc.

Recovery Determined from spiked blanks or samples with at least seven independent analyses per 
concentration level at a minimum of three concentration levels covering the analytical range. 
Independent means at least at different times. If no confi rmed (natural) blank is available, the 
average inherent (naturally containing) level of the analyte should be determined on at least 
seven independent replicates.

Marginal % recovery = (Cf – Cu)  100/CA
Total % recovery = 100(Cf)/(Cu + CA)

where Cf  = concentration of fortifi ed samples, Cu = concentration of unfortifi ed samples, and CA 
= concentration of analyte added to the test sample.d

Usually total recovery is used unless the native analyte is present in amounts greater than about 
10% of the amount added, in which case use the method of addition.e

Reproducibility
(collaborative or interlaboratory study)

Quantitative methods: Recruit 10–12 collaborators; must have eight valid data sets; two 
blind duplicate replicates at fi ve concentrations for each analyte/matrix combination to each 
collaborator.

Qualitative methods: Recruit 12–15 collaborators; must have 10 valid data sets; six replicates at 
fi ve concentrations for each analyte/matrix combination to each collaborator.

a Guidance for Industry for Bioanalytical Method Validation (May 2001) U.S. Department of Health and Human Services, U.S. Food and Drug Administration, 
Center for Drug Evaluation and Research (CDER), Center for Veterinary Medicine (CVM).

b Codex Alimentarius Codex Procedure Manual.

c LaBudde, R.A., & Harnly, J.M. (2012) J. AOAC Int. 95, 273–285.

d Guidelines for Collaborative Study Procedures to Validate Characteristics of a Method of Analysis (2012) Offi cial Methods of Analysis, 19th Ed., Appendix D, 
AOAC INTERNATIONAL, Gaithersburg, MD.

e AOAC Guidelines for Single-Laboratory Validation of Chemical Methods for Dietary Supplements and Botanicals (2012) Offi cial Methods of Analysis, 19th Ed., 
Appendix K, AOAC INTERNATIONAL, Gaithersburg, MD.
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Table A4. Expected precision (repeatability) as a function of 
analyte concentrationa

Analyte, % Analyte ratio Unit RSD, %

100 1 100% 1.3

10 10–1 10% 1.9

1 10–2 1% 2.7

0.01 10–3 0.1% 3.7

0.001 10–4 100 ppm (mg/kg) 5.3

0.0001 10–5 10 ppm (mg/kg) 7.3

0.00001 10–6 1 ppm (mg/kg) 11

0.000001 10–7 100 ppb (μg/kg) 15

0.0000001 10–8 10 ppb (μg/kg) 21

0.00000001 10–9 1 ppb (μg/kg) 30
a Table excerpted from AOAC Peer-Verifi ed Methods Program, Manual on 

Policies and Procedures (1998) AOAC INTERNATIONAL, Gaithersburg, 
MD.

 The precision of a method is the closeness of agreement between 
independent test results obtained under stipulated conditions. Precision 
is usually expressed in terms of imprecision and computed as a relative 
standard deviation of the test results. The imprecision of a method 
increases as the concentration of the analyte decreases. This table 
provides targets RSDs for a range of analyte concentrations.

Table A5. Expected recovery as a function of analyte 
concentrationa

Analyte, % Analyte ratio Unit Mean recovery, %

100 1 100% 98–102

10 10–1 10% 98–102

1 10–2 1% 97–103

0.01 10–3 0.1% 95–105

0.001 10–4 100 ppm 90–107

0.0001 10–5 10 ppm 80–110

0.00001 10–6 1 ppm 80–110

0.000001 10–7 100 ppb 80–110

0.0000001 10–8 10 ppb 60–115

0.00000001 10–9 1 ppb 40–120
a Table excerpted from AOAC Peer-Verifi ed Methods Program, Manual on 

Policies and Procedures (1998) AOAC INTERNATIONAL, Gaithersburg, 
MD.

 Recovery is defi ned as the ratio of the observed mean test result to the 
true value. The range of the acceptable mean recovery expands as the 
concentration of the analyte decreases. This table provides target mean 
recovery ranges for analyte concentrations from 100% to 1 ppb.

Table A6. Predicted relative standard deviation of 
reproducibility (PRSDR)a

Concentration (C) Mass fraction (C) PRSDR, %

100% 1.0 2

1% 0.01 4

0.01% 0.0001 8

1 ppm 0.000001 16

10 ppb 0.00000001 32

1 ppb 0.000000001 45
a Table excerpted from Defi nitions and Calculations of HorRat Values 

from Intralaboratory Data, HorRat for SLV.doc, 2004-01-18, AOAC 
INTERNATIONAL, Gaithersburg, MD.

 Predicted relative standard deviation = PRSDR. Reproducibility relative 
standard deviation calculated from the Horwitz formula:

PRSDR = 2C–0.15, where C is expressed as a mass fraction

 This table provides the calculated PRSDR for a range of concentrations. 
See Annex D for additional information.
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Table A7. POD and number of test portionsa,b

Sample size required for proportion

Assume 1. Binary outcome (occur/not occur). 2. Constant probability rho of event occurring. 3. Independent trials (e.g., simple random sample). 4. Fixed number of trials (N)

Inference 95% Confi dence interval lies entirely at or above specifi ed minimum rho

Desired Sample size N needed

Minimum probability 
rho, % Sample size (N)

Minimum No. events 
(x)

Maximum No. 
nonevents (y)

1-Sided lower 
confi dence limit on 

rhoc, %

Expected lower 
confi dence limit on 

rho, %

Expected upper 
confi dence limit on 

rho, %
Effective

AOQLd rho, %

50 3 3 0 52.6 43.8 100.0 71.9

50 10 8 2 54.1 49.0 94.3 71.7

50 20 14 6 51.6 48.1 85.5 66.8

50 40 26 14 52.0 49.5 77.9 63.7

50 80 48 32 50.8 49.0 70.0 59.5

55 4 4 0 59.7 51.0 100.0 75.5

55 10 9 1 65.2 59.6 100.0 79.8

55 20 15 5 56.8 53.1 88.8 71.0

55 40 28 12 57.1 54.6 81.9 68.2

55 80 52 28 55.9 54.1 74.5 64.3

60 5 5 0 64.9 56.5 100.0 78.3

60 10 9 1 65.2 59.6 100.0 79.8

60 20 16 4 62.2 58.4 91.9 75.2

60 40 30 10 62.4 59.8 85.8 72.8

60 80 56 24 61.0 59.2 78.9 69.1

65 6 6 0 68.9 61.0 100.0 80.5

65 10 9 1 65.2 59.6 100.0 79.8

65 20 17 3 67.8 64.0 94.8 79.4

65 40 31 9 65.1 62.5 87.7 75.1

65 80 59 21 65.0 63.2 82.1 72.7

70 7 7 0 72.1 64.6 100.0 82.3

70 10 10 0 78.7 72.2 100.0 86.1

70 20 18 2 73.8 69.9 97.2 83.6

70 40 33 7 70.7 68.0 91.3 79.7

70 80 63 17 70.4 68.6 86.3 77.4

75 9 9 0 76.9 70.1 100.0 85.0

75 10 10 0 78.7 72.2 100.0 86.1

75 20 19 1 80.4 76.4 100.0 88.2

75 40 35 5 76.5 73.9 94.5 84.2

75 80 67 13 75.9 74.2 90.3 82.2

80 11 11 0 80.3 74.1 100.0 87.1

80 20 19 1 80.4 76.4 100.0 88.2

80 40 37 3 82.7 80.1 97.4 88.8

80 80 70 10 80.2 78.5 93.1 85.8

85 20 20 0 88.1 83.9 100.0 91.9

85 40 38 2 86.0 83.5 98.6 91.1

85 80 74 6 86.1 84.6 96.5 90.6

90 40 40 0 93.7 91.2 100.0 95.6

90 60 58 2 90.4 88.6 99.1 93.9

90 80 77 3 91.0 89.5 98.7 94.1

95 60 60 0 95.7 94.0 100.0 97.0

95 80 80 0 96.7 95.4 100.0 97.7

95 90 89 1 95.2 94.0 100.0 97.0

95 96 95 1 95.5 94.3 100.0 97.2

98 130 130 0 98.0 97.1 100.0 98.6

98 240 239 1 98.2 97.7 100.0 98.8

99 280 280 0 99.0 98.6 100.0 99.3

99 480 479 1 99.1 98.8 100.0 99.4
a Table excerpted from Technical Report TR308, Sampling plans to verify the proportion of an event exceeds or falls below a specifi ed value, LaBudde, R. (June 4, 2010) (not 

published). The table was produced as part of an informative report for the Working Group for Validation of Identity Methods for Botanical Raw Materials commissioned by the AOAC 
INTERNATIONAL Presidential Task Force on Dietary Supplements. The project was funded by the Offi ce of Dietary Supplements, National Institutes of Health.

b Copyright 2010 by Least Cost Formulations, Ltd. All rights reserved.
c Based on modifi ed Wilson score 1-sided confi dence interval.
d AOQL = Average outgoing quality level.



© 2012 AOAC INTERNATIONAL

AOAC OFFICIAL METHODS OF ANALYSIS (2012) GUIDELINES FOR STANDARD METHOD PERFORMANCE REQUIREMENTS
Appendix F, p. 11

ANNEX B
Classifi cation of Methods

The following guidance may be used to determine which 
performance parameters in Table A1 apply to different 
classifi cations of methods. AOAC INTERNATIONAL does not 
recognize the term “semiquantitative” as a method classifi cation. 
Methods that have been self-identifi ed as semiquantitative will be 
classifi ed into one of the following fi ve types:

Type I: Quantitative Methods

Characteristics: Generates a continuous number as a result.

Recommendation: Use performance requirements specifi ed for 

quantitative method (main or trace component). Use recovery range 

and maximum precision variation in Tables A4 and A5.

In some cases and for some purposes, methods with less accuracy 

and precision than recommended in Tables A4 and A5 may be 

acceptable. Method developers should consult with the appropriate 

method committee to determine if the recommendations in Tables 

A4 and A5 do or do not apply to their method.

Type II: Methods that Report Ranges

Characteristics: Generates a “range” indicator such as 0, low, 

moderate, and high.

Recommendation: Use performance requirements specifi ed for 

qualitative methods (main component). Specify a range of POD for 

each range “range” indicator.

Type III: Methods with Cutoff Values

Characteristics: Method may generate a continuous number as an 

interim result (such as a CT value for a PCR method), which is not 

reported but converted to a qualitative result (presence/ absence) 

with the use of a cutoff value.

Recommendation: Use performance requirements specifi ed for 

qualitative methods.

Type IV: Qualitative Methods

Characteristics: Method of analysis whose response is either the 

presence or absence of the analyte detected either directly or 

indirectly in a specifi ed test portion.

Recommendation: Use performance requirements specifi ed for 

qualitative methods.

Type V: Identifi cation Methods

Characteristics: Method of analysis whose purpose is to determine 

the identity of an analyte.

Recommendation: Use performance requirements specifi ed for 

identifi cation methods.

Figure A2. Relationship between LOD and LOQ. LOD is 
defi ned as the lowest quantity of a substance that can be 
distinguished from the absence of that substance (a blank 
value) within a stated confi dence limit. LOQ is the level above 
which quantitative results may be obtained with a stated 
degree of confi dence.

Figure A1. Relationship between precision versus bias (trueness). 
Trueness is reported as bias. Bias is defi ned as the difference 
between the test results and an accepted reference value.

Figure A3. Horwitz Curve, illustrating the exponential 
increase in the coeffi cient of variation as the concentration of 
the analyte decreases [J. AOAC Int. 89, 1095(2006)].
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ANNEX C
Understanding the POD Model

Excerpted from AOAC INTERNATIONAL Methods Committee 
Guidelines for Validation of Biological Threat Agent Methods 
and/or Procedures, J. AOAC Int. 94, 1359(2011) and Offi cial 
Methods of Analysis of AOAC INTERNATIONAL (2012) 19th Ed., 
Appendix I.

The Probability of Detection (POD) model is a way of 
characterizing the performance of a qualitative (binary) method. 
A binary qualitative method is one that gives a result as one of two 
possible outcomes, either positive or negative, presence/absence, 
or +/–.

The single parameter of interest is the POD, which is defi ned 
as the probability at a given concentration of obtaining a positive 
response by the detection method. POD is assumed to be dependent 
on concentration, and generally, the probability of a positive 
response will increase as concentration increases.

For example, at very low concentration, the expectation is that 
the method will not be sensitive to the analyte, and at very high 
concentration, a high probability of obtaining a positive response 
is desired. The goal of method validation is to characterize how 
method response transitions from low concentration/low response 
to high concentration/high response.

POD is always considered to be dependent upon analyte 
concentration. The POD curve is a graphical representation of 
method performance, where the probability is plotted as a function 
of concentration (see, for example, Figure C1).

The POD model is designed to allow an objective description of 
method response without consideration to an a priori expectation 
of the probabilities at given concentrations. The model is general 
enough to allow comparisons to any theoretical probability 
function.

The POD model is also designed to allow for an independent 
description of method response without consideration to the 
response of a reference method. The model is general enough to 
allow for comparisons between reference and candidate method 
responses, if desired.

Older validation models have used the terms “sensitivity,” 
“specifi city,” “false positive,” and “false negative” to describe 
method performance. The POD model incorporates all of the 
performance concepts of these systems into a single parameter, 
POD.

For example, false positive has been defi ned by some models 
as the probability of a positive response, given the sample is truly 
negative (concentration = 0). The equivalent point on the POD 
curve for this performance characteristic is the value of the curve 
at Conc = 0.

Similarly, false negative has sometimes been defi ned as the 
probability of a negative response when the sample is truly positive 
(concentration >0). In the POD curve, this would always be specifi c 
to a given sample concentration, but would be represented as the 
distance from the POD curve to the POD = 1 horizontal top axis at 
all concentrations except C = 0.

The POD model incorporates all these method characteristics 
into a single parameter, which is always assumed to vary by 
concentration. In other models, the terms “false positive,” “false 
negative,” “sensitivity,” and “specifi city” have been defi ned in a 
variety of ways, usually not conditional on concentration. For these 
reasons, these terms are obsolete under this model (see Table C1).

The terms “sensitivity,” “specifi city,” “false positive,” and “false 
negative” are obsolete under the POD model (see Figure C2).

Table C1. Terminology
Traditional terminology Concept POD equivalent Comment

False positive Probability of the method giving a (+) 
response when the sample is truly without 

analyte

POD(0)
POD at conc = 0

POD curve value at conc = 0;
“Y-intercept” of the POD curve

Specifi city Probability of the method giving a (-) 
response when the sample is truly without 

analyte

1-POD(0) Distance along the POD axis from POD = 1 
to the POD curve value

False negative
 (at a given 
concentration)

Probability of a (–) response at a given 
concentration

1-POD(c) Distance from the POD curve to the POD = 
1 “top axis” in the vertical direction

Sensitivity
 (at a given 
concentration)

Probability of a (+) response at a given 
concentration

POD(c) Value of the POD curve at any given 
concentration

True negative A sample that contains no analyte C = 0 Point on concentration axis where c = 0

True positive A sample that contains analyte at some 
positive concentration

C > 0 Range of concentration where c > 0

Figure C1. Theoretical POD curve for a qualitative 
detection method.
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ANNEX D
Defi nitions and Calculations

of HorRat Values from Intralaboratory Data

Excerpted from Defi nitions and Calculations of HorRat Values 
from Intralaboratory Data, AOAC INTERNATIONAL, HorRat for 
SLV.doc, 2004-01-18.
1. Defi nitions

1.1 Replicate Data

Data developed under common conditions in the same 
laboratory: simultaneous performance, or, if necessary to obtain 
suffi cient values, same series, same analyst, same day. Such data 
provides “repeatability statistical parameters.”

1.2 Pooled Data

Replicate data developed in the same laboratory under different 
conditions but considered suffi ciently similar that, for the purpose 
of statistical analysis, they may be considered together. These may 
include different runs, different instruments, different analysts, and 
different days.

1.3 Average

0 = Sum of the individual values, xi, divided by the number of 
individual values, n.

0 = (Σ xi)/n

1.4 Standard Deviation

si = [Σ(xi – ()2/n]0.5

1.5 Relative Standard Deviation

RSD = si  100/

1.5.1 Repeatability Relative Standard Deviation [RSD(r) or RSDr]

The relative standard deviation calculated from within-
laboratory data.

1.5.2 Reproducibility Relative Standard Deviation [RSD(R) or RSDR]

The relative standard deviation calculated from among-
laboratory data.

Figure C2. Comparison of POD model terminology to other obsolete terms.

Table D1. Predicted relative standard deviations
Concentration (C) Mass fraction (C) PRSDR, %

100% 1.0 2

1% 0.01 4

0.01% 0.0001 8

1 ppm 0.000001 16

10 ppb 0.00000001 32

1 ppb 0.000000001 45
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1.6 Mass Fraction

Concentration, C, expressed as a decimal fraction. For calculating 
and reporting statistical parameters, data may be expressed in any 
convenient units (e.g., %, ppm, ppb, mg/g, μg/g; μg/kg; μg/L, 
μg/μL, etc.). For reporting HorRat values, data must be reported as 
a mass fraction where the units of the numerator and denominator 
are the same: e.g., for 100% (pure materials), the mass fraction C 
= 1.00; for 1 μg/g (ppm), C = 0.000001 = (E-6). See Table D1 for 
other examples.

1.7 Predicted Relative Standard Deviation [PRSD(R) or PRSDR]

The reproducibility relative standard deviation calculated from 
the Horwitz formula:

PRSD(R) = 2C
–0.15

where C is expressed as a mass fraction. See Table D1.

In spreadsheet notation: PRSD(R) = 2 * C ^(–0.15). 
1.8 HorRat Value

The ratio of the reproducibility relative standard deviation 
calculated from the data to the PRSD(R) calculated from the 
Horwitz formula:

HorRat = RSD(R)/PRSD(R)

To differentiate the usual HorRat value calculated from 
reproducibility data from the HorRat value calculated from 
repeatability data, attach an R for the former and an r for the 
latter. But note that the denominator always uses the PRSD(R) 
calculated from reproducibility data because this parameter is more 
predictable than the parameter calculated from repeatability data:

HorRat(R) = RSDR/PRSD(R)

HorRat(r) = RSDr/PRSD(R)

Some expected, predicted relative standard deviations are given 
in Table D1.
2 Acceptable HorRat Values

2.1 For Interlaboratory Studies

HorRat(R): The original data developed from interlaboratory 
(among-laboratory) studies assigned a HorRat value of 1.0 with 
limits of acceptability of 0.5 to 2.0. The corresponding within-
laboratory relative standard deviations were found to be typically 
1/2 to 2/3 the among-laboratory relative standard deviations.

2.1.1 Limitations

HorRat values do not apply to method-defi ned (empirical) 
analytes (moisture, ash, fi ber, carbohydrates by difference, etc.), 
physical properties or physical methods (pH, viscosity, drained 
weight, etc.), and ill-defi ned analytes (polymers, products of 
enzyme reactions).

2.2 For Intralaboratory Studies

2.2.1 Repeatability

Within-laboratory acceptable predicted target values for 
repeatability are given in Table D2 at 1/2 of PRSD(R), which 
represents the best case.

2.2.2 HorRat(r)

Based on experience and for the purpose of exploring the 
extrapolation of HorRat values to SLV studies, take as the minimum 
acceptability 1/2 of the lower limit (0.5  0.5 ≈ 0.3) and as the 
maximum acceptability 2/3 of the upper limit (0.67  2.0 ≈ 1.3).

Calculate HorRat(r) from the SLV data:

HorRat(r) = RSD(r)/PRSD(R)

Acceptable HorRat(r) values are 0.3–1.3. Values at the extremes 
must be interpreted with caution. With a series of low values, 
check for unreported averaging or prior knowledge of the analyte 
content; with a series of high values, check for method defi ciencies 
such as unrestricted times, temperatures, masses, volumes, and 
concentrations; unrecognized impurities (detergent residues on 
glassware, peroxides in ether); incomplete extractions and transfers 
and uncontrolled parameters in specifi c instrumental techniques.

2.3 Other Limitations and Extrapolations

The HorRat value is a very rough but useful summary of the 
precision in analytical chemistry. It overestimates the precision at 
the extremes, predicting more variability than observed at the high 
end of the scale (C > ca 0.1; i.e., >10%) and at the low end of the 
scale (C < E-8; i.e., 10 ng/g; 10 ppb).

Table D2. Predicted relative standard deviations
Concentration (C) PRSDR, % PRSDr, %

100% 2 1

1% 4 2

0.01% 8 4

1 ppm 16 8

10 ppb 32 16

1 ppb 45 22
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ANNEX E
AOAC Method Accuracy Review

Accuracy of Method Based on Reference Material

Reference material (RM) used.—The use of RMs should be 
seen as integral to the process of method development, validation, 
and performance evaluation. RMs are not the only component of a 
quality system, but correct use of RMs is essential to appropriate 
quality management. RMs with or without assigned quantity values 
can be used for measurement precision control, whereas only 
RMs with assigned quantity values can be used for calibration or 
measurement trueness control. Method development and validation 
for matrices within the scope of the method is done to characterize 
attributes such as recovery, selectivity, “trueness” (accuracy, bias), 
precision (repeatability and reproducibility), uncertainty estimation, 
ruggedness, LOQ or LOD, and dynamic range. RMs should be 
chosen that are fi t-for-purpose. When certifi ed reference materials 
(CRMs) are available with matrices that match the method scope, 
much of the work involved in method development has already been 
completed, and that work is documented through the certifi cate. RMs 
with analyte values in the range of test samples, as well as “blank” 
matrix RMs, with values below or near detection limits, are needed.

Availability of RM.—Consideration needs to be given to the 
future availability of the chosen RM. Well-documented methods 
that cannot be verifi ed in the future due to lack of material may lose 
credibility or be seen as inferior.

Fit to method scope.—Natural matrix CRMs provide the 
greatest assurance that the method is capable of producing accurate 
results for that matrix. When selecting an RM to perform a method 
validation, analysts should consider the method to material fi t. An 
example of a good fi t would be a method for specifi ed organic 
molecules in infant formula and using an infant formula or powder 
milk RM. A poor fi t would be a method for specifi ed organic 
molecules in infant formula and using a sediment material.

Stability.—Providing a stable RM can be challenging where 
analytes are biologically active, easily oxidized, or interactive with 
other components of the matrix. CRM producers provide assurance 
of material stability, as well as homogeneity.CRMs are accompanied 
by a certifi cate that includes the following key criteria:

(1) Assigned values with measurement uncertainty and 
metrological traceability

(2) Homogeneity
(3) Stability, with the expiration date for the certifi cate
(4) Storage requirements
(5) Information on intended use
(6) Identity of matrix
For some RMs, such as botanical RMs, the source and/or 

authenticity can be a very important piece of information that 
should be included with the certifi cate. Even under ideal storage 
conditions, many analytes have some rate of change. Recertifi cation 
may be done by the supplier, and a certifi cate reissued with a 
different expiration date and with certain analyte data updated or 
removed.

Defi nition of CRM.—Refer to the AOAC TDRM document for 
defi nitions from ISO Guide 30, Amd. 1 (2008), http://www.aoac.
org/divisions/References.pdf.

Information on source of RM is available.—It is the responsibility 
of the material producer to provide reliable authentication of the RM 
and make a clear statement in the accompanying documentation. 
This should be an as detailed listing as possible, including handling 
of ingredients, identifi cation of plant materials as completely 
as feasible (species, type, subtype, growing region), etc. This is 
comparable to other required information on an RM for judging its 
suitability for a specifi c application purpose (e.g., containing how 
much of the targeted analyte, stabilized by adding acid—therefore 
not suited for certain parameters/procedures, etc.).

Separate RM used for calibration and validation.—A single RM 
cannot be used for both calibration and validation of results in the 
same measurement procedure.

Blank RM used where appropriate.—Blank matrix RMs are useful 
for ensuring performance at or near the detection limits. These are 
particularly useful for routine quality control in methods measuring, 
for instance, trace levels of allergens, mycotoxins, or drug residues.

Storage requirements were maintained.—Method developers 
should maintain good documentation showing that the RM 
producer’s recommended storage conditions were followed.

Cost.—The cost of ongoing method checks should be considered. 
Daily use of CRMs can be cost prohibitive. Monthly or quarterly 
analysis of these materials may be an option.

Concentration of analyte fi ts intended method.—Concentration 
of the analyte of interest is appropriate for standard method 
performance requirements (SMPRs).

Uncertainty available.—Every measurement result has an 
uncertainty associated with it, and the individual contributions toward 
the combined uncertainty arise from multiple sources. Achieving 
the target measurement uncertainty set by the customer for his/
her problem of interest is often one of the criteria used in selecting 
a method for a given application. Estimation of measurement 
uncertainty can be accomplished by different approaches, but the use 
of RMs greatly facilitates this part of a method validation.
Demonstration of Method Accuracy when No Reference 
Material Is Available

If an RM is not available, how is accuracy demonstrated?
There are many analytes for which a CRM with a suitable matrix 

is not available. This leaves the analyst with few options. For some 
methods, there may be profi ciency testing programs that include 
a matrix of interest for the analyte. Profi ciency testing allows an 
analyst to compare results with results from other laboratories, 
which may or may not be using similar methods. Spiking is 
another technique that may be used. When alternative methods are 
available, results may be compared between the different methods. 
These alternatives do not provide the same level of assurance that 
is gained through the use of a CRM.

Spike recovery.—In the absence of an available CRM, one technique 
that is sometimes used for assessing performance is the spiking of a 
matrix RM with a known quantity of the analyte. When this method is 
used, it cannot be assumed that the analyte is bound in the same way as it 
would be in a natural matrix. Nevertheless, a certifi ed blank RM would 
be the preferred choice for constructing a spiked material.

When preparing reference solutions, the pure standards must be 
completely soluble in the solvent. For insoluble materials in a liquid 
suspension or for powdered forms of dry materials, validation 
is required to demonstrate that the analyte is homogeneously 
distributed and that the response of the detection system to the 
analyte is not affected by the matrix or preparation technique. When 
a matrix material is selected for spiking, it should be reasonably 

The document, AOAC Method Accuracy Review, was prepared 
by the AOAC Technical Division on Reference Materials (TDRM) 
and approved by the AOAC Offi cial Methods Board in June 2012.

http://www.aoac/
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characterized to determine that it is suffi ciently representative of 
the matrix of interest. Spiked samples must be carried through all 
steps of the method. Many analytes are bound in a natural matrix 
and whether the spiked analyte will behave the same as the analyte 
in a natural matrix is unknown.

Other.—Use of a substitute RM involves the replacement of the 
CRM with an alternative matrix RM matching the matrix of interest 
as close as possible based on technical knowledge.

ANNEX F
Development and Use

of In-House Reference Materials

The use of reference materials is a vital part of any analytical 
quality assurance program. However, you may have questions 
about their creation and use. The purpose of this document is to 
help answer many of these questions.

• What is a reference material?
• Why use reference materials?
• What certifi ed reference materials are currently available?
• Why use an in-house reference material?
• How do I create an in-house reference material?
• How do I use the data from an in-house reference material?

What Is a Reference Material?

The International Organization for Standardization (ISO) defi nes 
a reference material as a “material or substance one or more of whose 
property values are suffi ciently homogeneous and well established 
to be used for the calibration of an apparatus, the assessment of 
a measurement method, or for assigning values to materials” (1). 
In plain English, natural-matrix reference materials, such as those 
you might prepare for use in-house, can be used to validate an 
analytical method or for quality assurance while you’re using your 
method to analyze your samples. (Natural-matrix materials are not 
generally used as calibrants because of the increased uncertainty 
that this would add to an analysis.) The assigned values for the 
target analytes of an in-house reference material can be used to 
establish the precision of your analytical method and, if used in 
conjunction with a CRM, to establish the accuracy of your method.

ISO defi nes a certifi ed reference material (CRM) as a “reference 
material, accompanied by a certifi cate, one or more of whose 
property values are certifi ed by a procedure which establishes 
traceability to an accurate realization of the unit in which the 
property values are expressed, and for which each certifi ed value is 
accompanied by an uncertainty at a stated level of confi dence” (1).
Why Use Reference Materials?

Certifi ed reference materials can be used across the entire 
scope of an analytical method and can provide traceability of 
results to the International System of Units (SI). During method 
development, CRMs can be used to optimize your method. During 
method validation, they can be used to ensure that your method 
is capable of producing the “right” answer, and to determine how 
close your result is to that answer. During routine use, they can 
be used to determine within-day and between-day repeatability, 
and so demonstrate that your method is in control and is producing 
accurate results every time it is used.

Natural-matrix reference materials should mimic the real 
samples that will be analyzed with a method. They should behave 
just as your samples would during a procedure, so if you obtain 
accurate and precise values for your reference material, you should 
obtain accurate and precise values for your samples as well.
What Certifi ed Reference Materials Are Currently Available?

CRMs are available from a number of sources, including (but 
not limited to):

• American Association of Cereal Chemists (AACC)
• American Oil Chemists Society (AOCS)
• International Atomic Energy Agency (IAEA)
• Institute for Reference Materials and Measurements (IRMM)
• LGC Promochem
• National Institute of Standards and Technology (NIST)
• National Research Council Canada (NRC Canada)
• UK Food Analysis Profi ciency Assessment Program (FAPAS)
A number of websites provide general overviews and catalogs of 

producers’ and distributors’ reference materials:
http://www.aocs.org/tech/crm/
http://www.comar.bam.de
http://www.erm-crm.org
http://www.iaea.org/oregrammeslaqcs
http://www.aaccnet.org/checksample
http://www.irmm·ire.be/mrm.html
http://www.lgcpromochem.com
http://www.naweb.iaea.org/nahu/nmrm/
http://www.nist.gov/srm
http://www.fapas.com/index. cfm
http://www.virm.net.
Because new reference materials are produced regularly, it is 

important to check these websites to determine what is currently 
available.
Why Use an In-House Reference Material?

There are many benefi ts to the use of a CRM. CRMs have 
been prepared to be homogeneous and, if stored under the proper 
conditions, stable. You are provided with a certifi ed value as well 
as the statistical data for theconcentration of your analyte; this 
is about as close as you can come to knowing the true value of 
the concentration of the analyte. The material has been tested 
by experienced analysts in leading laboratories, so you have the 
security of knowing that your method is generating values similar 
to those generated in other competent laboratories. The CRMs from 
the sources mentioned above are nationally and/or internationally 
recognized, so when you obtain acceptable results for a CRM using 
your analytical method, you give credibility to your methodology 
and traceability to your results.

But there are some drawbacks associated with CRMs. 
Unfortunately, many analyte/matrix combinations are not currently 
available. When testing food products for nutrient content, for 
example, a laboratory can be asked to analyze anything that might 
be found in a kitchen or grocery store. Reference materials that 
represent all of the types of foods that need to be tested are not 
available, and most CRMs are certifi ed for a limited number of 
analytes. It is important to match the reference material matrix 
to your sample matrix. (Food examples dominate the discussion 
below, but the same processes apply to the development of in-
house RMs in other areas of analytical chemistry.)

To demonstrate the applicability of an analytical method to a 
wide variety of food matrices, AOAC INTERNATIONAL’s Task 

Excerpted from Development and Use of In-House Reference 
Materials, Rev. 2, 2009. Copyright 2005 by the AOAC Technical 
Division on Reference Materials (TDRM).

http://www.aocs.org/tech/crm/
http://www.comar.bam.de/
http://www.erm-crm.org/
http://www.iaea.org/oregrammeslaqcs
http://www.aaccnet.org/checksample
http://www.irmm/
http://www.lgcpromochem.com/
http://www.naweb.iaea.org/nahu/nmrm/
http://www.nist.gov/srm
http://www.fapas.com/index
http://www.virm.net/
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Force on Methods for Nutrition Labeling developed a triangle 
partitioned into sectors in which foods are placed based on their 
protein, fat, and carbohydrate content (2, 3). Since ash does not 
have a great impact on the performance of an analytical method for 
organic-material foods, and water can be added or removed, it can 
be assumed that the behavior of an analytical method is determined 
to large extent by the relative proportions of these proximates. 
AOAC INTERNATIONAL anticipated that one or two foods in a 
given sector would be representative of other foods in that sector 
and therefore would be useful for method assessment. Similarly, 
one or two reference materials in a given sector (or near each other 
in adjacent sectors) should be useful for quality assurance for 
analyses involving the other foods in the sector. The positions of 
many of the food-matrix CRMs from the sources listed above are 
shown in the triangle and are provided in the list.

These food-matrix reference materials are spread through all 
sectors of the triangle, thereby making it likely that you can fi nd an 
appropriate CRM to match to your samples. Ultimately, however, 
the routine use of a CRM can be cost prohibitive, and is not really 
the purpose of CRMs. For example, in order to use NIST’s Standard 
Reference Material (SRM) 2387 Peanut Butter for all mandatory 
nutrition labeling analyses, you could buy one sales unit (three 
jars, each containing 170 g material) for $649 (2009 price). If you 
charge your customer about $1000 for analysis of all mandatory 
nutrients in a test material, the control material would account for 
more than 60% of your fees. Therefore, many laboratories have 
found it more cost-effective to create in-house reference materials 
for routine quality control and characterize them in conjunction 
with the analysis of a CRM (4). You can prepare larger quantities 
of a reference material by preparing it in-house, and you have more 
fl exibility in the types of matrices you can use. There are not many 
limitations on what can be purchased.
How Do I Create an In-House Reference Material?

There are basically three steps to preparing an in-house reference 
material: selection (including consideration of homogeneity and 
stability), preparation, and characterization. Additional guidance 
through these steps can be provided from TDRM as well as in ISO 
Guides 34 (5) and 35 (6).
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Sector RM No. Matrix

NIST 1563 Coconut oil

1 NIST 3274 Fatty acids in botanical oils

1 NIST 3276 Carrot extract in oil

1 LGC 7104 Sterilized cream

2 NIST 2384 Baking chocolate

3 NIST 2387 Peanut butter

4 NIST 1546 Meat homogenate

4 LGC 7106 Processed cheese

4 LGC 7000 Beef/pork meat

4 LGC 7150 Processed meat

4 LGC 7151 Processed meat

4 LGC 7152 Processed meat

4 SMRD 2000 Fresh meat

4 LGC 7101 Mackerel paste

4 LGC QC1001 Meat paste 1

4 LGC QC1004 Fish paste 1

5 BCR-382 Wleat fl our

5 BCR-381 Rye fl our

5 LGC 7103 Sweet digestive biscuit

5 LGC 7107 Madeira cake

5 LGC QC1002 Flour 1

6 NIST 1544 Fatty acids

6 NIST 1548a Typical diet

6 NIST 1849 Infant/adult nutritional formula

6 LGC 7105 Rice pudding

7 LGC 7001 Pork meat

7 NIST 1566b Oyster tissue

7 NIST 1570a Spinach leaves

7 NIST 2385 Spinach

8 NIST 1946 Lake trout

8 LGC 7176 Canned pet food

9 NIST 1974a Mussel tissue

9 NIST 3244 Protein powder

http://www.bipm.org/
http://aoac.org/divisions/tdrm


 



 



Ingredient Factors LAUNCH DATE Scope

Vitamin D Economic importance, research 

importance, nutrition, 25 hydroxy

March (Set 3) Primary:  Separate Quantitative 

determination of D2, D3, 25 

Hydroxy D2, 25 Hydroxy D3             

Secondary:  24/25 dihydroxy

Tea Research importance, economic 

importance, safety questions.  

Caffeine, catechins, theanine.  Good 

visibility of methods, high impact

March (Set 3) Primary:  Quantitative 

determination of Caffeine, 

catechins, and theanine, leaf and 

extracts.

Secondary:  potentially Iding 

oxidation level in tea (ID 

green/black/white), theaflavins 

Aloin in Aloe Economic importance, availability of 

standards, industry participation, 

safety impact

March (Set 3) Primary:  Quantitative 

determination of total Aloin A and 

B, and any related 

anthraquinones as a limit test in 

juice & powdered juice (LOQ 

critical).   

Lutein (and 

esters)

High economic importance September  

(Set 4)

Quantitation of Lutein and Lutein 

esters in raw materials and 

dietary supplements

Collagen Economic importance, availability of 

standard materials

September  

(Set 4)

Identification of collagen types (I, 

II, III, IV); adulteration with other 

proteins. 

Turmeric Research interests, economic 

importance, availability of methods & 

standards

September  

(Set 4)

Quantitative methods for  

curcuminoids (all three).  

Secondary:  Reduced forms
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AOAC Acronyms and Abbreviations 

 

AMDL acceptable minimum detection level 

AOAC AOAC INTERNATIONAL (AOAC formerly stood for Association of Official Analytical 
Chemists, but long-name no longer used) 

CSO  chief scientific officer  

ERP  expert review panel 

ISO   International Organization for Standardization 

LOD  limit of detection  

LPOD  laboratory probability of detection 

NGO  non-governmental organization 

OMA  Official Methods of Analysis, frequently pronounced like “o maa” 

OMB  Official Methods Board 

POD  probability of detection 

PTM  Performance Tested Methods 

RI  AOAC Research Institute 

RSDR  Relative Standard Deviation of Reproducibililty, sometimes referred to as “RSD big R”.   
  The variation between laboratories. 

RSDr  Relative Standard Deviation of Repeatability, sometimes referred to as “RSD little R”.   
  The within laboratory variation, also called precision. 

SPDS  Stakeholder Panel on Dietary Supplements 

SMPR  Standard Method Performance Requirement, frequently pronounced as in “smipper”. 
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