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“The Good”

• Increased consumer use of herbs

• Increased professional use of herbs

• Increased amount of systematic reviews & 
meta-analyses showing positive results/trends 
in controlled clinical trials



www.phytochemist.blogspot.com



Total Herbal Dietary Supplement 
Sales Up 7.5% in 2015

In All Channels of Trade
in the U.S.

Total Est. = $6.92 Bn





“The Bad 
& The Ugly”



New York Times, 
Business Section, 
Front Pg, Sunday, 
Aug. 28, 2011











http://www.freegreatpicture.com

The botanical 
supply chain is 
global; 
adulteration is a 
global challenge.



http://www.freegreatpicture.com

Many responsible, ethical companies in both the supply 
chain & in the manufacture & marketing of herbs & 

finished herbal products provide reliable high-quality 
materials & consumer goods. 









7th Commandment. 
Exodus 20:14.

“Thou shall 
not commit 

adulteration.”





Adulteration in the 1st Century CE 
– per Dioscorides

Dioscorides noted that frankincense (Boswellia sacra, 

Burseraceae) when burned was easily flammable, and 

the smoke was clear with a pleasant fragrance.



Dioscorides’ book “De Materia
Medica” discussed adulteration

Dioscorides’ Materia Medica provides 40 adulteration examples, 

30 including methods of detection:

– Organoleptic & other physical or qualitative distinctions, and/or

– geographic origin 

– or an often-ambiguous botanical description. 

– Physical determination included:
• flame test (flammability or lack thereof), 

• displacement, 

• weight, 

• organoleptic tests & solubility

• etc.



Recent Historical Examples of 
Accidental & Intentional Adulteration 
of Botanical Raw Materials & Extracts



“The Bad”   
Accidental Adulteration

• Lack of full compliance with appropriate 
GACPs, GMPs, etc.

• Lack of adequate training of harvesters, 
collectors, workers in processing, and/or 
manufacturing plants in supply chain 



“The Hairy Baby Case”





“Siberian Ginseng” Adulteration 
Periploca as culprit in digoxin assay confusion. 

[Awang DVC. CMAJ. 1996 Nov 1;155(9):1237]



Eleutherococcus senticosus
& Periploca sepium

http://www.google.com/imgres?q=Eleutherococcus+senticosus&hl=en&biw=1215&bih=6
33&gbv=2&tbm=isch&tbnid=QttNnY9CDteP0M:&imgrefurl=http://herbalnation.blogspot.c
om/2008/11/siberian-ginseng-
eleuthero.html&docid=SOAhXCEma8AiWM&w=191&h=277&ei=DX9jTpuYJOHl4QTa7u2QC
g&zoom=1&iact=rc&dur=289&page=1&tbnh=151&tbnw=104&start=0&ndsp=19&ved=1t:
429,r:7,s:0&tx=27&ty=52



Plantain Leaf & Foxglove
Plantago lanceolata & Digitalis lanata

• “Chompers” herbal 
product in US 
accidentally 
adulterated w/ 
digitalis leaf by 
European supplier in 
1990s.

• Major safety 
concern!











Skullcap-Germander Confusion

• Safety of Scullcap (Scutellaria lateriflora) well 
established.

• Scullcap has been and still may be adulterated with 
Germander (Teucrium chamaedrys) in US market.

• Germander contains known hepatotoxic compounds.
• Plus, also adulterated with alternate species of 

Scutellaria (S. incana, S. canadense) because seed 
companies are selling mislabeled seeds.

• Media reports – e.g., Consumer Reports (2004) --
about scullcap toxicity are erroneous.







“The Ugly”

Intentional Adulteration

= Fraud







#14 
top-ranked 
herbal DS in 

US in 
mainstream 

market in 
2012











Black 
Cohosh:

#6 selling 
herbal DS 

in US in 2015 
in 

mainstream 
retail stores.



Black Cohosh Adulterants
Chinese cimicifuga • Sheng ma

Actaea dahurica
Xing an sheng ma

Actaea cimicifuga
Sheng ma

Actaea heracleifolia
Da san ye sheng ma



“Certificate of Ambiguity”

Actual “Certificate of Analysis” from US ingredient supplier 
selling Chinese Actae root/rhizome as “Black Cohosh”











Black Cohosh LGD Outline - 1

1. Purpose 

2. Scope 

3. Common & scientific names 

3.1 Common Name

3.2 Other Common Names 

3.3 Latin Binomial  

3.4 Synonyms

3.5 Botanical Family 

4. Botanical Description 

5. Identification & Distinction using        
Macroanatomical Characteristics 

6. Identification & Distinction using    
Microanatomical Characteristics 

7. Genetic Identification & Distinction 

8. Chemical Identification & Distinction 

8.1 Chemistry of Actaea racemosa
& the Potential Adulterants 

8.2 Laboratory Methods 

8.2.1 HPTLC 

8.2.2 HPLC and UHPLC 

8.2.3 MS-Fingerprinting 

8.2.4 NMR 

9. Conclusion 



Black Cohosh LGD Outline -2 

• Table 1.   Scientific names, family, and common names of known black 
cohosh adulterants

• Table 2.    Nomenclature of major triterpene glycosides from A. racemosa
according to Qiu et al.

• Table 3.   Comparison among the different approaches to authenticate A. 

racemosa

• Table 4.   Comments on the published HPLC methods for A. racemosa





Determining Appropriate, Fit-for-
Purpose Testing Methods: 

Laboratory Guidance Documents

Number of reviewers 21 20 16

Type of test Scutellaria 
lateriflora

Actaea racemosa Vaccinium 
myrtillus

Macroscopic evaluation
Microscopy
Genetic
TLC/HPTLC
HPLC/UHPLC
Direct MS
NMR
UV/Vis

1
1
2
3

13
1
1
0

1
1
2
8

21
2
1
0

1
1
0
7

26
0
0
4

Total 22 36 39





Goldenseal Root
Hydrastis canadensis

http://b-and-t-world-seeds.com/images/63866.jpg http://www.hardingsginsengfarm.com/images/hydra

stis_canadensis-centre-aug2003c.jpg



Chinese Goldthread
Coptis chinensis

http://www.stchn.com/uploadfile/200743017435634674.jpg
http://image.made-in china.com/2f0j00gBCEvMkcADqb/

Coptis-Rhizoma-Coptis-Root-Berberine.jpg

http://www.itmonline.org/image/impet2.jpg



Goldenseal Root Adulteration
Hydrastis canadensis

Historical adulterants Recent adulterants

Blue cohosh (Caulophyllum thalictroides)

Celandine poppy (Stylophorum diphyllum)

Coptis/Gold Thread (Coptis spp.)

European Peony (Paeonia officinalis)

Lady Fern (Athyrium filix-femina)

Small Yellow Lady’s Slipper (Cypripedium     

calceolus)

Stoneroot (Collinsonia canadensis)

Trillium/Birth Root (Trillium spp.)

Twin Leaf (Jeffersonia diphylla)

Seneca Snakeroot (Polygala senega)

Virginia Snakeroot (Aristolochia

serpentaria)

Yellow Root (Xanthorrhiza simplicissima)

Barberry (Berberis spp.)

Celandine (Chelidonium majus)

Japanese Goldthread (Coptis japonica)

Oregon Grape (Mahonia aquifolium)

Yellow Root (Xanthorrhiza simplicissima)

Yellow Dock (Rumex spp.)





Benzethonium chloride and/or Benzalkonium

chloride for “Grapefruit Seed Extract”









Ganzera M, Aberham A, Stuppner H. Development and validation of an HPLC/UV/MS 
method for simultaneous determination of 18 preservatives in grapefruit seed extract. J 
Agric Food Chem. 2006;54:3768-3772.

Cited in:  Cardellina J. The adulteration of commercial “Grapefruit Seed Extract”

with synthetic antimicrobial and disinfectant compounds. 

HerbalGram 2012;94:62-66.





“Grapefruit Seed Extract” 
Laboratory Guidance 

Document  
• Currently in Peer Review.

• There are no compendial

methods for so-called 

“grapefruit seed extract”.





Ginseng: 
#31 & #33 in sales 

in 2015 in US 
mainstream & 

natural channel 
markets, 

respectively. 





Asian Ginseng Root Extract 
Adulterated w/ Leaf Extract

(Panax ginseng)

• Companies are marketing Asian ginseng root extract 
standardized to relatively high levels of ginsenosides at what 
appear to be relatively low prices:

– 10-24%

• Analysis reveals:
– presence of chlorophyll in some samples

– uncharacteristic profiles of ginsenosides, 

Indicating presence of extr. of ginseng leaf.



Botanical Adulterants Bulletins

1. Published 2. Completed 
(pending final edits)

3. In Peer-Review

1. Arnica flower
2. Bilberry fruit extract
3. Black cohosh root & 

rhizome
4. Goldenseal root & 

rhizome
5. Grape seed extract
6. Skullcap herb

1. Ginkgo leaf extract
2. Saw palmetto fruit
3. St. John’s wort

1. Synthetic antimicrobials 
sold as “Grapefruit Seed 
Extract”

2. Rhodiola rosea & extr.

4. Being Written 5. Planned 6. Proposed

1. Ashwagandha root
2. Cranberry fruit extract
3. Ginseng (Asian & 

American) root
4. Maca root

1. Boswellia tree resin
2. Eleuthero root
3. Pomegranate fruit extract
4. Tea tree leaf oil

1. Cordyceps
2. Curcumin
3. Tribulus terristris aerial 

parts/fruit



Ashwagandha
Withania somnifera



St. John’s wort
Hypericum perforatum

St. John’s Wort: 
#38 in sales in US 

in 2015 in 
mainstream 

channel.





Gafner S. HerbalGram. 2016;109:58-59.



Adulteration 
of Ginkgo Extracts

Known adulterants

- Rutin
- Quercetin
- Kaempferol
- Flavonol-rich  plant extracts (e.g., Japanese 

pagoda [Styphnolobium japonicum; syn. 
Sophora japonica])



Genistein or No Genistein?



Styphnolobium japonicum
Sophora japonica

Fabaceae

Wikipedia.com



Wikipedia.com
By Opioła Jerzy - Own work, CC BY 2.5, 
https://commons.wikimedia.org/
w/index.php?curid=899285

Rhodiola rosea

https://commons.wikimedia.org/


Cranberry
Vaccinium macrocarpon, Ericaceae

Cranberry:

#2 & #14 in 
sales in US in 

2015 in 
mainstream 

& natural 
channels, 

respectively.



Cranberry Extract
Vaccinium macrocarpon

PACs OPCs from Grapes (Vitis vinifera)

http://www.healthyfoodhouse.com/grapes-the-curative-properties/



Pomegranate
Punica granatum, Punicaceae

http://blogs.knoxnews.com/knx/constantine/pomegranate.jpg





Pomegranate Fruit Juice & Extracts 
Extracts Adulterated w/ Exogenous Ellagic Acid 



Pomegranate & Ellagic Acid

• EA is an antioxidant compound found in many 
fruits.

• Pomegranate extracts claim 40-70% EA.

• EA found in pom. @ ca. 3%

• Up to 5% EA upon hydrolysis during extraction

• EA is inexpensive; made chemically and/or via 
extraction from wood pulp.



Tea Tree Oil
Melaleuca alternifolia

• Reportedly adulterated

• ATTIA developing 
analytical methods.

• ABC-AHP-NCNPR 
Botanical Adulterants 
Program currently 
seeking published & 
unpublished evidence 

of adulteration.

http://healthinfotips.blogspot.com/2010/11/tea-tree-
melaleuca-alternifolia-healing.html

http://healthinfotips.blogspot.com/2010/11/








“Dry Labbing”

How to Qualify an Analytical 
Laboratory for Analysis of
Herbal Dietary Ingredients and 
Avoid Using a “Dry Lab”

• A review of issues related to 
using a contract analytical 
laboratory by industry, 
academia, and regulatory 
agencies

– By Paula M. Brown, PhD, 
Joseph M. Betz, PhD, and Frank 
L. Jaksch, Jr.

– HerbalGram 99 (2013)







Stefan Gafner PhD

Chief Science Officer, ABC
Technical Director, BAP



Tuesday,)June)17,)2014)10:03:51)AM)Mountain)Daylight)Time

Page)1)of)4

Subject: Botanical)Adulterants)Monitor)#)1,)June)2014

Date: Monday,)June)16,)2014)2:25:19)PM)Mountain)Daylight)Time

From: Development

To: Mark)Blumenthal

Click here to view this message as HTML in your browser

Dear Reader

It is my pleasure to introduce to you the first edition of the “Botanical Adulterants Monitor.” Adulteration of botanical

materials has been a topic of continued media attention and sensational press coverage of research publications. For

example, there is the highly flawed DNA barcoding study by Newmaster et al. published in BMC Medicine

October. The authors of the paper curiously concluded that close to 60% of the 44 tested North American herbal

products contained materials from undeclared botanical sources. This study led to increased confusion by consumers

and producers of herbal products, and to attacks in the mainstream media on the dietary supplement industry with

calls for more stringent regulations. (See the ABC critique, here.)

Our goal for this newsletter is to provide newly available information on issues surrounding accidental and intentional

adulteration — and, to a lesser extent, the equally important problems of contamination — as reported by regulatory

agencies or in published studies. In general, the content of the “Botanical Adulterants Monitor” will focus on providing

solutions to current problems related to adulteration and botanical ingredient authenticity ... MORE

 

Stefan Gafner, PhD

Chief Science Officer, ABC

Technical Director, ABC-AHP-NCNPR Botanical Adulterants Program

 

http://abc.herbalgram.org/site/PageServer?pagename=Adulterants



“Monitor” is available free-access every 2-3 months via 
Botanical Adulterants Program homepage or by  
registering on ABC website: www.herbalgram.org.



Total Publications, Sept 15, 2016
• HerbalGram articles 9

• Botanical Adulterant Bulletins 6

• Laboratory Guidance Documents 3

• “Botanical Monitor” Newsletter 8

Total 26

*ALL PUBLICATIONS ARE FREE ACCESS: 

http://cms.herbalgram.org/BAP/index.html



.



Over 175 Underwriters
& Endorsers – US & International

• Industry Members

• Trade Associations

• Nonprofit/Professional Associations

• College/Universities/Research Institutes

• Third-Party Analytical Laboratories

• Media

• Law Firms & Regulatory Consultants

• Contract Research Organizations

• Others



Underwriters 
& Supporters

(as of September 14, 2016) 

1. Alkemists Laboratories

2. Authentechnologies/NSF

3. Bent Creek Institute/ 

US Botanical Safety Labs

4. Botanicert (Grasse, France)

5. British Columbia Institute 
of Technology (Canada)

6. CAMAG Scientific

7. ChromaDex

8. Covance Laboratories

9. Creative Accord

10. Eurofins Scientific Inc.

11. Flora Research Labs

12. NSF International 

13. PhytoLab (Germany)

14. Spectrix Labs

15. Tampa Bay Analytical

Third-Party Analytical Laboratories



University College London

Leading Colleges of Pharmacy 

Underwriters 
& Supporters 
(as of September 14, 2016)



Underwriters 
& Supporters 

(as of September 14, 2016)

Colleges/Universities
Research Institutes
• Bastyr University
• Boucher Institute
• Canadian College of Naturopathic Medicine
• Center for Natural Products Technologies, 

College of Pharmacy, University of
• Illinois-Chicago
• Korean Ginseng Research Institute
• National College of Natural Medicine
• Southwest College of Naturopathic 

Medicine 
• Shanghai Research Center for TCM 

Modernization
• University of Bridgeport College of 

Naturopathic Medicine
• University of London School of Pharmacy

Law Firms & Regulatory 
Consultants
• Amin Talati, LLC
• Greenberg Traurig, LLP (James Prochnow)
• Law Office of Holly Bayne, PC
• Robert Forbes & Associates
• Susan Brienza, LLC
• Ullman, Shapiro & Ullman
• Venable

Contract Research Organizations
• KGK Synergize



Support from International 
Professional Societies of Medicinal 

Plant Experts



Nonprofit/Professional Associations
1. Academy of Integrative Health & Medicine (AIHM)
2. American Association of Naturopathic Physicians  (AANP)
3. American Herbalists Guild (AHG)
4. American Society of Pharmacognosy (ASP)
5. AOAC International
6. Council of Colleges of Acupuncture and Oriental Medicine (CCAOM)
7. Homeopathic Pharmacopoeia Convention of the United States (HPUS)
8. Integrative Healthcare Policy Consortium (IHCC)
9. Irish Register of Herbalists (IRH)
10. National Institute of Medical Herbalists (NIMH) (UK)
11. Natural Health Products Research Society (NHPRS)
12. Personalized Lifestyle Medicine Institute (PLMI)
13. Society for Medicinal Plant & Natural Products Research (GA)

Underwriters 
& Supporters 

(as of September 14, 2016)



Trade Associations
1. International Alliance of Dietary/Food Supplement Associations   (IADSA)
2. American Herbal Products Assn. (AHPA)
3. Australian Self Medication Industry (ASMI)
4. Australian Tea Tree Industry Assn. (ATTIA)
5. British Herbal Medicine Assn. (UK)
6. Canadian Health Foods Assn. (CHFA)
7. Complementary Medicines Australia (CMA)
8. Consumer Healthcare Products Association (US) (CHPA)
9. Council for Responsible Nutrition (US) (CRN)
10. National Animal Supplement CounciL (US)
11. Natural Products Association (US) (NPA)
12. Natural Products New Zealand (NZ)
13. United Natural Products Alliance (US) (UNPA)

Underwriters 
& Supporters 

(as of September 14, 2016)



Underwriters 
& Supporters  

(As of September 14, 2016)

21st Century Healthcare

AdvoCare International L.P.

Agilent 

AloeCorp.

Amen Clinics

Amway/Nutrilite Health Institute

Artemis

Atrium

Aveda Corporation

Beachbody Inc

BI Nutraceuticals

Bioceuticals

Bionorica AG

Blackmores

Botanical Liaisons

Bruker Biospin

Capsugel

Cepham, Inc.

Chemi Nutra

CNCA Health

Crila

dicentra, Inc

Doctor's Best

Dr. Bronner's Magic Soaps

Draco

DolCas Biotech, LLC

Douglas Laboratories

Emerson Ecologics



Underwriters 
& Supporters

(as of September 14, 2016) 

Enzymatic Therapy, Inc.

Ethical Naturals, Inc.

Eu Yan Sang International

EuroMed

EuroMedica

EuroPharma

Flavex Naturextrakte GmbH

FoodState/MegaFood

Gaia Herbs

GE Nutrients 

Global Health Industries

GNC, Inc.

Healthy Lifestyle Brands

Helios Corp.

Herbalife International, Inc.

Herb Pharm

Herbalife International, Inc.

Herb Pharm

Horphag Research

iherb

Indena USA, Inc.

Indfrag Ltd

Jarrow Formulas

Layn USA

Linnea

Markan Global Enterprises, Inc.

Martin Bauer, Inc.

MediHerb/Integria Healthcare



Ningbo Greenhealth Pharmaceutical Co., 
Ltd.
Novel Ingredients
NOW Foods
Nu Skin Enterprises/Pharmanex
Organic India
Ortho Molecular Products
Pacific Nutritional Inc.
Paragon Laboratories 
Pathway International Pty Ltd Limited
Perrigo Company
Pharmatoka
Pharmavite, LLC

Metagenics, Inc.
Natreon
Natural Alternatives International
Natural Factors Nutritional Products, Inc.

/Bioclinic Naturals
Natural Grocers by Vitamin Cottage
Natural Remedies Pvt. Ltd.
Nature's Sunshine Products
Nature's Way
Naturex, Inc.
NBTY, Inc.
New Chapter, Inc.
The New Frontier Foundation Fund of the 
Greater Cedar Rapids Community Foundation

Underwriters 
& Supporters
(as of September 14, 2016) 



Underwriters 
& Supporters

(as of September 14, 2016) 

Phoenix Formulations
PLT Health Solutions, Inc.
Polyphenolics, Division of

Constellation Brands, Inc.
Pure Encapsulations
Rainbow Light Nutritional Systems
RFI Ingredients, LLC 
Rosenbush and Zimmerman Family Fund
Sabinsa Corporation
Schwabe North America
Seroyal
Shaklee
Standard Process, Inc.
Strategic Sourcing

Thorne Research, Inc.
Traditional Medicinals, Inc.
Triarco Industries, Inc.
TSI Group

Unigen
Univera
Valensa International
VDF FutureCeuticals
Verdure Sciences
Vitamin Shoppe
Vitaquest International

Weil Lifestyle, LLC
Whole Foods Market



Underwriters 
& Supporters 

(as of September 14, 2016)

1. Alive Magazine (Canada)

2. Delicious Living

3. Engredea

4. Holistic Primary Care

5. Informa Exhibitions US

6. Integrator Blog

7. Media Relations, Inc.

8. Modern Healthcare Practitioner

9. Natural Foods Merchandiser

10. Natural Products INSIDER

11. NewHope360.com

12.  Nutraceuticals World

13.  Nutraingredients-USA.com

14.  Nutrition Business Journal

15.  Nutrition Industry Executive 

16.  Nutritional Outlook

17.  Vitamin Retailer

18.  Whole Foods Magazine

Natural Health Community 
& Natural Products Industry Media



http://www.freegreatpicture.com

The botanical 
supply chain is 
global; 
adulteration is a 
global challenge.





ABC Members In >81 countries!

Researchers
– Ethnobotanists, 

pharmacognosists, natural 
product chemists, et al.

Health professionals
– Physicians, pharmacists, nurses, 

dietitians, naturopaths, 
acupuncturists, herbalists, 
massage therapists, et al.

Institutions & NGOs
– Universities, medical & pharmacy 

schools, libraries, poison control 
centers, hospitals, botanical 
gardens & arboreta, nonprofits, 
et al.

Industry
– Growers, Importers, 

Manufacturers in the Herbal & 
Dietary supplement, natural 
food, cosmetic pharmaceutical 
industries, et al.

Government agencies
– FDA, FTC, PTO, Canada NHPD, 

Australian TGA, Brazilian ENVIA, 
et al.

Consumers
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