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Type them into questions box!

“Why am I muted?”
Don’t worry. Everyone is muted 
except the presenter and host. 
Thank you and enjoy the show. 

Contact ACS Webinars ® at acswebinars@acs.org 

Have Questions?
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Contact ACS Webinars ® at acswebinars@acs.org 

@AmericanChemicalSociety

@AmerChemSociety

https://www.linkedin.com/company/american-chemical-society

@AmerChemSociety
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Check out the ACS Webinar Library!
An ACS member exclusive benefit

https://www.acs.org/content/acs/en/acs-webinars/videos.html

Hundreds of presentations from the best and brightest minds that chemistry has to offer are available to you on-demand. 
The Library is divided into 6 different sections to help you more easily find what you are searching. 
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www.acs.org/acswebinars

Learn from the best and brightest minds in chemistry! Hundreds of webinars on 
diverse topics presented by experts in the chemical sciences and enterprise.

Edited Recordings are an exclusive ACS member benefit and are made available 
once the recording has been edited and posted.

Live Broadcasts of ACS Webinars  continue to be available to the general public 
several times a week generally from 2-3pm ET!

A collection of the best recordings from the ACS Webinars Library will occasionally 
be rebroadcast to highlight the value of the content.

®

https://www.acs.org/content/acs/en/acs-webinars/videos.html
http://www.acs.org/acswebinars
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acsoncampus.acs.org/resources

WITH CHEMISTS AND 

OTHER SCIENCE 

PROFESSIONALS

CAS SciFinder Future Leaders

YOUR CAREER

ChemIDPTM

ChemIDP.org

171 alumni, 35 countries 

and over 120 institutions

ACS PUBLICATIONS 

Publishing Resources

publish.acs.org
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Visit www.ACS.org/COVID19-Network to learn more!
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ACS Career Navigator:
Your Home for Career Services

Whether you are just starting your journey, transitioning jobs, or looking to brush up or learn new 
skills, the ACS Career Navigator has the resources to point you in the right direction.

We have a collection of career resources to support you during this global pandemic:

ACS Leadership 
Development System

Career Navigator LIVE!Virtual Career 
Consultants

Professional 
Education

ChemIDP College to Career ACS Webinars Virtual Classrooms
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http://www.acs.org/COVID19-Network
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ACS Department of Diversity Programs

We believe in the strength of diversity in all its forms, because inclusion of and 
respect for diverse people, experiences, and ideas lead to superior solutions to 
world challenges and advances chemistry as a global, multidisciplinary science.

@ACSDiversity

ACS Diversity acsvoices.podbean.com/

Advancing ACS's Core Value of Diversity, Inclusion & Respect

Contact Us:

https://app.suggestionox.com/r/DI_R
Diversity@acs.org

www.acs.org/diversity

10https://cen.acs.org

mailto:Diversity@acs.org
mailto:Diversity@acs.org
http://www.acs.org/diversity
https://cen.acs.org/
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This ACS Webinar is co-produced with Chemical & Engineering News.

Food Fraud: Combating Adulteration in Olive and Avocado Oils

Presentation slides are available now! The edited recording will be made available as soon as possible.

www.acs.org/acswebinars

Britt Erickson
Senior Editor, 

Chemical & Engineering News

Selina Wang
Faculty, Department of Food Science and 

Technology, University of California, Davis
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Food Fraud: Combating 

Adulteration in Olive and Avocado 

Oils

SELINA WANG

April 7th, 2021
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http://www.acs.org/acswebinars
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Source: Food Protection Plan FDA 15

Food fraud is an 
old and modern 

problem

16
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“The man who robs a fellow subject of a 
few shillings on the high-way, is 
sentenced to death; while he who 
distributes a slow poison to a whole 
community, escapes punishment.”

Fredrick Accum

A Treatise on Adulterations of Food and Culinary 
Poisons 

(1820)
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“They make olive-oil out of cottonseed-
oil, now a days, so that you can’t tell 
them apart.”

Mark Twain  
Life on the Mississippi
(1883)

18
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Food 
Quality

Food Safety

Food 
Defense

Food 
Fraud/EMA

Unintentional

Intentional

Motivated by 
Terrorism/Sabotage

Motivated by 
Economic 

gains

↑ Public health risks
↑ Public fear

Public health risks ↑
Consumer confidence ↓ 

19

• Industrial 
sabotage

• Terrorism

• E. coli-
contaminated 

fresh leafy 
greens

• Postharvest 
spoilage

• Shelf life
Food 

Quality
Food Safety

Food 
Defense

Food 
Fraud/EMAInfant formula

Honey, spice, juice 
Horsemeat, oil

20



4/5/2021

11

•

Food 
Fraud/EMA

In 2009, FDA ’s EMA Working Group 
had defined EMA as the ”fraudulent, 
intentional substitution or addition of a 
substance in a product for the purpose 
of increasing the apparent value of the 
product or reducing the cost of its 
production, i.e., for economic gain….”

21

Substitution
Most common 

Farm salmon for wide salmon 

Omission
“Apple Juice”

Addition
Melamine to infant formula and pet food 

ConcealmentDilution
Usually with another type of adulteration 

Olive/avocado oil with other oil

Honey with sugar syrup

Chlorophyll added to 
“olive oil”

Expensive liquor 

with cheap liquor

22
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Source: Olive Oil Times 23

24Source: Olive Oil Times
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What the % of olive oil consumed in the U.S. is domestically produced?

Audience Survey Question
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

• 1 Percent 

• 5 Percent

• 25 Percent 

• 50 Percent 

25

Important events for olive oil fraud

1948

USDA olive oil 

standards

26
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Important events for olive oil fraud

19811948

USDA olive oil 

standards
Adulteration

Spain

27

Toxic Oil 
Syndrome 
(TOS)

28
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October 19, 1981, Section A, Page 3

• A scandal involving the illicit sale of toxic cooking oil, which has taken at 
least 160 lives and spread panic among Spanish consumers, has begun to 
concern nations that import Spanish canned goods and vegetable oils.

• A week ago, the European Parliament in Strasbourg, France, voted in 
favor of a system that would permit the rapid withdrawal of contaminated 
products sold in the Common Market in light of the Spanish situation, 
which has affected some 15,000 people who consumed rapeseed oil that 
had been intended for industrial use.

• As a precautionary measure, Italy earlier this month temporarily 
blocked imports of Spanish olive oil and canned goods such as fish that 
contain oil until health authorities had determined the toxic agent that 
has produced the fatalities. The French Government is expected to follow 
the Italian example by banning the import of similar products for three 
months beginning tomorrow.

29

Important events for olive oil fraud

1993199119811948 1997

USDA olive oil 

standards
Adulteration

Spain Turkey, Italy

Adulteration Adulteration Adulteration

USA Canada

30
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Important events for olive oil fraud

1993 2007199119811948 1997

20102012 20112014

USDA olive oil 

standards
Adulteration

Spain Turkey, Italy

Adulteration The 
New Yorker

Adulteration Adulteration

USA Canada

31

Important events for olive oil fraud

1993 2007 2008199119811948 1997

USDA olive oil 

standards
Adulteration

Spain Turkey, Italy

Adulteration The 
New Yorker

Adulteration Adulteration

USA Canada

Adulteration

Italy, Spain 

32
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Important events for olive oil fraud

1993 2007 2008199119811948 1997

2010

USDA olive oil 

standards
Adulteration

Spain Turkey, Italy

Adulteration The 
New Yorker

Adulteration Adulteration

USA Canada

Adulteration

Italy, Spain 

UC Davis

33
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Important events for olive oil fraud

1993 2007 2008199119811948 1997

2010

USDA olive oil 

standards
Adulteration

Spain Turkey, Italy

Adulteration The 
New Yorker

Adulteration Adulteration

USA Canada

Adulteration

Italy, Spain 

USDA updates

36
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Important events for olive oil fraud

1993 2007 2008199119811948 1997

20102012 2011

USDA olive oil 

standards
Adulteration

Spain Turkey, Italy

UC Davis

Adulteration The 
New Yorker

Adulteration Adulteration

USA Canada

Adulteration

Italy, Spain 

Adulteration

Italy
Australian 

standards, 

USITC 

investigation

USDA updates
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Important events for olive oil fraud

1993 2007 2008199119811948 1997

20102012 20112014

USDA olive oil 

standards
Adulteration

Spain Turkey, Italy

UC Davis

Adulteration The 
New Yorker

Adulteration Adulteration

USA Canada

Adulteration

Italy, Spain 

Adulteration

Italy

USITC,

Australian 

standards

California 

standards

USDA updates
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Quality: 
Extra virgin 
failure rates

Source: UC Davis Olive Center, based on 260 domestic and imported samples of “EVOO”

Test Standard Failed

Sensory defects = 0  and fruity > 0 54.2%

Free Fatty Acid USDA ≤ 0.8 0.0%

Peroxide Value USDA ≤ 20 0.7%

UV K232 USDA ≤ 2.50 8.8%

UV K268 USDA ≤ 0.22 11.2%

UV ∆K USDA ≤ 0.01 1.5%

DAGs AUSTRALIA  ≥ 35 25.7%

PPP AUSTRALIA  ≤ 17 26.1%

40
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260 samples

141 failed sensory

# failing chemistry standard

% also failing sensory standard

41

260 samples

141 failed sensory

# failing chemistry standard

% also failing sensory standard

42
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Varietal Location
Palmitic Acid 

(C16:0)
7.5-20.0

Oleic Acid 
(C18:1)

55.0-83.0

Linoleic Acid 
(C18:2)
3.5-21.0

Linolenic Acid 
(C18:3)

≤1.5

Arbequina

Central Valley 17.7±1.0 64.6±1.8 13.2±1.1 0.6±0.2

Dry, hot dessert 22.4±1.1 44.2±6.6 25.5±4.6 1.1±0.1

Outside CA 18.1±5.2 62.5±12.2 13.5±5.5 0.8±0.1

Arbosana
Central Valley 17.1±2.0 70.6±6.2 8.2±2.7 0.6±0.4

Dry, hot dessert 21.0±0.9 50.9±4.7 20.5±3.5 1.2±0.5

Koroneiki

Central Valley 13.8±1.7 75.5±3.4 6.2±1.3 0.7±0.2

Dry, hot dessert 17.3±0.4 65.3±2.3 11.8±2.3 0.9±0.5

Outside CA 14.2±3.5 74.6±5.9 6.3±2.1 1.0±0.0

43

Varietal Location
Campesterol

≤4.5
Apparent B-sitosterol

≥93.0 

Arbequina

Central Valley 3.5±0.3 94.0±0.5

Dry, hot dessert 5.3±0.3 92.3±0.5

Outside CA 3.6±0.2 94.0±0.3

Arbosana
Central Valley 3.7±0.1 94.1±0.4

Dry, hot dessert 4.5±0.6 92.7±0.9

Koroneiki

Central Valley 4.4±0.3 93.5±0.4

Dry, hot dessert 4.6±0.5 92.5±0.9

Outside CA 4.4±1.0 93.3±1.1

44
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2015-2020

Important events for olive oil fraud

1993 2007 2008199119811948 1997

20102012 20112014

USDA olive oil 

standards
Adulteration

Spain Turkey, Italy

UC Davis

Adulteration The 
New Yorker

Adulteration Adulteration

USA Canada

Adulteration

Italy, Spain 

Adulteration

Italy

USITC,

Australian 

standards

USDA updates

46



4/5/2021

24

47

48



4/5/2021

25

2015-2020

Important events for olive oil fraud

1993 2007 2008199119811948 1997

20102012 20112014

USDA olive oil 

standards
Adulteration

Spain Turkey, Italy

UC Davis

Adulteration The 
New Yorker

Adulteration Adulteration

USA Canada

Adulteration

Italy, Spain 

Adulteration

Italy

USITC,

Australian 

standards

California 

standards

Petition 

to FDA

USDA updates
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The AOOPA and Deoleo—the world's largest olive oil producer known for America's best-
selling Bertolli brand among others—submitted a citizen petition to the FDA asking for 
"science-based, enforceable standards for olive oil," a product the FDA has never 
regulated before. 

"Buying quality extra virgin olive oil is hard, but not because there aren't 
quality products on supermarket shelves. It's because there are just no rules 
to stop bad actors from misrepresenting what they're selling”
- Chairman of the American Olive Oil Producers Association

50
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Global avocado oil market reached $461 million in 2018 
and is projected to reach $708 million in the next five 
yeas.

The market has been primarily driven by nutritional and 
health benefits associated with the oil. 

There are currently no official standards for avocado oil.

Avocado Oil Market: Global Industry Trends, share, size, growth, opportunity and forecast 2019. April, 2019. IMARC Group, ID 4763162. 52
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Avocado oil is made from what part(s) of an avocado?

Audience Survey Question
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

• Skin

• Flesh

• Pit

• All of above

53







54
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1CODEX proposed standards, 2019.   

2Woolf (2009). Avocado Oil. Gourmet and Health-Promoting Specialty 

Oils. 

Dashed lines indicate proposed 
limits for extra virgin and refined 
avocado oils.

1Refined: ≤ 2.0 meq O2/kg oil
2Extra Virgin: ≤ 4.0 meq O2/kg oil
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Which of the following oil does NOT have comparable oleic acid level as avocado oil?

Audience Survey Question
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

• Olive oil

• Canola oil

• High oleic safflower oil

• Soybean oil

58
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C16:0 C16:1 C18:0 C18:1 C18:2 C18:3
EV1 16.5±0.12 6.9±0.01 0.5±0 55.6±0.13 19.2±0.12 1.2±0.01

EV2 15.6±0.01 6.5±0 0.5±0 61±0 15.2±0 1±0

EV3 10.9±0.01 0.1±0.02 4±0.02 21.4±0.15 54.4±0.15 8.2±0.03

EV4 15.5±0 6.4±0.01 0.5±0.01 59.3±0.12 17±0.11 1.1±0.02

EV5 15.6±0.01 6.4±0 0.5±0 58.6±0 17.5±0 1.1±0

EV6 10.4±0.03 0.1±0 3.8±0.01 19.7±0.5 55.4±0.4 9.8±0.05

EV7 16±0.01 6.6±0 0.5±0 62.4±0.01 13.4±0 0.9±0

R1 10±0.02 1.7±0 2.3±0 69.1±0.02 15.2±0 0.5±0

R2 14.7±0.01 5.8±0 1.4±0 64.4±0.07 12.2±0.03 0.7±0.01

R3 13.2±0.03 4.2±0.01 1.4±0 63.8±0.09 16±0.12 0.7±0

R4 15.8±0.01 6.8±0 0.5±0 63.8±0.01 12±0 0.8±0

R5 15±0 6.5±0 0.8±0 63.6±0 12.8±0 0.8±0

R6 17.8±0.03 8.6±0.02 0.6±0 61±0.07 10.9±0.02 0.8±0

R7 14.4±0.01 5.2±0 1.4±0 64.8±0.02 13±0 0.7±0

R8 13.4±0 5.1±0 1.6±0 67.5±0.02 10.9±0.01 0.6±0

R9 14.1±0.01 5.2±0.01 1±0 63.2±0.02 15±0 0.8±0

U1 16.5±0.01 7.4±0.01 1.3±0 63.9±0.01 9.8±0 0.7±0

U2 16.4±0 7.2±0.01 0.6±0 60±0.05 14.7±0.03 0.9±0.01

U3 16.5±0.02 7.4±0 0.6±0 60.4±0.02 13.9±0.01 0.8±0

U4 10.4±0.01 2±0 2.1±0 66.5±0.02 17.4±0.01 0.5±0

U5 11.2±0.02 0.6±0 2.8±0 68.3±0.02 15.4±0 0.5±0

U6 10.9±0 0.1±0 4±0 21±0 54.7±0.01 8.2±0
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Key Findings

• 82% of the samples were of poor quality or adulterated. 

• Adulteration with soybean oil was confirmed in three samples (two labelled 
as EV)

• Adulteration in at least three samples is highly likely.

• More research is needed to understand how chemical compositions change 
with climate, region, and cultivars. 

Green, H. S.; Wang, S. C. Food Control, 2020, 116, 107328: “First report on quality and purity evaluations of avocado oil 
sold in the US”

62

https://www.sciencedirect.com/science/article/pii/S0956713520302449?via%3Dihub#bib34
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RAISE AWARENESS + 
CALL FOR ACTION

INDUSTRY COORDINATION + 
COOPERATION

ADOPTION + 
ENFORCEMENT

GOVERNMENT + 
SCIENTIFIC ORGANIZATION 
SUPPORT 

DATA COLLECTION + 
VALIDATION

63

Food fraud compromises consumers trust, reduce livelihood of 
honest producers, and undermines the credibility of industry and 
government over the quality and safety of food.

64
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LOOK INTO THE FUTURE

This is a sample text.
Insert your desired text here. 

65
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MACHINE

67

68
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69

Know compositional difference 
between the authentic and fraudulent 
food.

Validate analytical methods and 
develop faster, better and cheaper 
methods.

Concisely-define standard based on 
the chemical composition of the 
authentic product.

70
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scwang@ucdavis.edu
selinawang.com

71

72https://cen.acs.org

https://cen.acs.org/
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A S K  Y O U R  Q U E S T I O N S  A N D  M A K E  Y O U R  C O M M E N T S  I N  T H E  Q U E S T I O N S  P A N E L  N O W !

This ACS Webinar is co-produced with Chemical & Engineering News.

Food Fraud: Combating Adulteration in Olive and Avocado Oils

Presentation slides are available now! The edited recording will be made available as soon as possible.

www.acs.org/acswebinars

Britt Erickson
Senior Editor, 

Chemical & Engineering News

Selina Wang
Faculty, Department of Food Science and 

Technology, University of California, Davis
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Learn from the best and brightest minds in chemistry! Hundreds of webinars on 
diverse topics presented by experts in the chemical sciences and enterprise.

Edited Recordings are an exclusive ACS member benefit and are made available 
once the recording has been edited and posted.

Live Broadcasts of ACS Webinars  continue to be available to the general public 
several times a week generally from 2-3pm ET!

A collection of the best recordings from the ACS Webinars Library will occasionally 
be rebroadcast to highlight the value of the content.

®
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ACS Webinars  does not endorse any products or services. The views 
expressed in this presentation are those of the presenter and do not 
necessarily reflect the views or policies of the American Chemical Society.

®

Contact ACS Webinars ® at acswebinars@acs.org 
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