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Commodity soybean oil High oleic soybean oil
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Polyunsaturated fatty acids Monounsaturated fatty acids
(e.g., linoleic acid) (e.g., oleic acid)
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Leading Causes of Death (2023)

1) Cancer
2) Heart disease
3) Pneumonia

4) Cerebrovascular
disease

5) Diabetes

Understanding fat and fatty acids




Tl'ig cherides Most fat in food

and stored in our
body is present
as triglycerides

Fatty acid

Fatty acid structure

Hydrocarbon chain

Fatty acid

FOIMA~<Xr-Q

HIH H HH
L P
. H=C=C=C=C=C=C_
Fatty acid L4 Son
Omega or
methyl end
Fatty Acid Nomenclature
H H ® Chain length (number of carbons)
| | * Number of double bonds
® Position of double bonds
1 Saturated fatty acids: No double bonds
Double bond Y
Unsaturated fatty acids: Contain at >1
< = Carbon double bond
= Hydrogen
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Saturated fatty acid

HHHMHHHH HMHM HMHM HMHMHM HH

| I [ N N D D D N D D D DR R N | //o 16 carbons
H=C=C=C=C=C=C=C=C=C=C=C=C=C=C=C=C No double bonds

| | | 11 | | | | | | | | | | \OH Source: Palm oil

H HHHHHHM HU HA HUB HU HUB HWMB HMH

Palmitic acid

Monounsaturated fatty acid

18 carbons
HHHHHHHHHIHHHHHMHMH
I L L L L1 ||t 1r 1111 1 ,Oo [Ldoublebond
== C o= C= C= C= C= C=t C=C= C= C= C=C=C=C=C=C omega-9 fatty acid
I 1111 1 1% P 111111 \OH Source: Olive oil,
HHHHHHHcabonoH HHHHMHH High oleic soybean oil
Oleic acid
Omega end
Polyunsaturated fatty acid 18 carbons
HHHHHHHH|HH|HHHHHHH 2 double bonds
| IO O NN U I I O O I DO I DO DO D N RN BN //O omega-6 fatty acid
H = C= C= Co= C= C C=C C=} C= C=} C=C= C = C= C=C=C=C Essential
111 1 I L L1111 1 Sy Source: Soybean oil
HHHH Hcobons H HHHHUHHMH Corn oil
Linoleic acid
Polyunsaturated fatty acid 18 carbons
H H[H H|H[H H|H[H H]|H H HHHHH 3 double bonds
Py ey ey //0 omega:3fattyac1d
H=C=C=C=C=C=+C=C=+C=+C=C= C=C=C=C=C=C=C=C Essential
U | | P 111111 \OH Source: Soybean oil
H H carbon3 H H HHHHHMHMH Flaxseed oil
- - . Walnut oil
alpha-linolenic acid Canola oil
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Polyunsaturated fatty acid

HHHHUHHUHH|/HH|HHHHH
| IO (O N D I U O O N D O N O N N N |
H= Co= C=C= C=C= C=C= C= C=C=F C=C=C=C=C=
P11 11 | P 1 1 11
HHHH Hcabons H HHHHH

Linoleic acid

Polyunsaturated fatty acid

H HHHH HHH|H HIH H HHMH

Iy e nfejr njrrnrini
H=C=C=C=C=C+C=C+C=+C=C+C=C=C=C=C=—

[ I | P11 11

H HCarbon3 H H H HHHH

alpha-linolenic acid

The
' 40 predominant
(I:—c—c\' omega-6 PUFA

I . -

H H OH in the diet
H H o The
(':_ <':_ Z predominant
11 \OH omega-3 PUFA
H H in the diet

Triglycerides

Fatty acid

Fatty acid

FORAMNA<EQ

Fatty acid

Mixture of
- different types
of fatty acids
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All oils (liquids) and fats (solids)
are a mix of different fatty acids

11

Poly-

Mono-

Fat or oil unsaturated | unsaturated LD
Sunflower 65.7 19.5 10.3
Corn 54.7 27.6 12.9
Soybean 57.7 22.8 15.6
Sesame 41.7 39.7 14.2
Canola 28.1 63.3 7.4
Lard 11.2 45.1 39.2
Olive 10.5 73.0 13.8
Palm 9.3 37.0 49.3
Tallow 4.0 41.8 49.8
Butter 3.0 23.4 50.5
Coconut 1.7 6.3 82.5

Fatty Acid
Content of
Selected Fats

(9/100 g)

12
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US Dietary Fat Intake

13

The types of fat consumed in the United States has
changed markedly over the past 60 years

14
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Major sources of fat prior to the 1960s

Estimated US Vegetable
and Seed Oil Consumption
Based on Availability

14
5 12
> Soybean
~N 10 Cottonseed
Am J Clinical Nutr 93: 950, 2011 g 8 Corn
b4 Olive
= 6 Coconut
(3]
&
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=
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Am J Clinical Nutr 93: 950, 2011

Estimated annual per capita
consumption (kg) of foods

Percent
Food 1909 | 1999 | difference
Oils 0.7 14.7 2051
Soybean 0.01 | 11.6 116,300
Canola 0.01 | 0.8 16,700
Peanut 0.01 0.7 7000
Fats 17.9 | 18.2 85
Margarine 0.3 3.6 25
Tallow 0.5 2.1 371
Shortening | 3.3 9.0 170
Butter 8.1 2.2 -73
Lard 5.8 1.3 -77

17

s

Dietary Fat Intake Recommendations

18
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Current Recommendations
Focus on the Type of Fat

1

To reduce risk
of heart disease,
limit saturated fat
intake to 10% of

total energy intake

20
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“ ... intake of saturated fat
should be limited to less
than 10 percent of calories
per day by replacing them
with unsaturated fats,
particularly polyunsaturated
fats.”

21

Federal Register 82: 50324, 2017

Replace saturated
fat with:

e Polyunsaturated fat /\/+/
e Monounsaturated fat.//

e Carbohydrates from +/
whole grains, pulses,
fruits and vegetables

v/ Indicates strength of evidence

22
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What is the basis

for emphasizing
polyunsaturated fat?

J Am Coll Cardiol 66: 1538, 2015

“... the macronutrient
substituted for SFAs
[saturated fatty acids]
is critically important.”

24
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J Am Coll Cardiol 66: 1538, 2015

Nurses’ Health Study
and Health Professional
Follow up Study

84,628 US women
42,908 US men

Diet assessed every 4 years

Follow up: 24-30 years

7,667 heart attacks or coronary
heart disease deaths
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25
Effect on CHD risk of
replacing 5% of energy
from saturated fat with
5% of energy from:
Dietary component Risk
J Am Coll Cardiol 66: 1538, 2015 Refined carbohydrate
Carbohydrate (whole grains)
Monounsaturated fat
Polyunsaturated fat
Adjusted for energy, protein, cholesterol intake, alcohol, smoking,
BMI, physical activity, use of vitamins and aspirin, family history of
MI and diabetes and baseline hypercholesterolemia & hypertension
26
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J Am Coll Cardiol 66: 1538, 2015

Effect on CHD risk of
replacing 5% of energy
from saturated fat with
5% of energy from:

Dietary component Risk

Refined carbohydrate T 2%

Carbohydrate (whole grains)

Monounsaturated fat

Polyunsaturated fat

Adjusted for energy, protein, cholesterol intake, alcohol, smoking,
BMI, physical activity, use of vitamins and aspirin, family history of
MI and diabetes and baseline hypercholesterolemia & hypertension

28
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Carbohydrate from whole grains
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J Am Coll Cardiol 66: 1538, 2015

Effect on CHD risk of
replacing 5% of energy
from saturated fat with
5% of energy from:

Dietary component Risk

Refined carbohydrate T 2%

Carbohydrate (whole grains) 9%

Monounsaturated fat

Polyunsaturated fat

Adjusted for energy, protein, cholesterol intake, alcohol, smoking,
BMI, physical activity, use of vitamins and aspirin, family history of
MI and diabetes and baseline hypercholesterolemia & hypertension

30
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Monounsaturated fat

Monounsaturated fat

High Oleic Soybean Oil

16



J Am Coll Cardiol 66: 1538, 2015

Effect on CHD risk of
replacing 5% of energy
from saturated fat with
5% of energy from:

Dietary component Risk

Refined carbohydrate T 2%

Carbohydrate (whole grains) 9%

Monounsaturated fat d 15%

Polyunsaturated fat

Adjusted for energy, protein, cholesterol intake, alcohol, smoking,
BMI, physical activity, use of vitamins and aspirin, family history of
MI and diabetes and baseline hypercholesterolemia & hypertension
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Polyunsaturated fat
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J Am Coll Cardiol 66: 1538, 2015

Effect on CHD risk of
replacing 5% of energy
from saturated fat with
5% of energy from:

Dietary component Risk

Refined carbohydrate T 2%

Carbohydrate (whole grains) 4 9%

Monounsaturated fat d 15%

Polyunsaturated fat d 25%

Adjusted for energy, protein, cholesterol intake, alcohol, smoking,
BMI, physical activity, use of vitamins and aspirin, family history of
MI and diabetes and baseline hypercholesterolemia & hypertension
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Simply reducing saturated
fat is not sufficient to

lower risk of heart disease

18



Replacing
saturated fat
with unsaturated
fat lowers blood
cholesterol levels

37

CHOLESTEROL
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Elevated .
cholesterol 15 @
major coronary
heart diseas€
risk factor

38
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J Formosan Medical Association (2021) 120, 460-465

J Am Coll Cardiol 66: 1538, 2015

Prevalence of
high cholesterol

43.96%

39
. Strength
oil of Evid%nce
Soybean Supportive Qualified Health
Claims for Reducing
Risk of Coronary
o Artery Disease
Limited
1Canola
i U.S. FOOD & DRUG
ADMINISTRATION
Olive Very limited
and preliminary
40
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“The U.S. Food and Drug
Administration (FDA) has determined

that there is credible evidence to
support a qualified health claim that Y U.S. FOOD & DRUG

consuming oleic acid in edible oils ... ADMINISTRATION
may reduce the risk of coronary heart
disease-” *Qils must contain >70% oleic acid

41

High-oleic acid oils
qualify for a health claim

42
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Saturated fat increases risk of cardiovascular disease

43

Globally, 3 times more people
diet of coronary heart disease
mortality from consuming too
little polyunsaturated fat than
too much saturated fat.

J Am Heart Assoc. 2016;5:e002891

44
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J Am Heart Assoc. 2016;5:e002891

Expert Group

Optimal intake of linoleic

acid (polyunsaturated fat):

12% of energy

45
Percentage of Calories
Derived from Different
Types of Fat by US Adults
Survey years
1999- 2007- 2015-
Fat type 2000 2008 2016
JAMA 322:1178, 2019 Sample size 4237 5420 5017
Saturated 11.5 11.6 11.9
Polyunsaturated 7.6 7.7 8.2
Monounsaturated 12.9 12.9 13.1
*~90% of dietary
PUFA intake from
linoleic acid
46
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Front. Med. 11:1485695. 2025

In 2021, insufficient (<9-10% of
energy) omega-6 intake was
linked to roughly 738,000 deaths
due to cardiovascular disease.

47
“Adipose [fat] tissue
Am ] Clinical Nutrition 2025 content Of ]-inO]-eic aCid
was inversely associated
with all-cause mortality ...”
48
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Omega-6 polyunsaturated fatty acids in
adipose tissue have a slow turnover reflecting long-
term exposure during 1-2 years or even longer

Subcutaneous

adipose tissue

49

Adv Nutr 6: 660, 2015

Increase over time in

adipose tissue (buttocks

and abdominal area) linoleic

Percent linoleic acid
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Am J Clinical Nutrition 2025

Relationship between buttock
adipose tissue linoleic acid (LA)
content and risk of mortality

Percent LA Cases % decrease
4.75-9.59 403
9.60-10.60 265 21
10.61-11.70 252 20
11.71-29.41 240 26

4,663 Danish adults enrolled in 1993-1997, 21 year follow
up. 1,160 deaths. All values statistically significant.
Adjusted for age, education, smoking, physical activity,
BMI, waist circumference and aloohol intake

51

Commodity
soybean oil

2/17/2025

26



Mean Fatty Acid Composition
of Soybean 0Oil (633 varieties)

Fatty acid Percent Fatty acid type
Palmitic 12.1

l_ ! 16.0 Saturated
Stearic 3.9
Oleic 21.6 | 21.6 | Monounsaturated

Linoleic! 54.4

62.3 | Polyunsaturated
a-linolenic2 | 7.9 y

Abdelghany et al. Agronomy 2020, 10, 24
lEssential omega-6 FA 2Essential omega-6 FA

53

Contribution to US intake

e ~7% of caloric intake
e >40% of linoleic acid

e >40% of alpha-linolenic acid

| -
Fo
-
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56
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Open Heart 2015;2:e000300

Proposed Benefits

* Bone health (fractures)
* Cardiovascular disease
* Cancer (liver)

* Diabetes (insulin sensitivity)

57

Type of oil Vitamin K1
Soybean oil 25.0
Canola 10.0
Olive oil 8.1
Walnut 2.0
Sesame o0il 1.8
Flaxseed 1.3
Palm 1.1
Safflower 1.0
Sunflower 0.8
Corn 0.3
Peanut oil 0.1
Coconut 0.1

Vitamin K Content
of Plant Oils

(ug/tablespoon, ~14 g)

58
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Fat-soluble
vitamin that acts
as an antioxidant,
helping to protect
cells from the
damage caused by
free radicals.

59

Nutr Cancer 72: 808, 2020

“Data from cell, animal,
and human studies indicate
that gamma-tocopherol
appears to have significant
beneficial effects ...”

60
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Tocopherol (mg/g)

Food Gamma Delta
Soybean 64.26 21.30
Corn -- --
Olive 0.83 0.00
Canola 27.34 0.99
Sunflower -- --
Sesame -- --
Peanut 15.91 1.37
Walnut -- --
Palm 0.00 0.00
Coconut 0.00 0.10

Vitamin E
(Tocopherol)
Content of
Selected Oils

61

Lowers blood LDL-cholesterol
when replacing saturated fat

Source of both essential
fatty acids

Source of vitamin K

Source of vitamin E

- I;‘

62
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J Nutr 135: 2674, 2005

Palm oil users were 3
times more likely to have
a myocardial infarction
[heart attack] than users
of soybean oil.

Costa Rico

63

Nutrition 89 (2021) 111343

“ ... several lines of evidence
indicate that soybean oil can
positively contribute to
overall health and reduction
of risk of coronary heart
disease.”

64
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Diabetes

2/17/2025

Diabetes and Cardiovascular Disease

e >500 million diabetics
worldwide

e Two-thirds die from CVD

= Ischemic heart disease
= Congestive heart failure
= Stroke

e Risk of CHD 2-3 times higher

e CVD occurs 14.6 years earlier in
diabetics versus non-diabetics o

66
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J Formosan Med Assoc 118: S66, 2019

Plos Med 13 (7) e1002087, 2016

Increasing prevalence (%) of
diabetes in Taiwan (2005-2014)

41% 1 in 10 years
6.3 65
6.1 2 M
58

5.6

54 o

49 51
4.8 7 M

4.6 [

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Year

67

Plos Med 13 (7) e1002087, 2016

Replacing 5% of energy from
saturated fat with equivalent
energy from polyunsaturated
fat lowers:

* Blood glucose

* Glycosylated hemoglobin (HbAlc)
* Fasting insulin

* C-peptide

* Insulin resistance

Meta-analysis
102 trials, 239 diet arms, 4220 adults

68
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Am J Clin Nutr 112: 150, 2020
Plos Med 13 (7) e1002087, 2016

Impact of soybean oil
intake on risk of developing
type 2 diabetes (T2D)

“Increasing consumption of
soybean oil in replacement of
lard, peanut oil, refined blended
plant oil, and other plant cooking
oils was associated with lower
T2D risk.”

69

Am J Clin Nutr 112: 150, 2020
Plos Med 13 (7) e1002087, 2016

Impact of soybean oil
intake on risk of developing
type 2 diabetes (T2D)

® 15,022 Chinese adults

* Consumption cooking oil/fat
assessed using 3, 24-h records

* Median follow-up, 14 years
® 1,014 cases of diabetes

® Substituting 1 tablespoon soybean oil
for the sum of lard, peanut oil, and
other plant oils, lowered risk by 3%

70
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Brain health, cognition and dementia

Polyunsaturated fat
intake and brain health

UK Biobank

e 169,295 participants, 37-73 years

Am J Clin Nutr 112: 150. 2020
Nutrients 2024, 16, 4272

e Validated online dietary
assessment

e Diet assessed up to 5 times

e 206 foods and 32 beverages

72
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Am J Clin Nutr 112: 150. 2020
Nutrients 2024, 16, 4272

Low omega-6 fatty acid
intake associated with:

® Increased risk of dementia
® Increased risk of Parkinson’s disease
® Increased risk of multiple sclerosis

® Diminished volumes of various brain
structures

73

Why the need for high

oleic soybean oil?

2/17/2025
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Factors affecting
rancidity

*Light
* Temperature
* Air

* Time

Store oils in a dark dry location
at room temperature. Keep lid

tightly closed and buy amounts
likely to be used within months

H
Susceptible

to oxidation

75

More resistant to oxidation than
polyunsaturated fatty acids, but ...

76
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Stearic acid

Cis double bond

Linoleic acid

Trans double bond

Trans-linoleic acid

77
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Fatty acid composition of
high oleic soybean oil

79

Fatty Acid Content (percent) of High-
Oleic and Commodity Soybean Oil

Fatty acid High oleic | Commodity . y
Saturated 8.8 14.2 = .
Palmitic 4.6 10.0 . 2
Stearic 3.1 3.4
Monounsaturated 70.9 22.0
Oleic 68.9 20.0
Polyunsaturated 14.8 58.2
Linoleic (n-6)* 11.9 51.2
Linolenic (n-3)* 2.3 7.0

Essential omega 6 and 3 fatty acids.Lipids 56: 313, 2021

80
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Eur. J. Lipid Sci. Technol. 2013, 115, 935-945

“ ... high-oleic vegetable

oils ... provide a frying oils
alternative for the production
of deep-fried French fries,
delivering low proportions of
trans and saturated fatty
acids.”

81

Nutrients 2020, 12, 974; do0i:10.3390/nu12040974

Oils high in polyunsaturated
fatty acids (PUFAs), particularly
those rich in n-3 and n-6 PUFAs,
tend to produce higher levels of
aldehydes compared to
monounsaturated fatty acid
(MUFAs)-rich oils.

82
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Eur. J. Lipid Sci. Technol. 2013, 115, 935-945

“Comprehensive scientific
sensory evaluations of frying
oils revealed high-oleic edible
oils as promising frying oil
alternatives for the processing
of French fries ...”

83

J Am Oil Chem Soc (2021) 98: 129-137

Lul. J. LIPIU OUL. 1€ULLIUL 2U1D, 113, 923-945

“There is a large amount of
evidence on the beneficial
effects of HO oil consumption
on human health ... as well as
on the industrial advantages
that its use provides in terms
of oxidative stability ...”

84
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A measure of how well
an oil or fat resists
oxidation, or chemical
breakdown, when
exposed to oxygen

85

Functional
properties
{ of high oleic

b t;}; soybean oil

86
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Benefits High Oleic Soybean Oil

Grown and
processed in Superior high-
the USA heat stability
Neutral
0 g trans- fat flavor
profile

High in mono- Extended oxidative
unsaturated

fat (> 70%) stability and shelf-life

Low i High oleic soybean oil
ow 1:11 ¢ shortenings can replace
saturated tat partially hydrogenated oils

87

Resiliency to Oxidation
(oxidative stability index at 110°C)

_
Conductivity cell

. Absorption solution
Oil sample
Heating block

OSI = The point of maximum change in the rate of oxidation

88
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High oleic soybean oil

High oleic canola oil
(75% oleic)

High oleic canola
oil (65% oleic)

Conventional canola

Conventional soy

Oxidative Stability (hours) at 110° C

|24

|19

|15

Resiliency
to oxidation

89
Oxidative Stability Index (OSI) of Soybean Oil and Canola
Oil with and without Added Antioxidants
23.1 25.0
19.7 High oleic
» 17.2 soybean
S oil reduces
= A ; the need for
6.8 Y & =g antioxidants
@ @ a2
s s < (=)
= = O v
Conventional Conventional High oleic
soybean canola
*180 ppm tertiary butylhydroquinone (antioxidant)
90

45



Foaming Day 24

Longer Fry
Life = Cost
Savings
Conventional High Oleic
91
Polymerization Day 24
Improved
Fryer
Performance
and
Maintenance

Conventional High Oleic
Soybean Oil Soybean Oil

92
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Annual Savings with High
Oleic Soybean Oil

Fry cycle time 7 days | 10 days | 13 days
0il changes (50 lbs/fryer) 52 37 28
Pounds of oil used 2607 1825 1404
Pounds saved/year 782 1203
Percent oil savings 30% 46%
Down time (~4 hours/change) 209 146 112
Shifts (8 hr.) 26 18 14
Percent labor savings 30% 46%

93
“Reports from end-
users on oil quality and
Bt ong/ 0.1 0T L BOT 8015 B384 5 5. 00007-1 performance are almost
unanimously positive.”
94
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Diets containing high-oleic
soybean oil (HOSO) and a blend
of HOSO and fully hydrogenated
soybean oil beneficially affect
cholesterol levels compared to a
diet containing a palm oil + palm
kernel oil blend.

Lipids 2021 Vol. 56: 13-325

95

Oils produced
from soybeans

offer health
and functional

benefits

48
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Thank you

fOr your mark.messina@sniglobal.org

attention
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