STT

UT N AL
NDO OLOGY

C N

Macronutrients:
Fat Structure and
Function

N
N
EN

Dr. Ritamarie Loscalzo




Medical Disclaimer: The information in this
presentation is not intended to replace a one-on-
one relationship with a qualified health care
professional, and is not intended as medical advice.
It is intended as a sharing of knowledge and
information from the research and experience of
Dr. Ritamarie Loscalzo, drritamarie.com, and the
experts who have contributed. We encourage you
to make your own health care decisions based upon
your research and in partnership with a qualified
health care professional.
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7
Primary Macronutrients

v'Water B -
v Eat PROTEIN
v Protein

CARBOHYDRATES

v'Carbohydrate




What You’ll Learn:

v The importance of fat in the body
v’ Categories of fats
v’ Chemical structure of fats

v Omega classification of
polyunsaturated fats

v Omega fats naming conventions

v’ Essential fats vs nonessential fats -
v’ Refining and processing of fats

¢
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Importance of Fats in the Body

v’ More than % dry weight of brain is
fat and 25% of the body’s
cholesterol is in the brain

v’ Cholesterol is precursor of steroid
hormones -- adrenal, sex,
regulation of blood pressure

v’ Cell membranes are mostly fat
v Myelin sheaths are fat
v’ Hair and skin need fat
v Immune system and inflammation

v Improves absorption of fat-soluble
é vitamins
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Importance of Fats in the Body

One cup of fresh avocado (150 grams) added to a salad
of romaine lettuce, spinach, and carrots increased
absorption of carotenoids from this salad between
200-400%.




Categories of Dietary Fats

Saturated Monounsaturated  Polyunsaturated
Fats Fats e

v Meat v’ Olives v Nuts

v’ Dairy v’ Macadamia nuts v Seeds

v’ Butter v’ Cashews v Grains

v Cheese v" Hazel nuts v/ Vegetables

v Ghee v’ Avocado v Legumes

v Eggs v’ Sesame seeds v Fish

v’ Coconut v’ Pecans

v Palm v’ Almonds
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Fatty Acids
v’ Building blocks of fats

v’ Carboxylic acid with long carbon chain

v They differ by length of carbon tail,
degree of saturation and position of

double bond(s)
v Most fatty acids have 12 — 20 carbons

v’ Most have even number of carbons

v’ Linoleic acid - 18:2 (n-6) — 18 carbon
fat, 2 double bonds, first double bond
at 6t carbon from the methyl end
(Omega-6)
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Structure of Fats
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Saturated Fats
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v’ Butyric acid (C4) v’ Palmitic acid (C16)
v’ Caproic acid (C6) v’ Margaric acid (C17)
v’ Caprylic acid (C8) v’ Stearic acid (C18)
v’ Capric acid (C10) v’ Arachidic acid (C20)
v’ Lauric acid (C12) v’ Behenic acid (C22)
v Myristic acid (C14) v’ Lignoceric acid (C24)

v’ Pentadecylic acid (C15) v’ Cerotic acid (C26)
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Monounsaturated Fats
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v' Myristoleic acid (14:1) v Oleic acid (18:1)

v Pentadecenoic (15:1) v’ Eicosenoic acid (20:1)
v Palmitoleic acid (16:1) v Erucic acid (22:1)

v’ Heptadecenoic (17:1) v Nervonic acid (24:1)

www.DrRitamarie.com  © Dr. Ritamarie Loscalzo, MS, DC, CCN, DACBN, Institute of Nutritional Endocrinology (INE)



Polyunsaturated Fats
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v Hexadecatrienoic acid v’ Arachidonic acid (AA)
v’ Linoleic acid (LA) v’ Heneicosapentaenoic acid
v Alpha-linolenic acid (ALA) (HPA)
v' Gamma Linoleic Acid (GLA) v Docosadienoic acid
v’ Stearidonic acid (SDA) v Docosapentaenoic acid (DPA)
v’ Eicosatrienoic acid (ETE) v Docosahexaenoic acid (DHA)

v’ Eicosatetraenoic acid (ETA) v’ Tetracosapentaenoic acid
é Eicosapentaenoic acid (EPA) v Tetracosahexaenoic acid
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Omega Classification

ot o 00 00 e

Alpha-Linolenic acid (omega 3)

PR T VeSS

Linoleic acid (omega 6)
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Omega Classification of
Unsaturated Fats

Omega-3 Omega-6 Omega-9
v’ Alpha-linolenic v’ Linoleic acid (LA) v’ Oleic

acid (ALA) v’ Gamma- v Nervonic
v’ Eicosapentaenoic linolenic acid

acid (EPA) (GLA)
v’ Docosahexaenoic v Dihomo-gamma-

acid (DHA) linolenic acid

(DGLA)

v’ Arachidonic Acid

S (AA)
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Omega-3 Fatty Acids
v'Hexadecatrienoic acid (HTA) 16:3 (n-3)

v’ Alpha-linolenic acid (ALA) 18:3 (n-3)
v/ Stearidonic acid (SDA) 18:4 (n-3)
v Eicosatrienoic acid (ETE) 20:3 (n-3)
v’ Eicosatetraenoic acid (ETA) 20:4 (n-3)

v’ Eicosapentaenoic acid (EPA) 20:5 (n-3)
v'Heneicosapentaenoic acid (HPA) 21:5 (n-3)
v'Docosapentaenoic acid (DPA)  22:5 (n-3)
v'Docosahexaenoic acid (DHA) 22:6 (n-3)
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Omega-6 Fatty Acids
v'Linoleic acid (LA) (18:2 n-6)
v’ Gamma-linolenic acid (GLA) (18:3 n-6)
v'Eicosadienoic acid (20:2 n-6)
v’ Dihomo-gamma-linolenic acid (DGLA) (20:3 n-6)
v’ Arachidonic acid (AA) (20:4 n-6)
v'Docosadienoic acid (22:2 n-6)
v'Docosatetraenoic acid (22:4 n-6)
v’ Tetracosatetraenoic acid (24:4 n-6)
v’ Tetracosapentaenoic acid (24:5 n-6)

¢
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Fatty Acid Composition of Common Fats

Saturated Monounsaturated Polyunsaturated Cholestercl Vitamin E
g/100g g/100g a/100g mg/100g mg/100g
Animal fats

Lard 408 438 06 03 0.00
Duck fat'? 33.2 49.3 12.9 100 2.70
Butter 54.0 10.8 26 230 2.00

VVegetable fats
Coconut oil 85.2 6.6 1.7 0 66
Palm kernel oil 81.5 11.4 16 0 3.80
Palm oil 453 416 8.3 0 33.12
Cottonseed oil 255 213 481 0 42 77
Wheat germ ol 18.8 15.9 60.7 0| 13665
Soybean oil 14.5 232 56.5 0 16.29
Olive oil 14.0 697 11.2 0 510
Corn oil 12.7 247 57.8 0 17.24
Sunflower oil 11.9 20.2 63.0 0 49.00
Safflower oil 10.2 12.6 72.1 0 4068
Hemp oil 10 15 75 0 12.34
é Canola/Rapeseed oil 53 64.3 248 0 22 21
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Results of Imbalances in
Omega-3 and Omega-6 Fats

v Inflammation and chronic pain P ey

v’ Heart disease

v’ Clotting disorders

v Hormonal imbalances

v’ Depression and anxiety

v Autoimmune disease

v Asthma

v’ Rashes

v’ Dry, flaky skin and dandruff

¢
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02471 Bloodspot Fatty Acid Profile

Polyunsaturated Omega-3
1 Alpha Linclenic (AL&) (18:3n3)
2 Elcosapentasnoic (EFA) (20:5n3)

3 Docosahexaenoic (DHA) (22:8n3)

Polyunsaturated Omega-6
4 Linolsic (LAY (15:2n8)
5 Gamma Linolenic (GLA) (18:2n6)
£ Dihomogamma Linolenic (DGLA) (20:3nE)
7 Arachidonic (A48) (20:4nE)
Trans
g Total C:18 Tranz Fatty Acids
Ratios
S LAWGLA (Desaturation =fficiency)
10 AAERA (Eicosanoid Series 23T

11 EPA/DGLA (Eicosancid Seres 3/1)

12 Index of Omega-32 Fatty Acids (EPA + DHA %)

Eesults
% Total Area

0.08
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152

1.2

.41
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0.12-072

0.07-1.43

0.41-2355

109 -194

0.04 -027

040-127

2T7-74

== (.36

53 -394

3.1-832

0.09-245

= [0.863

TSears, B. Toxic Faf: When Good Faf Tums Bad. 1st ed. Mashwville, TH: Thomas Melson; 2008.

FHarrs, WS, Omega - 3 fatty acds and cardiovascular disease: A case for omega-3 index as 3 new risk factor. Phamacological Research 2007;

SH2T-223
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60 YO Female - Depression Celiac

0241 Bloodspot Fatty Acid Profile

Polyunsaturated Omega-3
1 Eicosapentaenoic (EPA) (20:5n3)

2 Docosahexaenoic (DHA) (22:6n3)

Polyunsaturated Omega-6

3 Linoleic (LA) (18:2n6)

4 Gamma Linolenic (GLA) (18:3n6)

5 Dihomogamma Linolenic (DGLA) (20:3n6)

6 Arachidonic (AA) (20:4n6)

Trans

7 Total C:18 Trans Fatty Acids

Ratios
8 LA/GLA (Desaturation efficiency)
9 AA/EPA (Eicosanoid Series 2/3)t

10 EPA/DGLA (Eicosanoid Series 3/1)

Results
% Total Area

0.13 L

0.53

13.4
0.07
0.81 H

2.9

0.46

200
22.3

0.16L

11 Index of Omega-3 Fatty Acids (EPA + DHA %) 0.66 L

Methodology: Capillary Gas Chromatography/Mass Spectromerry

Percentile Ranking by Quintile
| 1st | 2nd | 3rd | 4th | 5th | 95%
I T t T ' T 1 T 1 T Reference
20% 40% 60% 80% Interval
0.15
t — % } } +| 0.08 -1.35
0.47 1.65
t S ¢ { t —| 0.30-2.08
8.9 13.8
— t } } & +| 7.8-15.2
0.03 0.12
= - : Y- - —+| 0.02-0.18
0.35 0.77
} t t } } 44— | 0.27-0.94
2.7 5.6
{ 4 + } { | 2.1-6.3
0.79
{ t +—& { } | <=1.27
110
: : - > ¢ +H 60 - 573
27.2
— i T : S —+ | 2.4 -50.9
0.26
—— . - - +| 0.13-3.57
1.31
+ +— t t + +| > 0.50

¢

www.DrRitamarie.com

© Dr. Ritamarie Loscalzo, MS, DC, CCN, DACBN, Institute of Nutritional Endocrinology (INE)



60 YO Female 4 Months Later

0241 Bloodspet FaﬁyAcld Proﬂle S AR e =y : ilLlhnd(;I«)gp (a/;lilun Gas Chromatography/Mass Spectromein

Percentlle Ranking by Quintile
| 1st | 2nd | 3rd [ 4th l 5th ] 95%
Results b - . T { | Reference
% Total Area 20% 400/0 60% 80% Interval
Polyunsaturated Omega-3
0.15
1 Eicosapentaenoic (EPA) (20:5n3) 183 H -+——t——Ft——F——F——+|008-135
0.47 e ARD
2 Docosahexaenoic (DHA) (22:6n3) 1.05 B T S =+ | 0.30-2.08
Polyunsaturated Omega-6
8.9 » o 138
3 Linoleic (LA) (18:2n6) 11.4 - S e e o e e}~ | 7.8-15.2
- 0.03 o o e 012
4 Gamma Linolenic (GLA) (18:3n6) 0.03 L ———1— e — -+ | 0.02-0.18
0.35 R = 0.77
5 Dihomogamma Linolenic (DGLA) (20:3n6) 0.42 —t——— —| 0.27-0.94
K- - ' 5.6
6 Arachidonic (AA) (20:4n6) 2.7 ‘1 21-63
Trans
7 Total C:18 Trans Fatty Acids 0.05 -~} —— permrrpe——- | <= 1,27
Ratios
110
8 LA/GLA (Desaturation efficiency) 386 R } }——¢—+| 60 -573
27.2
8 AA/EPA (Eicosanoid Series 2/3)t 1.5L —————— - H———t | 24-509
0.26
10 EPA/DGLA (Eicosanoid Series 3/1) 4.37H —t } + ——%+| 0.13-3.57
... 079 e
11 index of Omega-3 Fatty Acids (EPA + DHA %)t 2.88 ey } & et | > 0.50
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Omega 3 Fatty Acids

Analyte Reference Range

(cold waler fish, Tlax, walrnul)

A GO =009 vt %
Eipi?iﬁfintaemic @@ >= 0.16 wt %
Egﬂmﬁgﬁfntaenﬂiﬂ @ oz 1 14 wi %
I 13) 21w

% Omega 3s >=38
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Omega 6 Fatty Acids

Analyte ..ol grains, mostmeats, dary)  Fn€fErence Range
Hinoleic @ 10.5-16.9 wt %
Y;inolenic (009 0.03-0.13 wt %
Dihomo-y-linolenic 5= 119 wt %
(DGLA) 20:3 n6
S GY o
[[D}Eﬁggffgtmﬂ"ﬂiﬂ 3.24 1.50-4.20 wt %
Eicosadienoic 0.18 <= 026 wt %
% Omega 6s 36.4 30.5-39.7

S
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Omega 9 Fatty Acids

Analyte e il Reference Range

Oleic

Oleic @ 10-13 wt %
MNervonic

24:1 ng @3 2.1-3.0 wt %

% Omega 9s 142 13.3-166
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Monounsaturated Fats

Omega 7 Fats Reference Range

Palmitoleic @ o 0
16:1 n7 . =0.64wt%
Vaccenic —

18:1 n7 = 113wt %

Trans Fat

Elaidic —
18:1 ngi <= 059wt %
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Saturated Fatty Acids

Analyte | ~Reference Range
(meat, dairy, coconuts, palm oills)

Palmitic @ 18-23 wt %
C16:0
Stearic
Ste: @ 1417 wit %
Arachidic @ 0.22-0.35 wt %
Behenic
sen @ 0.92-1.68 wt %
Tricosanoic @
Tric . 0.12-0.18 wt %
Lignoceric
con 29 2.1-3.8 wt %
Pentadecanoic
Fen 0.07-0.15 wt %
Margaric 0.27 0.22.0.37 wt %
Z17:0
% Saturated Fats @ 398436
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Omega 3 Fami'y
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Triglycerides
v’ Concentrated form of stored energy

v 95% of dietary fat
v’ Liquid or solid depending on fatty acids

B H RS S e
T S S SO L (e o
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R ] B B e G e [ G e
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Steroids

v’ Four rings of carbon atoms, three six-
membered and one five

v’ Many hormones, alkaloids, and vitamins

v’ Corticosteroids are hormones produced in the
adrenal cortex
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Steroids
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Sterols

v’ Subgroup of the steroids known as
steroid alcohols

v’ Plant sterols are called phytosterols

HO

v Animal sterols are called zoosterols
v’ Cholesterol is the most well known animal sterol

> Vital to animal cell membrane structure and function
> Precursor to fat-soluble vitamins and steroid hormones
> Precursor to bile acids

v’ Ergosterol found in fungi cell membrane: role similar
to cholesterol in animal cells

v’ Phytosterols block cholesterol absorption sites in the
human intestine, thus helping to reduce cholesterol in
humans

¢
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HO

Cholesterol \

CHj

Sitosterol

www.DrRitamarie.com

Stgmasterol

HO ergosterol
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Cholesterol

l Vitamin B5 (Pantothenic Acid)

‘ Pregnenolone I LIARIE )
Progesterone <:| g — pregnenolone
Deoxycortlco 17- Hyd roxy
sterone progesterone Androsterone

11-Deoxycortisol —}‘ Testosterone I

Estradiol |

Cortisol ‘

5

Cortisone
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Phospholipids

v Spingophosphatides

(including inositol derivatives): Group | st s
backbone of sphingosine | Phosphate C—>

(myelin sheaths)

| Fatly acid chain |— :

v Glycerophosphatides:

backbone of glycerol

» lecithin: phosphatidylcholine,
phosphatidylethanolamine, and
phosphatidylinositol

Hyd-aphabizTeils
{Men Pelar)
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Phosphatidylcholine

| ycrophilic | l=ad

{Polari

Phosphate

| Fatty acid chain |—

Ilyd-opnabiz Teils
{Men Felar)

Choline

C

1 H | |

Polar Glycerol Fatty
head group  backbone acid chains
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Phospholipid Molecules
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Lipoproteins
v’ Lipids bound to proteins to allow transport
through the bloodstream
v’ The proteins emulsify the lipid molecules

v'Many enzymes, transporters, structural
proteins, antigens, adhesins, and toxins are
lipoproteins

CHOLESTEROL

v Exam P I es LIPOPROTEINS

JATI

» High Density Lipoproteins (HDL)
» Low Density Lipoproteins (LDL)

------
Vrsrs e ey

» Very Low Density Lipoproteins (VLDL) *

é
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GENERAL STRUCTURE OF A LIPOPROTEIN o

I Polar surface envelope

Apolipoprotein . ‘ . .

Free cholesterol O
Phospholipid O

I Neural lipid core

Cholesteryl ester O
Triglyceride ()

Source: Intarnational Chair on Cardiometabolic Risk
www. cardiometabolc-risk.org
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A 4 Classification of Lipoproteins

" oo "Bad" "Good"
oy » (Non-HDL)

* »
. X w Lok b ’l :
N . >
’ e * 5% -: ,9
-
- ". Q' T

Ay
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Fatty Acid Tidbits — Nervonic Acid

O

/

v’ 24-Carbon monounsaturated omega-9
fatty acid

v Important in the biosynthesis of myelin

v Found in the sphingolipids of white matter
in human brain.

v Used in the treatment of disorders
involving demyelination, such as
adrenoleukodystrophy and multiple

sclerosis
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Nervonic Acid Sources

v’ King salmon: 140 mg/100g

v’ Yellow mustard seed: 83 mg/100g
v Flax seed: 64 mg/100g
v'Sockeye salmon: 40 mg/100g
v'Sesame seed: 35 mg/100g
v'Macadamia nuts: 18 mg/100g $ A
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Oleic Acid

v’ The most abundant fatty acid in human adipose tissue

v Food Sources:

H H
» 55-83% of olive oil
» 59-75% of pecan oil 5
» 61% of canola oil
» 36-67% of peanut oil e
Oleic Acid

» 60% of macadamia oil

» 37-56% of chicken and turkey fat
» 44-47% of lard

» 20-85% of high oleic sunflower oil
» 15-20% of grape seed oil, sea buckthorn oil, and sesame oil
» 14% of poppyseed oil
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