Lipids
Ode to Lipids in Food & the Body – (5.2)

Carbohydrates are composed of one, two or hundreds of monosaccharides. Most of them in the form of glucose.
· Monosaccharides are linked to make polysaccharides like starch. They are the building blocks for carbohydrates. Just as fatty acids are the building blocks for lipids.
Why are lipids necessary?
· [bookmark: _Hlk530669443]Lipids are necessary for three main reasons; they enhance the eating experience, they serve as soft body armor, they are a source of energy for cells.
· Sensory perception: their role in the practice of cooking and eating, lipids enhance the flavor and palatability of food. 
· Lipids enhance intestinal absorption of fat-soluble vitamins and phytochemicals.
· We need at least 20 grams of fat to properly absorb fat-soluble vitamins. 
· Lipids also contribute to satiety, which is that feeling of fullness. 
Fat cell – Adipose cell 
· Once inside the body, fat works like soft body armor to protect the viscera and bones from breaking when we fall.  
· Fat, like blood is a type of connective tissue and although the roles of connective tissues vary, they all ultimately support other tissues, which is what fat does. 
Types of fat
· Subcutaneous fat: located below the surface of the skin, helps maintain body heat and cushions the body. 
· Visceral fat: is a fatty apron that covers and protects abdominal organs. Too much visceral fat increases your chances of cardiovascular disease.
· At the cellular level, lipids are a major source of energy. Fat provides more than twice the amount of energy as carbs and protein. Making it an efficient storage form of energy. 
· We store energy mostly as fat and not glycogen.  
· Lipids are the only form of energy that are stored for prolonged periods of time and are the main source of energy when we are at rest.
· Although the downside is that we can store an unlimited amount of fat. Fat cells can enlarge to 1,000 times their original size. 





Types of Lipids in Food and in The Body (5.3)
Fatty Acids
· Fatty acid: is a chain of carbon atoms attached to hydrogen atoms. Fatty acids contain a Methyl group at one end and an Acid group at the other. Acetic acid is a two-carbon organic acid. 
· Short chain fatty acids are 2 to 4 carbons long.
· Medium chain fatty acids are 6 to 12 carbons long.
· Long chain fatty acids are 14 to 24 carbons long.
· Fatty acids also differ in shape. Some fatty acids are straight while others are bent. The bend along the chain is caused by the presence of double bonds.
· The difference in length and shape make some fatty acids beneficial while others near lethal.
Saturated fatty acids
· A fatty acid with no double bonds is said to be saturated. It is saturated with hydrogen atoms; each carbon atom is paired with two hydrogen atoms, with the exception of the first and last carbons.
Unsaturated Fatty Acids
· An unsaturated fatty acid is a fatty acid with one or more double bonds. An unsaturated fatty acid has two neighboring carbon atoms forming a double bond. The double bond causes a kink in the chain and so the fatty acid looks broken. 
· Two shapes of unsaturated fats: 
· Cis-fatty acid: If the hydrogen atoms next to a double bond are on the same side of the chain this is called a ‘cis’ configuration.
· Trans-fatty acid: If the hydrogen atoms next to a double bond are on opposite sides of the chain this is called a ‘trans’ configuration.
Mono & Poly Saturated Fatty Acids
· A monounsaturated fatty acid is a fatty acid with just a single double bond.
· A polyunsaturated fatty acid has two or more double bonds. 
· The level of saturation level of fatty acids determines their shape and behavior of the lipid.    
· Oils are liquids that are liquid at room temperature 
Essential Fatty Acids (Omega-3 & Omega-6)
· Linolenic acid is an omega-3 & omega-6 fatty acid. Composed of Docosahexaenoic Acid (DHA) & Eicosapentaenoic Acid (EPA). Both of which are necessary for proper brain function (especially during infancy) and healthy arteries. 
· Omega 6 fatty acids & Omega 3 fatty acids are required but we cannot synthesize them so they much be supplied from the diet. 
· Omega-6 intake is easily reached, our cells convert linoleic acid (omega-6 fatty acid) to arachidonic acid which becomes a part of the phospholipids in cell membranes and is necessary for synthesis of cell membranes.  
DHA - Docosahexaenoic Acid
· Essential for the development of the brain and for the maintenance of normal brain function.
· DHA in the diet improves learning and a deficiency of DHA is associated with impaired learning. 
EPA - Eicosapentaenoic Acid
· Helps to lowers blood pressure and reduce blood clots from forming.  
· Protects against irregular heartbeats and reduces inflammation. 
Trans Fatty Acids (TFA)
· Trans fats can be fatal. With the exception of trans fat and butter, all trans fats are manmade. 
· Through a process of hydrogenation unsaturated fatty acids are bombarded with hydrogen atoms. 
· The fatty acids go from a ‘cis’ to a ‘trans’ configuration, the result is unsaturated fatty acids behaving like saturated fats. 
· Products made with trans fats have a much longer shelf life. 
· Margarine is made from unsaturated fatty acids. 


Triglycerides (saturated, monosaturated, & polyunsaturated) 
· Triglycerides: made up of 3 fatty acids (note the hydrogen atoms are not shown). 
· Triglycerides are the most common type of lipid found in our food. With 95% of what we eat being in the form of triglycerides and 99% of the fat in our bodies is stored as triglycerides.
· Triglycerides can have varying amounts of saturated fatty acids, monounsaturated fatty acids, & polyunsaturated fatty acids. The fatty acids are attached to a glycerol molecule.  


· Triglycerides are fats and oils; each fat or oil molecule contains 3 fatty acids. Triglycerides vary in the number of saturated and unsaturated fatty acid chains they contain. Usually one type predominates.  

Polyunsaturated fatty acids
· Oils with high amounts of polyunsaturated fatty acids (PUFA) turn rancid when deep fried. Rancid fat is unhealthy and has the potential to damage DNA. 
· Under prolonged exposure to high heat the double bonds in the fatty acid break.
· A hydrogen atom is lost and the carbon atom now has an incomplete valence shell. 
· A rancid lipid is a free radical. 
· PUFA’s are more sensitive because of multiple double bonds in the cis configuration.
· Saturated and monounsaturated fatty acids are more heat stable because they have fewer than one double bond. 
Phospholipids 
· Phospholipids are diglycerides with a polar end attached to two non-polar hydrocarbon tails.
· Phospholipids are partially water soluble and differ in two ways; by the length and the shape of the fatty acids and by an additional compound that is joined to the phosphate.  
· Lecithin is the most common phospholipid.
· The partial solubility of phospholipids is partly responsible for the creation of life as we know it. Phospholipids make up the cell membranes of all living organisms. In the human body, phospholipids are major structural component of all cell membranes. 
· Lipid bilayer is the phospholipids that make up the two layers of the cell membrane. 

Diglycerides
· Diglycerides are also key ingredients in the kitchen. Being partially soluble, they act as emulsifiers. Emulsifiers allow non-polar molecules, like lipids, to mix together with polar molecules without splitting. 


Cholesterol
· Cholesterol: contains no fatty acids and is not used as a source of energy. 
· Cholesterol is found only in the animal kingdom and is found in; eggs, dairy, meat, fish, & poultry.
· Lean meats, and low or reduced fat dairy, have little cholesterol. 
· Cholesterol is not an essential nutrient.  
· Some people might over produce cholesterol while others may not.
Key cholesterol functions
· Cholesterol is the lipid that lacks fatty acids and is not broken down for energy. Although cholesterol has many important functions in the body such as; our cell membranes are studded with cholesterol and cholesterol is necessary for the synthesis of estrogen and testosterone. More importantly though, cholesterol is required for vitamin D synthesis. Also, bile contains cholesterol and is crucial in the digestion of lipids. 




Digestion & Absorption of Lipids (5.4)
Chemical and Mechanical Digestion of Lipids
· Chewing and churning is more important in mechanically breaking apart the fat. The bulk of chemical digestion of lipids is accomplished in the small intestine with the help from the accessory organs. Epithelial cells release hormones to alert the accessory organs of the arrival of lipids. 
· Bile contains; cholesterol, salts, & lecithin a type phospholipid. The bile breaks down the larger lipid globules into smaller bits called micelles. Pancreatic lipase, breaks down the triglycerides into free fatty acids and monoglycerides. 
Absorption of lipids
· Short and medium chain fatty acids can cross into the epithelial cells and go out the other end. Entering the blood capillary and bee line for the liver.

· Long chain fatty acids can cross into the epithelial cells and once inside the epithelial cell they get repackaged into chylomicrons. A chylomicron is a type of lipo-protein. The chylomicrons then enter the lacteal vessel, which get delivered from the lacteal vessel to the left subclavian vein.       

Lipoproteins (5.5)
· Chylomicrons are a type of lipoprotein.
· Lipoproteins are made up of triglycerides, proteins, phospholipids, & cholesterol. 
· Lipoproteins are non-polar and the shell is made of phospholipids with their polar ends facing outwards, allowing for the lipoproteins to dissolve in water. 
4 Types of Lipoproteins (differ in their relative composition) 
· Chylomicrons transport dietary triglycerides and therefore contain mostly triglycerides. VLDL very low-density lipoproteins are a product of the liver. The liver converts extra glucose into fatty acids and packages them into VLDL’s for delivery to fat cells. They also contain mostly triglycerides. Once VLDL’s have delivered their triglycerides, they are then cholesterol rich remnants, called LDL low density lipoproteins. LDL’s are principally composed of cholesterol, they deliver cholesterol to cells. HDL high density lipoproteins, synthesized in the liver they are designed to scavenge for cholesterol from dead and dying cells and return to the liver. HDL is mostly protein, our blood plasma contains varying amounts of all four of these lipoproteins, each one containing lipids. 




Lipids, Disease & DRI’s (5.5)
Cardiovascular Disease
· CVD includes disease of the heart and blood vessels.
· Coronary heart disease is the most common form of CVD.
· CVD is the cause of death for 1/3 people in Canada, and cost the Canadian economy more than $18 billion dollars a year.
How Cardiovascular Disease Works
· The path leading to CVD begins with inflammation of the artery wall. Substances like; excess LDL cholesterol & excess glucose cause irritation of blood vessels. This irritation increases the permeability of the arteries and elicits and inflammatory response. Cells of the immune system then proceed to try and repair the damage. These immune cells pick up LDL cholesterol and harden inside the lining of arteries, which is known as plaque deposits. Arteries harden and narrow, blood vessels narrow and can become blocked. Depending on the location of the plaque buildup different organs can be affected.
Heart Attack
· A heart attack is death of cardiac muscle tissue, resulting from blockage of one or more coronary arteries. Coronary arteries supply oxygen rich blood to heat muscle, if they become blocked nutrients like oxygen are prevented from reaching the muscle cells that make up the heart tissue. The cells die, causing the heart to stop.
Stroke
· A stroke is death of nervous tissue in the brain, usually resulting from rupture or blocking of arteries in the head. The effect of a stroke depends on the extent and location of the damaged brain tissue. 
Reducing Your Risk of Cardiovascular Disease
· Increase your soluble fiber intake. Soluble fiber carries bile, which contains cholesterol, to the large intestine for elimination through the process of Enterohepatic Circulation. 
· Limit your fat intake to the AMDR, which works out to about 44 – 78 grams of fat.
· Increase your Omega-3 intake. Omega-3 fatty acids, lower your risk of CVD by preventing inflammation of the arteries. 
· Statins are a class of medications that interfere with the liver’s ability to make cholesterol. 
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