Part 4. Lipids and colloids
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1.What is a Fat?
§A fat, or Lipid - is made up of a molecule of glycerol in which one or more of its three original hydroxyl groups have been replaced by fatty acid chains. 
§Approximately 95% of food lipids fall into a group called triglycerides (all three glycerol -OH groups are replaced). Other important lipids are phospholipids (e.g. emulsifying agents such as lecithin) and sterols (e.g cholesterol). 

§Lipids can be liquid at room temperature, as in canola oil, or solid, as [image: image2.jpg]ﬁri
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in margarine. 

1) Triglycerides
§The nature and properties of lipids are related to the type of fatty acids present. 
§Fatty acids from plants and animals are different - affecting both their physical and chemical properties: 
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The three hydroxyl groups of the glycerol molecule can each combine with a laity acid molecule and the resulting ester is called a triglyceride. 
2) Phospholipids
§Phospholipids are a combination of fats plus phosphate, some forms also contain nitrogen.
§Phospholipids are similar to fats in that they have a structure based on glycerol but instead of the three hydroxyl groups being combined with a fatty acid（see below）only two are so combined，the third being combined with phosphate linked to choline． 

§Lecithin(卵磷脂) is the best known example of a phospholipid. It is synthesized by both plants and animals, and is found  in foods such as egg yolk and soybeans.

§Sphingolipids (神经)鞘脂类,

Function of phopholipids
§1) Lecithin is a source of choline, a compound required for fat transport  and sometimes listed as one of B-complex vitamins.
§2) Affect  the synthesis of neurotransmitters (such as serotonin (复合胺), acetylcholine, dopamine(多巴胺) and norepinephrine去甲肾上腺素) in brain。
§3) Are important components of membrane structure.
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3) Sterols
§Sterols can be synthesized by plants and animals, are called as phyto-sterols (ergosterol 麦角固醇and sitosterol谷固醇) and cholesterol individually.
§Cholesterol is an essential constituent of the cell membrane of every cell. About 80% is produced in the body by the liver. 20% is influenced by diet through excess calories, fat and dietary cholesterol. It is needed for the formation of vitamin D, Steroid hormones, and bile acids needed for the digestion of fats.   (function)

§But if it is excessive, it will cause vascular diseases.

§Phyto-sterols are thought to decrease the absorption of cholesterol.
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2. The type of Fatty Acids
§According as there is or not double bonds 
§1.   Saturated - no double bonds, e.g. acetic acid CH3COOH, (vinegar), lard. 

§2.  Unsaturated -
§Monounsaturated - one double bond, e.g. Oleic acid (油酸 ) (Olive oil) CH3(CH2)7CH=CH(CH2)7COOH  

§Polyunsaturated - two or more double bonds, e.g. Linolenic acid (Linseed oil) C17H29COOH has three double bonds. 

§oleic acid CH3(CH2)4CH=CHCH2CH=CH(CH2)7COOH
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SFA                                                      棕榈油  16:0 
 Palm Oil
MUFA   油酸18:1  n-9
                                                                           Oleic acid 

n-6PUFA  亚油酸18:2  n-6
n-3PUFA 亚麻酸18:3  n-3
§According to length of carbon chain - acetic acid has a one carbon chain, oleic acid has a 17 carbon chain.
§Short chain fatty acids: less than 6 carbon chain.

§Medium chain fatty acids: 8-12 carbon chain.

§Long chain fatty acids: more than 14 carbon chain.
Cis and trans fatty acids 
§When two carbon atoms are joined by a double bond there is not freedom of rotation about the axis of the double bond．Consider oleic acid．In one form the two parts of hydrocarbon chain are on the same side of the double bond（cis form）while in the other they are on opposite sides of the double bond（trans form）． CH3(CH2)7CH=CH(CH2)7COOH 
§  Naturally occurring unsaturated fatty acids have cis forms while the corresponding trans forms lack. Essential fatty acid (EFA) activity enzymes can recognize the difference between cis and trans forms，acting on the former but not the latter．
§  The distinction that is drawn between cis and trans fatty acids may seem like an unnecessary complication but it has some relevance when considering the relationship between the types of fat we eat and our health. 
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Cis form (oleic acid)                   Trans form (elaidic acid)
Figure 4.1 Cis and trans forms of a fatty acid 
3. Physical Properties of fats
Saturated fats
§Have high proportion of saturated fatty acids such as myristic and palmistic.

§Usually are solid at room temperature.

§Usually are found in animal foods-beef, pork, lamb, milk, cheese; exceptions are coconut and palm oil.

§Are thought to increase the level of cholesterol in blood.
3. Properties of Fat
§Polyunsaturated fats
§Have high proportion of polyunsaturated fatty acids such as linoleic, linolenic acid (from plants)and arachidonic acids (from animals)

§Usually are liquid at room temperature.

§Usually come from plants- soy, corn, safflower, exception are fish

§Are thought to decrease the cholerterol level in blood.

§Monounsaturated fats

§Are found in olive oil and peanut oil (oleic is the most common MUFA)

§Are thought to have a neutral effect on blood cholesterol

4. Describing Fatty Acids
§Fatty acids are described by the ratio of the number of carbon atoms in the chain to the number of double bonds and the position of the double bond is thought to have significance in health issues. 
§Linoleic acid （亚油酸）is 18:2 omega-6 fatty acid i.e it has an 18 carbon chain, two double bonds and the double bond lies between the sixth and seventh carbon atoms. Linolenic acid（亚麻酸） is 18:3 omega - 3 fatty acid. 

Examples of ω-3 and ω- 6 polyunsaturated fatty acids
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Table 1. Common PUFA
Tab.2  The commen fatty acids
	Name
	describing
	Elaidic acid
	C18:1,n-9 trans (反油酸)

	Butyric acid
	C4:0（丁酸）
	Linoleic acid
	C18:2,n-6, all cis

	Caproic acid
	C6:0 已酸
	Linolenic acid
	C18:3,n-3,6,9all cis

	Caprylic acid
	C8:0 辛酸
	γ-Linolenic acid
	C18:3,n-6,9,12all cis

	Capric acid
	C10:0癸酸
	Arachidic acid
	C20:0 花生酸

	Lauric acid
	C12:0月桂酸
	Arachidonic acid
	C20:4,n-6,9,12,15all cis

	Myristic acid
	C14:0 肉豆蔻酸
	Eicosapentaenoic acid (EPA)
	C20;5,n-3,6,9,12,15 all cis

	Palmitic acid
	C16:0棕榈酸
	Erucic acid
	C22:1,n-9 cis芥子酸

	Palmitoleic acid
	C16:1,n-7 cis棕榈油酸
	Clupanodonic acid（DPA)
	C22:5 ,n-3,6,9,12,15 all cis

	Stearic acid
	C18:0硬脂酸
	Docosahexenenoic Acid  (DHT)
	C22:6 ,n-3,6,9,12,15,18  all cis

	Oleic acid 油酸
	C18:1,n-9 cis
	Nervonic Acid
	C24:1, n-9 cis 神经酸


5. Fats function in the Body
§In our body, lipids or fats (fatty acids) have several essential and important functions.  
 Fats 
•store food energy - when metabolized fats release more energy than any other food constituent. i.e. 2.25x more than protein. 

•insulate the body and protect body and organs such as kidneys from damage. 

•are essential parts of cell walls and and membrane of cell and organs. 

•are necessary for the production of various hormones and vitamin D. 

•are important for the production of sterols which are found in all animals and plants. However, only cholesterol is found in animals. 

•are essential transport agents for fat soluble vitamins around the body tissues. 

Function
§1).  Structural element in membranes            
       Lipoid can be found in many tissues and cells, for example: Membrane is a kind of lipoid layer which consists of Phospholipids, Glycosphingolipids and Cholesterol. And sterols is indispensable in the sterols hormone’s product in human body.
§2).  Storage forms of metabolic fuel 
      Lipids are one of the three main classes of food, along with carbohydrates and proteins. They are responsible for storing energy that animals do not immediately need. If needed, they can produce energyby metabolism at any time.
§3).  Assist in absorption of lipid-soluble vitamins
       Some lipid-soluble vitamins, such as vitamin A, vitamin D, vitamin E and vitamin K are also belong to lipids. The food fat can help the body to absorb them.
Structure and Functions 
§4). Immune recognition
       In addition, lipids can not only insulate heat but also support and protect the viscera inside the body, keep them away from damage. 
§5). Food sense intensifier 
    Lipids stay long in the stomach as compared with  glucide and the protein. It takes 4 to 6 hours to digest some food which contain 50 g  fat. So, people always feel full. Besides, lipids can ameliorate the sense and the capability of food. For example, deepfried food has a special scent.
6. Essential fatty acids
§Small amounts of fat are essential for human nutrition. One essential fatty acid, linoleic acid, must be supplied in the diet, since the body cannot produce enough. 
§Linolenic acid and arachidonic acid were once considered essential. However, we now know that the body can convert linoleic acid to arachidonic acid and linolenic acid can only partially replace linoleic acid.
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Figure 2. ω-3 and ω- 6 polyunsaturated fatty acids metabolism

7. Function of Essential fatty acids 
§1) These fatty acids are necessary for the production of prostaglandins(前列腺素), thromboxanes（凝血素） and several other compounds. Prostaglandins and thromboxanes affect nearly every physiological system in the body. 
§2) Important composition of phospholipids, which are part of the structure of all cell membranes． .

§3) Affect the metabolism of cholesterol. LDL-Ch, HDL-Ch are carrier of Cholesterol.
Deficiency symptoms of essential fatty acids
§Deficiency symptoms of essential fatty acids include decreased growth, dermatitis, fatty liver, impaired reproduction and impaired water balance. 
§There is evidence omega-3 fatty acids (found in fish) are important in prevention of heart disease. 

8. Digestion of fats
1)In the mouth: sublingual salivary glands (舌下腺) secrete lingual lipase 
     Chewing disperses fats into smaller particles, and  the solid fats are warmed by the body and become liquid

2)In the stomach: (fat floats above other food components) 

•Lingual lipase may continue to hydrolyze one bond from triglycerides to form diglycerides and free fatty acids 

•Stomach churns and mixes fat with water and acid 

•Gastric lipase hydrolyzes some fat in the emulsified (not much) 。 

•An emulsified fat is dispersed in tiny particles having a large amount of surface area that can be acted upon.
3) In the small intestine:
§CCK (cholecystokinin肠促胰酶肽) signals gallbladder (胆囊) to release bile for emulsification of fat. 
§Pancreatic lipase enters from pancreas through the pancreatic duct - breaks down triglycerides to a monoglyceride or occasionally to a glycerol and free fatty acids.

§Intestinal lipase also acts on triglycerides with pancreatic lipase .

§Bile is either reabsorbed and recycled or trapped by dietary fiber and excreted: if excreted, the liver must make more bile from cholesterol (effectively lowering blood cholesterol). 

§Bile acids are derivatives of cholesterol synthesized in the hepatocyte. 
§Bile acids are amphipathic(两性分子的) 

§Two important functions of bile acids : 

•Emulsification of lipid aggregates: Bile acids have detergent action on particles of dietary fat which causes fat globules to break down or be emulsified into minute, microscopic droplets. Emulsification is not digestion per se, but is of importance because it greatly increases the surface area of fat, making it available for digestion by lipases, which cannot access the inside of lipid droplets.


•Solubilization and transport of lipids in an aqueous environment: Bile acids are lipid carriers and are able to solubilize many lipids by forming micelles (胶束,胶态离子)- aggregates of lipids such as fatty acids, cholesterol and monoglycerides - that remain suspended in water. Bile acids are also critical for transport and absorption of the fat-soluble vitamins. 
9. Lipid Absorption 
1)Some glycerol, short-chain fatty acids, and medium-chain fatty acids (≦12 carbons) can be absorbed into the blood stream (the portal vein) by diffusing the intestinal cells. They are attached to albumin to the liver. (1/3 fats)
2)Monoglycerides and long-chain fatty acids(≧14 carbons) merge into micelles (spherical shaped complexes 微团) for transport through the microvilli(微绒毛) of intestinal cells. (2/3 of fats)

3)When micelles diffuse into intestinal cells - the monoglycerides and long-chain fatty acids are reassembled into triglycerides and carried away by joined to proteins and phospholipids into complex substances called chylomicrons (CM) and very low-density lipoprotein (VLDL) . These are released in the lymph system and transported to the vein, where they go to the liver.

4)During digestion, the fats are attached to bile salt, which makes them water soluble. As they are absorbed, the bile salts split off.

10. Lipid Transport 
§Fat are insoluble in water. This characteristic is important because it means that they must be combined with a water-soluble substance, usually protein (as lipoproteins), to be transported in the blood and lymph systems. 
§1). Chylomicrons 

§largest and least dense lipoprotein 

§transports diet-derived lipids (primarily triglycerides) from the intestine to the cells of the body.

2). VLDL (Very Low Density Lipoproteins)
§made by the liver to transport liver-synthesized lipids (primarily triglycerides) to the cells of the body 
§as it loses triglycerides, they collect cholesterol from other lipoproteins and become LDL 
3). LDL (Low Density Lipoproteins)
§composed mostly of cholesterol 
§carries and deposits cholesterol to tissue cells: muscle, fat stores, mammary glands, heart, etc... 

§the liver can control the amount of LDL in circulation 

§(LDL is excessive, it implicates to increase danger of heart disease.)

4). HDL (High Density Lipoproteins) 
§Smallest lipoprotein, is the most protein-dense lipoprotein
§carries cholesterol and phospohlipids from the cells back to the liver for recycling or disposal.

§(High HDL can decrease the danger of heart disease.)
5). Factors that improve LDL:HDL ratios: 
(1) weight control 
(2) monosaturated or polyunsaturated fatty acids in place of saturated fat 

(3) soluble fiber 

(4) antioxidants 

(5) moderate alcohol consumption 

(6) physical activity 

6) Plasma Lipoprotein (血浆脂蛋白)
§Plasma Lipoprotein ：Lipids in Plasma, called lipoprotein 。
§Lipids：500mg%
lTG：100mg%
lPhospholipids (PL)：200mg%；Lecithin (卵磷脂) 70%，神经鞘磷脂20%，Cephalin (脑磷脂)10%

l Ch And CE：200mg%；Ch:55mg%,CE:145%mg%

lFFA：55mg% 
Classes、Composition and Structure of Plasma Lipoprotein 
§Classes：
lelectrophoresis (电泳法)：CM、β、 pro-β、α
lultracentrifugation (超离心法)：CM ( chylomicron )、VLDL (very low density lipoprotein)、LDL、HDL

§Composition：TG，Ch, CE，PL， apolipoprotein,apo（载脂蛋白）

血浆脂蛋白的分类—ultracentrifugation


Structure of Lipoprotein

11. Sources of Fatty Acids in Food 
§Good food sources of linoleic acid and somewhat lesser amount of linolenic acid, include seed oils from corn, cotton, soybean (50% linoleic acid) and peanuts (20-30% linoleic acid) as well as chicken fat. 
§most other animal fats are low in this essential fatty acid.

§ Linseed (亚麻子) oil is an excellent source of linolenic acid. 
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α-Linolenic





18:3ω3





LNA





Omega 3


CH3-CH2-CH=CH-CH2-CH=CH-CH2-CH=CH-(CH2)7-COOH


α- Linolenic Acid (18:3 ω 3)


18 Carbons long


3 Carbon-carbon double bonds


First double bond 3 carbons from methyl end





Omega 6


CH3-CH2-CH2-CH2-CH2-CH=CH-CH2-CH=CH-(CH2)7-COOH


Linoleic Acid (18:3 ω 6)


18 Carbons long


3 Carbon-carbon double bonds


First double bond 6 carbons from methyl end





Eicosapentaenoic
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4-15%





Meats





10-16%





Ice Cream





10-25%





Cakes, Cookies





16-20%





Olives





30%





Cheese





45%





Pork sausage (cooked)





53%





Chocolate (unsweetened)





64%





Walnuts





80%





Mayonnaise





80%





Butter and Margarine





100%





Oils, salad, cooking 





Fat Content
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