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5.1 INTRODUCTION 

If somebody discovers that you have some knowledge of nutrition, you will be 
promptly shooted with two questions, first, "Oh! You redly can tell how much to 
eat?' and second, "Tell me which oil to eat 'X' or 'Y'? In view of learning about 
other macronutrients in previous units on carbohydrates and proteins, let us now 
embark to learn more about lipids. 

This unit will detail on types and functions of fats and oils, their requirenlents and 
significance in health and disease. Changing dietary patterns can sometimes lcad to 
higher risk of some diseases. On the other hand, prudent decisions on qualitative and , 
quantitative aspects of fat can in fact prevent the onset of certain diseases associated 

I 

with contemporary lifestyles. 
I 

At the end of going through this unit, you must do self assessment and recapitulate 
various dimensions of knowledge pertaining to dietary fats and oils. You will acquire 
adequate skills and confidence to prescribe fats and oils to any community. Tips will 
be given to reduce fat intake from human dietaries and will come handy in counseling 
patients of obesity, heart diseases, diabetes and cancer. You will be able to modify 
fat intake of patients with fat malabsorption and liver diseases. We hope you .find this 
unit relevant and handy. 

C 

Objectives 1% t 
I' 

After studying this unit, you should be able to: ,? 
1i 
1 recommend necessary modifications in types and amount of dietary h t  keeping 

in mind visible and invisible fat, fitty acid composition and effect of dietary fat I 
on lipid profile, f 



e critically analyze the implications of excessive fat intake and changing lifestyle, 
and 

e generate guidelines for use of fats and oils in diet and selection of dishes to 
avoid excessive intakes. 

5.2 FATS: SOME BASIC FACTS 

Let us begin our discussion on lipids with a self assessment exercise given in 
Box 5.1. 

NOW then, are you interested in knowing about body fat? Yes, so let us proceed 
with our discussion. 

BOX 5.1 

Lipids 

Self Assessment 

Let us begin our discussion with a review on what does it actually means to be fat 
or over fat or being obese. We have studied this concept in Unit 2 earlier. Here let 
us revise the concept again. 

Did you know? 

1) Fats are essential in diets to facilitate satiety, high-energy intakes, and 
absoi-ption of fat-soluble vitamins and provide essential fatty acids. 

2) Anti oxidant requirements increase with PUFA rich oil. 

3) Vegetable oils contain no cholesterol. 

4) Green leafy vegetables, some spices and cereal pulse diet can provide 
linolenic acid. 

5) Vegetable oils contain as many calories as animal fats. 

6 )  Oils are rich source of PUFA and only 3 tsp/day are needed in an adult diet. 

7 )  Triglycerides are the main form of fat found in diet. Diets, which provide 
excess calories, fat and cholesterol elevate blood lipids. 

8) Excess fat in diet increases the risk of obesity, heart diseases and cancer. 

9) Serum cholesterol measurements are important even before 40 years of 
age. The ill effects of dietary fat are initiated early in life. Lipid levels 
should be assessed to screen children for risk anyway. 

10) Fresh vegetables and fruits are fat-free and contain phytochernicals, which 
are cardio-protective. 

11) Cholesterol is formed in foods of only animal origin. Animal foods also have 
high amount of invisible fats, rich in saturated fatty acids. 

12) Fish is an excellent source of long chain n-3 fatty acids, which are cardio- 
protective. 

13) Deep fried snacks eaten in quick service restaurant are likely to be rich in 
trans- fatty acids, which increase blood cholesterol. 

14) Fat present in whole milk, soyabean, peanuts and flesh foods is called 
invisible fat and contribute to total fat intake substantially. 

15) Exercise can improve lipid transport agents in blood. It keeps body fat low. 

(Read about body fat in inset) 

If you did not know some of these facts, encircle it. Read this chapter and 
check again. You can score out of 15 marks yourself before and after 
reading this unit! 



Advance Nutrition Body Fat Measurelnents 

Obesity is best classified in adults based on Body Mass Index (BMI) classification. 
BMI, you already know, is a meuszlre of body jut based on, height a ~ d  weight. 
However, in clinical practice, body fat (BF%) measurements are also gaining 
importance. Body fat was always measured in sports subjects to monitor level of 
practice and physical fitness. Body fat is gene

r

ally considered a predictor of storing 
unused fuels when energy intake exceeds energy expenditure. In initial stages, the 
net body weight may be within the normal range but body fat exceeds. However, 
level of body fat also depends on the level of physical inactivity, sex, age and genetic 
predisposition. 

TI, adults, the body fat 2 24% and in women, 2 27% fat is considered to be overweight 
over fat. However, these cutoffs are used for pure academic study rather than 
actually classifying obesity. Classification of obesity based on BMI and BF% do not 
necessarily overlap and BMI has many more clinical correlates to risk of diseases 
than BF%. Generally, BF% per se correlates best to. physical activity levels. 

Do you know how body fat carz be measured? The conventional golden method 
of measuring BF% is by under wuter weighing. Difference of weight in air and 
in water gives density, from which the body fat is computed. As these methods limits 
field application, two methods have been used extensively: 

1) Skin fold metlzod, and 

2) Impedance method. 

'Let us learn about these. 

1) Skin jold method: The skin fold method utilizes predication of body fat from 
sum of three or four skin folds (at biceps, triceps, sub scapular, suprailiac 
regions). Specific prediction equations for each age category and both sexes are 
available as presented in Table 5.1. 

Table 5.1: Age and sex adjusted equation by.Durnin and Womersley (1974) for calculating 
body fat % 

where, D = body density (glrnl) 

Age of Women (in years) 

30 - 39 

40 - 49 

50 -I- 

(Log C ) = log of summation of four skin fold i.e.: biceps, triceps, sub scapu1ar;suprailiac 

Equation 

D = 1.1423 - 0,0632 x (Log C ) 

D = 1.333 - 0.0612 x (Log C ) 
' 

D = 1.339 - 0645 x (Log C ) 

4.95 - 4.5 
Fat mass (kg) = body weight (kg) x 

n 
Y 

Fat mass (kg) 
Body fat (%) = x 100 

Body weight (kg) 

Fat free mass (kg) = Body weight (kg) - Fat mass (kg) 

Similar equations are also available for men. 

2) Impedance method: m his method can give entire body composition like total 
body water (TBW), fat free mass (FFM) or lean body rnslss (LBM), fat inass 
(mM) and body fat (BF%) and body mass weight (kgllb). The analyzer requires 
data on height and correction for weight of clothing. It computes wt/l~P to give 
BMI also, The principle of this method is to pass a small electric current through 
the body and the subject stands on electrodes as on a weighing scale. T11e 
impedance is printed with body composition analysis data. 



Many illore methods have been used in research but these three methods (under 
water weighing, skin fold nzetlzod and iml?edance method ) have been widely used. 
The other methods like dual energy X-ray absorptiometry ( D m ) ,  Magnetic 
Resonance Imaging ( M R I )  and Computed Toinography ( C T )  are accurate and 
can find fat distribution. The method has a disadvantage of being expensive, involves 
radiation exposure and is not suitable for field work. 

Having learnt about some basic facts about fats and about methods of assessing body 
fat, let us now study the types and significance of fatsllipids in humcan diet. We must 
know the a-nount necessary for optiinal functioning of the body. We must also lcnow 
if we eat in excess than the suggested require~nents, what arc the implications on 
long term health of the human being. These are a few issues covered in the following 
sections. 

- -- - 

5.3 TYPES OF FATS AND ITS METABOLISM 

l11e type of fat co~lsumed by a person is solely dependent on: 

which oil(s) the family purchases, 

eating out pattei-n, and 

a choice of foods eaten outside or purchased and brought home to be coilsumed 
by the fanlily. 

Consider the following'situation. In a household, say the family (four members) 
consuines one kg packet of ghee and 2-3 litres of different vegetable oils, like one 
litre bottle of mustard oil and 5 litre can of groundnut/sunflower oil at any given time. 
An adolescent boy of this family consumes one breadroll everyday from canteen and 
upto three pastrieslweek. He loves to eat besan coated fried peanuts during TV 
watching. Further, his father brings aloo-kachori while retullling home from office to 
eat at teatime atleast twice a week. Hence the boy lands up consuming 5-6 different 
sources of fats and oils. Can yo11 tell how? 

Well, any diet compiises of visible filt and irzvisible Sat. Visible fats are the .fats nnd 
oils used as such at the table or used Jor cooking. For example, vegetable oils, 
ghee, salad dressing, mayonnaise, butter, creain etc. Invisible Jats are present 
azaturally as an integral component of dgferent foods. Hence, flesh foods, whole 
milk, peanuts, soyabean, nuts and oilseeds, spices etc. have a high invisible fat 
content. Cereals contain only 2-3% of invisible fat but they constitute bulk of Indian 
diets and thus contribute significru~tly to overall fat intake. 

Visible fats can be derived from both plant and animal origin. The fats traditionally 
used in India are reasonably region or state-specific. Ghee is popular among all 
affluents and during festivals, whereas, vanaspati is consumed by lower middle class. 
Generally, groundnut oil is popular in Westem and So~~thern parts of India; coconut 
oil in Kerala, rapeseed and mustard oil ill North and East i.e. West Bengal, Punjab 
and Jammu and Kashnlir; saflower oil is consumed in Northern Kamataka and 

'i 

Southeria Maharaslztra. Newer sources of oils are becoming increasingly popular 
like rice bran oil, palinolein and soya oil. Apart from this, cotton seed oil, sesame oil, 
castor oil and nigerseed oil is also produced in India. Solvent Extractors Association 
of India reported in March 2003 that the per capita availability of fats and oils is 15- 

P 17 glday, of which 10-12 g is vegetable oils. 

So we have just seen that a wide variety of fatsloils are consumed. Do you know 
Y 

how these fatsllipids are classified? Let us read and fiid it out in the following sub- 
section. 



Advance Nutrition 5.3.1 Classification of Fats and Fatty Acids 

You must be wondering in this unit on lipids why we are talking about fats and oils 
and not using the term lipids. Definitely, you may also recall reading earlier in the 
Nutritional Biochemistry Course, in Unit 2, that when we talk about fatsloils, chemically 
we are referring to lipids. Lipids which are solid at room temperature are referred 
to as fats and those ~~/z ich  are liquid are oils. Lipids are more apt when referred 
to all of them. However, in nutrition textbooks, fats and oils are referred in diets and 
lipids are referred in  body fluids, like, serum lipid profile. 

Chenlically, lipids are the organic molecules poor in oxygen content, soluble in organic 
solvents but insoluble in water. They are classified as: 

Simple lipids 

Compound lipids 

Derived lipids 

Let us get to know each of these. 

Simple lipids are fatty acid esters of glycerol, called triacyglycerols or 
triglycerides (for e.g. fats and oils) or higher alcohols (for e.g. waxes). 
Triglycerides are the major form of lipids present in human dietaries. They are 
the major sources of fatty acids to the body. Look up Unit 2 in the Nutritional 
Biochemistry Course for the structure of triglycerides. 

Compound lipids are the simple lipids which combine with proteins (lipoproteins), 
carbohydrates (glycolipids), phosphates (phospholipids) etc. 

Derived lipids refer to fatty acids, glycerol, cholesterol and other derived 
compounds including fat-soluble vitamins, hormones and bile. Man ctan synthesize 
cholesterol in the body but some amount also comes from the diet. Cholesterol 
is present only in foods of animal origin. 

Nature of fatty acids present in the triglyceride determines the physico-chemical 
properties and biological significance of the lipid. Triglycerides made up of saturated 
fatty acids are solids at room temperature and are called fats. If unsaturated fatty 
acids are present, they are liquid at room temperature and are called oils. What do 
we mean by saturated and unsaturated fatty acids? Certainly, you must be aware 
of this! Let us understand fatty acids in a little more detail. 

The fatty acids can be discussed under following heads: 

Saturated and Unsaturated, - 

Short chain, medium chain and long chain, 

Essential fatty acids, and 

Trans-fatty acids. 

These categories are more suitable from the nutritional standpoint of view and are 
not essentially exclusive. The fatty acid per se may overlap in these categories but 
their. applications in normal and therapeutic diets warrants this classification. For 
example, a dietitian prescribes medium chain triglycerides in liver disorders. On the 
other hand, saturated fatty acid intake should be limited in normal diets for prevention 
of heart diseases. 

So, then, let us now get to know them. 

Saturated fatty acids (SFA) are those fatty acids which lack double bond, example 
palmitic acid (16:0), stearic acid (18:O). For your convenience, we have given the 
structure of some lipids in Box 5.2. Look up the structure of palmitic and stearic acid. 
Sources of SFA are animal fats, coconut oil, palm oil and vanaspati. Refer to Table 
5.2 which gives the fatty acids found in fats and oils. 



Note: 18:l stands for carbon chain of 18 and one double bond; w 9 stands for counting 
9 carbons from methyl end till tlze double bond-read as w 9 on n-9. 

Box: 5.2 

Monounsaturated fatty acids (MUFA) contain a single double bond (as shown in 
Box 5.2). The examples include palmito oleic acid (16 : 1) and oleic acid (18 : 1). Its 
sources are olive oil, canola oil, groundnut oil, rice bran oil, red palm oil and sesame 
oil (Refer to Table 5.2). 

Structure of Lipids - 

Polyunsaturated fatty acids (PUFA) contain more than one double bond in their 
structure. These double bonds can be counted from -COOH end or -CH3 end (refer 
to Box 5.2). 18:29,12 stands for linoleic acid which is C-18 stearic acid derivative 
having two double bonds between carbon 9 and 10, as well as, carbon 12 and 13. 
Hence, when we count from CH3 end, the double bond appears at carbon number 
6.  We therefore also call linoleic acid as omega (w6) (or n-6) fatty acid. Linoleic 
acid (C18:2, n-6) and Linolenic acid (18:3, n-3) are essential fatty acids, which are 
not synthesized in the body. They are obtained from oils rich in PUFA content. PUFA 
is present mostly in vegetable oils but fish oil is particularly rich in PWA. 

eSatlrr.rrterl Frrttj~, Acirls (m4) 
f'H3[Cll,),,COOH Palmitic ncid (b:O) 
CH,(CI-I2),,,C001T Stearic acid ( 18:O) 

~fo~aoz~tz.sattcr.utrd Acids 1MlJE4) 

CI-1,(CHI)7CH=CI-~(C142)7co~I-l Oleic ncirl ( ~ 9 :  18: 1) 

Poi j~~wsat lr~ter l  Fat01 Acids TPLrE.1) 
CH,(CI-I,),CI-I=CI-I-CH~-C~~=CI-I(CI-~~) Linolcic acid ( ~ 6  182) 

C'H.(CII,)CH=CH-CwH=C'H-C'I .t - 1,-CI-I=CI i-(CI-i2),C00l1 Li~loleic acid (w3 18:3) 

TrigIJ'crrirle ( R  ,, K2, R3 arc Fatty acids) 

CI.1, COOR, 

CH, COOR, 

C [ - I2  C'OOR, 

I,eritI~iti (contains glycerol R ,  and It, fatty t~cids, pl~osphoric ilcids 2nd cl~olinc) 

CH2 COOR, 

I 
CH COO R, 

I 
0 

'21%-0-P-0-CI-I,-CH2-N '(cH,), 
I 
0, 

CN,COOR, 

2 1 

OEI 

Cholesterol (C,,H,,Ol-I) Prostaglandin E2 



Advance Nutrition Table 5.2: Fats and oils and their fatty acids 

"Other food sources: wheat, bajra, blackgram, cowpea, rajmah, soyabean, green leafy vegetables, 
fenugreek and mustard seeds and fish. Fish also contains C20 and C22, n-3 PUFA. 

( ) Parenthesis indicates g/100g of that category of fatty acids. 

Saturated 
Fafky Acids 

Gheemutter 
Coconut (89%) 
Palm kernel (86%) 
Palm oil (5 1 %) 
Vanaspati (24%) 

Short chain fatty acids are less than six carbon chain length i.e. snlaller than 
caproic acid (C6:O). Butter contains small chain fatty acids. They are also obtailllcl 
during fermentation. 

Monounsaturated 
Fatty Acids 

Olive (77%) 
Canola (58%) 
Groundnut (50%) 
Rice bran oil (45%) 
Sesame (42%) 
Palmolein 
R~ed Palm oil (40%) 

Polyunsaturated 
Fatty Acids 

Medium chain fatty acids are 6-10 carbon chain length. They are present in butter 
and coconut oil. They are recommended in liver disorders due to ease in their 
absorption. 

Ljnoleic (n-6) 

Low (40%): 
Red Palm oil 
Palmolein 
Olive oil " 
Medium(< 35%): 
Groundnut oil 
Rice Bran oil 
Sesame oil 
Higlz 
Safflower.oil 
Sunflower oil 
Cottonseed oil 
Soyabean oil 
Sesame oil 
Corn oil 

Long chain fatty acids contain more than 12 carbon chain. Lauric acid (C12:O) and 
myristic acid (C14:O) are known to be atherogenic. palhitic acid (C16:O) and stearic 
acid (C18:O) are major fatty acids present in diet. Their derivatives are equally 
important. Essential fatty acids are all long chain fatty acids. What are essential fatty 
acids and their roles in our body? Let us read and find out next. 

Linolenic (n-3)" 

Mustard oil (10%) 
Canola (8%) 
Soyabean oil (5%) 
Rice bran oil (1%) 

Essential Fatty Acids (EFA) 

There are two essential fatty acids - linoleic and linolenic acid as mentioned 
above. Their structures are depicted in Box 5.2. They are both 18 carbon co~npounds 
with more than one double bond - linoleic acid (n-6) C18:2 'a '' while lilzolenic acid , 

is (n-3) C 18:3 9. 12. Is. The human cell cannot place double bonds between ninth 
carbon and methyl end hence, omega - 3 (n-3) and omega-6 (n-6) fatty acids need 
to be derived from the daily diets. Linuleic acid (n-6) can be lengthened to C-20 and 
dehydrogenated to give arachidonic acid (C20:45.8.11J4). Linolenic acid (n-3 j can , 

be lengthened and dehydrogenated to C20 and C22 compounds like eicosapentaenoic 
acid, EPA ((220:s) and docosahexaenoic acid, D H A  (C22:6). These are known to 
be cardio-protective and are also present in fish oil. 

Omega 3 and Omega 6 fatty acids are part of vital body structures, perfonn importa 
role in immune system, formation of cell membrane and produce hormone-like 
compounds called eicosanoids. These hormone-like compounds include prostacyclins, 
prostaglandins, thromboxanes and leukotrienes. These coinpounds are potent regulators 



of vital body functions like blood pressure, chjld birth, blood clotting, immune response, 
inflammatory iesponses and stonlach secretions. 

Note: Aspirin is known to inhibit blood clotting because it bloclcs synthesis of 
eicosanoids. Physicians prescribe small doses of aspirin on regular basis 
for patients at high risk of heart attack. 

Next, we move on to understand what do we mean by trans-fatty acids, how these 
are produced and what are its sources. 

Trans fatty acids 

Plant derived fats and oils contain cis-fatty acids. You may recall reading about the 
cis and trans isomers in the Nutritional Biochemistry Course. Cis and trans-isomers, 
we learnt, have the same chemical forinula but different chemical structure and 
properties. 

Trans-fatty acids are produced when vegetable oils are hydrogenated to make 
margarines, partially hydrogenated vegetable shortening and vanaspati. Hence, major 
sources of trans-fatty acids to hurnan diets are colnrnercially baked products, deep 
fried snaclts in vanaspati and mithai. Small amount of trans-fatty acids are present 
in milk fat fol-led by bacterial coilversio~l of cis into trans-fatty acids in cow's 
stomach. Metabolically, trans-fatty acids and saturated fatty acids raise blood cholesterol 
levels. 

Before moving on to the understanding of digestion of fats in our body, let us ,review 
what we have learnt so far. 

Check Your Progress Exercise 1 

1) Explain the relevance of measuring body fat. Name the methods that are 
used to measure body fat. Give the equation for calculating BF%, 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

2) What do you mean by visible mcl non-visible fats? Give examples. 

...................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 
3) Classify lipids, giving examples. 

...................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

Lipids 



Advance Nutrition 
4) What are EFAs? Give examples and enumerate their functions in our body. 

..................................................................................................................... 

5) How are trans-fatty acids produced? What are its sources? 

Having studied about the classification of fats above, next we shall review the 
digestion, absorption and transportl~~tilization of fat in the body. 

5.3.2 Digestion of Fats 
The enzyme ill human gut which is responsible for fat digestion is 'lipase', Lipase 
is secreted by both stomach and pancreas. In stomach, the dietary lipids gel liquidized 
in presence of heat and gastric contractions. Gastric lipase can only hydrolyze 30% 
of triglycerides comprising short and medium chain length. Hence, the lipolytic activity 
of stomach is not important. Only milk fat which contains some short and inediu~n 
chain fatty acids tends to be hydrolyzed. These short chain fatty acids can then get 
absorbed through stomach wall into portal vein. 

Mostly diets have fats which provide long chain fatty acids. Long chain Salty acids 
entirely depend on emulsification by bile in gut. The pancreatic juice and the bile 
are secreted together through common bile duct in the duodenum. Bile emulsifies fat 
into hydrophilic rniscelles making lipase more efficacious to act. Pancreatic lipase is 
specific to hydrolyze p1imm-y ester linkages at carbon position 1 and 3 of glycerol in 
a triglyceride. After this action, mixture of products is obtained for absorption in 
jejunum. The products are - glycerol, fatty acids, monoacylglycerol and cliacylglycerol. 
PhosplzoLipases act on phospholipids giving glycerol, fatty acid, lysolecithin etc., 
while cholesteryl esterase acts on esterified cholesterol to give free cholesterol and 
fatty acids. Let us now know how after digestion these products are handled for 
absorption. 

I 

5.3.3 Absorption of Fats 1 1  
After digestion, only 25% of triglycerides are broken completely to glycerol and fatty ( 
acids. Major digestion product is 2-monoacylglycerol. This is because lipase can i 
hydrolyze ester linkages at the positions 1 and 3 of glycerol preferentially. The 2- 
monoacylglycerol, fatty acids and 1-monoacylglycerol leave the oily phase 'and diffuse ' 
into micelles consisting of bile salts, lecithin and cholesterol into the aqueous phase ' 

of intestinal lumen towards brush border of the mucosal cell. I 

I 
The utilization of free fatty acids is by activation of fatty acids and glycerol inside 1 
the mucosal cell to resynthesize triacyglycerol. These triacylglycerols and phospholipids, 
cholesteryl esters, cholesterol and small amount of protein form chylomicrons. What " 

i are 'chylomicrons'? Look up Unit 2 in the Nutritional Biochemistry Course now. ; i 
i. 
j 



Yes, so you now know that chylomicrons are basically lipoprotein molecules which 
are water miscible. They are poured into lymphatic vessels through lacteals to reach 
the liver. 

Hence long chain fatty acids of more than 10 carbon chain, phospholipids and cholesterol 
are absorbed in lymphatic vessels. Short-chain and medium-chain fatty acids are 
absorbed without bile emulsification into portal vein as unesterified acids. Plant 
sterols, fat-soluble vitamins A, D, E and K are all absorbed like long chain fatty acids. 

In liver disorders, long chain fatty acids may be replaced by medium chain triglycerides 
for better tolerance and increasing energy intake. In deficiency or absence of adequate 
bile, long chain triglyceride absorption may or may not be affected, hence fat is given 
to patients of liver disorders as per their tolerance. We will l ean  more about this in 
the Clinical and Therapeutic Nutrition Course (MFN-005) in Unit 15. 

Bile itself undergoes reabsorption to be recycled 6-10 times a day. This is called 
'enterohepatic circulation of bile'. In patients of familial hypercholesterolaeinia, more 
bile gets reabsorbed. Look up Unit 7 in the Nutritioilal Biochemistry Course (MFN- 
002) to get to know more about familial hype~~cholestrolaemia. Excretion of bile is 
an important route of eliminating endogenous cholestcrol. As bile is derived from 
cholesterol inside the liver cells, the loss of bile from body would mean utilizing 
cholesterol for bile synthesis. Clinically, hypercholesterolamia may be treated by 
interrupting enterohepatic circulation of bile. Drugs can be given to prevent reabsorption 
of bile so that more and inore endogenous cholesterol converts into bile and gets 
eliminated from the .system. 

In the previous sections, we learnt how fats and lipids are digested and absorbed in 
various forins - shol't chain, medium chain and long chain fatty acids. Let us now 
try to understand how these are transported and stored in our body. 

> 

5.3.4 Transport and Storage of Fats in the Body 

The chylomicrons circulate in blood for about 2 hours or more after the meal. They 
are acted upon by lipoprotein lipase giving free fatty acids (FFA) and glycerol. 
Muscles, adipose and other cells pick up FFA and utilize them to derive energy. 
Muscles derive energy but adipose cells re-esterify FFA with glycerol to store as 
triacyglycerol. 

If a body consumes more energy than expended, liver uses the carbon skeletons of 
protein, carbohydrate and alcohol to synthesize lipids including cholesterol. Hence, 
liver is lipogenic whereas adipose cells store lipids rather than synthesizing these. 

. Liver decides transpod of lipids in aqueous phase of blood. It coats the triacylglycerols 
and cholesterol with proteins and phospholipid shell (similar to chylomicrons), 
synthesizing very low density lipoproteins (VLDL). VLDL losses fatty acids .after 
the action of lipoprotein lipase in blood and then its density increases. These are 
called 'intermediate density lipoproteins' (IDL) and 'low densiry lipoproteins' 
(LDL). LDL contains all the cholesterol present in VLDL having therefore a higher 
cholesterol/ triacylglycerol ratio rather than VLDL and IDL. LDL is therefore referred 
to as 'bad' cholesterol and is strongly associated as a risk factor of heart diseases. 
LDL delivers its contents into the cell through LDL receptors. Liver contains 50- 
75% of LDL receptors in the body. Liver hence plays an important role in regulating 
serum cholesterol levels. Serum LDL of < 130 mgldl is desirable. 

Some LDL oxidizes, which is usually scavenged by WBC. This scavenging releases 
cholesterol in vessel walls and over the years develops plaques inflicting atherosclerosis, 
This is promoted by smoking, diabetes, high blood pressure, high blood LDL levels 
and viral or bacterial infections. Consuming fruits and vegetables rich in antioxidants 
like vitamin C, vitamin E, carotenoids and certain phytochernicals inhibit LDL oxidation. 

Lipids 



Advance Nutrition Liver and intestine produce another lipoprotein called high deizsity lipoprotein (HDL). 
In blood, circulating HDL picks up cholesterol from dying cells and brings it back to 
liver for excretion. It is therefore referred as 'good' cholesterol. 

HDL also blocks oxidation of LDL. Seruin HDL of > 50 mg/dl is cardio-protective 
and < 35 mgldl indicates increased risk to heart diseases. Women, especially before 
menopause, have high HDL levels. Exercise and physically active lifestyle are sure 
ways of maintaining high HDL levels. Looking excess weight and avoiding smoking 
also maintains or raises HDL. Well-spaced meals keep serum triglycerides low and 
raise HDL. Serum triglycerides should be kept below 150 mgldl. Raising HDL is 
more difficult than lowering LDL. Low fat diets and PUFA rich diets lower both 
HDL and LDL cholesterol. However, traditional low fat Asian diets result in low LDL 
and HDL and associated lower risk to heart diseases. More research is needed to 
validate to long term implications. HDLLDL ratio has been considered to be crucial 
in determining risk to heart disease. We will learn more about this aspect in the 
Clinical and Therapeutic Course (MFN-005) in Unit 12. 

The discussion above was quite exhaustive. We hope having gone through this section 
and the unit on Lipid metabolism in the Nutritional Biochemistry Course, you would 
be quite clear about the mechanism of digestion, absorption and transport of lipids. 

Now, let us focus our attention on the functions of lipids in our body. 

5.4 FUNCTIONS OF W S  AND OILS 

In above sections, we have covered types and sources of fats and fatty acids. We 
have also understood how it is digested, absorbed and transported. Let us now know 
its routes of utilization and why body needs fats. 

Let us enumerate 

I) Fats contribute to texture, flavour; taste and increcise.~ palatability of the diet. 
They provide 'an effective medium of heat transfer in deep-frying and transfer 
of flavours from Indian spices. 

2) Fats have highest heat energy density of 9 Kcal/g. It is the major storage 
fonn of energy in body requiring least space md minimum water of hydration 
as coinpared to protein in muscle or glycogen. Adipose cells are 80% lipid and 
only 20% water and protein. 

111 children's diet, cereals and pulses tnake their diet bulky. Fats are concenWaled 
sources of energy. In ad~llt's diet, use of visible fats should be miniinurn. Excessive 
fat intake is not reconlmended in any age, including children. The following 
section will detail on visible fat requiremei~ts, keeping in mind the invisible f'nt ~ 
coiltents of Indian diets in all age group. I 

I 

3) Fats are essential for meeting nutritional needs uf erserltial ,futty ocids like 
linoleic acid (n-6) and alpha linolenic acid (n-3). These essential fatty acids are 
needed for the synthesis of important eicosanoids, as already covered in sub- 
section 5.3.1. Saturated fatty acids, monounsaturated fatty acids and cholesterol 
can be synthesized in the body, hence the diet only adds-on to their total ainount 
available in the body. Excessive intake of SFA and cllolesterol in diets can 
therefore be harrnf~ll. Excess n-6 iinpairs desaturation and elongation of linolmic 
acid to EPA and DHA. I 

4) Fats promote absorption of jat-solul?le vituinins like vitumirz A, D, E cazd K. 
Patients of cystic fibrosis often absorb fat poorly and are at-risk for fat-soluble 
vitamin deficiency. Water miscible preparations of these vitamills are therefore 
prescribed. 



Patients who are given mineral oil laxatives are at-risk of fat-soluble <itamin 
deficiency. The mineral oils carry these vitamins into large intestine which are 
lost in stool. Such laxatives should not be given at mealtime or for long periods. 

5 )  Fat intake ensures satiety. It imparts feeling of fullness and satisfaction and thus 
delays onset of hunger. In low fat diets, satiety can be ensured by high fibre and 
fluid intake. 

I 6 )  Fats along with proteins constitute structural comporzelzts of cell membrane 
and sovne bodyfluids. Lipoproteins also have an important role in transport of 
lipids in blood. 

7 )  Fats serve as thermal insulator in the subcutaneous tissues and certain 
organs. Some lipids act as electrical insulators allowing rapid propagation of 
depolarization waves along the inyelinated nerves. The fat content of the nervous 
tissues is particularly high. 

In anorexia nervosa, the body fat falls dangerously low (< 5%) shows problems 
in insulation. Body hair stands erect to trap air and simulate insulation. 

Assessment: Write body fat % of 10 subjects - 5 underweight and 5 overweight, 
from a health clinic which has facilitates to measure body fat %. 

8) Some dietary fats contain antioxidants. Most of them contain antioxidants 
which confer stability to the oil and prevent rancidity. Palm oil coiltains 
tocotrienols, toco~~herols and beta-ca~.otenes. Sesame oil contaiils Eignins. 
Rice bran oil contains tocotrienols, tocopherols, oryzutzol, phytosterols and 
squalene. OryznnoE (1.2-1.7%) in physically refined rice bran oil helps to 
elevate HDL, decrease plasma cholesterol, treat nerve imbalance, menopause 
disorders, retard ageing and acts as anti-dandruff and anti-itching agent. 
Tocotrienols, tocopherols and squalene are antioxidants conferring oxidative stability 
to the oil. 

Unsaturated fats are susceptible to oxidation and rancidity. Most oils have natural 
I antioxidants but food manufacturers have an optioil to add synthetic antioxidants like 

butylated hydroxyanisol (BHA) and butylated hydroxyl toluene (BHT) to prevent 
rancidity. One thing is for sure that vitamin E requirements of inan are linked to 
PUFA intake. ICMR recommends vitamin E (toc"ophero1) at 0.8 mglg PUFA intake. 

Before we move on to our next section on nutritional requirements of fats andloils, 
let us recapitulate whatever we leLmlt till now. 

Check Your Progress Exercise 2 

1) Explain how lipids are digested in our gut. 

..................................................................................................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ......................................... 
..................................................................................................................... 
................ ................................................................................................. 

2) Briefly discuss the metabolic fate of triglycerides after the process of digestion. 

..................................................................................................................... 

..................................................................................................................... 

.......................)...(..1.(.......,,,..,,,.,,.,.,..,......,.......,.,,*...,.......,,...........,......,.......,. 

......................................*.....................................................I....*................ 

..................................................................................................................... 

Lipids 
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3) What do you understand by the term 'enterohepatic circulation of bile'? 

What is its significance? 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

4) Why is LDL referred to as 'bad' cholesterol and HDL as 'good' cholesterol? 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

5) Enumerate functions of lipids. 

..................................................................................................................... 

................................................................................................................... 
.........................I ..(................................*....................................................... 
..................................................................................................................... 
..................................................................................................................... 

5,s NUTRITIONAL REQUIREMENTS OF FATS AND 
OILS 

As with the other macronutrients, we do compute requirements of visible fats too for 
all age groups and give guidelines for selection of fats. For this, we must consider 
total fat intake, which includes both visible and invisible fat in food. 

A daily intake of 2400 Kcal Indian diet contains 40 g of fat where 25 g is 
invisible and 15 g is visible fat. This works o'ut to be that invisible fat is 10 en 9% 
(=25 g x 9 Kcal s 2400, where, l g  fat gives 9 Kcal). The upper income group, 
especially in urban areas tends to consume as high as 50 g of visible fat. Their 
invisible fat content also is about 30-50 gld due to consumption of fat rich foods, 
whole milk and milk products. This urban group may exceed fat i n t ae  of more than 
30 en% and show several risk factors of an early onset of heart disease. Let us look 
of fat requirements to meet minimum essential fatty acid requirements in all age 
groups. Let us start with adults. 

5.5,l Adults 

A desirable amount of a linoleic acid to be consumed by a normal adult is 3 en% 
(ICMR, 1990). The invisible fat present in the usual Indian foods is high in linoleic 
acid content (rice, wheat, bengal gram, red gram). Hence average, not so rich, 
Indians have sufficient linoleic acid. Linolenic acid is also present in these foods upto 
3% and in spices upto 5%. In an Indian study, even the blood status was satisfactory 
even if visible fat content of the diets were low. EFA requirement has been computed 



by ICMR (1990) and depicted in Table 5.3. It seems cereal-based Indian diets can 
meet more than half the linoleic acid requirement of adults. jt has been recommended 
to select a visible fat which contains at least 20% linoleic acid. Viewing 10 en% from 
invisible fat in diet, the remaining 5 en% can come from visible fat, which has more 
than 20% linoleic acid. This 5 en% in 2400 Kcal diet works out to be 12 glday. This 
implies even 3 tsp of cooking oilltable fat a day meets adult requirements. 

Table 5.3: Fat requirements of Indians 

" Contains 20% EFA, about 6% would be from cereals and pulses and rest from milk, nuts, 
spices etc. 
EFA at least 20% 

Average for males and females 
en: energy percent 

5.5.2 Pregnancy and Lactation 

GW 

Adults 

Older children 

Young children 

Pregnant woman 

Lactating woman 

ICMR (1990) recommends that linoleic acid requirements should be raised to 4.5 
en% during pregnancy as highlighted in Table 5.3. This can be inet from 30 g/d of 
oil which has >20% linoleic acid. Similarly, linoleic acid requirement during lactation 
rises to 5.7 en% (Table 5.3) which corresponds to 45 g oil intake which has > 20% 
of linoleic acid). 

Invisible 
Fat "en% 

10 

10 

10 

10 

10 

EFA Requi- 
rement 
en % 

3 

3 

3 

4.5 

5.7 

5.5.3 Infancy 
Adequate breast-feeding ensures 30 g fat intake by infants, of which 10% is linoleic 
acid and 1% is linolenic acid, Breast milk thus meets EFA needs of infants of 6 en%. 
Infants who are weaned completely or partially should be given enough vegetable oil 
with a high linoleic acid content to ensure 6 en% of linoleic acid. 

Recent studies have indicated the essentiality of n-3 fatty acids, and the need for the 
inclusion of docosa-hexaenoic acid (DHA) in food for infants. DHA and arachidonic 
acid are particularly important for brain development. DHA, in particular has an 
important role to play in myelination and brain development. 

Minimum Visible" Fat 

5.5.4 Young and Older Children 

en % 

5 

5 

5 

12.5 

17.5 

Suggested Desirable 
Visible Fat Intake 

Young children need 3 en%, which would be easily met from 8-10 g of oil. However, 
more visible oil is needed to improve energy density of diets otherwise cereal based 
diets become bulky. ICMR (1990) recommends 20 g/d in children's diet from oil 
which has at least 20% linoleic acid. 

dday 

12" 

12 

8 

30 

45 

gMay 

2Oc 

22 

25 

30 

45 

Lipids 

e n %  

9 

9 

15 

12.5 

17.5 

Finally, having gone through the discussion presented above, you must be thinking 
which oil should we select and consunle on a daily basis i.e., what should be the ideal 
cooking medium. Let us read and find out for ourselves. 



Advance Nutrition 5.5.5 Choice of Cooking Medium in the Context of 11-3 and n-6 
Fatty Acid Ratio in Indian Diets 

A cooking medium should meet EFA needs. Some EFA will come from invisible fat, 
Selecting an oil with at least 20% linoleic acid is not the only criteria. ICMR (1998) 
has given dietary guidelines to maintain n-6111-3 ratio of 5-10, which ensures long- 
term health. However, most oils are rich in linoleic acid (n-6). Consumption of 7 

P m A  rich oils lead to a very high ratio. Excess n-6, impairs desaturation and 
elongation of linolenic acid to EPA and DHA, which is best avoided, It is, therefore, 
hpor tmt  to promote linolenic acid (n -3) intake to balance the ratio. For ensuring the 
appropriate balance of fatty acids in cereal-based diets and in the diets of those who 
do not eat fish and are primarily vegetarians like in the case of inany Indian diets, 
we need to depend on plant foods rich in linolenic acid. Table 5.2 depicts sources of 
Iinolenic acid as wheat, bajra, blackgram, cowpea, rajmiah, soyabean, green leafy' 
vegetables, fenugreek and mustard seeds (spices) apart from fish. (American guidelines 
therefore recoinmend 2 servings of fish per week). 

Linolenic acid can also be obtained from oils like mustard, soyabean, canola and lice 

bran oil (Table 5.2). ICMR (1998) recommends for n-6111-3 ratio of 5-10 and PUFA/ 
SFA of 0.8-1.0, hence, the choice of cooking oil should be: - 

a) moderate linoleic acid content oils like groundnut oil, rice bran oil or sesame oil 

OR 

Soyabean oil (containing both linoleic and alpha linolenic acid), and 

b) combination of two oils in approximately equal proportion: 

Use high linoleic acid oils like sunflower oil, safflower oil and cottonseed oil 
with palm oil (low linoleic acid) 

OR 
Mustard Oil.(containing alpha-linolenic acid) along with any other cookiilg oil 
(this will reduce erucic acid from mustard oil and thereby its undesirable health 
effects) 

Soyabean oil, rapeseed1 nlustard oil and rice bran oil, you may have noticed, has both 
n-3 and n-6 fatty acids but not necessarily in best proportion to be recommended as 
a single oil except rice bran oil. 

It is strongly recommended thal inore than one source of cooking oil should be used 
in every household, For this reason, blending of oil is not the best option. 

Recently, blending of oil has been popularized for healthful gains, acceptability and 
equalizing SFA: MUFA: PUFA to 1:l:l.  Blending rice bran oil with safflower oil in 
ratio of 7:3 js very promising, since it magnifies the hypocholesterolaemic effect than 
effects of individual oils. Similarly, blending of palm oil wit11 rice bran oil in a ratio 
of 3:l ensure SFA:MUFA:PUFA of 1:5:1 which is effective in preventing heart 
disease according to Atnerican Heart Association and Japanese Ministry of Health 
and Welfare. 

Let us rake a break here aud recall what we have learnt so far. 

Check Your Progress Exercise 3 

1) Give the EFA requirements during: 

a) adulthood .................... ......... ............................................................ 

b) pregnancy and lactation ......................................................................... 

c) infancy .................................................................................................. 

d) Young children ..................................................................................... 



2) What are the recomnlendatio~ls put forth by ICNlR for choosing cooking oil? 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

...................................................................................................................... 

..................................................................................................................... 

3) What are these benefits of blending oils? Which oils are generally blended? 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

In the section above, we learnt about the fat requirements and the best possible fat/ 
oil options to meet our requirements. If our intalce exceeds the recommended 
requirements, what will happen? Read and find out next. 
- - - - - - - - 

5.6 EXCESSIVE FAT INTAKE 

Lipids 

Although minimum amount of fat is essential as calculated above but upper limit of 
fat should be drawn due to its link with an increased risk of developing obesity, heart 
diseases and cancer. The fact that these diseases are on a rise can be attributed to 
the changing dietary and lifestyle practices coupled with stress. Let us look closely 
at these factors. 

5.6.1 Changing Trends in Dietary Intake 
As a practicing dietitian, you must be sensitive to the society as a whole. The fat 
requirements have been worked out with a premise of traditional moderate cost 
Indian diet. Contemporary society showing nutritional transition and access to fast 
foods and fried snacks while eating out is in vogue. This leads to an increased intake 
of saturated fatty acid, milk and milk products, flesh foods and sugar at the cost of 
whole cereals, millets and pulses. This is likely to decrease EFA intake from invisible 
sources and raise SFA. The total calories are also high, especially if alcohol 
consumption is also on a rise. Check out the facts by doing the following assignmend 
exercise. 

Assignment 
A young employee in a multinational company consumes no breakfast but sarnosa 
and coffee in midmorning, a pizza and ice cream for lunch, biscuit and coffee 
twice in office before going home to eat a traditional Indian meal. The fatty acid 
analysis of whole diet reveals presence of 20 g SFA, 10 g MUFA and 50 g 
PUFA in 1900 Kcal daily intake. 

Now calculate the following: 

............................... SFA en%. 
MUFA en%. ............................... 
PUFA en% ................................ 
Total fat en% ................................ 

............................. SFA:MUFA:PUFA 
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Now Comment: 

1) ' Which of the three types of fatty acids need attention? 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

2) Suggest some useful dietary modification looking at his lifestyle. 

................................................................................................................... 

..................................................................................................................... 
C 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

Having looked at the changing trends in diet'ary intake, let us  study about eating out 
as a factor contributing to excessive fat intake. 

5.6.2 Eating Out I 
This is emerging as the most common factor associated with obesity, excessive fat 
intake and total caloric intake. When we closely look at the selection of foods while 
eating out, they are mostly flied snacks and dishes, like South Indian closa, vadci, or 
North Indian chole-bharure or fried Chinese. Fried snacks like samosa, bread roll, 
bread pakora, paneer pakora, and aerated beverages are usually supplied in all canteens. 
Namkeens and chips also contain 20-70% fat. These foods could be best avoided. 
Table 5.4 suggests some tips in food selection. 

Table 5.4: Tips to reduce fat intake 

1) Avoid baked foods except bread. Avoid buttered toasts. Avoid eggs as they 
are rich in cholesterol. 

2) Prefer salads with lemon dressing. 

3) Reduce number of cooked preparations. Each Indian preparation needs a lot 
of fat. 

4) Modify standard Indian recipe for low fat cooking. Use non-stick pan, less 
greasy gravy and topping of extra ghee. Dry roast instead of using plenty of 
ghee etc. 

5 )  Limit non-vegetarian eating, prefer fish. 

6 )  Prefer skimmed milk, even in yoghurt, cottage cheese etc. 

7) Avoid eating out on a regular basis or purchasing food. Do not select fried 
foods, pizza with extra cheese, creamed soups, fried rice and noodles. 

8) When eating out, keep in mind hygienic handling and select soups (no cream 
or butter), sprout salads, fiuits, cocktails. 

9) Prefer cooking methods like steaming, boiling, stewing. Avoid sautC, fry or 
creamed. Indian curry making is in fact frying of onion, ginger and garlic 
paste and use of good amount of fat. 

10) Among desserts, prefer fresh fruit and non-thickened milk puddings made 
from skimmed milk. Avoid pastries, ice creams, egg custard, kheer, kulfi etc. 

Aiin to eat no more than 3 tsp of fat per day through cooking. 

I 
I 

i 
, 

1 

1 



We have already discussed that fried foods and baked products could be a source 
of trans-fatty acids (sub-section 5.3.1). Further, quality and source of frying oil is not 
known. May be the oil used is highly reused and abused. Rice bran oil and palm oil 
gives a slightly lower oil uptake than other oils. Yet it is better to select dishes 
prepared by other cooking methods than frying for lesser oil intake. Dish selection 
and behaviour modiJLications are the key words in commercial business of weight 
reduction clinics. 

Lipids 

Excessive consumption of fat can lead to various harmful health effects. What are 
these? The next sub-section focuses on these health effects. 

5.6.3 Diseases: Association and Preventive Measures 

BY now, you must have realized that excessive consumption of fat can lead to various 
harmful health effects.. Well, three diseases have shown close link to excessive 
dietary fat intake: obesity, heart diseases and cancer. Let us see how are these 
related and their onset can be prevented. 

Obesity I I 

I 

In obesity, cutting down total energy intake or increasing output to ensure energy 
balance is the basic principle of prevention. Fat being energy dense is always on the 
hit list. Tips of fat reduction are given in Table 5.4. This will help you to counsel all 
such patients. Selection of foods and modified cooking methods further prevent 
excessive fat intake. Low fat diets should be given with high fibre and fluid diet to 
ensure compliance and satiety. 

Heart Diseases i 
Heart diseases show strong links to fat and cholesterol intake. Foods iich in cholesterol 
are of animal origin and given in Table 5.5. Higher dietary cholesterol increases blood 
cholesterol but high blood cholesterol with family history does not necessarily gain on 
cholesterol-free diet. Both drug and low cholesterol diet is recommended. Vegetable 
oils have no cholesterol, as cah be noted from Table 5.5. The reference of 'good' 
and 'bad' cholesterol to dietary fats is in reference to the effect in blood lipids and 
HDLIJLDL ratio. The significance of n-6/n-3 ratio has been already covered in previous 
sections. High intakes of n-6 polyunsaturated fats have been associated with the 
reduced total cholesterol and LDL cholesterol concentrations that are associated with 
low risk of CHD. In general, epidemiological studies have demonstrated an inverse 
association between n-6 polyunsaturated fatty acid intake and risk of CHD. n-3 
polyunsaturated fatty acids (particularly, eicosapentaenoic acid [EPA] and 
docosahexaenoic acid [DHA]) have been shown to reduce the risk of CHD and 
stroke by a multitude of mechanisms: by preventing arrhythmias, reducing 
atherosclerosis, decreasing platelet aggregation, lowering plasma triacylglycerol 
concentrations, decreasing proinflammatory eicosanoids, modulating endothelial function 
and decreasing blood pressure in hypertensive individuals. 

American Heart Association (AHA) and ICMR (1998) guidelines broadly suggest: ? 
1 

Total fat intake should not exceed 30 en%. 1 
SFA fat intake should be 7-10 en%. 

I i 
Dietary cholesterol intake should not exceed 300 mg/d. Intake less than 
200 mg/d is advisable, 

/ 
/ 



Table 5.5: Cholesterol content of foods (in descending order) Advance Nutrition 

ICMR (1998) further suggests: 

Food 

Egg yolk 

Egg whole 

Kidney 

Liver 

Butter 

Lobster 

Shrimp 

Crab 

Cheese, Cream 

Cheese, Cheddar 

Milk powder (whole) 

Pork 

Lamb 

Fish 

Cheese spread 

Mutton 

Ice cream 

Cheese, cottage 

Milk, whole 

Milk, skim 

Vegetable oils 

- Just take enough fat (as per the RDA), 

Cliolesterol (mg/lOO g) 

1500 

550 

375 

300 

250 

200 

125 

125 

120 

100 

85 

70 

70 

70 

65 

65 

45 

15 

11 

3 

0 

- Use more than one source of cooking oil, 

- Limit use of ghee, butter and vanaspati, 

- .Eat linolenic acid rich foods like green leafy vegetables, spices like fenugreek 
seeds and mustard seeds in a predominantly cereal pulse diet, 

- Eat fish more frequently than meat and pouItry, 

- Liixit and avoid organ meats like liver, kidney and brain, 

- Skiinmed milk and low fat milk is preferred instead of whole milk. 

Role of fat in cancer is debatable. High fat intake is indicated as a risk factor to 
cancer of breast, colon etc. Saturated fat intake has been implicated more in cancer 
events. Abused oil intake (re-used oil) and oils with high peroxidative potential producing 
free radicals in body also promote carcinogenesis. Look up Unit 9 in the Nutritional 
Biochemistry Course (MFN-002) for more information on free radicals. The unsaturated 
fatty acid consumption should not be indiscreetly promoted in absence of relevanl 
research data. The PUFA intake should not exceed 10 en%. 

With this, we come to an end on our discussion on lipids, its types and sources. We 
hope that this unit will have brought up issues related to fats and oils which will 
definitely help you out as a dietitian. 



Check Your Progress Exercise 4 

1) Enumerate a few handy tips to reduce fat intake. 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

2) How is high fat and cholesterol intake related to heart disease? List five 
iteins iich in cholesterol. 

..................................................................................................................... 

....................................................................................................... v......... 

..................................................................................................................... 

................................................................................ ............................a'........ 

..................................................................................................................... 

3) Give American Heart Association and ICMR (1998) guidelines for the 
prevention of heart disease. 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

..................................................................................................................... 

4) What is the role of high Fat intake in promoting carcinogensis? 

..................................................................................................................... 

................I ..............I...............................................................*.................. 

..................................................................................................................... 

................................................................................................................... 

5.7 LET US SUM UP 

In this unit, we learnt about the classification of fats, the major difference between 
fats and oils and and the concept of visible and invisible fats. We saw that man 

" primarily consumes triglycerides. Diets also provide cholesterol, which is present only 
in foods of animal origin. 

We then learnt about lipid digestion and absorption, where we discussed that long 
+' chain fatty acids, cholesterol and phospholipids are absorbed through the lymphatic 

vessels only after enlulsification by bile. Short and medium chain fatty acids axe 
absorbed directly into blood. We also get to know about '.good' and 'bad' cholesterol. 
The good cholesterol or HDL is cardio-protective and can be raised by exercise, 
avoidance of smoking, maintaining normal weight and eating pattern, Consumption of 
fruits and vegetables inhibits LDL oxidation and in turn, prevents cholesterol deposition. 



Advance Nutrition Fats have an important role in human nutrition and some amount of it should be 
present in daily diet. Use of 2-3 different oils per household is recommended. Eating 
out often must be avoided as it leads to an increase in consumption of fats especially 
trans-fatty acids. 

Finally, we learnt that excessive fat intake could lead to major health diseases such 
as obesity, heart diseases and cancer. Hence, a judicious fat intake with a healthy life 
style and correct eating habits must be chosen to prevent the risk of these diseases. 

5.8 GLOSSARY 

Chylomicrons : water miscible lipoprotein molecules. 

Compound lipids : simple lipids which combine with other molecules such 
as proteins, carbohydrates and phosphates. 

Derived lipids : fatty lipids, glycerol, cholesterol and other derived 
compound. 

Essential Fatty Acids : those fatty acids that cannot be synthesized in body and 
(EFA) are needed in daily diet. Linoleic acid and linolenic acids 

are two essential fatty acids. 

Pats : triglycerides made up of saturated fatty acids which are 
liquid at room temperature. 

Invisible fats : fats that are present as an integral component of different 
foods such as milk, meat, egg, cereals, pulses etc. 

Linoleic acid : an EFA; also called Lin or LA content of fats. 
Chemically, it is omega-6 (n-6); C18:2, cis-9, 12 ~ 
octadecenoic acid. I 

1 

Linolenic acid : an EFA also, called Len content of fats or ALNA (alpha j 
linolenic acid). Chemically, it is omega-3 (n-3), C18:3; 
cis 9, 12, 15 octadecenoic acid. 

I 

Lipoprotein : any particle in blood containing a core of lipids with a 
shell of protein. It can freely move in an aqueous medium 
of blood. 

Simple lipids * 
: fatty acid esters of glycerols or higher alcohols. 

I 

Trans-fatty acid : all naturally occurring fats in the body are cis isomers; 
Trans-isomers differ in structure and properties but have 1 

I same fonnula. 
I 

Triacylglycerol : also called triglyceride. Acyl stands for fatty acids hence 1 

three fatty acids esterify three alcohol groups of a 
glycerol molecule lo form triglyceride or triacylglycerol. ' 

,I 

2-monoacyl : has single 'fatty acid which esterify only second carbon I 

glycerol of glycerol. , 

Visible fats I 
: fats that are used as such at the table or for cooking. ,! 

They are of both plant and animal origin. I 

I I ' I 



5.9 ANSWERS TO CHECIC YOUR PROGmSS 
EXERCISES 

Check Your Progress Exercise 1 

1) Body fat is considered a predictor of storing unused fuels when energy intake 
exceeds energy expenditure. It is measured to monitor the level of physical 
fitness in case of sport subjects. 

Skin fold method and impedance method are used to measure BF%. It is 
calculated as: 

Fat mass (kg) 
BF% = x 100 

Body weight (kg) 

2) Visible fats are the fats and oils used as such at the table or used for cooking, 
such as salad dressing, mayonnaise, butter, cream, vegetable oils, ghee etc. 
While invisible fats are present naturally as an integral component of different 
foods such as flesh foods, whole milk, peanuts, soyabean, nuts and oilseeds etc. 

3) Lipids are classified as simple lipids, compound lipids and deiived lipids. 

Simple lipids - fats and oils 

Compound lipids - lipoproteins, glycolipids and phospl~olipids 

Derived lipids - fatty acids, glycerol, cholesterol, fat soluble vitamins hormones 
and bile. 

4) Fatty acids which cannot be synthesized by the body and need to be taken from 
the diet for e.g. linoleic and linoleilic acid. 

They are part of vital body structures, perform important role in immune system, 
formation of cell membrane and produce hormone-like compounds. These 
compounds are potent regulators of vital body f~~nctions like blood pressure, child 
birth, blood clotting, immune response, inflammatory responses and stomach 
secretions. 

5 )  Trans-fatty acids are produced when vegetable oils are hydrogenated to make 
margarines, partially hydrogenated vegetable shortening and vanaspati. Its sources 
are commercially baked products, deep fried snacks in vanaspati and ii thai.  

Check Your Progress Exercise 2 

1) The enzyme lipase secreted by stomach and pancreas hydrolyzes nearly 30% 
of triglycerides comprising of short and medium chain length fatty acids. These 
then get absorbed tluough stomach wall into portal vein. Long chain fatty acids 
entirely depend on emulsification by bile in gut. Pancreatic lipase hydrolyzes 
ester linkages in a triglyceride. After this action, mixture of products is obtained 
for absorption in jejunum. 

2) The major digestion products left are 2-monoacylglycerol, fatty acids and 1- 
monoacylglycerol, diffuse micelles consisting of bile salts, lecithin and cholesterol 
into aqueous phase of intestinal lumen towards brush border of the mucosal cell. 

The utilization of free fatty acids is by activation of fatty acids and glycerol 
inside the mucosal cell to resynthesize triacyglycerol. These triacylglycerols and 
phospholipids, cholesteryl esters, cholesterol and small amount of protein form 
chylornicrons. Hence, long chain fatty acids of more than 10 carbon chain, 
phospholipids and cholesterol are absorbed in lymphatic vessels. 

3) Bile itself undergoes reabsorption to be recycled 6-10 times a day. This is 
referred to as enterohepatic circulation of bile. Its excretion is important for . 
eliminating endogenous cholesterol. 

Lipids 



Advance Nutrition 4) LDL contains all the cholesterol present in VLDL having therefore a higher 
cholesteroUtriacylglycerol ratio rather than VLDL and IDL. LDL is therefore 
referred to as bad cholesterol and ,is strongly associated as a risk factor of heart 
diseases. While in blood, circulating HDL picks up cholesterol from dying cells 
and brings it back to liver for excretion. It is therefore refeired as good cholesterol. 

5) 0 Contribute to texture, flavour, taste and increases palatability of the diet. 

* Major storage form of energy in 'body. 

* Essential for meeting nutritional needs of EFAs which are needed for synthesis 
of important eicosanoids. 

* Promote absorption of fat-soluble vitamins. 

* Ensures satiety, imparts feeling of fullness and satisfactioil and delays onset 
of hunger. 

Constitues stnlctural components of cell membrane and some body fluids. 

0 Serves as thermal insulator in subcutaneous tissue and certain organs. 

s Contains antioxidants which confer stability to the oil and prevent rancidity. 

Check Your Progress Exercise 3 

1) a) Visjble fat whlch contains at least 20% linoleic acid. Viewing 10 en% from 
invisible fat in diet, the remaining 5 en% can come from visible fat, which 
has more than 20% linoleic acid. This 5 en% in 2400 Kcal diet works out 
to be 12 g/day. This implies that even 3 tsp of cooking oiV table fat a day 
meets adult requirements. 

b) Linoleic acid requirements raises to 4.5 en% during pregnancy. This can 
be met from 30 g/d of oil which has >20% linoleic acid. 

Linoleic acid requirement during lactation raises to 5.7 en% which corresponds 
to 45 g oil intake which has >20% of linoleic acid). 

c) Adequate breast-feeding ensures 30g fat intake by infants, of which 10% - is linoleic acid and 1% is linolenic acid. Breast milk thus meets EFA needs 
of infants of 6 en%. 

d) 3 en%, which would be met from 8-log of oil. ICMR (1990) recommends 
20 gld in children's diet from oil which has at least 20% linoleic acid. 

2) The ICHR recommendations for the choice of cooking oil is given in sub-section 
5.5.5. Read and write the answer on your own. 

3) Blending of oil has healthful gains, acceptability and helps in equalizing SFA: 
MUFA: PUFA to 1:l: 1. It magnifies the hypocholesterolaernic effect and effective 
in preventing heart diseases. Rice bran oil is blended with safflower oil (7:30) 
and palm oil with rice bran oil (3:l). 

Check Your Progress Exercise 4 

1) Tips to reduce fat intake are given in sub-section 2.6.2 in Table 5.4. Write the 
tips on your own. 

2) Heart diseases show strong links to fat and cholesterol intake. Higher dietary 
cholesterol intake increases blood cholesterol. Egg yolk, egg whole, kidney, liver, 
butter are rich in cholesterol. 

3) The American Heart Association and ICHR guidelines are included in sub- 
section 5.6.3. Read and write on your own, 

4) High fat intake and saturated fat intake has been implicated as a risk factor to 
cancer events. Abused oil intake and oils with high peroxidative potential producing 
free radicals in body promote carcinogenesis. 




