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Dietary lipids and heart disease-the Indian context
GHAFOORUNISSA

INTRODUCTION
The role of nutritional factors in chronic conditions such as
obesity, diabetes, cardiovascular disease and cancer has
received wide attention in affluent countries. Dietary and
nutrient guidelines have also been worked out for prevention
of these diseases.l-' In India, while frank deficiencies such
as protein-energy malnutrition, vitamin A deficiency, goitre
and iron deficiency anemia continue to be widely prevalent,
the problem of overnutrition has emerged in certain
segments of the population. There is evidence of an increase
in the prevalence of diabetes, heart attacks and strokes in
the urban population.t+ It is predicted that in the coming
decades, these diseases will constitute a major public health
problem if adequate preventive measures are not initiated
and actively implemented. Heart attacks result due to blocks
in the coronary arteries and consequent reduction of blood
supply vital to the heart muscle. They involve two types of
pathological events: atherosclerosis (deposition of lipids in
blood vessels) and thrombosis (clotting of blood);'
Atherosclerosis not only results in narrowing of the lumen
of the blood vessels but also promotes thrombosis. It makes
platelets sticky and activates the processes of blood coagu-
lation and inflammation. Thrombosis also occurs independent
of atherosclerosis.

Several life style factors including diet, environmental
factors and genetic predisposition result in the initiation and
progression of atherosclerosis and thrombosis.I+ Extensive
research has documented that diet plays a key role in these
pathological processes. Often, faulty dietary habits over
decades trigger an underlying genetic tendency to heart
disease. This article focuses attention on the role of dietary
lipids in heart disease, examines the subject in the Indian
context based on research at the National Institute of
Nutrition (NIN) and gives guidelines for ensuring the
optimum quantity and quality of fat in our diets.

BLOOD LIPIDS AND LIPOPROTEINS
There is overwhelming evidence linking elevated blood
levels of total cholesterol and its principal carrier low density
lipoprotein (LDL) cholesterol to coronary artery disease
(CAD). More recent studies have shown elevated blood
levels of triglycerides to be independent risk factors for
CAD. Lipids are transported in blood in combination with
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proteins (apoproteins) and these are called, 'lipoproteins'.
~here ar~ four major types=chylomicrons, very low density
lipoproteins (VLDL), low density lipoproteins (LDL) and
high density lipoproteins (HDL). The chylomicrons are the
carriers of triglycerides derived from absorbed fatty acids
in the intestinal mucosa; VLDL transport endogenously
synthesized triglycerides, phospholipids, cholesterol and
cholesteryl esters. The synthesis of VLDL depends on the
balance between influx of free fatty acids to the liver and
their oxidation within the liver. This means that VLDL can
be influenced by several other dietary variables, As the
VLDL give up the triglycerides to the tissues they are
converted to LDL via intermediate density lipoproteins
(IDL), LDL is the major vehicle for the transport of
cholesterol to all the cells of the body. LDL are largely
taken up by specific extrahepatic receptors which are in
turn regulated by the circulating levels-of LDL. Feedback
mechanisms prevent the accumulation of cholesterol in the
cells. HDL scavenge excess cholesterol from tissues includ-
ing atheromas and deliver it as cholesteryl esters to the liver.
Elevated blood cholesterol reflects increases in LDL, IDL
and VLDL. High blood triglyceride levels reflect increased
levels of VLDL, IDt or chylomicron remnants (particles
~fter removal of their lipid constituents). High cholesterol
In V~DL, IDL, LDL and high apoprotein Band lipo-
protem (a) are atherogenic. On the other hand high
HDL cholesterol (particularly HDL-2) and apo A-I are
anti-atherogenic.l-s-?

Recent studies suggest that 'modified' LDL may be more
atherogenic than native LDL.8 Modified LDL is taken up
by the 'scavenger' receptor that is present on the macro-
phages (formed from circulating monocytes) and lead to the
for~ati~n of foam cells. Foam cells constitute the fatty streak
which IS probably the earliest recognizable lesion in
atherosclerosis. Modification of LDL can be due to oxida-
tion, acetylation or glycosylation of proteins or lipids. The
oxidation of lipids in LDL takes place in the arterial wall
?y peroxidati~~ of polyunsaturated fatty acids (PUFA)
In the LDL lipids. These data suggest the importance of
maintaining LDL in its 'native' form. In view of the above
the circulating levels of total cholesterol and triglycerides,
their distribution in the various lipoproteins and the
susceptibility of modification of LDL in the arterial wall are
important in determining the risk of heart disease.t>

DIETARY LIPIDS AND ATHEROSCLEROSIS
The classic studies on dietary lipids and CAD largely focused
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on the effects of dietary cholesterol, saturated and poly-
unsaturated fats on serum total cholesterol and atherosclerosis.
However, subsequent studies delineated their effects on
lipoproteins, thrombosis and the complex interactions of the
pathological processes underlying heart disease.

Cholesterol
Cholesterol in blood is derived from two sources (diet
and endogenous synthesis), is excreted into the bile and
eliminated through faeces. Dietary cholesterol inhibits the
endogenous synthesis of cholesterol. 6,9 Some people are
resistant to the cholesterol raising effects of diet while others
are sensitive. According to the World Health Organization's
recommendations.I the upper limit of cholesterol intake
is 300 mglday. However, there is no requirement for choles-
terol and therefore it is advisable to keep the intake as low
as possible especially in people with risk factors for CAD.

Fatty acids
Foods contain fatty acids in many forms namely, triglycerides,
phospholipids, glycolipids and cholesteryl esters. Fatty acids
are grouped into three classes-saturated (SFA), monoun-
saturated (MUFA) and polyunsaturated (PUFA). PUFA
can be subdivided into two groups referred as n-6 PUF A
and n-3 PUFA. SFA and MUFA can be synthesized in the
body and thus they are not dietary essentials. The parent
acids of the two PUFA groups are linoleic (LA, n-6) and
alpha-linolenic (ALNA, n-3) acid. These cannot be
synthesized in the human body but have structural and
functional roles in all cells. They are, therefore, dietary
essentials (essential fatty acids, EFA). Since different fatty
acids have different physiological functions, the fatty acid
composition of dietary fat has far reaching implications on
health and prevention of heart disease.l-"

Although SFA as a group raise total and LDL cholesterol,
the individual SFA have different effects. Lauric and myristic
acids have greater effect than palmitic acid, but the latter
is more abundant in food supply (Table 1).10,11 The cholesterol

TABLEI. Approximate fatty acid composition of visible fats (gll00 g)
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raising property of SFA (lauric, myristic and palmitic) is
greater on high cholesterol diets.9,12 The consensus today is
that restriction of both dietary SFA and cholesterol should
be emphasized in the dietary management of CAD. Short
chain fatty acids do not affect blood cholesterol. Stearic acid
has a hypocholesterolaemic effect perhaps because it is
rapidly converted to oleic acid (OA). Replacement of OA,
the predominant MUFA was earlier thought to be neutral.
Recent studies have found that when substituted for SFA,
OA lowers LDL cholesterol concentration almost as effec-
tively as LA. Even when substituted for carbohydrates, OA
lowers LDL cholesterol but does not show a rise in VLDL
(and therefore triglycerides) often seen with high carbo-
hydrate diets." LA, the principal n-6 PUFA of the diet,
lowers LDL cholesterol but very high intakes (>12 en%;
more than 12% of the total calories) also reduce HDL
cholesterol. The latter is not desirable as HDL have anti-
atherogenic effects. ALNA, the main n-3 PUFA of plant
foods, has the same effect as LA on LDL cholesterol. The
long chain (LC) n-3 PUF A present in fish and fish oils have
no consistent effects on LDL and HDL cholesterol but they
have hyp<]triglyceridaemic effects. The trans fatty acids
produced by the hydrogenation of vegetable and marine oils
raise LDL cholesterol and lower HDL cholesterol levels,"

DIETARY LIPIDS AND THROMBOSIS
The relationship between dietary lipids and CAD is further
complicated by the fact that the quality and quantity of
dietary fats also influence platelet aggregation and vascular
reactivity through their effect on the synthesis of eicosanoids
in platelets and endothelial cells of the arterial wall. 6 High
intake of SFA increases platelet aggregation and blood
pressure and is also pro-arrhythmic."

In the body, LA is metabolized to LC n-6 PUF A
(dihomogammalinolenic and arachidonic acids). ALNA is
metabolized to LC n-3 PUFA (eicosapentaenoic and
docosahexaenoic acids). The relative balance between LA
and ALNA (and their respective LC PUFA) alter LC PUFA

SFA MUFA LA ALNA LAiALNA
short chain medium chain long chain

Coconut' 14 63 12 7 2 <0.5 4
Palm kernel 7 65 10 15 2 <0.5 4
Gheet 10 15 40 32 2 0.5 4
Vanaspatit nd 1 23 19 3 <0.5 6
Red palm (raw) nd 1 49 40 9 <0.5 18
Palm nd 1 44 44 10 <0.5 20
Olive nd nd 13 76 10 <0.5 20
Groundnut nd 1 23 50 25 <0.5 50
Rapeseed/mustard:j:§ nd nd 8 14 12 10 1
Sesame nd nd 15 42 42 1 42
Rice bran nd nd 22 41 35 1.5 23
Cottonseed nd nd 21 25 52 1 52
Corn nd nd 12 32 55 1 55
Sunflower nd nd 13 27 60 <0.5 120
Safflower nd nd 13 17 70 <0.5 140
Soyabean§ nd nd 15 27 53 5 11
nd none detected • mainly short and medium chain fatty acids t Trans fatty acids (ghee 2%, vanaspati 53%)* Long chain monounsaturated fatty acids (50% erucic acid and 5% eicosenoic acid) § Good source of alpha-linolenic acid
SFA saturated fatty acid MUFA monounsaturated fatty acid LA linoleic acid ALNA alpha-linolenic acid
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levels in cell membranes and modify eicosanoid and non-
eicosanoid mediated functions of cells. Extensive research
following the studies on Eskimos and their diet have shown
that the net effects of eicosanoids formed from LC n-3 PUF A
are relatively more anti thrombotic , vasodilatory and anti-
inflammatory than the eicosanoids formed from LC n-6
PUF A. Some workers have found that ventricular arrhythmias
can be prevented by high LA intake. High intakes of LA,
ALNA and LC n-3 PUFA have been shown to decrease the
blood pressure in hypertensive patients. Thus dietary fat
affects the risk of heart disease through several independent
mechanisms. !.6-9

UPPER LIMITS OF FAT AND FATTY ACIDS FOR
PREVENTION OF HEART DISEASE
It is important to obtain the right amount of different fatty
acids in the diet and avoid excess intake of anyone fatty
acid or group of fatty acids. The World Health Organization-
suggests that for prevention of heart disease the upper limits
are-fat 30 en%, cholesterol less than 300 mg/day, SFA
8 to 10 en%, PUFA 5 to 8 en% and MUFA would contribute
the difference. The desirable PUFA/SFA ratio is about
0.8 to 1, and PUFA of both types-LA (n-6) and ALNA
(n-3)-should be included so as to provide a LAiALNA
ratio of around 5 to 10. The recommended lower limits are:
fat 15 en%, LA 3 en% and ALNA 0.5 en%.

FATS IN INDIAN DIETS
Indian diets are usually cereal-pulse based" and vegetable
oil, used as cooking fat, is the major source of visible fat.
Visible fats are those that are extracted from oilseeds
(vegetable oils) or from milk (butter and ghee). Apart from
visible fat, every food ingredient provides some amount of
invisible fat.

Visible fat
Several factors determine fat intake in our population, It
is income dependent and there are regional preferences in
both the quantity and type of fat consumed.l+P

India has several kinds of vegetable oils and there are
regional preferences in the choice of oil. 16Groundnut oil is
preferred in western and southern states except in Kerala
where coconut oil is used. Sesame has been popular in South
India. The northern and eastern states prefer mustard oil.
In southern Maharashtra and northern Karnataka safflower
oil is preferred. In recent years, sunflower and rice bran
oils have been introduced on a large scale. The cost and
advertisements claiming the cholesterol lowering potential
of oils seem to have modified the traditional and regional
choice of edible oils. While imported palmolein oil was used
over the last decade, because of the palm cultivation that
has been launched in India, indigenous palm oil is likely to
be an important edible oil in the near future.

Vanaspati is produced in India by the hydrogenation of
vegetable oils. Both purchased ghee as well as that made at
home from milk contribute to its high consumption in middle
income and affluent groups.'?

Invisible fat
Every food contains fat as an integral component of the cell
(plant or animal). Our earlier estimates of fat in Indian
foods were done by weighing the ether extracts. 18However,
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ether removes only the free lipids whereas the structural and
tightly bound lipids can be extracted after acid hydrolysis
with chloroform and methanol mixture. Recently, accurate
estimates of total fat and individual fatty acids have
been made in commonly consumed Indian foods and are
summarized in Table 11.11.19It is seen that cereals and millets
which are bulk items in our diets contribute substantially to
fat intake. A daily consumption of about 300--500 g of cereals
and millets alone provides about 8-12 g of invisible fat.

Fatty acid composition of fats
The visible fats are largely triglycerides. The common fatty
acids are palmitic, stearic, OA and LA. The composition
of fatty acids in different fats varies widely (Table I). The
percentage of LA in safflower, sunflower, soyabean, corn
and cottonseed is more than 50% of the total fatty acids
while sesame, rice bran, groundnut and mustard oils contain
20% to 40%. Palm oil contains about 10% LA. Coconut
and palm kernel oil contain a high proportion of SFA of
short and medium chain length. Rapeseed, mustard and
soyabean oil contain appreciable amounts of ALNA.
Rapeseed and mustard oil contain large quantities of long
chain MUFA such as eicosenoic and erucic acids. Ghee is
a rich source of SFA, about 60% of these are of short and
medium chain length. Vanaspati contains long chain SFA
and about 55% trans fatty acids.P

The invisible fats of plant foods are good sources of
OA, LA, and ALNA. While in most of these LA pre-
dominates.U-" legumes, green leafy vegetables and spices
such as methi and rai seeds contain high proportions of
ALNA (Table II). Animal foods like meats (muscle and
organ) and milk and its products predominantly contain
saturated fats (Table III). Lean meat being a structural fat
has PUF A as well and is the major -source of preformed
arachidonic acid (which is otherwise formed in the human
body from LA). The overall fatty acid composition of animal
foods can vary with animal feed as well as the composition
and proportion of depot fat within and around the muscle
and organ meats.v-!"

There are two types of fish-lean and fatty. 6,10The lean
fish have fat in the liver (cod, shark) from which fish liver
oils are prepared. The fatty fish have fat stored in the muscle
(seer, hilsa, purava)!" and fish oil concentrates (maxEPA,
superEPA) are prepared from their flesh oils, The liver oils
are rich sources of vitamins A and D. Fish oils contain large
amounts of LC n-3 PUF A which are formed in humans from
ALNA.

Cholesterol in foods
Cholesterol is obtained only from animal foods (Table III)
and is not found in plants. The highest cholesterol containing
foods are organ meats (brain, liver, kidney) and 'eggs.6,10
However, eggs provide more cholesterol in our diets than
any other food item. Milk and its products, mutton, beef,
pork, chicken and sea foods are other sources of cholesterol.
While all the above animal foods have large amounts of
both cholesterol and SFA, egg is a rich source of LA. Fish
has less cholesterol and is a rich source of LC n-S PUF A.6,1O

Total fat intake in different income groups
Dietary data for the rural poor in 10 Indian states show that
the average daily intake of cereals and millets is about
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TABLEII. Invisible fat and fatty acids in plant foods in g/IOOg of food10.11.19

Food Fat SFA MUFA LA ALNA LAIALNA

Cereals
Rice 1.7 0.4 0.4 0.5 0.01 41
Wheat 2.9 0.5 0.3 1.1 0.17 6
Maize 4.8 0.8 1.1 2.2 0.05 47
Jowar 3.3 0.6 1.0 1.5 0.05 32
Ragi 1.5 0.3 0.7 0.3 0.05 5
Bajra 5.5 1.2 1.2 2.2 0.13 17
Legumes
Black gram (urad) 1.7 0.3 0.2 U-1 0.7 0.2
Rajmah 2.2 0.4 0.2 0.5 0.7 0.7
Cow pea (labia) 2.9 0.8 0.2 0.8 0.5 1.7
Green gram (mung) 1.7 0.5 0.05 0.6 0.2 3
Red gram (tuar) 2.2 0.5 0.1 1.0 0.1 8
Lentil (masoor) 2.0 0.3 0.4 0.8 0.16 5
Bengal gram (chana) 6.0 0.7 1.7 1.2 2.7 1.8
Peas 2.1 0.3 0.4 0.8 0.15 5
Soyabean 20 2.8 5.4 10.4 1.4 7
Vegetables
Green leafy 0.4 0.09 0.025 0.04 0.15 0.3
Others 0.2 0.05 0.016 0.06 0.03 2
Potato/yam 0.6 0.15 0.15 0.08 0.06 5
Condiments
Dry chillies 17 2.5 1.9 9.1 0.26 35
Cumin seeds 9 0.4 4.7 2.1 0.48 4
Coriander seeds 20 1.7 12.5 3.0 0.02 129
Fenugreek seeds 10 1.2 1.5 3.4 1.9 L8

Nuts and oil seeds
Coconut 40 36 3.2 0.6
Groundnut 40 8.8 21 10 0.2 50
Sesame 40 6.0 18 16 0.4 40
Mustard 40 2.0 5 5 3.5 1.4
Almond 56 25 19 8 0.2 40
Cashew nut 50 10 29 9 0.3 30

SFA saturated fatty acid MUF A monounsaturated fatty acid LA linoleic acid ALNA alpha-linolenic acid

500 g and visible fat (oil) is below 10 g.'4 Using the data on
fat and fatty acid composition of Indian foods11,19and the
information on the dietary intakes of the rural population.!"
it has been found that the daily intake of cereals, millets
and pulses alone provide about 16 g fat (7 en%) and 5 g
EF A (2 en % ).11,21The diets of high income groups in urban
areas are low in cereals (200-300 g/person/day) but high in
legumes, milk and vegetables. 13Therefore, the invisible fat
contribution is high (10-12 en%).11.21 The visible fat intake
ranges from 30-72 g/person/day. 14,15Visible and invisible fat
together furnish above 26 en%.

Visible fat requirements in Indians
Adults. Taking into account the guidelines of the Food

and Agricultural Organization (FAO)IWH022 and the
invisible fat intakes in diets of the rural population.!' it is
estimated that 20 g visible fat (oil) would be needed to
provide the minimum energy density (15 en%). If the visible
fat source is oil (as is the case in this population), it would
also take care of the LA requirement.11,21,23 Further, this
level of visible fat satisfies the palate. The daily oil intake
in the rural poor is below 10 g/person/day and is therefore
inadequate.

Chronic energy deficiency is one of the major nutritional

problems in India. Since oil provides twice as much energy
as the other two macronutrients (carbohydrates and
proteins), ensuring the recommended intake of oil would to
some extent help in meeting the energy needs of the low
income groups.

The invisible fat intake is high among people of the upper
income 'group due to a large intake of animal foods.11,21 It
is estimated11,21,23that a daily intake of 50 g visible fat (oil,
ghee, butter) would provide the upper limit of fat (30 en%)
in Indian diets but the actual intake in some people in the
middle income and the affluent groups is much higher. 24

Pregnant and lactating women. During pregnancy and
lactation, the requirements of total fat and EFA are high.
The FAOIWHO expert consultative group= suggested a
minimum LA requirement of 4.5 en% during pregnancy
and 6 en% during lactation. The invisible fat of cereals,
pulses and milk in Indian diets can meet 42% and 30% of
the recommended LA requirement during pregnancy and
lactation.I-P To furnish the additional amount of LA, the
visible fat (oil) intake should be about 30 g in pregnant and
45 g in lactating women.v-P

Children. In fulfilling the energy needs of children through
cereal-pulse diets, bulk would be a problem. In order to
overcome this, it is suggested that their diets should contain
a minimum of 25 en% fat. This works out to 25 g/day.ll,23
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TABLE III. Fat, fatty acid composition and cholesterol content of animal foodslO•18*

Item Fat (g/100g) SFA(g/100g) Cholesterol(mg/100g) Others

Butter 80 50 250
Chee 100 65 300
Milk(cow) 4 2 14
Milk(buffalo) 8 4 16
Milk(skimmed) 0.1 2 ShortandmediumchainSFA
Milk(condensed) 10 6 40
Cream 13 8 40
Cheese 25 15 100
Egg(whole)t 11 4 400 ] linoleicacid
Eggyolkt 30 9 1120
Chickenwithoutskin 4 1 60

]Chickenwithskin 18 6 100
Beef 16 8 70 Longchainn-6PUFA
Mutton 13 7 65
Pork 35 13 90
Organ meats
Brain 6 2 2000 Longchainn-6andn-3PUFA
Heart 5 2 150 ]Kidney 2 1 370 Longchainn-6PUFA
Liver 9 3 300
Freshwater and sea foods
Prawns/shrimps 2 0.3 150 ]Fish(lean) 1.5 0.4 45 Longchainn-3PUFA
Fish(fatty) 6 2.5 45

• Values vary depending on the animal feed t One whole egg or yolk of one egg contains 210 mg cholesterol
SFA saturated fatty acid PUFA polyunsaturated fatty acid

TABLE IV. Probable quality of total fat in Indian diet with
50 g fat/oil

Oil PUFAISFA LAIALNA Minorconstituents

Safflower High Veryhigh
Sunflower High Veryhigh
Sesame Fair High Sesamol,sesamin
Ricebran Ideal Fair Tocotrienols,oryzanol
Groundnut Ideal High
Palmolein Low Ideal Tocotrienols
Mustard' Ideal Low
Soyabean High Ideal
Coconut Low Idealt
Vanaspati:j: Low Idealt
Chee Low Ideal+ VitaminsA and D

Assignedgrades PUFAISFA LAIALNA
Ideal 0.7-1.0 5-10
Fair 1.1-1.5 11-20
Low <0.7 <5
High 1.6-2.0 21-40
Veryhigh >2.0 >40
• Long chain MUF A high t basic LA requirement not met t Trans fatty acids
PUFA polyunsaturated fatty acid SFA saturated fatty acid
LA linoleic acid ALNA alpha-linoleic acid

Quality of fat in the diet with one visible fat
The quantity and source of invisible fat and type of oil
determine the intake of different fatty acids in the total diet.
From the diet surveys in apparently normal subjects of the
upper middle income group, the intakes of different fatty
acids from all foods were calculated (unpublished data).
Assuming that 50 g of one oil is used as the cooking oil, the

probable fatty acid in the total diet was calculated and
compared with the suggested upper limits of fatty acid
for prevention of heart disease. The data presented in
Table IV shows that most of the oils (if they were t6 be
used as a single source of visible fat) do not furnish 'ideal'
PUFA/SFA as well as LA/ALNA (n-6/n-3) ratios. These
estimates are similar to the earlier calculations made from
the national survey data on dietary intakes.21•25 Oils such as
safflower, sunflower and soyabean furnish high PUFAISFA
ratios. Safflower, sunflower, sesame and groundnut provide
the correct LA/ ALNA ratio. The use of mustard oil increases
the intake of long chain MUFA. The use of coconut oil,
vanaspati or ghee furnish low PUFAISFA ratios and do not
provide adequate EF A. The use of hydrogenated oils
increase the intake of trans fatty acids which are known to
have negative effects on health:

INCREASING ALNA IN INDIAN DIETS
In order to obtain the total dietary LAiALNA (n-6/n-3)
ratio close to the dietary guidelines for prevention of heart
disease, the intake of n-3 PUFA should be increased. This
is possible by eating fish (a rich source of LC n-3 PUFA) .
However, many people in India are vegetarians and some
do not like fish. Since the body synthesizes LC n-3 PUFA
from ALNA, an alternative would be to increase the intake
of plant foods containing this fatty acid. Most vegetable oils
contain LA. However, soyabean, rapeseed, mustard and
rice bran oils have both LA and ALNA.

A metabolic study was conducted in healthy Indian
subjects= to determine the efficacy of using ALNA, in com-
parison to LC n-3 PUFA (fish and fish oils) for producing
hypolipidaemic and antithrombotic effects. The results
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showed an increase in LC n-3 PUF A in platelet phospholipids
and a decrease in platelet aggregation (antithrombotic) with
both the doses of LC n-3 PUFA (0.6 and 1.4 g/day). The
blood triglycerides were reduced with 1.4 g LC n-3 PUFA.
The use of zero erucic acid rapeseed oil (rich in ALNA)
gave the same results but, as was expected, the magnitude
of these changes was less marked than with fish oil.

It has been documented that the long chain MUF A
(eicosenoic and erucic acids) present in rapeseed/mustard
oil produce lipidosis and fibrosis in experimental animals.P
It has been shown that tissues from human hearts obtained
during accident autopsies in Calcutta have high erucic acid
levels.?" In Sweden and Canada low erucic acid varieties are
grown whereas in India this is still at an experimental stage.
High erucic acid rapeseed/mustard oil has been the oil of
choice in the northern and northeastern parts of the country
for over several centuries. In fact, the production of high
erucic acid mustard oil is increasing steadily and it is there-
fore possible that its use may go up in making vanaspati or,

.if the price of the oil is reduced, it may be consumed even
in areas where it has not been traditionally used.

Experimental studies with mustard oil and zero erucic
acid rapeseed oil have indicated that long chain MUF A may
not interfere with the beneficial effects of ALNA (un-
published data). In Indian diets, the use of a suitable second
oil along with mustard oil would ensure a balance in PUF N
SFA and also reduce the long chain MUF A intake compared
to the amounts obtained from the use of only mustard oil. 25

While controlled short term studies with other oils are in
progress in our laboratory, the need for population based
studies on the effects of both the quantity and type of cooking
oil on biochemical markers of cardiovascular risk profiles
may provide valuable information with regard to the role
of dietary fats and chronic diseases in the Indian population.

PLANT FOODS WHICH ARE GOOD SOURCES OF
ALNA
Apart from mustard oil, other plant foods contain ALNA.
Pulses and legumes provide more ALNA than cereals and
millets. An analysis of Indian foods+-" revealed that wheat,
bajra, black gram, rajmah, cow pea, green leafy vegetables,
spices such as fenugreek and mustard seeds are rich sources
of ALNA. Regular consumption of these foods can contribute
to increasing the dietary ALNA. The use of green leafy
vegetables will not only increase the ALNA intake but also
confer several other nutritional benefits.

MINOR CONSTITUTENTS IN FATS
Apart from fatty acids, the minor constituents present
in the unsaponifiable fraction of fat contribute to their
nutritional and health effects. Butter and ghee contain
vitamins A and D. All the vegetable oils contain various
tocols (tocopherols and tocotrienols). Tocols are anti-
oxidants that protect the cell from free radical damage. The
total tocol content of palm oil is 1000 mg/100 g, of which
tocopherols and tocotrienols constitute 30% and 70%
respectively." Rice bran oil has 500 mg/100 g of total tocols
of which one-third are tocopherols and two-thirds
tocotrienols.P The tocotrienols are hypocholesterolaemic
due to their inhibitory effect on endogenous cholesterol
synthesis and also have antioxidant, antithrombotic and
anticarcinogenic properties.s? The minor constituents
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present in sesame oil (sesamin, sesamol) also have anti-
oxidant properties.?? Rice bran oil has a hypocholesterolaemic
effect probably due to the tocotrienols and oryzanol that it
contains." Oils also contain plant sterols which may be of
nutritional significance.

TRIGLYCERIDE STRUCTURE OF FATS
Recently, it has been shown that the atherogenicity of fats
depends on the distribution of fatty acids in the triglyceride
molecule.P SFA present in the /3 position of the triglyceride
have greater hypercholesterolaemic and atherogenic effects
whereas PUFA present at /3 position have greater
hypocholesterolaemic and anti-atherogenic effects than the
same fatty acids at the other positions.

GUIDELINES FOR FAT CONSUMPTION
1. Limit the total fat in the diet by reducing visible fats such

as butter, ghee, vanaspati and oils.
2. Reduce the saturated fats and cholesterol from invisible

fat by consuming low fat milk and decreasing the use of
all types of meats. Whenever these foods are consumed,
care should be taken to remove all the adhering fat.
Removing the skin of chicken substantially reduces the
fat.

3. Limit the intake of cakes, pastries, ice creams, chocolates
and other foods which are rich sources of fat, saturated
fats and cholesterol.

4. Since the requirements of ALNA increase with increase
in LA intake, it is essential to maintain a balance between
the two. This can be done by using either of the following:
use oils with moderate levels of LA (groundnut, rice
bran, sesame) or use oils with high amounts of LA
(safflower, sunflower, cottonseed) in combination with
palm or mustard oil or use any of the above oils with
mustard oil to increase ALNA. This will also decrease
the intake of erucic acid through mustard oil.:

5. Increase the intake of ALNA rich foods.
6. Non-vegetarians should eat fish (a rich source of LC

n-3 PUFA).

CONCLUSION
Fat from varied sources is better than any single kind, but
it is important to moderate the total fat intake. It is wrong
to overemphasize the beneficial or harmful effects of any
single type of fat or oil. The traditional Indian style of choos-
ing fats or oils depending upon the food being cooked is a
healthy practice.
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