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Nutritional problems relating to
mothers and infants constitute the major
challenge to public health agencies
in India today. The maternal mortality
rate in India stands at 540 (per 100,000
live births). Almost one-third of all
live-born infants are of low birth weight
(<2.5 kg) and over 50 per cent of
under-fives are “stunted”1.

Low birth weight: Low birth weight
is multifactorial in its causation. Short
maternal stature, maternal anaemia,
low energy intake and low weight gain
in pregnancy, infections and smoking
have all been identified as possible
factors. The gestational age of live-
born infants in poor Indian communi-
ties appears to be significantly shorter
than that reported for the developed
countries. As an example, infants born
prior to 37 weeks of gestation ac-
count for 5 per cent of all births in
developed countries (USA2 and Nor-
way3) as against 12-14 per cent in
India4. The incidence of low birth weight
even in full term deliveries (>37 weeks
of gestation) in India and South Asian
countries is much higher than that
reported from developed countries5.
On the other hand, among affluent
sections of India the incidence of low
birth weight deliveries is apparently
of the same order as is observed in
the developed countries. For instance,
a study6 by Nutrition Foundation of
India showed that only 6 per cent of
infants among the affluent sections of
the Indian population were of low birth
weight. Thus socioeconomic factors,
particularly undernutrition, seem to
play the determining role. This situa-
tion is especially alarming in the light

of the studies of Barker et al7 which
have revealed that there are long-
term implications associated with in-
tra-uterine growth retardation and low
birth weight – namely predisposition
to chronic degenerative diseases in
adulthood.

By far the most common feature
associated with low birth weight de-
liveries in poor communities is mater-
nal undernutrition. Household diets
of poor communities are deficient in a
wide range of nutrients. It is now well
recognised that good maternal nutri-
tion status at the pre-conception and
post-conception stages is important
for maternal health and foetal devel-
opment. However, precise informa-
tion as to the specific nutrients in-
volved in ensuring optimal nutrition in
pregnancy, lactation and in infant/
child development is lacking, with the
result that for several decades now,
public health agencies have not been
able to make any significant impact
on poor pregnancy outcome.

So far, considerable attention has
been focused on the effect of supple-
mentation of maternal diets with ma-
cronutrients (energy and protein) and
some micronutrients (chiefly vitamin
A). Today, there is considerable emerging
knowledge pointing to the importance
of essential fatty acids in ensuring
beneficial effects on pregnancy out-
come. This has apparently not attracted
adequate attention from obstetricians
and public health workers in India.

Some bio-chemical aspects of
essential fatty acids are presented in
the box on page 2. The role of essen-

tial fatty acids in pregenancy and lac-
tation is discussed below.

Pregnancy: There are a number
of observations pointing to the ben-
eficial role of essential fatty acids in
pregnancy8,9. According to some esti-
mates10, the average total accretion
of essential fatty acids during normal
pregnancy in a well-nourished woman
amounts to about 600 g. During ges-
tation the placenta preferentially se-
lects arachidonic acid (of the n6 se-
ries) and docosahexaenoic acid
(DHA)(of the n-3 series); and this is
reflected in the substantially higher
proportion of these acids in foetal
circulation at mid-term11 and term12.
Any beneficial effects that these nutri-
ents may have on birth weight and
neonatal development may be denied
in varying degrees to preterm infants.
Deficits of arachidonic acid and DHA
have been reported in the circulation
of low birth weight new-borns13 and
there is also evidence of vascular
pathologies in the placenta of low
birth weight babies. Essential fatty
acid deficiency is believed to contrib-
ute to poor vascular growth and con-
sequent rupture and coagulation in
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blood vessels, leading to infarctions
in the placenta that are believed to
result in impaired placental function
and consequent low birth weight14.

A positive correlation between
birth weight and arachidonic acid level
in the newborn circulation, as also
between duration of gestation and
DHA levels have been demonstrated13.
Reduced levels of arachidonic acid in
maternal and cord blood phospho-
glycerides are associated with low
birth weight and low head circumfer-
ence of infants, and low placental
weight15. High fish oil intakes by the
mother during pregnancy have been
shown to be associated with longer
gestation and higher birth weight of
the infant.  Intervention studies with
fish oils have also indicated that long-
chain n-3 fatty acids have an impor-
tant role in ensuring normal birth
weight16,17. These observations point
to the need for ensuring adequate
nutritional status with respect to es-
sential fatty acids in the proper pro-
portions during pregnancy, in order to
ensure the normal growth and devel-
opment of the foetus.

Lactation:  Mature human breast
milk is a good source of essential
fatty acids of both the n-6 and n-3
series.  A normal well-nourished woman
secretes adequate amounts of these
acids in her breast milk as shown in
data in Table 1. However, there is
need for more information on the ad-
equacy or otherwise of fatty acids in
the milk of undernourished mothers.
In a normal well-nourished woman
the fat-stores accumulated during preg-
nancy could, by themselves, provide
a significant proportion of the essen-
tial fatty acids in breast milk at least
during the first three months of lacta-
tion18. Undernourished women, how-
ever, may be expected to have accu-
mulated relatively less fat-stores dur-
ing pregnancy19.

Fat output in human milk is vari-
able and depends on maternal nutri-
tion and prolactin secretion. It has
been estimated that the mother’s diet
should provide 3 to 5 g of essential
fatty acid daily in order to ensure an
adequate concentration of essential
fatty acids in her milk20. In the ab-
sence of adequate intake of foods

rich in essential fatty acids including
fish, green leafy vegetables and pulses
and some edible oils, the essential
fatty acids in the breast milk of under-
nourished mothers could fall short of
the requirements for normal infant
growth and development.

Neural development: Almost two-
thirds of the structural material of the
brain is lipid, composed of choles-
terol and phophoglycerides rich in
arachidonic acid and DHA.  It is there-

Table 1: Fatty Acid Content in Mature
Human Milk

(%Wt/Wt) Europe Africa

Saturated 45.2 53.5

Monounsaturated 38.8 28.2

Linoleic Acid 11.0 12.0

Total n-6 LCP* 1.1 1.5

Linolenic Acid 0.9 0.8

Total n-3 LCP* 0.6 0.6

n-3 +n-6 PUFA 13.6 16.6

Essential Fatty acids

Polyunsaturated fatty acids
(PUFA) include the parent essential
fatty acids namely linoleic acid LA
(n-6) and α-linolenic acid ALNA (n-
3) and their long-chain, less satu-
rated derivatives. The parent es-
sential fatty acids LA and ALNA cannot
be synthesised in humans and there-
fore need to be consumed as part of
the diet. They are converted into
their desaturated derivatives as in-
dicated in the figure. Both n-3 and
n-6 fatty acids have common en-
zymes in their metabolic pathways;
n-3 fatty acids usually have higher
affinity for the enzymes than the n-
6 fatty acids do. The rate-limiting
enzyme in the desaturation process
is δ6 desaturase. This enzyme is
under the control of many dietary
and hormonal factors. The most im-
portant PUFA of the n-6 series are
dihomogammalinoleic acid (DHGLA)
and arachidonic acid (AA) and these
are the precursors of the eicosanoids
of ‘1’ and ‘2’ series respectively.

The important PUFA of the n-3
series are eicosopentanoic acid (EPA)
and docosahexaenoic acid (DHA).
EPA (to which DHA can be recon-

verted) is the precursor of the
eicosanoids of ‘3’ series.

Eicosanoids derived from these
precursors are highly active com-
pounds. The eicosanoids cascade
consists of (a) cyclic products gener-
ated by cyclo-oxygenase – such as
prostaglandins, prostacyclin and throm-
boxane (b) lipoxygenase products such
as leukotrienes and (c) products of
cytocrane P400 activity. AA (of the n-6

series) and EPA (of the n-3 series)
compete for the same enzymes,
cyclo-oxygenase and lipoxygenases
for conversion to eicosanoids (pros-
taglandins thromboxanes and
leukotrienes). Eicosanoids derived
from AA and from EPA have op-
posing metabolic properties. There-
fore it is important to ensure a bal-
anced dietary intake of n-6 and
n-3 PUFAs.

Figure: Essential Fatty Acids

n-6 fatty acid family        n-3 fatty acid family

Linoleic 18:2 α -Linolenic 18:3

δ6-desaturase

γ linolenic 18:3 Octadecatetraenoic 18:4
elongase

Dihomo - γ linolenic 20:3 Eicosatetraenoic 20:4

δ5-desaturase

Arachidonic 20:4 Eicosapentaenoic 20:5

elongase

Adrenic 22:4 Docosapentaenoic 22:5

δ4-desaturase

Docosapentaenoic 22:5 Docosahexaenoic 22:6

*LCP - Long chain polyunsaturates
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fore understandable that inadequacy
of EFA in the maternal diet would be a
limiting factor in the brain growth of
the infant. In the rods of the retina,
DHA accounts for 50-60 per cent of
the phosphoglycerides embedding
rhodopsin and the G-Protein21. DHA
therefore plays a crucial role in the
receptor and neural transmission system
on which brain function depends.

Studies on rhesus monkeys22

subjected to n-3 fatty acid deficiency
revealed progressive depletion of
docosahexaenoic acid from neural and
retinal phospholipids followed by sig-
nificant impairment of visual acuity,
abnormalities in the electroretinogram.

It is estimated that as many as
six to 10 thousand synaptic connec-
tions between neural cells are made
in the postnatal period and early in-
fancy. The basic materials required
for this major operation are the es-
sential fatty acids of human milk. The
child’s eventual state of mental devel-
opment may well depend on the ad-
equacy of supply of the needed fatty
acids at this crucial stage of develop-
ment. Thus, n-6 and n-3 deficiency
during pregnancy leads to intra-uter-
ine growth retardation, affecting the
physical growth of the infant; the same
deficiencies continuing during lacta-
tion further compromise the mental
development of the infant as well.

Essential fatty acids
in Indian diets

The important question from the
point of view of the present discus-
sion is how adequate are the diets of
poor pregnant women in India with
respect to essential fatty acids. Pio-
neering studies on the essential fatty
acid content of habitual Indian diets
have been carried out by Ghafforunissa23

and Achaya24, and these studies pro-
vide a fair picture of the essential fatty
acid intakes in Indian diets.

Diets of the poor Indian commu-
nities are largely cereal- and pulse-
based. Vegetable oil extracted from oil
seeds and used as cooking fat is the
major source of (visible) fat in the diet.
The intake of such vegetable oils hardly
exceeds 10 gms per head per day.
While in most poor households a single
type of oil is used, in some others
different types of vegetable oil may be
employed depending on the food to
be cooked. Apart from vegetable oils
other sources of fat like meat and fish

do not figure largely in the diets of
poor households. Moreover, a con-
siderable proportion of the Indian
population is vegetarian. Milk intake
is also marginal in poor households.
All this may suggest that the intake of
the essential fatty acids is extremely
inadequate in poor Indian diets.

The major components of the
Indian diet like cereals, pulses, tu-
bers and vegetables are good sources
of invisible fat (meaning fat, which is
an integral part of grain).  Invisible fat,
no doubt is a good source of LA and
ALNA. However invisible fat  meets
only a part of the essential fatty acid
requirement. Edible oils with desir-
able levels of n-3 fatty acids and a
proper balance of n-6: n-3 fatty acids
would be additionally necessary. Ed-
ible vegetable oils vary in their com-
position of essential fatty acids and in
the proportions of n-6; n-3 fatty acids.
Oils which do not contain high satu-
rated fatty acids, but have an accept-
able level of LA/ALNA ratio are indi-
cated in table 225. The edible oils which
may be expected to meet the essential
fatty acid requirements and which also
ensure a proper LA/ALNA ratio while
being low in saturated fatty acids are
soyabean oil, mustard oil and canola
oil. However mustard oil contains the

undesirable constitutent, erucic acid.
Soya oil would, therefore, appear to
qualify best as a supplement to mater-
nal diets in pregnancy and lactation.

Ghafforunissa23 had also com-
puted that over and above the invis-
ible fat present in the diet an intake of
edible vegetable oil of the order of 30
gm in pregnancy and 45 gm in lacta-
tion would be necessary to fully meet
the requirements.

Studies at Nutrition Founda-
tion of India: A study designed to
identify a feasible strategy to combat
the low birth weight problem by supple-
menting maternal diets with essential
fatty acids was undertaken by the
Nutrition Foundation of India26. The
study  comprised of three groups of
pregnant women (n=954) of poor so-
cioeconomic status attending govern-
ment antenatal centres:

Group 1 (n=317) was the con-
trol group, which received routine
antenatal care.

Group 2 (n=318) received su-
pervised daily oral supplementation
of iron (100 mg) and folic acid (500
mg), starting from the 20th week of
gestation.

Group 3 (n=319) received su-
pervised daily oral supplementation
of soya oil (equivalent to 900 mg of
alpha linolenic acid) starting from the
22nd week of gestation in addition to
iron and folic acid supplementation
from the 20th week of gestation.

The study indicated that the overall
mean birth weight of babies born to
mothers in Group 3 was significantly
higher compared to both Group 1 and
Group 2 and there was a significant
reduction in overall incidence of low
birth weight deliveries in Group 3
as compared to both Group 1 and
Group 2 (Table 3).

Table 2: LA*/ALNA**ratio of
oils low in SFA***

<10 >10

Soya Safflower

Canola Sunflower

Mustard Groundnut

Flax seed Sesame

Perilla Ricebran

LA*- Linoleic acids, ALNA**- Alpha lino-
lenic acid, SFA***- Saturated fatty acids

Table 3: Effect of Soya Oil Supplementation on Birth Weight

Groups 1 2 3

LBW 21.7% 21.7% 14.5%

(<2.5 Kg) n=69a n=69a n=46b

Mean Birth Weight 2735.5a 2766a 2893b

(gm±SD) ±386 ±456 ±471

Group 1 - Control, Group 2 - IFA, Group 3 - Soya + IFA

SD - Standard Deviation

Variation in superscripts (within a row) for a given variable indicates significant
difference between groups.
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The observations of this study
are in line with observations in other
parts of the world16,17. However there
is a need for more studies of this kind
in order to firmly establish the role of
essential fatty acids in pregnancy
outcome. Olsen et al found that n-3
fatty acid supplementation using fish
oil in the third trimester of pregnancy
prolonged pregnancy without any
detrimental effect on the growth of
the foetus and concluded that dietary
n-3 fatty acids prolong gestation and
leads to increased birth weights16,17.

The major approach towards com-
bating low birth weight among under-
nourished populations may lie in the
promotion of dietary diversification
resulting in the increased intake of
green leafy vegetables, pulses and
appropriate vegetable oils which are
good sources of essential fatty acids.
Since the current intakes of these food
items in poor Indian diets is neither
adequate nor balanced, the short-term
approach towards combating low birth
weight in poor communities may lie in
advising and actively promoting an
intake of 15-30 mL of soya oil daily for
pregnant and lactating women. The
great merit of this approach lies in the
fact that soya oil supplementation in
the level recommended, may well be
beneficial and will most certainly not
be harmful. It is also in line with tradi-
tional dietary habits and within the
economic reach of the poor.

The approach of supplemen-
tation of maternal diets with soya
oil in pregnancy and lactation (along
with the present programme of
supplementation with iron and folic
acid in the last 100 days of preg-
nancy) could well become public
health policy in the management of
pregnancy; and may help to achieve
a significant impact on the problem
of low birth weight and poor
pregnancy outcomes in poor com-
munities.

The author is President, Nutrition Foundation of
India.
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ment on January 18 and 19, 2006.

l Dr Sarath Gopalan, Deputy  Direc-
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1. “Medium-chain triglycerides” at the
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Post-Graduate Training Programme
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