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Table 2

Distribution of carotenes in foods

health. Preformed vitamin A or retinol
which is present exclusively in animal
foods possesses the highest vitamin A
activity and is utilised directly in the body.
On the other hand, provitamin A com
pounds like B-carotene and other caro
tenes have to be converted into retinol in
the body before they can function as
vitamin A. Although theoretically one mole
cule of B-carotene should yield two mole
cules of retinol, under physiological con
ditions, the conversion efficiency is only
50 percent, i.e., 1/1gB-carotene yielding
only about 0.5 /1gof retinol. Other caro
tenes that is 0-y- and B-carotene deriva
tives are converted into vitamin A with

much less efficiency (Table 1). The provi
tamin A activity of carotene-containing
plant foods (fruits and vegetables) will
depend upon the proportion of these caro
tenes present in the carotenoid pigments
of these foods27.Green leafy vegetables
have the highest content of B-carotene,

Vitamin A deficiency is one of the
major nutritional problems in some parts
of India. Even as at present, more than 85
percent of the intake of vitamin A in the
country is being derived from B-carotene
and other carotenes with provitamin A
activity, present in the traditional dietar
ies. Yellow fruits and green leafy vege
tables (GLV) are the main sources of B
carotene and other carotenes. These fruits

and vegetables, although not a source of
energy, contain useful amounts of miner
als and other vitamins, particularly ascor
bic acid. The prevailing vitamin A malnu
i1ition in India reflects the inadequate
irlcake of these B-carotene rich foods.

Our efforts for combating vitamin A defi
ciency must, therefore, be logically di
rected towards augmenting the availabil
ity and intake of these relatively inexpen
sivefoods.

SOURCES OF VITAMIN A ACTIVITY

Vitamin A isessential for normal vision
anu growth. It has also other systemic
functions essential for maintaining good

Table 1

Relative activity of carotene

Source Percent distribution

~-caro- Other
tenes carotenes·

80 percent or more of total carotenes,
while in the other vegetables and fruits,
B-carotene forms only 15-70 percent of
total carotene'5 (Table 2). The bioavaila
bility of carotenes (Table 3) from plant
foods (fruits and vegetables) varies from
30 to 80 percent5.6.13.14.16with the result,
the net vitamin A activity of carotene rich
foods constitutes only 15 to 40 percent of
B-carotene equivalents present in these
foods.

HUMAN REQUIREMENT OF VITAMIN A

Human requirement of vitamin A has
been determined through long-term de
pletion and repletion and radiolabelled
retinol turnover studies in human volun
teers8. Based on these studies, the hu

man requireme.Qt of vitamin A (retinol)
has been defined8 at two levels, a mini
mal or basal level of intake of vitamin A to

fulfil its functions and prevent deficiency
symptoms and a safe level to permit, in
addition, adequate liver storage of reti
nol. The relative requirement of retinol
(/1g/kg) is the highest during infancy and
it gradually decreases with age till the
adult requirement is reached. Based on
these data, dietary allowances of vitamin
A for Indians have been recently recom
mended12, both in terms of retinol and B
carotenes. The requirement and RDA of
vitamin A for Indians at different ages in
terms of both retinol and B-carotene are
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Botanical names and Indian language names of these vegetables and fruits are given in Ref. 21.

TableS

B-carotene-rich vegetables and fruits commonly consumed

Table 3

Absorption of carotenes from different sources in human subjects

Source Subjects Percent Absorption Ref.
B-carotene Total carotenes

Table 4

Retinol and B-carotene requirements and RDA for Indians (Ilg/day)Basal requirements

Safe requirement RDA ICMR,1990

Group

AgeRetinolB-caro-RetinolB-caro-Reti-B-caro-

Years

tenetenenoltene

Infants

0-118172435114043501420
Children

1-620280840316124001600
6-10

25310124051620
10-12

29111644901960

12-15
35114045402160

15-18

M336134451220486002400
15-18

F29911964561824
Adults

18+M28811425502200

F
2409604651860

Per caput requirement

269107548919655732291

97.7 16
13

58.1 16
75.1 13

14
5
5

14
17

45.8 (a) 16
6

35.5 (a) 16
33.4 16

B-carotene Names of vegetable and fruits"I
content Jlg/g

I

5 - 10

GLV:Lettuce; celery stalk, onion stalk

Other vegetables:

Green pepper, cow-pea pod; tomato (ordinary variety)

Fruits:

Papaya (ordinary variety)

10 - 25

GLV:Bathua leaves; fenugreek; lopomea; mint;

parappukeerai; ponnanganni; rape plantleaves; parsleyOther vegetables:

Kankoda, carrots, hybrid tomatoes

Fruits:

Papaya (hybrid); mango

25 - 50

GLV:Amaranth spinosa; ambat chukka; celery

leaves; gogu; khol-khol green; mustardleaves; safflower leavesFruits:

Mango; papaya (hybrid)

50-100

GLV:Agathi; amaranth paniculatus; amaranth gangeticus;
betel leaves; beet green; carrot leaves; corianderleaves; chekkur manis; colocasia leaves;cow-pea leaves; curry leaves; drumstick leaves;fetid cassia-fresh; mayalu; table radish leaves;shepu; spinach; turnip greensFruits:

Some varieties of mangoes

200 - 500

Dried GLV; Spirulina; LPC; mango pulp powder; red palm oil

Pure B-carotene Adult98.8
Children

85.4
Amaranth leaves

Adult75.7
Children

70.2
Children

61.4

Fenugreek leaves

59.1
Drumstick leaves

61.0

Leaf protei n concentrate

76.7

Spirulina

55.8

Papaya

Adults90.9
Children

77.0
Carrots

Adults81.1
Diet with mixed carotene source

Adults

(a) a-carotene

SOURCES OF CAROTENES

The rich sources of carotenes with

provitamin A activity are fruits and vege
tables. Of these, yellow fruits like man
goes4, and green leafy vegetables1,21 are
the richest sources, and oranges, pa
paya, carrots are moderate sources of B
carotene. The other vegetables and fruits
have too Iowa level of B-carotene to
make any significant contribution to the
dietary intake of B-carotene. Foods rich
in B-carotene21 which can make a signifi
cant contribution to dietary intake of pro
vitamin A are shown in Table 5.

It is seen from this table that green
leafy vegetables and ripe mangoes are
the richest sources of B-carotene with

content ranging from 25-100 Ilg/g. The
average B-carotene content of mangoes
being 251lg/g and that of GLV 50 Ilg/g.
The advantage of using GLVas a source
of B-carotene is that it is also a good
source of iron, Ca, vitamin C and folate.
Apart from B-carotene from fruits and
vegetables,some amount of retinol is
also derived from milk and eggs.

The carotene content of a given food
varies according to the variety. For ex
ample, mango varieties have B-carotene
which range from 20 Ilg to 130 Ilg/g4
Similarly, hybrid varieties of some vege
tables can have carotene two to five folds

higher than that of an ordinary variety.
Thus B-carotene content of the ordinary
variety of tomato (pusa ruby) contains
only 4-5Ilg/g, while some of the hybrid
varieties have 20-25Ilglg24. Similarly some
of the hybrid varieties of carrot2 and pa
paya9 have a much higher content of B-

given in Table 4. The requirement figures
have been computed from the require
ment per kg at different ages8 and the cor
responding body weights of well-to-do In
dians12. Vitamin A requirements of Indi
ans have also been defined in terms of B

carotene equivalents by assuming that
on an average, only 50 percent of caro
tenes in vegetables and fruits are
bioavailable and one mg of absorbed B
carotene yields 0.5 Ilg of retinol in the
body. The net retinol equivalent of 11lgof
dietary B-carotene is thus 0.25Ilg.

Based on retinol and vitamin A re

quirement and the current population and
its age distribution, per caput and total re
quirement of retinol and B-carotene have
been computed and these values are
also given in Table 4. These values are
used for estimating the total B-carotene
requirement at the national level and its
availability through the carotene rich foods
currently grown in India.
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* Retinol + B-carotene in case of animal foods and B-carotene in case of plant foods.

Table 6

Estimated annual availability of B-carotene and retinol from foods

Vitamin A content (tons)

Source B-carotene Percent Retinol' Percent

contribution equivalent contribution
Fruits

Mango

140.038.035.028.2

Orange
7.42.01.91.5

Papaya
1.50.40.40.3

Total fru its

148.940.437.330.0

Vegetables GLV
191.351.947.838.6

Tomato
5.31.41.31.1

Other vegetables

5.81.61.51.2
Roots + tubers

3.71.0090.7

Total vegetables

206.155.951.541.6

Spices/condiments

4.31.21.10.9

(Retinol) Animal foods Milk
3.1(51.6) 0.827.422.1

Egg

6.2(7.4) 1.7 6.85.5

Total animal foods

9.32.534.227.6

Total available

368.6124.1

Per caput ~g/day

1196 Ilg/day428 Ilg/day

carotene than the ordinary variety. De
velopment of hybrid varieties can be one
of the important approaches to increase
B-carotene availability by improving sig
nificantly the B-carotene content of some
of the commonly consumed vegetables
and fruits like tomato, carrot and papaya.

Some very rich sources of B-caro
tene with contents varying from 100 to
500 I..lgper g are dehydrated GLV leaf
protein concentrate (LPC), crude red palm
oil, dried algae like spirulina, and mango
powder. Dehydration of green leaves will
reduce bulk and can be preserved and
transported over a long period if pro
tected from sunlight and oxygen. Leaf
~rotein concentrate can be prepared with
su itable tech nology to retai n most of the
B-carotene3. This LPC can be promoted
as a concentrated source of carotene
and other vitamins instead of as a source

of protein. Mango powder can be pre
pared from surplus mangoes during the
mango season when there is a glut. Spir
ulina can not only be a rich source of B
carotene but also a good source of ribo
flavin17,. Red palm oil can be used as a
cooking medium by itself or after blend
ing with other oils and can serve as a rich
source of provitamin A.

One of the problems with the natural
source of B-carotene is the rapid loss of
B-carotene on drying and storage. Sun
drying of GLV and its subsequent storage
have been reported to result in consider
able loss (40-90 percent) of B-carotene5, 26.
However, proper pretreatment ofthe green
leaves before drying and storage under
proper conditions can prevent this loss of
B-carotene3. In case of spirulina, it has
been observed? that spray-drying and
subsequent storage results in a substan
tialloss of B-carotene. It is, therefore, es
sential that appropriate processing and
storage technology should be developed
to minimise the loss of B-carotene from
concentrated sources likedehydrated GLV,
LPC and spirulina for their use as effec
tive agents in controlling vitamin A defi
ciency in the community.

Estimates of total availability of B
carotene and retinol from all the vitamin A

containing foods like fruits, vegetables
and other plant foods and animal foods
like milk and eggs currently produced in
the country are given in Table 6.

It is seen from the table that of the
total B-carotene available from all sources
in the country, 95 percent is derived from
fruits and vegetables; and of this, 90 per
cent is contributed by GLV (52 percent)
and mangoes (38 percent), Animal foods

like milk and eggs which are produced in
the country in fair quantities also contrib
ute to vitamin A availability mainly in the
form of retinol and to a small extent as B

carotene. Of the total retinol equivalents
available from all sources, both vege
table and animal, 28 percent is contrib
uted by milk (22 percent) and eggs (6
percent), and the remaining 72 percent
from vfilgetable sources of which GLV (39
percent) and mangoes (28 percent) to
gether account for 67 percent. Among
high income groups who consume plenty
of milk and other animal foods, nearly 30
50 percent of vitamin A intake may be
contributed by animal foods. On the other
hand, among the poor income groups
whose milk intake is low (50 ml), 90
percent vitamin A intake is derived from
B-carotene from plant foods.

VITAMIN A RESOURCES

The availability per capita of B-caro
tene is only 1190 I..lg/day or of retinol
equivalent is 400 I..lg per day. When
compared to per capita requirements as
per RDA12,B-carotene available from all
food sources appears inadequate. How
ever, data in Table 6 are only very rough
estimates and do not take into account
the rich array of relatively less well known
B-carotene rich foods in the country,

There are also socio-economic-re
lated factors for the unequal distribution
of these B-carotene/retinol rich foods. A
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large proportion of the population of the
lower socio-economic groups suffers from
inadequate intake and hence deficiency
of vitamin A. This is indeed borne out by
the data from the National Nutrition Moni
toring Bureau (NNMB) and other agen
cies during the 1970s and '80S18,19.

FRUITS AND VEGETABLES

India is the second largest producer
of vegetables in the world next only to
China, and the third largest producer of
fruits, next to the U.S.A. and Brazil. Pro
duction of fruits and vegetables has in-

. creased several fold during the last two or
three decades, the current production

(1987-88) is around 70 million tons. Of
this, about 45 million tons are vegetables
including roots and tubers and about 25
million tons are fruits. The Eighth Plan

targets are 62 million tons of vegetables
and 34 million tons of fruits 23.Estimated

production figures for different vegetables
and fruits are given in Table 7. The pro
duction figures for GLV are not available,
but the figures given in the table were
computed from the per capita consump
tion of GLV and the current population
figures. Nearly 53 percent of the vege
tables is accounted for by potatoes, on
ions and other tubers, 31 percent by other
vegetables and only 16 percent by GLV.
Among fruits, mangoes account for 38.5
percent and 7 percent is accounted for by
other carotene containing fruits like or-



Although India is a leading producer
of fruits and vegetables, several con
straints in the production of these horti
cultural crops have been identified 20,22,28

but for which the production of these hor
ticultural commodities could have been
much higher. Some of the important
constraints affecting the production and
availability offruits and vegetables in the
country are:

Post-harvest losses: The current
practice of collection, packaging and trans
portation suffers from a number of draw
backs which result in an estimated loss of
25-30 percent of horticultural produce.
These commodities are packaged in a
traditional way which is mostly unscien
tific and transported by head load, bul
lock carts, trucks and rail, the latter two
being used for long distance haulage.
There are no adequate cold storage fa
cilities either at the point of production or
at the terminal points. Only some limited

anges and papaya. Estimates of GLV
production in the count~y are not avail
able. GLV has not received the attention

it deserves as a horticultural crop in our
country.

The available figures of production of
horticultural products are only estimates.
There is a need to collect accurate infor
mation on their current production and
future potential.

Adequacy of production: Impres
sive as these production figures of fruits
and vegetables are, they are inadequate
to meet the minimal nutritional needs of

our population. One of the reasons for
this inadequacy is that in the current
production, non-carotene-containing crops
predominate. There is also a consider
able loss of fruits and vegetables in our
country during post-harvest handling, like
storage, transportation, etc. Such losses
are estimated to be 25-30 percent 11.

Taking the current production and post
harvest losses into consideration, per
capita availability and their contribution
to B-carotene intake are also given in
Table 7. It can be seen that the net per
caput B-carotene available from fruits and
vegetables currently produced in India is
only 1160 ~g. However, these figures
could be under-estimates as they do not
include less well known green leafy foods.
Of these horticultural crops, the major
sources of B-carotene are only mangoes
and GLV accounting for 40 percent and
54 percent respectively.

In order to achieve nutrition security
in terms of providing enough B-carotene
to our population to prevent vitamin A de
ficiency, horticultural crop production
should be substantially increased. This
can be achieved by increasing the pro
duction of fruits and vegetables by an
other 12 million tons per annum. Of this,
four million tons should be fruits, mostly
yellow fruits like mangoes and papaya,
and eight million tons ofvegetables, mostly
green leafy vegetables. This means the
total annual production of GLV should be
in the neighbourhood of 15 million tons
and of mangoes and papaya 14 million
tons.

Special efforts are required to boost
the GLV production to this level and cre
ate a demand for it. The proposed level of
production of horticultural crops will only
provide per caput 70 g fruits, 35 g GLV
and 35 g of other vegetables and 55 g of
roots and tubers which are very modest
nutrition goals indeed. In order to main
tain the availability and consumption of
fruits and vegetables at this level by the

Table7

Estimated availability of fruits and vegetables and their contribution toB-carotene availability per caput(a)Source

ProductionRetailPercapitaB-carotene
level

levelperday (g.)(J.Lg/d.)
-million tons-Fruits Mango

9.2(13.0)lc16.9 22.4455(643)

Orange

1.351.04.432

Papaya/yellowfruits

0.350.31.06

Othernon-carotene containingfruits
13.009.831.8 0

Total

23.918.059.6492

Vegetables Roots-tubers
23.417.657.112

GLVlbl
6.8(15.0)IC15.1 16.6623(1374)'

Tomato

2.01.54.917'-..../

Othervegetables
11.78.828.618

Total

43.933.0107.2670

Totalfruitsandvegetables

67.8(79.8)1c1 1162(2102)

(a)FromNationalHorticulturalBoard.
(b)GLVproductionfigureswerenotavailablebutestimatedfromaverageintake.
(c)EstimatedproductionrequiredtomeetvitaminA needs.

turn of the century, the total production cold storage facilities exist at a few termi
should reach around 100 million tons, of nal points, namely the metropolitan cities
which 60 million tons should be vege- which are not only grossly inadequate but
tables, of which GLV should be 18 million mostly utilised for storing potatoes and
tons, and 40 million tons fruits, of which onions.
yellow fruits should be 17 million tons. It is The present limitations of post-har
possible to reach this target once the cur- vest handling of the horticultural com
rent constraints in horticultural crop pro- modities are widely recognised2o.22,28. Poor
duction are removed and the pattern of grading and packaging seem to be a
vegetable production is reoriented towards major reason for spoilage of fruits and
more production of B-carotene rich vege- vegetables. Appropriate packaging tecr<;:-
tables (GLV) and fruits (mangoes). nologies to reduce the spoilage during-

PRODUCTION CONSTRAINTS transportation and storage have been
discussed 29.

It is visualised that, even without in
creasing production, improvement in
grading, storage and packaging using
modern technology will result in consid
erable reduction in losses which will re

sult in additional availability of fruits and
vegetables. Even if the present losses
are reduced by half, the availability of
fruits and vegetables can easily increase
by another eight million tons.

Marketing of horticultural com
modities: The traditional marketing of
fruits and vegetables currently in vogue
in the country neither benefits the grower
nor the consumer. The trade is mostly in
the hands of middlemen who exploit both
the grower and the consumer. Inasample
survey carried out by the Indian Institute
of Horticulture Research, Bangalore, it
has been computed that in our overall
retail price of the vegetables 50.5 percent
constitutes the commission charges and
37.6 percent accounts for transportation 11.



By marketing these products through co
operatives, the retail price of vegetables
and fruits can be significantly brought
down. The commodities which arrive at
the cities are auctioned to the retailers at
the market yard under the supervision of
a regulated marketing agency. There are
no cold storage facilities, at the produc
tion point nor at the terminal point, which
the grower can make use of to store his
produce to sell at a fair price.

Also the present system of distribu
tion of fruits and vegetables is mostly
confined to metropolitan cities and large
towns leaving vast rural areas whose
needs out of this system are equally im
portant. There are plans to let the coop
eratives take over the collection and dis
tribution of these commodities". NDDB

has come forward in a big way to market
fruits and vegetables. These efforts of a
national agency for the marketing of fruits
and vegetables should not be confined to
metropolitan cities like Delhi and Bom
bay but should cover towns and villages
where most people live and who, from a
nutrition point of view, are in a greater
need of these commodities. There is,
therefore, urgent need to build a vast
network of distribution points, with whole
sale and retail outlets to cover the four

million villages and towns throughout the
country. The existing facilities atthe market
yard also need considerable improve
ment.

There is considerable discussion on

exports of fruits and vegetables. It must
be realised that while nutrition security is
far from being fulfilled in the country atthe
current production level, it is unrealistic to
boost exports before meeting fully the
internal needs.

Low productivity: Although India
is a leading country in the world in the
production of fruits and vegetables, its
productivity is quite low as compared to
the developed ones or even some of the
developing countries like China and
Brazil23. The average production of fruits
in India is 9.8 tons/hectare as compared
to 17-30 tons/hectare in other countries.

The productivity of various vegetables in
India ranges from 2.8 to 9.5 percent tons/
hectares while in other countries it is two

orthreetimes higher.
A number of factors have been iden

tified as being responsible for the low
productivity2o.22.28: (a) Low priority given to
horticultural crops by the farmers. (b)
Seeds used are mostly of an ordinary tra
ditional variety and not the high yielding
hybrid variety. The production and supply

of such high quality seeds are grossly
inadequate. (c) Fertiliser used is mostly
farm yard manure and adequate chemi
cal fertilisers which can boost production
are not used. (d) Pest control measures
are not used or if used at all they are
employed inadequately. Most of the cur
rent production technology in raising hor
ticultural crops is a traditional one. Horti
cultural experts are confidentthat by using
modern agricultural techniques, produc
tion of fruits and vegetables can be con
siderably increased in our country. Even
by increasing our productivity by 50 per
cent more (viz. 15 tons per hectare), our
total production of horticultural crops can
be boosted to 100 million tons.

Production pattern: As was pointed
out earlier, the present production pat
tern of fruits and vegetables and related
horticultural research do not adequately
coverGLVwhich is so importantto meet
the vitamin A needs of our population.
The current research and production ef
forts should be shifted to these commodi

ties like GLV and yellow fruits to achieve
self-sufficiency in vitamin A sources and
provide nutrition security to the nation.

FUTURE STRATEGIES

The future strategies for increasing
production offruits and vegetables should
be given a nutrition orientation in orderto
achieve adequate supply of B-carotene
to prevent vitamin A deficiency in the
country. Thus while increasing produc
tion of horticultural crops, more emphasis
should be placed on GLV and yellow
fruits, the main sources of B-carotene.
Also an equitable distribution of fruits and
vegetables should be ensured by having
a large number of wholesale and retail
outlets to cover all the villages and towns
in the country. It is also necessary to
collect more reliable data on the present
production of fruits and vegetables and
their distribution which is so essential for
a realistic planning of their increased
production and distribution. Some of the
important strategies for increasing the
availability of fruits and vegetables to
ensure nutrition security in the country
are:

• Increase the current production
and availability: By reducing post-har
vest losses by improved handling of the
horticultural commodity, by employing
modern scientific grading, packaging,
transportation and storage; and improv
ing the productivity by the use of a pack
age of inputs like hybrid seeds, chemical
fertilisers and plant protection measures.
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• Horticulture as an income gen
eration activity: Home gardening cur
rently advocated to promote consump
tion of vitamin A foods for combating
vitamin A deficiency cannot be expected
to contribute significantly to the massive
efforts needed to increase production of
B-carotene rich fruits and vegetables, as
our earlier experience with ANP indi
cates. Production through home garden
ing efforts can only marginally supple
mentthe massive production effort needed
to bridge the gap in the availability of B
carotene rich foods which can be effec

tively met only through systematic devel
opment of horticultural farming. However,
home gardening activity can best be util
ised as an educational activity to promote
consumption of GLV and yellow fruits.

On the other hand, promoting horti
culture on small plots of land as an in
come generation activity and a poverty
alleviation programme among landless
labourers, marginal farmers and share
croppers in the rural area, with a package
of inputs as subsidy, can help to boost
production of horticultural produce. This
effort should be backed by an effective
collection and marketing system of vege
tables and fruits produced by these small
farmers. Formation of the Horticultural

Crop Growers' Cooperative on the lines
of milk producers' cooperatives will help
in ensuring a fair return to the farmers.

Special efforts to boost availabil
ity of GLV: As was discussed earlier, the
current production ofGLV, the mainsource
of B-carotene for a large segment of our
population is very much below require
ment and it requires considerable boost
ing. Some of the strategies to improve
GLV production are:

• Small farmers can be encouraged
to grow GLV on their small plots as a part
of income generation activity.

• Oilseed, spice and fibre crops like
rape/mustard, coriander and fenugreek,
raj keera and mesta are cultivated as
commercial crops over large areas for
their seeds. The leaves of these crops
are edible and are also used commonly
as GLV. Judicious harvesting ofthe leaves
from these crops without affecting the
seed yield can be a good potential source
ofGLV .

• GLV and other vegetables can be
encouraged to be grown as inter-crops in
paddy, wheat and sugarcane fields as a
source of additional income to farmers.

• Growing of trees like drumstick,
Agathi, etc. as a part of tree planting
activity. The leaves of these trees can be
a perennial source of GLV.



MARKETING

• Any national plan for increasing

production of fruits and vegetables should
be backed up by an efficient and widely
distributed network of marketing which

can be largely in the cooperative sector.

• Seed industry for producing ade
quate quantity of high quality seeds, and
hybrid seeds for horticultural crops should
be established.

• There should be an active nation

wide effective nutrition education pro
gramme for encouraging consumption of
fruits and vegetables and particularly GLV
to create a demand for them when their

production increases.

Processed foods as rich sources

of B-carotene: Dehydrated GLV, leaf

protein concentrate, spirulina, mango juice

powder, red palm oil are all very rich
sources of B-carotene and contain 200

500 Ilg/g. These can serve as additional
sources of B-carotene besides fruits and

vegetables, particularly for the prevention

of vitamin A deficiency among the

vulnerable groups. GLV, LPG and mango

powder can be produced during the glut
season to be used in the lean season.

The GFTRI has the necessary technology
for all these products. The production of
LPG may have to be reoriented as a B

carotene source and technology suitably
modified to maximise carotene content.

Spirulina can be grown commercially in
village ponds or under artificial conditions.

Methods for its incorporation in ourculinary
practice must be worked out. In order that

these products can be used as potential
sources of B-carotene, the technology of
their production should include appropriate
processing and packaging to minimise
losses of B-caroteneduring transportation
and storage.

Red palm oil is another rich source of

B-carotene which can be used directly as
an edible oil or after blending with other
oils. Recentstudies at NIN have shown17

that it is safe and acceptable. This source

will be ideal for future exploitation since
palm oil production is envisaged as a

strategy to meet the edible oil shortage in
the cou ntry.

In the ultimate analysis, it is only
through the augmentation of production
and intake of B-carotene rich indigenous
food, for which bright prospects do exist,
that we can hope to achieve an enduring
and meaningful answertothe problem of
vitamin Adeficiency in the country. It will

be poor strategy to continue to rely indefi-

nitely on the use of massive doses of syn
thetic vitamin A for this purpose.

The author is former Director, National Institute of

Nurition, Hyderabad.
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