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It was with mixed feelings that I accepted the invitation to deliver the
present address. On one side there were poignant memories, stretching over
nearly four decades, of association with a great friend and one of the most lov-
able persons that I have known. There was at the same time a keen desire
to focus attention on some of the pioneering contributions of one of our most
outstanding scientists, who never cared for his personal interests and devoted
his best years to the advancement of science and its application for the benefit
of.the people.

In his excellent biographical memoir, which has been published by the
National Institute of Sciences, Dr. B. Mukerji (1966) has covered extensive
ground dealing with the life history and varied activities and achievements of
Dr. Guha, This would be hardly the occasion to repeat them, I feel that it
would be much more useful to refer to some specific lines involving a few
decades of basic and applied research, the results achieved and the scope for
future advance. It was a piece of good fortune that Dr. Guha and I had
common interests and that, in many of the efforts, we were also closely associ-
ated. We had learnt by long experience that, in the evaluation of scientific
findings, it is not always a case of satisfying the administrators; it is more
often one of reconciling the diverse interests and theories of fellow scientists
and finding a common, basis for approach. We had to face dozens of such
occasions and it was Dr. Guha who, with his humour, tact, diplomacy and
capacity for assertion, when needed, often cleared the way. At the same
time it has to be admitted that many of our efforts did get cramped and
opportunities for making fresh advance were lost.

HuMaN NEEDS FOR QUALITY AND SOPHISTICATION—DIFFERENT
APPROACHES
Application of scientific methods to the presentation and processing of
food, as practised in the West, is largely on the basis of adequate production
with an assured surplus which, if left unutilized, will go to waste. In those
countries the people have enough to eat and there are very few dietary
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deficiencies; so, nutritional considerations are less important to the processing
industries than making the products acceptable to the consumers and also
making them available in attractive packs on competitive terms. Techno-
logical advances, especially in recent years, have been largely in the direction
of developing a variety of new, and even exotic products, with an eye for
consumer appeal. In quite a number of cases the quality of the starting
material has to be altered by evolving special varieties or breeds, as the case
may be, s0 as to conform to the special requirements. Lately, enrichment of
natural products with extra nutrients has assumed special importance both for
convenience and better appeal. At the same time some of the largest sellers
are those which are designed for slimming, reduction of blood cholesterol and
generally for the betterment of health. Pre-cooked and ready-to-serve dishes
is another. profitable line of approach and minimizes the routine of cooking.
Though it started as a means of preserving surplus food materials, food pro-
cessing in countries like the U.S.A. is now largely directed towards providing
convenience and variety with added scope for minimizing the adverse effects
of other forms of food which are normally consumed.

In countries like India we often have to start with the background of
inadequacy and to meet needs in times of emergency when nutritional deficien-
cies also become prominent. There is some demand for quality products and
a few industries are doing well; but most of the manufacturers have to accept
whatever raw material is available and to make the products as cheaply as
possible.  Our biggest problem, and one to which Dr. Guha and others devoted
a lot of attention, is that of designing low-cost foods to combat malnutrition;
and to the extent that is possible to make them available free of cost to those
who need them most. Under such conditions we cannot afford much sophisti-
cation or spend much on packing. The inevitable consequence is that, though
the consumer is prepared to accept such products under conditions of emer-
gency, he wants a different class of product when the conditions improve. In
this respect the human response is the same, whether in the East or in the
West, though there may be some difference in respect of flavour, spicing, ete.
There is no such thing as a low-income taste and experience of the past few
decades has shown that, under favourable conditions, a consumer is prepared
to pay a higher price for a sophisticated product with attractive flavour, taste
and other desirable properties with good packing. Acceptance of such prod-
ucts starts in urban areas; and from there they spread to rural areas. Ex-
perience of success in the case of some sophisticated products has shown that
they can sell, even at fairly high prices, among the upper and middlé class
sections of people; but the problem of reaching the low-income groups will
continue to remain unless we succeed in producing products of acceptable
quality at low cost. The problems before us are, therefore, more challenging

than those in other countries.
1B
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‘JERYLL AND HYDE’® ROLE OF SOYA-BEAN—
RoLE oFr NoN-ESSENTIAL CONSTITUENTS IN HUMAN NUTRITION

The tragic Bengal famine of 1943 brought home to us, for the first time,
the significance of a border-line food position with an uncontrolled, open
market with scope for hoarding and profiteering. Acute malnutrition came
in its train and, in spite of meagre facilities, Dr. Guha, in collaboration with
Dr. Sankaran and others, harnessed all available resources and worked all day
and night to produce a blended vegetable milk with soya-bean as one of the
raw materials and saved large numbers of people.

Around the same time there was a research programme at four centres
(Coonoor, Bombay, Lahore and Dacca) on the possible use of soya-bean as a
pulse. There was also another study at Bangalore, along the same lines as
that of Guha and Sankaran, on the production and evaluation of soya-bean
milk after fortification with vitamins and minerals. Mahatma Gandhi was
much interested in the use of bean as a pulse and the then Indian Research
Food Association (IRFA) (now Indian Council of Medical Research) entrusted
the work to a team of scientists—Aykroyd, Patwardhan, Bashir Ahmed and
Basu—for evaluation and report. The first programme showed that, though
it contains about twice as much protein as the commoner Indian pulses, soya-
bean is nutritionally inferior to the latter and that the response of children is
disappointing. The results of the Bangalore study (Subrahmanyan, De and
Venkatchalam), which was supported both by IRFA and by Guha through the
Food Department, showed that the fortified milk has about 80 per cent of the
growth promoting value of cow’s milk and that even babies can easily digest
and benefit by its use. During another season, the Bangalore workers made a
change—at the request of Shri Satish Das Gupta, a senior Congress leader—by
adding back the slimy residue, which is normally eliminated when preparing the
milk. This resulted in nullifying the beneficial effect of the soya-bean milk.
Instead of getting down to a dispassionate analysis of the implications and even
planning for a more exhaustive study of the slimy residue and the manner in
which it affected the utilization of soya-protein, we got into bitter controversies
about the merits of the experiments; so much so that we missed the chance of
throwing fresh light on the ‘Jekyll and Hyde’ role of soya-bean. Dr. Guha
was much interested in further extension of the work, but with his departure
from the Food Department, all government assistance for research was stopped
and the Research Food Association also closed the research on the subject.

During the years that followed, the anti-trypsin and anti-growth factors
of soya-bean were discovered. More recently, the oligosaccharides, which
congtitute the bulk of the carbohydrates of soya-bean and their adverse effects,
particularly on human subjects, have been the subject of extensive study, We,
in India, could have discovered them over 20 years ago, but lost a unique chance
of opening up new lines, which have now assumed considerable importance
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in nutrition. The study of oligosaccharides in relation to utilization of
different food constituents and also on intestinal flora has now become increas-
ingly important and it is pleasing to find that the Nutrition Research Laborato-
ries, Hyderabad, has recently started some important work in this line with
special reference to pulses. The role of the so-called non-essential constituents
in human nutrition will soon assume increasing amount of importance.

Indian efforts on the production and utilization of vegetable milks (from
soya-bean or groundnut) and their utilization, by themselves or in conjunction
with animal milks for the betterment of the nutrition of the vulnerable groups,
extended over nearly 20 years; and several of our national leaders—and par-
ticularly Dr. Rajendra Prasad and Pandit Jawaharlal Nehru—took active
interest in the development of this line. In spite of all the supporting nutri-
tional evidence, there was popular prejudice in India against the flavour of
such products. Vegetable milks have, however, succeeded in other countries
and, particularly in the Far East, where people have a different taste with
prejudice against the flavour of animal milks. Some of the world’s leading
food manufacturers have now entered in this line with big production pro-
grammes for sophisticated formulations, with attractive packing, which may
also soon be extended to India. A promising approach is the recent effort of
the Central Food Technological Research Institute to extend animal (cow or
buffalo) milk through the incorporation of isolated vegetable protein together
with suitable buffers, minerals and vitamins. Improvements in technique are
now possible and we can produce white, attractive, odourless and easily dis-
persible proteins which can blend well with milk protein; but there is need for a
great deal of co-ordinated team effort to place this line on a sound footing.
The future development is in the direction of ready-mixed dry formulations
which can be used for the toning of milk. The government, through the Food
Department, is actively interested in the development of this line.

PROCESSING AND BETTER UTILIZATION OF RICE

Rice is the most important foodgrain of the world and, with the estimated
recent production of 183 million tonnes (which may not include that of China),
it represents the staple food of more than half the population of the world.
We owe the spectacular recent increase in production to the evolution and
use of superior dwarf varieties, as also to liberal inputs and efficient use of
pesticides. Rice has, however, an extravagant need for water and this is
linked with the absorption and utilization of constituents like silicon which
are easily solubilized only under the conditions of a puddled soil. Liberal
supply of water is an essential prerequisite for maintaining a high level of
production; but, with the periodic fluctuations in monsoon, a country like
India cannot expect consistently good yields excepting in areas with assured
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water supply. It has not so far been possible to get good yields of rice ex-
cepting on puddled soils with some gentle flow of water and adequate drainage.

Rice is, however, one of the most uneconomically used foodgrains of the
world and, even at the present time, we utilize anything from 50 to 63 per cent of
the weight of paddy, whereas there is scope to use about 78 per cent in various
forms as human food. In the case of soft varieties, as also when the paddy
has greater or less moisture than 12-14 per cent, there is heavy loss through
breaking and powdering. The technique of parboiling—which is the discovery
of an unknown Indian genius—helps to strengthen the grain and, but for the
application of this technique, we would be in a far worse plight. Use of the
modern mill minimizes the loss and raises the average yield to about 68 per
cent.

Indian scientists had long realized the need for improvement in the tech-
nique of parboiling and also for efficient drying of the paddy so as to improve
the quality of the product. The contributions of Sanjiva Rao and associates;
Guha, Mazumdar, Bose and Ganguly (1960); Subrahmanyan, Desikachar and
associates have led to the development of the method of soaking and steaming
which is now being adopted in many parts of the country. Guha and asso-
ciates paid special attention to quick and continuous parboiling and drying
which becomes a necessity, especially during wet seasons. It is unfortunate
that, in spite of the demonstration of the possibilities, there has not been
much support for the extension of the work on continuous drying with par-
ticular reference to fuel economy and quality of resulting products.

We have the most efficient separation of the different by-products, husk
germ, bran and brokens, in the modern rice mill. Out of these, the germ
fraction represents about 1-5-2-0 per cent and the bran fraction about 6
per cent on the weight of paddy. It was a fortunate finding of Indian scientists
that the germ contains over 30 per cent oil. The deoiled germ, which contains
30 per cent protein of good quality, is white and tasty and can find ready use
as an article of human food. If carefully prepared, preserved and used, the
germ can also be used for sowing. This will require some intense study of
the methods of preservation and utilization; but, if we succeed, we can
utilize about 10 per cent of the total production (which is now reserved for
seed purposes) as human food and still have ample sowing material. Dr.
Swaminathan and his associates of the Indian Agricultural Research Institute
are now interested in exploring the possibilities and we look forward to their
developing this new line. It is now possible to adjust the equipment in such a
way as to obtain clean, high-class polishings containing 20-25 per cent oil,
depending on the variety. In the case of parboiled rice, we can get 30 per cent
or more of oil from the polishings. By quick extraction or by some treatment
for arresting the action of the associated lipase, we can obtain oil with low
free fatty acid content which can be processed for human consumption as
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refined oil or vanaspati. The deoiled polishings can be obtained in a clean
and attractive form with 16-18 per cent protein and about 25 times as much
of Vitamin B, as rice itself.

Rice oil has an iodine value and a glyceride structure approximating
to that of sesamum oil. It is already being used as an article of food by
over 100 million people in different countries of the Far East. With our
growing needs for edible oils, there is enormous scope for developing this
line. We can produce the desired quality of oil even from huller bran by
quick processing. Extraction of oil from the bran is a desirable step in the
interests of both men and animals. People have already known by experience
that stale bran is not suitable for use as an animal feed because it causes
diarrhoea and other disorders. It is only the clean polishing from the modern
rice mill that can be deoiled for use as human food; and the recent researches
by the Western Regional Laboratory of U.S.D.A. and other organizations
have shown that it will make a valuable protein-rich food for vulnerable
groups. By processing both the germ and the polishing we can produce
crores of rupees worth of edible oil and, at the same time, have cheap
protein-rich foods which can be used in various ways. Strangely enough
the whole rice contains 3-4 times as much oil as we are now able to extract
and a large amount of basic and applied research still remains to be done
on the distribution of oil and protein in the grain as influenced by variety,
season, fertilizers and other factors. Some of the production and utilization
programmes have already been started in association with a leading modern
mill and with the assistance of the Food Department, and collaboration of
some of our research institutions, Useful results are soon expected to follow.

Unlike many of the countries of the Far East, where rainfall and typhoons
are often on the side of being excessive, we have large areas in India which
are subject to periodic failure of monsoons and in addition to whatever we
can do to increase production, it will also be in our interests to make better
use of what we produce and thus add to our earnings and essential food

needs.
RorLE oF MLx I8 TrROPICAL NUTRITION—

DEVELOPMENT OF THE BABY Foop INDUSTRY

Milk and milk products have been the subject of research in many
countries. In India and also many other countries, with low per capita avail-
ability and also the tradition or necessity for predominant dependence on
vegetarian diets, the problem has long been one of making the best possible
use of the available resources. Extensive studies by Indian scientists have
shown that though it is possible to enhance the nutritive values by blending
different vegetable proteins with minerals and vitamins, the same results can
be more easily obtained by supplementation of our foods, with milk or milk
powder in the dietary of vulnerable groups at even low levels corresponding to
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about 10 per cent of the total protein intake. In other words, we require at
least a small amount of milk to meet the needs of our vulnerable groups but a
large section of them do not get any at the present time. With this as the
background Guha, though hailing from Bengal where sweets based on milk
and milk products are highly popular, was one of the first to advocate the
stoppage of the production of milk sweets which generally involve the loss of a
part of the milk solids and release more milk for use in the fluid state especially
for the vulnerable groups. Though there were practical difficulties in and
much resistance to the application, it is pleasing to find that his idea is now
being implemented in some areas at least during the dry months of the year.
Prior to the fifties, the outlook in respect of the production, distribution
and utilization of milk in India was rather disappointing. Credit for intro-
ducing more hygienic conditions and for larger and more efficient distribution
in urban areas should go to pioneers like Khurody in Bombay, with generous
support from international agencies like UNICEF; for co-operative organ-
ization in collection and processing which started with the efforts of
Thribhuvandas Patel and Kurien at the Kaira Cooperative Milk Producers’
Union of Anand. The next major advance was the production of baby food for
which India was, till then, completely dependent on other countries for supply.
We had only a limited surplus of buffalo milk in some areas and that was
considered unsuitable for processing because of its poor drying properties,
contamination with copper from the collecting vessels and other defects.
Extensive researches conducted by a team of workers at the Central Food
Technological Research Institute, 1957-60, showed that these defects can be
overcome by better protection of the collecting vessels and suitable pre-
treatment of the milk. Pilot studies supported by the National Research
Development Corporation, and conducted in collaboration with Kaira Coopera-
tive Union, showed that we can produce baby food of high quality out of
buffalo milk. At the same time a part of the butter, which is in excess, can
be separated and marketed either as such or as ghee. The credit for first
applying these findings and developing an indigenous baby food industry
should go to the Kaira Union under the leadership of Kurien. Following
this, other manufacturing concerns have also started production in the country.
This industry was a success right from the start and the production has been
going up year after year. The Kaira Union alone is now making about four
times as much as it was producing some four years ago. Imports have been
completely stopped and we are already producing about five times as much
as we were once importing. The present production is worth more than
Rs.40 crores per annum thus making this line the biggest single food industry
of the country and, at the present rate, the production may soon increase to
more than Rs.100 crores. Along with this, there have been other new lines
such as condensed milk, cheese, whole milk powder, skimmed milk powder,
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butter, etc., all of which are bringing additional returns. Because of the
assured demand, milk production has increased considerably in many areas
and there is better care and nourishment of the animals. Many factors
have contributed to the phenomenal success in this line. It would be worth
studying these as they would provide useful guidelines for developing other
promising lines in the country.

The baby food as now produced in India is still rather costly, though it
is being purchased by all sections of people including a fair section of the
low-income groups who have to make some sacrifices to meet the needs of
their children, As it may not be possible to effect any substantial reduction
in the price of milk, a logical and a nutritionally sound procedure will be to
extend the milk proteins by carefully prepared vegetable protein isolates,
odourless low melting vegetable fats, minerals and vitamins. Extensive
researches done by Holt, Gyorgy and other leading pediatricians have shown
that babies can not only tolerate but also do equally well on vegetable pro-
teins if suitably supplemented. For commercial success, the really important
thing is to preserve the flavour and taste of milk in the final product.
Production of a new class of baby food containing milk and odourless vegetable
protein isolate in the proportion of 1:3 or 1:4 is nutritionally sound and
technologically feasible. Such a produet will have the flavour and taste of the
present baby foods and will have a good market if the price structure is
favourable. Sooner or later such a clags of product will become a necessity
and, if we fail to produce it, some other country is certain to come out with
such a product. There are already some classes of what are known as filled
milks on the world market. There are also sophisticated formulations based
on the same principle for use with beverages like coffee and tea and which are
fast displacing milk in countries like the U.S.A. The extension of such
principles to baby food formulations has large possibilities and would open out
wide scope in countries like ours.

ProrrEIN-RICE F0ODS OF VEGETABLE ORIGIN AND THEIR
UrnazatioNn ForR COMBATING PROTEIN MALNUTRITION

Commencing from the late forties, Indian nutritionists and technologists
can justifiably claim to have made several pioneering contributions for the
development of this line. During the early sixties, Indian application findings
were far ahead of that of any other country. Dr. Guha took active interest
in ‘the development of this line, supported and pursued several related pro-
grammes, and some of these will also be dealt with in another section. Unlike
the work on baby foods, this line had to pass through many difficulties, con-
troversies and frustrations. There is presently a large programme of pro-
duction, thanks to the active interest and efforts of USAID, FCI and
the Food Department,
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The study of this subject started with an investigation of the exploring
of possible uses of clean oilseed meals as subsidiary human food. Though this
was not a success, the scientists had realized that they were dealing with
protein rich materials, which could be used for supplementing many of our
dietaries which are deficient in proteins. There was an excellent opportunity
for use during the scarcity conditions which prevailed during the period of
1953 when a mixture of tapioca and groundnut flours (both of edible quality)
in the proportion of 3:1 was extensively used for relief in Rayalaseema and
other bordering areas under the name Mysore flour in 1954. It was also
distributed in other states in the country and Dr. Bidhan Roy, on the advice
of Dr. Guha, took particular interest in its possible extension in Bengal. The
next step was the production of a stable expeller pressed groundnut flour
(as solvent extraction was not permitted in those days) from clean, infection
free kernels and its enrichment with minerals and vitamins to develop the
Indian Multipurpose Food, 1957. In this effort we received considerable
support from the American Meals for Millions Association, who accepted the
Indian product as being equivalent to the one based on soya-bean and even paid
for it. Use in school-feeding programmes started in Madras City, where in-
dependent local health observations showed that the children receiving the
supplement at 10 gm a day had gained in weight to the extent of over 8 Ib
within three months as compared with the controls who had gained only 2 Ib
during the same period. This led to the extended Madras State programme
with the provision of the supplement along with the midday meal to 1-5
million children per day with the support of Shri C. Subramaniam, who was then
Minister in Madras. At the same time, schoolchildren, canteens, hospitals,
welfare institutions, Christian mission organizations and others were also
receiving the food through the Indian Meals for Millions Associations. Prime
Minister Nehru took active interest and gave further support for the produc-
tion of protein-enriched biscuits (Nutro biscuits) for distribution in different
parts of the country. A number of plants, each with a capacity of a few
tonnes per day, were put up in different parts of the country and UNICEF
assisted by donating two 10-tonne plants to the government. Though the
beneficial effects were amply demonstrated, there was no effective marketing
organization. Sophistication and attractive packing were not introduced.
There was no energetic commercial pursuit with an eye for consumer appeal.

HumaN RESPONSE TO PROTEIN-RICH MEALS AS COMPARED
WwITH PROTEIN ISOLATES

Utilization of multipurpose food for the relief of protein malnutrition
was taken up at several centres in the country. The results were generally
encouraging but the improvements were slow as compared with the response to



214 ) V. SUBRAHMANYAN

milk or skimmed milk powder. In acute cases, for which large doses had ta be
used, there were difficulties in digestion. Milk powder also offered some
difficulties because of the slow control over diarrhoea, but there was quicker
general improvement. Even allowing for the difference in the quality of
protein which could have been made up by the quantity, it was becoming
obvious that there was something associated with the oilseed meal which,
when used in high proportions, was affecting its utilization by children of the
pre-school age. This was not obvious from the earlier studies with older
schoolchildren who received only small quantities.

Around that time we were engaged on the production of protein isolates
as a part of the integrated processing of oilseeds for oil and protein (1959). A
logical sequel was to try it, with preparations containing over 90 per cent
protein, along with skimmed milk powder to the extent of 10 per cent and
supplemented with minerals and vitamins, in a small number of hospitalized
cases of frank Kwashiorkar—as compared with skimmed milk, at the same
level of protein. The results were very striking and showed that, in the case
of the isolate, there was distinet clinical improvement in six days and that, in
some respects, it was faster than in the case of skimmed milk powder as the
diarrhoea was more quickly controlled.

The striking response of the human subject to the protein isolate was the
reverse of that which had been observed in the case of the albino rat, which is
generally used for protein evaluation and invariably responds better to the
oilseed meal than to an equivalent quantity of isolate. The issue was clari-
fied, however, in a convincing manner by Dr. Gopalan, who showed in the
case of a large number of hospitalized cases that the isolate is therapeutically
much more effective than the oilseed meal and compares well with milk
powder in its efficacy in the treatment of Kwashiorkar. In another experi-
ment with normal pre-schoolchildren, it was observed that the isolate given
as a supplement to the daily diet produced distinct improvement not only in
health but also in general activity. This line of research deserves to be
followed up systematically with the same type of protein, first with the same
type of diet and then with different regional diets at a number of centres.
Though there have since been many other statements about the effect of
protein on physical and mental activity, there is need for more systematic study
and evaluation in the case of Indian children. As there is already evidence
to show that the associated components affect the utilization of the protein,
it would be desirable to concentrate on only fairly pure and concentrated
preparations and to supplement them with essential minerals and vitamins.

The research done at Mysore led to the development of the protein isolate
industry in India by Messrs Tata Oil Mills. This project was also sponsored
by the National Research Development Corporation; but, unlike the baby
food, several years of further work with expensive equipment was needed to
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standardize the conditions. During the early stages there was need to directly
extract both the oil and the protein from the oilseed and this was not always
giving a qualitative yield nor ensuring the complete separation of the protein
from the oil. With the passage of the Solvent Extraction order in 1967,
the conditions became more favourable and the industry is now in a position to
extract almost oil-free protein from the deoiled meal. Further improvement
in technique is, however, still needed and methods should be developed for
the use of the isolate in acceptable food formulations.

There is currently a large amount of interest in the production of protein-
rich foods. There have been many applications for licence towards production
on the basis of know-how developed in India or abroad. It is not clear as
to how many of them will eventually come into production. At the present
time the only large undertaking is the production of Bala-Ahar in which
the major components are wheat atta and deoiled groundnut flour. Many
Indian firms are now in a position to supply groundnut flour of good
quality conforming to the required specifications and with low aflatoxin
content. Bal-Amul developed by Kaira Cooperative Union as a pre-cooked
formulation based on wheat maida, soya flour, green gram and other com-
ponents is now being tested for consumer acceptabilivy. There are also other
products on the market, and there is also an established demand for some of
them; but they are rather costly and the total production is comparatively
small. Proposals for producing vegetable milk formulations are also there and
some of them are intended to be marketed as protein-rich beverages.

There is undoubtedly a large potential market for protein-rich foods of
good quality with consumer appeal. KExperience, not only in India but also
elsewhere, has shown that the acceptability of a freely distributed product does
not give any indication as to whether the consumer is prepared to pay for it,
even on a subsidized basis, when the product is offered for sale. Medical
opinion is generally in favour of products based on nearly pure proteins (e.g.
casein) and preparations based on hydrolysed protein; but these are all costly
products. Protein malnutrition is largely associated with poverty, though, to
some extent, with traditions and ignorance; and the worst sufferers are the
pre-school age children from the low-income groups. In most homes there is
no such thing as a separate weaning food and the children are generally
trained to eat nearly the same type of food as the elders after the first year.
The most acceptable approach would appear to be that of a concentrated
supplement which would be well flavoured and tasty and could be eaten or
drunk with relish. In spite of the active participation of all the associated
disciplines, and the efforts of many leading entrepreneurs in many countries,
the difficulties which we had to face in the early days in India are still
there. Some day there may be a major break-through, opening up new
possibilities. '
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Lzar PROTEINS

The concept of the production and utilization of leaf proteins as human
food originated from Dr. Guha around 1943. He realized that enormous
quantities of protein along with the associated fats, minerals and vitamins were
present in the leaves of many plants which were otherwise finding very little
use; that, if they could be extracted and processed, they would provide very
cheap and abundant sources of protein. The evidence collected by him and
his associates showed that several grasses, leaves of agricultural crops, forest
vegetation, water hyacinth, etc., can yield proteins of good quality. As often
happens, the originality and the value of this line of approach was not readily
appreciated in our country. The work was, however, followed up with great
zeal by Norman Pirie, who evoked wide interest in the possibilities and, in
addition to designing suitable extraction units, also organized researches
leading to evaluation and utilization in many countries including India.

It is now fairly well established that leaf proteins are generally of high
quality and can be used singly or in blends with considerable benefit. The
grass proteins, if used in suitable blends (e.g. rye grass and clover), are practi-
cally of the same quality as milk proteins. Some plants like tapioca have a
high concentration of protein in the leaves, though the tubers are pre-
dominantly starchy. Lucerne (alfalfa)leafis very nutritious and, even at a low
level of 3 per cent, it can make up for all the deficiencies in poor diets (1952-54).
Albino rats do not normally gestate or lactate on such a diet. If they do
breed, they become cannibalic and eat up the young ones; but with the
supplementation for even a short period with lucerne, we can make them
breed and lactate in the normal way. In fact, when we, along with Dr.
Guha and other colleagues, had to work as a team on the evaluation of
Vanaspati, we had to adopt this technique to obtain a second generation of
rats.

The major problem is, however, one of making the leaf protein reach the
people in a stable, acceptable form. Because of our enthusiasm for lucerne,
some of us tried the tender leaf in various forms along with our diets. We
found it to be bitter, unpleasant and generally nauseating even in small quanti-
ties. The juices and coagulums from some other leaves were more acceptable,
but many of them are normally being consumed as leafy vegetables. In addi-
tion to this, there is always the problem of daily preparation and quick use.
Juices from tender leaves which are generally acceptable contain large quanti-
ties of non-protein nitrogen which cannot be coagulated. The associated oils are’
generally highly unsaturated and affect the stability of the coagulums which are
dried. The colour of chlorophyll is pleasing, but it turns dark when used with
foods which contain acids. The flavour constituents and the associated bitter
principles seem to be more acceptable to animals than to man. The problems
are challenging and future advance is in the direction of suitable processing
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to produce cheap and acceptable concentrates without sacrificing the quality
of the protein.

Processing AND UrtiLizatioN oF TusrEr Crops

The Famine Commission which made a study of the conditions which
prevailed in 1943 made pertinent reference to the fact that, though the rice
position in Travancore State was worse than in Bengal, there was not
a single case of starvation because of the availability of tapioca as a subsidiary
food. In a similar manner many other countries, which ran acutely short of
foodgrains during the war years, made up for the deficiency by raising high-
yielding tubers like potato in Europe or sweet potato in the Far East. Many
countries of the world are currently dependent on tapioca which can be raised
on even inhospitable soils and without any special protection because the
leaves are not eaten by animals.

 The research conducted at Mysore during the early fifties showed that in
spite of its very low protein content, tapioca can partially replace rice, wheat
and millets and that at 25 per cent level there is actually better growth of
both experimental animals and children as compared with an exclusive grain
diet. This came as a surprise to the nutrition scientists who did not accept it
in the first instance; but independent trials conducted at Coonoor, Bangalore
and elsewhere confirmed the improvement in growth as the result of partial
replacement with tapioca. It was Dr. Guha who then drew attention to the
existence of another major limiting factor the deficiency of which was made up
by tapioca; and this proved to be the case as tapioca generally contains 5-6
times as much calcium as rice, wheat or most of the commoner millets. It was,

however, generally agreed that tapioca is best used only after adequate supple-
mentation with protein.

A MaJsor TECHNOLOGICAL ADVANCE AND A Lost OPPORTUNITY-—
A LEssoON AND A PROBLEM FOR THE FUTURE

The sequel to it was a major scientific and technological project in which
several disciplines collaborated and which attracted a large amount of attention
both in this country and abroad. The concept of converting a cereal flour
into a product with the size and shape of rice was not new and it had already
been achieved in the case of wheat which has an excellent natural binder in
gluten. Dr. Bhatnagar himself had done pioneering work in the reconstitution
of broken rice into the whole grain, but found that the problem was a difficult
one because of lack of a suitable binder in rice which could hold together the
particles of raw starch. The concept of starting with a low-grade tuber
flour like tapioca, then enriching with protein and converting it into a grain
with the shape and properties of rice was still more challenging. Coming in
the wake of the severe drought year of 1953, the need for such an effort was felt
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by all our national leaders and there was also a large amount of international
collaboration through the active participation of leading firms like Messrs
Buhler Bros. of Switzerland and Braibanti of Italy. By simple modifications
like use of boiling water, incorporation of some percentage of wheat and
groundnut flour and small quantities of an isoluble gum we had succeeded in
binding the grain and this was first checked up by trying out the formulation
with extruding machines in Europe (1961). On the basis of this a small
production unit with a capacity of 2 tonnes per day was specially fabricated
by Messrs Buhler Bros. and set up at Mysore. A few hundred tonnes of the
product which was named °‘tapioca macaroni’ was produced and used for
consumer trials. It is for sale at four annas (25 paise) per Ib to the consumers.
The product tended to cook soft in about five minutes and that naturally in-
volved some care in handling ; but this was no disqualification. As the product
was generally acceptable, the then ruling party in charge of the Kerala Govern-
ment (which is also now in power) asked for assistance to set up a 20-tonne plant
and this was also readily agreed to by the Centre. Plans had been drawn up
and even the site had been selected. We were about to invite tenders for the
supply of the equipment when there was a sudden political upheaval and there
was a change in the government. The proposed production programme was
treated as a political issue and the new government did not pursue the subject.

Here is a sad case of a scientific effort which was approved of and supported
by all the national bodies, right up to the Cabinet on the basis of nutritive
value, technological feasibility and cost—but still could not take shape.
There was, of course, scope for further improvement, but this would have
followed on the basis of experience and further study. The effort was not,
‘however, completely lost. The work was internationally recognized as a
major contribution and production along similar lines was also started in
other countries. The biggest scope was in respect of nutritional improvement
through incorporation of essential supplements in a composite product.

Nature has a unique mechanism for holding together particles of raw
starch in grains as well as tubers. Once the material is dried and powdered,
the natural binders lose their properties. Wheat gluten makes a near ap-
proach to the requirement as a binder, but even that does not permit of washing
in cold water; and the product requires to be cooked by being introduced only
when the water is boiling. Egg and fish proteins can act as binders, but they
are costly and in some respects objectionable. It was not, however, beyond
the reach of science to find a cheap and acceptable form of vegetable or other
class of binder which is dispersible in water. Mechanical drying should be
reduced to a minimum,

A successful effort was the production of Paushtik atta by extending
whole wheat atta (75 per cent) with tapioca (17 per cent) and groundnut
flours (8 per cent). This was accepted by even consumers in- U.P. as being
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generally more acceptable than whole wheat atta and distinctly better than
resultant atta. During the recent Bihar famine, a few thousand tonnes of
Paushtik atta were produced in South India, under the auspices of the Food
Department, and successfully used in Bihar.

In spite of the various possible uses, the production and utilization of
tapioca has not so far extended beyond Kerala and parts of Tamil Nadu.
It can come out well in most of the other states and can be raised with benefit
on what are presently wastelands. It can be used as an animal feed, pre-
ferably after cooking and draining off the water. It can also be dried and
stored as chips. It can be used as a source of starch or as a hydrolysate to
meet the growing needs of the fermentation industries. In times of emergency,
it will also be available as a source of human food.

If left exposed after harvest, tapioca undergoes quicker microbial spoilage
than most other tubers. The spoilage is chiefly due to bacteria which pene-
trate and spread through the core and the sides in less than 24 hours, develop-
ing acid with off-flavours and reducing the viscosity of the starch. The study
of preservation of dry chips as well as fresh tapioca was taken up as a project
sponsored by the Food Department. The work of Madhavan Pillai in Kerala
has shown that (1) washing with hypochlorite eliminates surface infection
and extends the storage life of dried chips which can be processed into stable
edible flour and (2) coveting of raw tapioca with a layer of moist soil preserves
the tuber in the fresh condition for about two months. This line of study
deserves to be followed up with special reference to the manner in which the
infection is arrested and also the scope for extension to the preservation of
other tubers.

FORTIFICATION OF SALT

Fortification on food without affecting the dietary patterns has long
been a major problem in many countries. In India, the earlier attempts at
fortification of wheat atta with calcium as carbonate had not been successful.
A fresh attempt was, therefore, made through the medium of salt which has
the advantage of not only dispersion throughout the food but also the facility
of dissolving most forms of calcium through the phenomenon of base exchange.
Moreover, salt consumption studies carried out by the Central Food Techno-
logical Research Institute had shown that, because of the acid nature of the
diet and the heavy consumption of pickles, the per capita consumption of
salt in South India is over 20 gm and that individual consumers may utilize as
much as 50 gm of salt per day. Feeding trials with experimental animals as
also human subjects had shown that calcium incorporated through salt was
readily absorbed and showed significant growth response (1958). The forti-
fication was taken up in collaboration with the Central Salt and Marine Prod-
uct Research Institute and an acceptable, stable quality of product was
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produced. Calcium sulphate which separates out during salt formation was
added back and the desired quality obtained without much extra cost.

There was, however, resistance from some sections of salt manufacturers
as also from some of the members of the Nutritions Research Committee on the
score that the step would be unusual as it is not practised anywhere else in
the world. It was Dr. Guha who pressed for the application as it may even
provide a lead for other countries to follow. He also showed that the trend
of evidence would point to calcium being the most obvious limiting factor in
the South Indian rice diet which has to be corrected. The programme was
approved by ICMR but there was no follow-up by any agency for several
years.

It is fortunate that the large-scale production of fortified salt with cal-
cium, iron and lysine is now being taken up by the government with the
active interest and support of USAID. It is expected that the salt will
be available at the price as the unfortified one which is now being produced.
Its use will be definitely beneficial to the vulnerable groups in the country.

Dr. GuaA’S VARIED INTERESTS—DEVOTION TO WELFARE OF
STUDENTS AND HOPES FOR THE FUTURE

Dr. Guha started as an organic chemist working with Sir P. C. Ray.
For several years he devoted his attention to the ‘mode of occurrence and
mechanism of action of three important vitamins, Niacin, B; and C, and among
these the work on Vitamin C is best known and most extensively cited. He
also contributed substantially to the advancement of biochemistry in the
country (1935-63) through support for several research centres and played a
prominent part as the leader of the Indian team in several International
Congresses. His concluding speech at the Moscow session which he last
attended received standing ovation from the thousands of the world’s foremost
biochemists. As a leading scientist and technologist, with a broad and catholic
outlook, his advice and assistance were sought in respect of a large number of
projects of national importance. Programmes and funds came to him even
without his asking for them. He realized at the same time that our most
important task is that of conserving our food resources and doing whatever is
possible for the betterment of the nutrition of our people. He devoted several
years of his life and a large part of his time to the advancement of food techno-
logy and but for his active interest and support what little progress was made
in the country would not have been possible.

Dr. Guha had deep attachment for his students and did everything pos-
sible to help them. There were many deserving students whom he maintained
at his own expense. Later, he helped them to get good positions in life.
Some of the highly placed people, not only in science but also in other walks of
life, were his past students. In their turn the students had great respect
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and admiration for him. His house was always open to them and they could
go to him with all their problems. Smt. Guha shared with him the ideal of
gervice and what she has done for countless number of refugees and other
suffering people is a matter of history.

The recent trends in respect of science and technology in the country
have been discussed on many platforms. A distressing feature about some
of the lines is the lack of inspiring leadership and what is more, indifference or
contempt for bold, original thinking and fresh approaches. Dr. Guha used to
often cite Szent Gyorgi, who was a fellow student with him at Cambridge:
‘A good research worker is one who sees what others see, but thinks what others
do not.” Prof. Seshadri is never tired of speaking about the importance of
dedication which is the secret of achievement in science. It is this which
is now lacking and there is also a growing sense of disillusionment among the
younger people who see others advancing without any merit or hard work.
Thanks to the great lead given by Pandit Nehru and Dr. Bhatnagar, the
country has now some fine laboratories with equipment and facilities compar-
able with the best in the world; and we have also a large number of promis-
ing research workers. What we now need is the right environment with
a zeal for leadership in thought and achievement that will earn the respect of
colleagues not only in India but also in other parts of the world. It is this
which Dr. Guha dreamt about, strove and fought for all his life. He never
compromised with the tame or weak-kneed outlook which often prevails and
which leads to the perpetuation of injustice or inefficiency; and I have known
occasions when he went up even to Prime Minister Nehru whom he knew
very well, to get a quick and equitable decision. We are now at the cross-roads
and we need him more badly today than at any earlier juncture. Though
he is no longer with us, his spirit is still living and his example of selfless and
dedicated life is before us to follow.



