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Development of agriculture necessitated interaction with " non-agricultural " technology 
even before recorded history. This interaction was brought about by man, almost from 
his beginnings, in the interest of his survival at first and later for his socio-economic 
progress. 

Early nomadic man in the Near East, which had not suffered very severe weather con¬ 
ditions during the last Ice Age, had made significant progress in his art technology in 
an effort to survive against the odds of nature. He had not only developed and used 
some crude tools for hunting to obtain animal food, but had later begun domestication 
of a few wild animals such as the ancestors of the present goat and sheep, wild pigs and 
cows. Some hunting communities had even deliberately protected natural areas of wild 
plants which they found useful to feed animals and perhaps even for their own food. 
This seems to have been followed by deliberate growing of food around 6000 B. C. - to 
begin with as part-time agriculture and stock-rearing.(l) 

The changes brought about by man in his environment placed him in a new situation, in 
a state of dynamics from which there was no going back. The change in his basic eco¬ 
nomy necessitated a series of technological advances to cope with the new situation. 
Interaction between man and nature resulted in his efforts to achieve greater mastery 
over nature initiating a chain reaction for his further progress. Man eventually reach¬ 
ed a stage when he became aware of the reasons for the changes he was bringing about. 
At this point he entered a new revolutionary era of his development when he could con¬ 
trol and direct the environment more effectively through his knowledge of nature - the 
era of Science. 

It took him nearly 8000 years to bring about this change since his first major revolu¬ 
tionary change of settling on land and beginning to develop art technologies for use. At 
every stage of man's development the interaction between agriculture and "industrial 
technology " has increased through his efforts. 

Early man did not live in isolation from his world; he continued to move in search of a 
better environment, better land, better livestock and even better technology. 

Early civilizations developed in river valleys as water played an important role as 
agriculture was the main means of survival and progress. There is adequate evidence 
of links that had developed between the great civilizations which existed.between 4000 
and 1000 B. C. The development of techniques for construction of dykes and canals 
seem to have similarities between the Near East, where it appears to have begun first, 
in Egypt and in the Indus Valley civilization. The use of mudbricks and then fired 
bricks also seems to have been developed through interaction between great civiliza¬ 
tions. This does not mean that each civilization did not develop its own technology. The 
first evidence of cultivated cotton has come from the Indus Valley which perhaps ob¬ 
tained several of its technologies from its Near Eastern neighbours. (1, 2) 

Agricultural materials, such as reeds and dug-out tree trunks, were used to construct 
rafts and boats for one of man's earliest communication systems. Cart-wheels, of 
which there is evidence from limestone reliefs of Mesapotamia in 3000 B. C. were 
made of wood. It is obvious that the wheel was actually discovered earlier. Harnessing 
of animals and the use of trained animal power controlled by man has been reported in 
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the Indus Valley between 4000 and 3000 B.C. for agriculture and transport. (1, 2) 
Metallurgy, specially the discovery of hardened alloys, represents another major step 
forward in technological development. Each one of these stages provided an impetus to 
increase the pace of man's progress and the interaction of his technologies with agri¬ 
culture. (2) 

Man had to learn processing technology to conserve his food and develop protective 
clothing. Salting and smoking of meat and hides are among the first evidences of this. 
Fermentation of milk to make cheese and the use of ice in colder countries to store 
food began much before written history. 

Spinning was practised in many civilizations and helped in the development of weaving 
which followed. Looms to weave natural fibres were used in Mesapotamia before 3000 
B.C. (1) 

Containers of hides and basketry were used by man perhaps as early as the last Ice 
Age. The development of pottery traces the ages of man and his technological progress. 
From simple mud and clay pottery he progressed to fired pottery and bricks and then 
used the potter's wheel for uniformity. The use of earthenware to store food and the 
mixing of chemically active dust with food grains to protect them against insect infes¬ 
tation are some of the outstanding examples of ancient traditional technology practised 
even today. They are safer than the toxic chemicals currently in use and with the help 
of science have been made equally effective. 

The paddle wheel and syphon for irrigation were developed thousands of years ago. Re¬ 
search to modernize these technologies deserves greater attention, specially in de¬ 
veloping countries today, when mankind is looking for alternative low energy technolo¬ 
gies and wants to make better use of the surplus manpower to reduce unemployment. 
(3) 

In the present age of modern science interaction between agriculture and industry has 
reached a much more advanced level and stimulates socio-economic development, 
thereby improving the quality of life for a better living. 

A careful study to provide deep insight into the interaction between agriculture and in¬ 
dustry would require creation of a proper neurocybernatic model. (4) No adequate at¬ 
tempt seems to have been made so far, but the need for it is felt more than ever in or¬ 
der to determine the impact of each aspect of agricultural development on industry and 
that of each aspect of industry on agriculture and of these two sub-systems on society 
which is a living system. The combined effect of the interaction of agriculture and in¬ 
dustry on human societies at different levels of development is of prime importance. If 
the interaction of these systems can be better understood and more carefully controlled 
it may be possible to bring about a more harmonious development, optimizing resour¬ 
ces which are getting scarce, their futher continued misuse can even result in disaster. 
A shift from a period of at least partial anarchy to a period of sound understanding for 
an ordered development based on scientific principles and a systems approach is called 
for today more than ever in the interest of mankind. 

Different components of the agricultural and industrial systems act synergetically. 
Their combined impact on the socio-economic aspects is substantially higher than their 
mere arithmetical sum. The factors involved in this interaction have both a short-term 
and a long-term effect. There is a need to analyse and understand the interaction more 
clearly in order to increase their positive contributions and to reduce the negative ef¬ 
fect which is proving socially very costly. 

Some of the interacting factors for which the cybernatic model approach is urgently 
called for are: land and the size of the holdings; agricultural populations and their 
training; cropping patterns and the impact of industry on them; produce demand and 
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trade; availability and utilization of inputs such as fertilizers, pesticides and chemi¬ 
cals; energy resources and mechanization; agricultural credit and finance; effective ap¬ 
plication of post-harvest technology for storage, handling, conservation, processing 
and utilization; level of competence; and the infrastructure for research, development 
and use of modern science and technology. Generally the interaction between these fac¬ 
tors is recognized but not as a set of systems and the relationships between the sys¬ 
tems for clear social objectives. It is, however, generally recognized that the interac¬ 
tion has contributed substantially to development, depending upon the social and econo¬ 
mic conditions under which they were utilized. The impact has not always necessarily 
been positive as there is substantial evidence of negative effects, such as pollution of 
land, water and air, disorganized migration, malnutrition etc. The "consumerism" 
philosophy motivated by predominantly individual profits can lead to a distorted ap¬ 
proach resulting in the misuse and waste of natural resources, manpower, material 
and finance. 

In a paper of this type it is not possible to examine every aspect of the positive and ne¬ 
gative impact in detail. An effort has been made to use a few examples relating to fac¬ 
tors, national and global, which interact and to indicate their value in improving the 
quality of life. 

Man himself is a well integrated system. If one part of the system is cut off from an¬ 
other he cannot function. Similarly man's society is a living organism and so is the 
process of development. Much attention has been given to the study of the cortex which 
is basic to the control of man's functioning. (4) The study of his society and social 
progress deserves the same degree of attention. Within a system there are major sub¬ 
systems. Each component must be studied horizontally and vertically and harmonious 
interaction brought about between them. Thus, industry and agriculture are parts of a 
horizontal system of social economy. These two systems require vertical study in 
depth and each one of their sub-systems must again be analyzed vertically and horizon¬ 
tally. 

Interaction to increase production 

The interaction which has already taken place between agriculture and industry in the 
area of increasing food production and conservation has made very significant contri¬ 
bution to feed mankind. 

Between 1958 and 1972 arable land area increased by 4.8% but the world's population 
went up by nearly 30%. (5) It was possible to feed these people not only because of the 
use of high yielding varieties of seeds developed for cereals and better management of 
cultivation practices but also because of the application of industrially produced ferti¬ 
lizers and other inputs. Food supplies were also improved through the application of 
better post-harvest technologies. Much, however, remains to be done to bring about 
more integrated interaction between agriculture and industry to improve food supplies 
further, raise employment, stimulate rural development, establishing better trade ba¬ 
lances and speed up social transformation to ensure rapid progress of developing coun¬ 
tries. 

1. Water as a factor in increasing agricultural productivity 

Among principal factors which help to improve productivity in agriculture, water is of 
paramount importance. The response of high yielding crop varieties to fertilizers can 
be increased substantially by adequate water at the right time. 

The world crop is approximately 10% of the earth's land surface. Of this, 40% is situ¬ 
ated in humid climates, another 40% in dry climates where supplementary irrigation 
could often double production; 15% is located in semi-arid climates where it could be 
assumed that water would triple the production and finally 5% is desert land, where 
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more water could increase production several times. 60% of the world crop area thus 
needs additional water to improve rain fed conditions, as against 10% of the cultivated 
area which is under irrigation. Table 1 shows the irrigated area as a percentage of the 
arable land in 17 countries in different regions of the world. (6) The green revolution 
has been possible mainly in irrigated areas. 

Table 2 shows the effect of irrigation and fertilizers on yields of cotton. While fertili¬ 
zer alone, without irrigation, increased the yield by 34%, irrigation could so so without 
fertilization to the extent of 37%. A combination of the two however, increases the yield 
by 114%. (7) 

Appropriate knowledge of civil engineering has to be applied to irrigation in order to 
ensure optimization of water use in irrigation. Without this the losses due to evapora¬ 
tion, seepage and unnecessary flooding of fields can be quite high. Improper use of 
water can lead to water-logging and increase in soil salinity which can make land un- 
cultivable. 

2. Interaction of fertilizer industry with production 

Fertilizers have played an important role in bringing about interaction between agricul¬ 
ture and industry. Production and utilization of chemical fertilizers is given in Table 3. 
(18) Industrialized countries and areas of the world which manufacture and can afford 
to use more fertilizer have increased their yields substantially. It is, however, clear 
that this success could not have been achieved by fertilizer use in isolation from other 
inputs. 

Table 4 gives the comparative response of high yielding hybrids and local varieties of 
cereals to nitrogen in India. The yields are related to the amounts of nitrogen used, 
the choice of a suitable variety and irrigation. This represents a clear interaction be¬ 
tween the biological sciences of breeding, chemical and petro-chemical technology, 
water management and civil engineering. Soil conditions and climates also play an im¬ 
portant role in obtaining high yields. 

Many developing countries with low incomes have large areas of land available for cul¬ 
tivation, but because of inadequate resources it is not possible for them to utilize fer¬ 
tilizer in sufficient quantities. Table 5 gives a comparison of fertilizer utilization in 
relation to arable agricultural land and population, between Japan and India. 

Tables 6, 7 and 8 give responses of various crops in Latin America, Near East and 
Nepal to the use of fertilizers. They show increases of crop yield per kilogramme of 
fertilizer applied. Under today's conditions it would pay to increase agricultural pro¬ 
duction per hectare in developing countries where the fertilizer use is quite low, as 
compared to advanced countries who are already using large amounts of fertilizers. 
The use of fertilzer in relation to arable land in Japan and India, as given in Table 5, 
shows the potential for such benefits. (11) 

3. Pesticides and productivity 

Pesticides which are mainly products of the chemical industry have played a vital role 
in interacting with agriculture for increasing production qualitatively and quantitatively. 
The use of insecticides in 1969 and 1971 in a number of countries is given in Table 9. 
Most of the advanced countries who have obtained high yields of different crops are the 
largest users. (10) 

Table 10 gives an idea of the losses which occur in some of the African crops due to in¬ 
sects, plant disease and weeds. Reduction of these losses which vary between 26 and 
69% can help many countries to become self-sufficient in food, improve the quality of 
diet and to earn much larger amounts of foreign exchange trough exports. 
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Table 11 shows the benefits derived by different countries in crop yields as a result of 
the use of pesticides. Developing countries who use the least amount of pesticides also 
have low crop yields. (10) 

Table 12 shows benefit cost ratio for rice and cotton in India. (11) These studies 
more than adequately bring out the economic benefits of using pesticides. 

But, it must be emphasized that indiscriminate use of pesticides without adequate 
knowledge and control produces difficulties and has a negative impact, such as conta¬ 
minating soil and water and creating health hazards for the users and rural populations. 

4. Energy production and consumption 

The present energy crisis, although created by political decisions affecting petroleum 
supplies, has necessitated a fresh analysis of the problem. 

It is clear that large differences in income are associated with large differences in 
energy utilization by nations ; or even more sharply ( 5 ), it can be stated that energy 
consumption is directly related to the level of national income. 

Mankind stands at the threshold of a new age due to the development of nuclear power. 
The harnessing of solar energy could be another milestone in man's progress. 

The consumption of energy is increasing at a staggering rate. It is estimated that by 
1980 the world will consume twice as much energy as it did in 1960 and probably five 
times as much by the year 2000. The rate of increase in different regions of the world 
is likely to vary. The countries of North America, Western Europe and Oceania used 
80% of the world's energy in 1960, while the developing countries used 20%. It is ex¬ 
pected that this picture will change. The total consumption of energy in the advanced 
countries will come down to 45% and that of the developing countries will go up to 35% 
by the year 2000, due to industrialization of the latter. (25) 

An extremely large supply of cheap energy, mainly produced by nuclear power and 
perhaps by solar energy, can help to change the world drastically. It may be possible 
to establish thriving communities where today there are empty deserts. Thus energy 
production and utilization is vital to the interaction between agriculture and industry. It 
is required for manufacturing agricultural inputs and for the post-harvest processing 
industries. Increasing attention will have to be paid to the development of low energy 
technologies, specially for the developing countries and to synergetic use of the energy 
generated from different sources, such as wind, water, sun, nuclear power, fossil 
fuels etc. , to optimize energy production and utilization. 

5. Mechanization of agriculture 

Mechanization is a complex process, its use in agriculture is inter-linked with various 
aspects of farming operations such as land development, irrigation, drainage, soil 
preparation, application of fertilizers, pest control, harvesting, transport and drying. 
The extent and nature of mechanization depends upon the size of land holding, availabi¬ 
lity of capital resources for mechanization is also an important factor besides the 
technical competence to run mechanized operations and maintain the equipment. ( 14 ) 

The actual power availability per hectare of arable land varies from country to coun¬ 
try, being quite low in developing countries. There also appears to be a relationship 
between mechanization and yield of crops although there are a number of other factors 
involved in it. Table 13 shows that the availability of horse power per hectare in the 
U. S. A. is about six to eight times higher than in India and Iran and the yield of crops 
in the U. S. A. is two to four times higher. Doubling or even tripling human labour per 
hectare increases the power availability in quite a limited manner. Thus, the extent 
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and nature of mechanization in developing countries that would ensure synergetic use of 
mechanical and manpower will have to be worked out in terms of resources and in rela¬ 
tion to the desired impact on increasing production. (14) 

Table 14 gives a picture of the 4 wheel tractors and crawlers in use in agriculture in 
different regions of the world. Wherever industry is advanced and provides large em¬ 
ployment, mechanization of agriculture has been stimulated, thus economic develop¬ 
ment and technological progress have resulted in greater interaction between agricul¬ 
ture and industry. Europe, U.S. A., Canada, Japan, New Zealand, Australia and South 
Africa have 1.4 horse power per hectare as against the rest of the world, a large ma¬ 
jority of mankind, having only 0. 06 horse power per hectare. In advanced countries 
there are 35. 6 hectares of land per tractor as against developing countries who have 
678.0 hectares per tractor (Table 15). 

It is often argued that shortage of energy would affect agriculture adversely. This would 
be difficult to justify because the energy consumption in mechanization of agriculture is 
only 2.4% in diesel fuel equivalent -(14) for the whole world. This includes manufacture 
and operation of farm equipment as shown in Table 15 A. 

6. Combined effect of industrial inputs on agriculture 

With the rising cost of agricultural inputs it is becoming necessary to study and arrive 
at optimum levels of different inputs when they are used in combination with each other, 
in order to derive maximum benefits. Table 16 gives an account of the average effect of 
fertilizer, improved seed and insecticide on maize yields on 46 farms in Honduras. 
Value/cost ratios show the benefits derived. There is need for such studies through 
preparation of proper cybernatic models in many parts of the world incorporating even 
larger number of factors which contribute to increasing production. 

Post-harvest technology 

Interaction between agriculture and industry is even greater at post-harvest level. This 
covers a large number of sectors such as storage and conservation of food and agricul¬ 
tural products, primary processing, milling, manufacture of semi-finished and finish¬ 
ed products as well as utilization of waste to manufacture byproducts. To cover all 
these areas and indicate the impact of each of the 60 or more sectors and sub-sectors 
of agro-industries on agriculture is not possible, therefore, it will be best to concen¬ 
trate on discussing a few areas of priority which deserve special attention specially in 
developing countries to improve food supplies. (12) Therefore, the following food con¬ 
servation and processing industries have been selected, for the purpose of illustration. 

1. Food grains 

Food grains deserve special attention as they constitute the main item of diet in the 
world. In developing countries cereals and grain legumes account for over 80% of the 
food. 

The per capita availability of food grains in the world is about 2| times the requirement 
for direct human consumption. Also the availability of protein is between 50 and 70 
grains per day which is nearly twice the requirement. What is then the main reason for 
food shortage and malnutrition. (3) 

It has been pointed out that at least one-third (15, 16) of the increased demand of food 
grains is accounted for by a sharply increased use of food grains in animal feed to meet 
the requirements of animal products for affluent societies. The world use of food grains 
for livestock feed rose by 6.3% per year between 1961-63 and 1969-71 while protein- 
calorie malnutrition continued to increase. (18) The 374 million tons of grain used an¬ 
nually for livestock feed in affluent countries in 1969-71 was greater than the total hu- 
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man consumption of cereals in China and India put together. 

2. Storage losses 

Food losses during storage are very high specially in developing countries. It is esti¬ 
mated that they are between 20 and 30% during post-harvest handling, processing and 
distribution in the case of cereals and are even higher for perishable foods such as 
fruits and vegetables. Table 17 gives an idea of the food losses (3) and brings out the 
urgency to prevent them. 

Rats, insects and micro-organisms perhaps cause the largest amount of food losses. 
Six rats can eat the food of one man. The potential for their reproduction represents a 
staggering figure. In one year's time a pair can often produce 60-70 off-springs, which 
survive to maturity. It is fortunate that ecological conditions are not always fully suit¬ 
able for their survival, otherwise man might be displaced. An emergency had to be de¬ 
clared on the Island of Mindanao in the Philippines in 1953 when rats destroyed close to 
70% of the crop. A similar situation had arisen on the island of Madagscar in 1965 when 
they destroyed 80% of the crop. (3) The studies carried out by Ramakrishna et al have 
brought out that between 46 and 78% of crop can be destroyed by rats at different stages 
of growth and storage. (19) The study carried out by Spillet in a warehouse in Calcutta, 
has shown that the mean density of the nadicoot rat was 0. 78 per square metre. Ac¬ 
cording to him an adult female bandicoot has about 11.31 pregnancies per year. (20) 

Losses due to insect infestation can also be very high, for example the pulse beetle 
passes through eight overlapping generations in one year. The progeny of forty eggs 
can reduce the weight of infested grains by 49% just in six months, besides contaminat¬ 
ing it by metabolites like uric acid. ( 3 ) 

Grain damaged by insects can result in further loss of food during milling. For examp¬ 
le chickpeas with kernel damage of 15% give a milling yield during their splitting as low 
as 65% as against 18% when the insect damage was 2%, Table 18. 

Similarly in the case of groundnuts, insect infestation resulted in the reduction of via¬ 
bility, increase in fatty acids and reduction in oil extraction yields - Table 19. (3) 

It is very important to take adequate measures to prevent storage losses at a time 
when the cost of food grain production has increased due to high prices of inputs and 
their world price has gone up several times. For example, the price of wheat went up 
from 62$ per ton to 222$ and was 179$ in July 1974. According to the assessment of the 
World Food Organisation situation prepared for the World Food Congress held in Novem¬ 
ber 1974 the cereal gap for developing countries is expected to be 85 million tons annual¬ 
ly. (18) Thus, the average good shortage which is 3-6% will rise to nearly 10% by 1985. 
A good portion of this can be filled by taking adequate action to reduce the losses during 
storage alone. Suitable measures will, however, have to be designed and a machinery 
built for application of appropriate technology specially in rural areas where the problem 
really exists. In many developing countries as much as 70 to 80% of the basic food do 
not even enter what is known as the marketing channel in advanced countries. They are 
produced, stored and consumed in the rural areas. There is plenty of room for de¬ 
velopment of appropriate technologies based on traditional experience, through the use 
of modern scientific knowledge. Some work already done in the direction has produced 
valuable results, such as the development of activated clay containing metahydrogen 
halloysite to control insect infestation. Much greater effort is, however, required to 
develop such technologies which are effective and safe. 

3. Processing of food grains 

Due to inadequate technology used in milling and processing of food grains and impro¬ 
per maintainence of equipment the processing losses can be quite high. A systematic 
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effort to prevent these losses is urgently required. 

Many developing countries use out-dated rice milling equipment and in most cases it is 
maintained in very unsatisfactory condition. (21) A large number of mills are so small 
that they cannot utilize waste to produce byproducts, such as rice bran. Table 20 based 
on recent studies in India shows that it should be possible to raise the milling yield by 
1. 5 - 3. 5. If the rice milling industry is modernized, even at the present level of pro¬ 
duction, many countries should be able to overcome almost half their rice shortage. 
(3, 21) 

Most of the developing countries are very short of fats and oils as well as cattle feed 
and rice bran is an excellent potential source of these. It is important that rice bran be 
utilized for oil extraction soon after milling in order to prevent the development of hy¬ 
drolytic rancidity. If the rice mills can be large enough or if several of them could be 
grouped together in an industrial state, it should be possible to obtain at least 10 tons 
of bran per day which would make it possible to set up an economic unit for solvent ex¬ 
traction of the oil. If the bran can be extracted soon after milling, there would be no 
problem of hydrolytic rancidity which develops on its storage due to lipase activity and 
microbial contamination. Wherever a number of small mills are located at longer dis¬ 
tances from the solvent extraction plants, it would be necessary to inactivate the lipase 
by suitable treatment. Rice bran contains 15-18% fat which could meet the urgently 
needed calorific requirements in the people's diet. Further, the extracted rice bran 
containing about 15% protein could be used efficiently for the manufacture of composite 
cattle feed to produce additional animal food for human consumption. With the heavy 
pressure of population on land, agricultural byproducts are of great value for produc¬ 
tion of animal foods for the people. 

A well organized rice milling industry could also result in the development of other al¬ 
lied industries, such as manufacture of activated carbon from the rice husk and also 
manufacture of hard board, both of which are required today in sufficiently large quan¬ 
tities. 

4. Parboiling of rice 

Over 50% of the 40 million tons of rice produced in India and almost the entire rice 
production of Bangladesh is consumed in par-boiled form. (21) The traditional pro¬ 
cessing consists of soaking paddy for 2-3 days followed by steaming, drying and mill¬ 
ing. This has the advantage of fixing the vitamins present in the pripheral bran layers 
into the kernel. The traditional practice, however, has several disadvantages in that 
the product develops off-odour due to microbial fermentation during soaking and also 
results in production of mycotoxins during the slow process of sun drying specially 
during inclement weather. While there are several sophisticated processes of parboil¬ 
ing in existence, a simpler process has been developed which consists of soaking paddy 
at 70° C for 4-5 hours, steaming and mechanical drying. This not only speeds up the 
entire process, but yields a product of high quality. If larger quantities of rice were to 
be parboiled in the world, it would not only improve the nutritional quality of the diet 
through making more vitamins of B groups available in the rice, but also reduce con¬ 
siderably the breakage during milling. If some other rice consuming countries could 
adopt this process the incidence of beri-beri could be eliminated without resort to arti¬ 
ficial vitamin enrichment of milled white rice. 

As the modern techniques of parboiling eliminates the need for sun-drying, the losses 
due to birds are also eliminated. 

5. Processing of legumes 

Grain legumes are a very important source of protein in most of the developing coun¬ 
tries of the world. Being rich in lysine, they provide a valuable supplement to the ce- 
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real diet. 

The traditional milling (husking and splitting) techniques are not only inefficient, but 
result in losses due to breakage and powdering. An improved process has now been de¬ 
veloped which essentially involves conditioning of the skin for its easy removal and em¬ 
ploys the pearling technique to prevent breakage. Table 21 shows the improvement in 
yields of various legumes. By adopting this, about 1. 5 million tons can be added to the 
food supplies of India alone. 

6. Milling of wheat 

Although production of wheat is the largest among the world cereal crops, it has been 
mainly confined to more advanced countries. Its production in developing countries is, 
however, increasing. Due to urbanization, the use of bread is becoming quite wide¬ 
spread. If the wheat supply is to go further both quantitatively and qualitatively, it 
would be essential to restrict the milling of flour to about 85% extraction, as was done 
in the United Kingdom during World War II. ( 3 ) 

7. High protein foods 

Of the world population of 3. 8 billion (22), nearly 20% are children below the age of 6. 
Over two-third of them live in technologically less developed regions of the world. 
They are the worst sufferers as far as the deficiency of important nutrients, particu¬ 
larly proteins is concerned. A large number of them also do not get adequate calories 
at present. It is, therefore, essential to give priority to the improvement of their diets 
if economically productive and creative populations are to be raised for facing an in¬ 
creasingly competitive and challenging future. Table 22 shows per capita availability of 
major sources of proteins in different countries of the world. (3) If these resources 
can be utilized through the establishment of a proper industry for conservation, pro¬ 
cessing and distribution, protein-calorie malnutrition can be very successfully reduced 
and perhaps even overcome. This table also shows that the world per capita availabili¬ 
ty of protein is more than twice the requirement. The per capita availability of protein 
from legumes and oilseeds alone can overcome almost the entire protein deficiency. 
While legumes are a regular part of the daily diet, the oilseed proteins remain largely 
unutilized for direct human consumption. If products can be manufactured in which the 
latter constitutes an important part, the protein content of the diet can be raised to 
the required level and 4 million tons of food added to the present supplies in India 
alone, by the direct consumption of oilseed proteins. The situation in many other coun¬ 
tries is quite similar e. g. the Philippines, 1446,000 tons of copra can supply 98,500 
tons of good quality protein. 

Methods of producing edible grade oilseed meals and isolates ( 23 ) have been developed 
and these concentrates can be used to a great advantage in a number of ways. (Table 23). 

The guidelines prepared by PAG and the assistance provided by the sponsoring U. N. 
agencies has led to successful utilization of these protein concentrates in the develop¬ 
ment, manufacture and marketing of weaning foods including milk like products to over¬ 
come protein-calorie malnutrition. 

8. Losses in perishable foods 

The under-developed economy and the consequent technological backwardness are re¬ 
flected in the fruit and vegetable processing industry also. In the U.S. A. over 50% and 
in the U. K. nearly 40% of the fruits and vegetables produced are processed into various 
products, while in India barely 0.4% of the total production of fruits and vegetables are 
processed. The situation in a number of other developing countries is not very different. 
(3) 
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It is estimated that close to 30-50% of fruits and vegetables are wasted at various post¬ 
harvest stages due to defective handling, packaging, transport and distribution; there 
are few ventilated or refrigerated vehicles in use. If the wastage can be reduced to 
even half, the diet will be improved substantially both qualitatively and quantitatively. 

Conditions for optimum refrigerated storage have already been worked out for most of 
the fruits and vegetables and the information has been supplied to the industry. The 
main difficulty, however, lies with the transport and marketing system, a further indi¬ 
cation that technology cannot succeed in isolation from other socio-economic conditions. 

The losses in fish handling, storage and transport are also quite high. Considering the 
limitations under which technologically less developed countries have to work, simple 
technology which can assist even the small scale fish handling and marketing operations 
deserves special attention. A newly developed insulated reusable basket based on tra¬ 
ditional packaging materials (bamboo and reeds) has helped to increase the distribu¬ 
tion of fish along the coast up to 25 miles on bicycles while it was originally being sold 
within a radius of 8-10 miles. The basket can also be transported up to distances of 
400 kms in trucks and on luggage racks of buses. 

Improved techniques for sun-drying of fish have proved very helpful in preventing loss¬ 
es. After proper cleaning and treatment with sorbic acid, the shelf-life of dehydrated 
fish increases from 3 to 9 months. Such products also have good markets in several 
countries of South East Asia. 

9. Changed food situation 

It is clear that the world food situation has changed and will not go back to the pre-1972 
level. It calls for new clear policies on production, conservation, processing and utili¬ 
zation of foods which constitute the main diet of the large majority of the world popula¬ 
tion. Special attention will have to be given as a part of this effort to the requirement of 
the vulnerable groups. A sound programme of developing food conservation and pro¬ 
cessing industries can help to improve the food supplies both quantitatively and qualita¬ 
tively. It will add value to the raw material, assure better markets to the producer, 
create opportunities for greater agricultural inputs, raise nutritional standards and 
improve productivity, provide employment, specially in rural areas and open new op¬ 
portunities for investment. Thus, it will fulfil two most important pre-requisites for 
overcoming protein-calorie malnutrition, namely, improve food supplies and incomes. 

Socially oriented technologies: their selection, transfer, development and utilization 

In many respects development of less advanced countries has been conceived as an ex¬ 
tension of or transplant of either existing and even obsolete technologies from advanced 
countries. It is obvious that this has not produced the desired results as is clearly in¬ 
dicated by the widening gaps in income and overall economic stagnation. What is need¬ 
ed by these countries is perhaps something quite different. (3, 13) 

Science is universal, but this is not necessarily true for technology. Unless science, 
technology and society inter-react in an effective manner, the desired results cannot 
be produced to solve the problems. 

Only about 2% of the world expenditure on science and technology research and develop¬ 
ment occurs in developing countries. There is not only need to increase it but to utilize 
the limited resources in a manner that would produce optimum results of socio-econo¬ 
mic value. 

Technology selection, transfer, development and utilization require a clear policy to 
be made with the active participation of the scientists involved in agriculture, food 
science and nutrition research, and the establishment of a machinery to implement it. 
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For this purpose agricultural production and post-harvest storage, handling, milling, 
processing as well as marketing and distribution have to be considered as an integrated 
system to meet the food and nutrition requirements, and to stimulate agro-economic 
development. 

To fulfil this objective, a proper infrastructure must be developed to cover the follow- 

(a) Establishment of a proper machinery for identification of the problem to fulfil the 
socio-economic objectives. 

(b) Building of a sound information service which can provide the required informa¬ 
tion in a usable form. 

(c) Critically examining the existing traditional art-technologies and selecting those 
for conversion into modern science technologies that would produce a real impact. 

(d) Critically examining modern technologies which after adequate adaptive research 
to make them socio-economically useful can be utilized by the industry in a coun¬ 
try. 

(e) Developing appropriate modern science-based technologies. 

(f ) Maintaining constant vigilance on existing technologies to prevent obsolescence in 
terms of changing conditions. 

(g) Advising the industry and government on planning so as to include adequate finan¬ 
cial provision for research and development at an appropriate stage in the plan 
for sound techno-economic progress. 

(h) Training of personnel and constant upgrading of their competence in terms of 
specialized knowledge on the one hand and social awareness on the other. 

( i ) Exchange of first hand experience between research institutions to stimulate the 
work and improve the quality. Such experiences between institutes in developing 
countries working under similar conditions, socially, economically, climatologi- 
cally, geographically, can be of special significance in the field of food and agri¬ 
cultural research. 

(j ) Mobility of personnel between research institutions, industry, imiversities and 
certain departments of the government, including planning bodies should be en¬ 
couraged. 

(k) In developing countries, the ability of industry to bear the risks of new technolo¬ 
gies is very limited. Therefore, the risk factor must be minimized by the re¬ 
search and development institutes investing in prototype and.pilot plants to prove 
the economic feasibilities of new processes. 

(1 ) Where product testing and marketing is required, the institute should run the pilot 
plant for the interested entrepreneurs and assist them in gaining sufficient confi¬ 
dence and after that help them to set up a commercial operation even by lending 
services of the staff for a fixed period. 

(m) Where consultant services are not available a special organization or a division 
of the institute should be set up for undertaking such work to set up turn-key 
plants on a performance guarantee basis. 

13 



Technology has played a vital role in bringing about interaction between industry and 
agriculture and has been in fact responsible for its stimulation. This will continue to 
be the case but the return which the society obtains from this interaction will depend 
upon the appropriateness of the technology developed through the use of science. 

International trade in processed foods and feeds 

Trade has played a valuable role in bringing about interaction between agriculture and 
industry within the countries as well as internationally. Most of the developing coun¬ 
tries earn between 50 and 90% of their foreign exchange through export of agricultural 
raw materials, a good portion of which are used by the processing industries in ad¬ 
vanced coimtries. There is, however, an increasing realization that the producing 
countries should manufacture processed food and agricultural products in order to take 
advantage of the value added through processing and in raising the employment by es¬ 
tablishing agro-industries. In a typical industrialized country $100 worth of food in a 
retail shop contains about $50 representing cost of processing and distribution, against 
$20 in agricultural inputs and $30 of value added on the farm. (24) 

Developing countries account for only 15% of the output value of the world's food pro¬ 
cessing industries, although they represent nearly 70% of mankind, every effort needs 
to be made to change this picture. Even the developed countries are realizing the ad¬ 
vantages of manufacturing certain products which are labour intensive in developing 
countries. According to United Nations figures the production of processed foods in¬ 
creased in developing countries at constant prices by 4.4% per year between 1960 and 
1965 and 5, 8% per year between 1965 and 1970. 

In 1967-69 processed foods accounted for 21% of the total value of the world agricul¬ 
tural export and for nearly one-third of the value of food, feed stuff and beverage ex¬ 
port as shown in Table 24. 

The value of processed food exports during the first United Nations development decade 
rose by 6.4% in developed countries, but the rise was only 5.4% for developing coun¬ 
tries and 11% for centrally planned economies. Thus, the share of developing countries 
declined from nearly 21% to 18. 5%. Table 25 gives the value of agricultural and pro¬ 
cessed food exports over the previous 1960-69. 

Processed livestock products, oils and fats and alcoholic beverages and processed 
animal feed stuffs account for nearly two-thirds of the global processed food exports - 
Table 26. 

Nearly two-thirds of the processed food entering world trade moved to three major 
markets. Of these the six original E. E. C. member countries were the largest impor¬ 
ters, the United Kingdom being in the second place and the United States was the third, 
but the fastest growing as shown in Table 27. 

The trade pattern in processed foods will change as the raw material producing coun¬ 
tries are becoming more and more conscious of building their agro-industrial base for 
raising their foreign exchange earnings. It may, however, be mentioned that trade bar¬ 
riers are often formidable and are particularly adverse to the developing countries. 

Employment 

Employment is vital to bringing about any human improvement. Without a minimum in¬ 
come it is not possible either to purchase food or for an agriculturist to retain his re¬ 
quirement out of what he produces. In the course of development process employment 
and income level are a very vital factor. 

In a number of developing countries, agriculture is reaching saturation as a means of 
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employment. Therefore, it has become necessary to find alternative employment spe¬ 
cially in rural areas through the use of post harvest technology for conservation and 
processing of food and agricultural products or to make efforts for shifting the popula¬ 
tion into industrial areas. 

The share of agriculture in total economically active population varies from the average 
of 87% in the least developed countries to about 10% average in the most advanced coun¬ 
tries. Between these two levels, the average annual rate of growth of economically ac¬ 
tive population in agriculture in the 1960s diminished from 1. 7% to minus 2. 2%. As a 
result the increase in economically active population in agriculture during the 1960s 
amounted to 45. 6 million persons in developing countries, while in developed countries 
there was a reduction of 23. 3 million persons. Simultaneously the labour absorption 
recorded for the manufacturing sector was 15.6 million persons in developing countries 
and 24. 5 million persons in the developed countries. (5) 

It is therefore obvious that employment continues to be a serious problem in developing 
countries which represent 70% of mankind but only 16% of the world income. 

Mr. Robert McNamara, President of the World Bank has mentioned that in 40 develop¬ 
ing countries, for which data is available, the upper 20% of the population has received 
55% of the benefit from the rise in the national income, while the lowest 20% has re¬ 
ceived only 5% of the benefits. The problem of malnutrition is almost acute for 800 
million people, 40% out of the total of 2 billion living in developing countries whose in¬ 
come is less than US $0. 30 per day. (17) 

The number of economically active persons in agriculture per 10 hectares of agricul¬ 
tural area increases from the average of 1.5 in the least developing countries to nearly 
5 in the more advanced developing countries and to 7 in the top range of developing 
countries. This ratio falls below 4 persons per 10 hectares in less advanced among the 
developing countries and to 0.5 persons per 10 hectares in most advanced countries. 
These average figures do conceal certain discrepancies between individual countries 
but bring out the nature and magnitude of the problem of employment in agriculture. 
Still there is considerable scope for labour absorption in agriculture in some countries, 
but in others new employment opportunities should be sought away from land in agro¬ 
industries or in other areas of industrial development. (5) Thus, interaction between 
agriculture and industry can help to raise the employment potential considerably. 

Summary and conclusion 

Man has brought about revolutionary changes in his social environment through inter¬ 
action between agriculture and industry. As society developed and man began to under¬ 
stand nature in a systematic manner the individual interacting factors began to be 
recognized and utilized for greater benefits to mankind. There is no doubt that the po¬ 
sitive aspects of the outcome of this effort, conscious or unconscious, seem to out- 
weight the negative ones. It would, however, be difficult to justify that the interaction 
between agriculture and industry has been utilized in an optimum manner. Affluence 
and poverty co-exist. Developing countries whose economies are predominantly agri¬ 
cultural account for only 16% of the world income while they represent over 70% of 
mankind. Even within the developing countries, the income gap has widened. This situ¬ 
ation continues to challenge the policy makers, scientists, technologists, economists 
and others involved in the process of development as to how the resources in new ma¬ 
terial and finance could best be used to improve the quality of life, specially of the low 
income populations. 

Development resources are limited, prices of agricultural inputs are rising rapidly, 
food losses continue to be high, the economy of waste is not yet under adequate control, 
malnutrition has been rising and unemployment presents a serious problem. All this is 
happening in a world of plenty. A cybernatic model to identify each component of the 

15 



economy and to optimize the use of resources, several of which are not renewable is 
needed so that the results achieved provide maximum benefit to the largest numbers. 
The main factors involved in interaction between agriculture and industry at pre and 
post harvest level have been discussed briefly. The objective of this is to stimulate 
discussions, to examine each factor in detail and its relations with others in order to 
find a way for a more harmonious interaction to produce better results than what has 
been achieved so far. 
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ARABLE LAND AND LAND UNDER IRRIGATION IN SELECTED COUNTRIES 

Country Year* 

Mexico 

Brazil 

Chile 

Colombia 

Venezuela 

Peru 

Argentina 

Ceylon 

China,Taiwan 

India 

Malaysia West 

Pakistan 

Philippines 

Thailand 

Turkey 

Algeria 

Ethiopia 

1960 

1952 

1964/65 

1960 

1961 

1961 

1957 

1966 

1966 

1965 

1965 

1960 

1963 

1964 

1963 

1966 

1961 

Arable Land 

Irrigated 

Actual 

Land 

As a percentage 

of arable land 

million ha 

23.82 

29.76 

4.51 

5.05 

5.22 

2.70 

19.47 

1.88 

0.90 

162.43 

2.45 

27.68 

7.93 

11.27 

26.38 

6.78 

12.52 

3.52 

0.14 

1.10 

0.23 

0.22 

1.02 

1.50 

0.40 

0.49 

26.15 

0.23 

10.76 

0.94 

2.06 

1.31 

0.23 

0.03 

15 

1 

24 

5 

4 

38 

8 

21 

54 

16 

9 

39 

12 

18 

5 

3 

* 

Refers to irrigated land 

Source: FAO 1967 Production Yearbook 

Table 1 
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YIELDS OF COTTON IN RESPONSE TO FERTILIZERS AND IRRIGATION 

No. Treatment Vied of 
seed (cotton) 
per acre. lb. 

Percentage 
increase 
in yield over No. 1 

1. No fertilizer, 
no irrigation 232 

2. Fertilizers only 312 34 

3. Irrigation only 319 37 

4. Fertilizer plus 
irrigation 497 114 

Source: Annual Report for 1942-43, Agricultural Research Station, Sirigoppa, Madras, India. 

Table 2 
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PRODUCTION AND CONSUMPTION OF CHEMICAL FERTILIZERS 1), WORLD AND MAIN REGIONS, 
JULY/JUNE, 1967/68, 1971/72 AND 1972/73. 

Production 2 ) Rate ot Consumption 3 Rate of 
1967/68 
1971/72 
1972/73 

increase 
1967/68 
to 

1967/68 
1971/72 
1972/73 

increase 
1967/68 
to 

1972/73 1972/73 

million tons percent 
per year 3) 

million tons percent 
per year 

Developed market 
economies 4) 40.4 46.5 48.5 . 3.7 33.8 38.7 40.5 3.7 

North America 

Western Europe 

Oceania 

Eastern Europe and 

U.S.S.R. 

Total developed 

countries 

17.7 21.3 21.9 

17.9 19.9 20.8 

1.3 1.3 1.4 

4.3 

3.0 

2.0 

14.5 16.5 17.2 

15.1 18.1 18.8 

1.5 1.44 1.6 

3.5 

4.6 

2.2 

14.1 21.7 23.3 10.5 

54.5 682 71.8 5.7 

12.6 18.5 

46.4 572 

20.1 

60.6 

9.8 

5.5 

Developing market 
economies 4) 2.5 5.2 6.1 19.6 5.8 9.9 11.5 14.7 

Africa 

Far East 

Latin America 

Near East 

0.3 0.8 0.9 

1.1 2.3 2.6 

0.8 1.3 1.4 

0.4 0.8 1.1 

249 

18.8 

11.9 

225 

0.4 0.8 0.9 

2.3 4.7 5.3 

2.0 3.1 3.8 

08 1.3 1.5 

17.6 

18.2 

13.7 

13.4 

Asian centrally 
planned economies 

Total developing 
countries 

World 

1.9 3.5 4.0 

4.6 8.7 10.1 

59.1 76.9 81.9 

16.1 

170 

6.8 

2.7 4.9 5.3 

8.5 14.8 16.8 14.6 

14.5 

54.9 72.0n77.4 7.1 

1. N, P, K nutrient content. 
2. The fertilizer production statistics for some countries include the production of "technical not 

used in agriculture; some ammonia exported for further processing is double counted by 
exporting and importing countries; no account is taken of losses in storage ana transit, 
which are estimated as about 2 percent of total production. Making allowance for these 
factors, the available world supply of fertilizers is estimated as 73.7 million tons in 1971/72 
and 78.3 million tons in 1972/73, or much closer to world consumption. 

3. Compound interest. 
4. Including other countries in regions not specified. 

Source: "Assessment of the World Food Situation - present and future". Item 8 of the 
Provisional Agenda of the United Nations World Food Conference, Rome 
5-16 November 1974. 

Table 3 
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INDIA: COMPARATIVE RESPONSE OF HIGH-YIELDING. HYBRID AND LOCAL VARIETIES OF CEREALS TO NITROGEN 

Response Yield with Kgs N per hectare 

Crop Variety 0-20 

1. Rice 

IR.8 
Taiwan-3 

China-A 
Local Varieties 

(All India irrigated) 

319 
386 

185 

228 

0-40 

601 
696 

331 
374 

0-60 

845 
926 

407 

438 

0-80 

1.052 

1.080 

125 

0-100 Maximum Yield 
(Kgs/ha) 

Rate of N corresponding 
to maximum yield (Kgs/ha) 

1.221 

1.154 

393 

7.394 
5.476 

4.756 
2.281 

180 
100 

80 

66 

2. Wheat 
Kalyan Sona 

Sonalika 

Sharbati Sonora 

Chhoti Lerma 
Local Varieties 

(All India irrigated ) 

815 

826 

710 
768 

298 

1.539 

1.529 

1.298 
1.431 

506 

2.168 

1.209 

1.764 

1.988 
622 

2.706 

2.567 

2.108 
2.440 

3.148 

2.902 

2.330 
2.785 

6.358 

5.637 

4.971 

5.560 
2.104 

180 

140 

120 
180 
75 

3. Maize 1) 

Hybrid 
Local Varieties 

1.031 

737 

1.861 

1.223 

2.200 
1.373 

2.491 

1.460 

4.974 

3.615 

289 
172 

4. Jowar 
Hybrid 
Local Varieties 

769 1.289 
284 384 

1.561 21 3.239 
1.529 

144 
82 

5. Bajra 3) 

Hybrid 

Local Varieties 

686 
405 

1.232 

710 

1.637 3.523 

915 2.153 

269 
•227 

1) Doses of nitrogen were 50,100,125 and 150 kgs/hectare. 

2) Dose of nitrogen was 120 kgs/hectare. 

3) Doses of nitrogen were 50,100 and 150 kgs/hectare respectively. 

Source: 1. IBRD Indian Economy Policy and the Fourth Five Year Plan Agrie. Policy in India; Vol. II (May 23, 1967). 
2. Indian Society of Agricultural Economics; Indian Journal of Agrie. Economics, Conference Number, 

Vol. XXIII, No. 4 (October-December 1968). 
3. Singh, IJ. Sharma K.C. and Misra; Production Functions for the New Dwarf Wheats in Indian 

Journal of Agricultural Economics (January-March 1970). 

("Introduction and Effects of High-Yielding Varieties of Cereals in India", FAO, November 1973). 
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FERTILIZER CONSUMPTION IN RELATION TO ARABLE AGRICULTURAL LAND AND POPULATION 

N P2°5 k2o Per capita 

India 10.7 

Japan 138.4 

3.5 

135.4 

2 

113.2 

4.8 kg. 

19.1 kg. 

Source: FAO Annual Fertilizer Review 1973, pp. 51. 
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LATIN AMERICA 

INCREASE (kg/ha) IN CROP YIELD PER kg. OF FERTILIZER APPLIED 

Bananas 

Barley 

Beans 

Cacao 

Citrus 

Coffee 

Gotten (seed) 

Grapes 

Groundnuts 

Maize 

Other cereals 

Potatoes 

Rapeseed 

Rice (irrigated) 

Rice (rainfed ) 

Soybeans 

Sugarbeets 

Sugarcane 

Sunflower 

Tobacco 

Tree fruits (apples) 

Vegetables 

Wheat 

35.0 

80 

3.0 

1.5 

35.0 

1.3 

3.0 

15.0 

6.0 

10.0 

8.0 

30.0 

6.0 

10.0 

8.0 

8 0 

50.0 

130.0 

4.0 

8.0 

30.0 

30.0 

8.0 

Source: FAO-Country perspective studies 

Table 6 
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NEAR EAST 

INCREASE (kg/ha) IN CROP YIELD PER kg OF FERTILIZER 

(NUTRIENTS) APPLIED 

Crop 

Coarse grains 

Cotton (seed) 

Fruits 

Groundnuts (in shell) 

Nuts 

Oilseeds 

Potatoes 

Pulses 

Rice 

Sugarbeets 

Sugarcane 

Tea 

Tobacco 

Vegetables 

Wheat 

Increase 

8 

3 

30 

6 

6 

3 

40 

8 

10 

30 

130-150 

2 

2 

445 

8 

Source: F AO 

Table 7 
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NEPAL 

INCREASE (kg/ha) IN CROP YIELD PER kg OF FERTILIZER (NUTRIENTS) 

APPLIED PER ha. 

%* 

70 

50 

70 

80 

70 

50 

50 

50 

70 

50 

50 

70 

Crop 

Rice (irrigated ) 

Rice (non irrigated) 

Wheat (irrigated) 

Wheat (non irrigated) 

Maize (irrigated) 

Maize (non irrigated) 

Potato ( non irrigated ) 

Sugarcane (irrigated) 

Vegetables (irrigated) 

Vegetables (non irrigated) 

Tobacco 

Fruits 

Increase 
(Response Ratio) 

10 

8 

10 

8 

10 

8 

30 

100 

40 

30 

6 

30 

These are the shares of yield increases attributed to fertilizer use. 

Source: FAO 

Table 8 
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INSECTICIDE USE PATTERNS IN METRIC TONS OF AI. IN REPORTING FAO MEMBER COUNTRIES 

Sudan 

Ghana 

Africa 

Canada 

Uruguay 

USA 

1969 

4.577 

10 

9,783 

478 

34 

54,420 

OC's 

1971 

3,180 

21 

5,483 

68 

38 

1969 

19,101 

0 

20,383 

1,091 

42 

45,999 

OP's Other 

1971 

21,000 

0 

24,908 

345 

40 

1969 

3,731 

0 

29,390 

3.421 

137 

160,233 

Total 

1971 

4,000 

28 

27,398 

2,618 

139 

1969 

27,409 

38 

59,556 

4,990 

213 

260,652 

1971 

28,180 

46 

57,789 

3,031 

217 

199,287 

N.C. and 

S. America 

Japan 

Sri Lanka 

Asia 1 ) 

Poland 

Portugal 

Europe 

57,948 

3,726 

116 

38,528 

3,827 

779 

30,623 

2,023 

78 

4,240 2) 

1,203 

422 

3,791 

51,417 

2,415 

32 

7,092 

140 

50 

12,732 

1,800 

58 

5,077 

261 

40 

7,715 

2) 

186,241 

10,946 

0 

18,755 

436 

0 

123,948 

5,001 

0 

20,094 2) 

855 

0 

107,740 

295,606 

17,087 

148 

64,375 

4,403 

829 

167,303 

232,797 

8,824 

136 

29,411 2) 

2,349 

462 

119,246 

* - 1 ) Excluding Oceania 

*- 2) India not reporting 

Source: "Insecticides In Food production" by W.R. Furtick, Plant Protection Service, FAO, April 1974. 

to 
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EXTENT OF LOSS IN DIFFERENT AFRICAN CROPS 

Crop 

Total loss in 
percentage of 

potential 
harvest 

Loss due to 

Insects Plant 
Diseases 

Weeds 

Plantation and 
export crops 

Cocoa 

Coffee 

Cotfon 

Vegetable oils 

Palmkernels 

Groundnuts 

47 % 

50 % 

41 % 

35 % 

26 % 

40 % 

15 % 

15 % 

18 % 

17 % 

12 % 

20% 

20 % 

20 % 

16 % 

8 % 

5 % 

8 % 

12 % 

15 % 

7 % 

10 % 

9 % 

12 % 

Subsistence and 
cash food crops 

Sorghum and millet 

Maize 

Rice 

45% 

69% 

34 % 

10% 

20% 

14 % 

10 % 

14 % 

6 % 

25% 

35% 

14 % 

Source: H.H. Cramer, "Pflanzenschutz und Welternte", Pflanzenschutz Nachrichten. Bayer, 
Leverkussen 20 (1), 1-523, 1967. 

Table 10 

28 



AREAS AND COUNTRIES IN ORDER OF PESTICIDE USE PER Ha. AND 
OF MAJOR CROP YIELDS 

Area or Country Pesticide (g/haj Yield (kg/ha.) 

Japan 

Europe 

USA 

Latin America 

Oceania 

India 

Africa 

10,790 

1,870 

1,490 

220 

198 

149 

127 

5,480 

3,430 

2,600 

1,970 

1,570 

820 

1.210 

Source: "Insecticides in Food Production" by W.R. Furtick, Plant Protection Service, 

FAO, April 1974. 

Table 11 

BENEFIT/COST RATIO FROM VARIOUS CROP PROTECTION MEASURES 

Treatment 
Rice 

% yield 
increase 

Benefit: 
cost 
ratio 

Cotton 
% yield 
increase 

Benefit : 
cost 
ratio 

Chemical seed treatment 10.8 44.6 15.6 34 4 

Post-sowing fungicidal 
treatment 

13.7 2.9 22.9 3.1 

Post-sowing insecticidal 
treatment 

18.3 4.6 45.2 2.3 

Source: The National Council of Applied Economic Research, New Delhi, 1966. 

Table 12 
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CROPLAND, FARM WORKERS AND TRACTORS IN SELECTED COUNTRIES 

Indio Iron USA W. Germony Japan 

Crop land (in thousand ha.) 

Farm workers (In thousands) 

Tractor (4-wheel) In thousands 

Tractor (2-wheel) In thousands 

HP per hectare- 1 human 

2 animal 

3 mechanical 

162,434 

145,319 

63 

2 

0.09 

0.204 

0.008 

8,876 

3,620 

27 

12 

0.031 

0.036 

0.104 

176,400 

4,836 

4,820 

(770) 

8,185 

2,967 

1,257 

(100) 

1.4 4.7 

5,753 

11,731 

64 

3,021 

0.216 

0.120 

2.664 

Farm workers per ha. 

HP per farm worker 

Yield of paddy In tons/ha. 

0.249 

0.9 

0.28 

1.55 

0.171 

0.42 

0.40 

2.6 

1.4 

0.03 

47.00 

5.1 

4.7 

0.36 

13.00 

4.6 

3.5 

2.2 

1.23 

5.8 

(0.8 wheat) 
_i 

(wheat) 

Sources: 1. Report of Expert Group Meeting on Agricultural Mechanization in Tokyo, 1968. 
2. Data for 1967 based on FAO Production Yearbook. 
3. Agricultural Machinery Production Requirements for Iran - Giles, 1972. 
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TRACTORS . 4-WHEEL INCL. CRAWLERS IN USE IN AGRICULTURE (ROUNDED FIGURES) 

BASIC FIGURES FAO PRODUCTION YEARBOOK 1971. 

1970 

tractor 

Park 

Increase 

1965/70 

per yr. 

Av. 

Replace - 

ment 

8% per 

year 

Manufact - 

urlng re¬ 

quirement 

Growth 

rate per 

year 

1961-65/ 

1970 

Growth 1990 

rate per tractor 

year park 

1970/90 

Increase 

in year 

1990/91 

Replace - 

ment 

1990 

8% per 

year 

Manufact 

uring 

require - 

ment 

1. EUROPE incl. USSR 8,073,000 

USSR 1,978,000 

463,000 

110,000 

646,000 1,109,000 

150,000 268,000 

7 

6.7 

1.6 

4.0 

2. N.-C. AMERICA 

USA 

Canada 

3. OCEANIA 

New Zealand 

Australia 

4. SOUTH AMERICA 

5. AFRICA 

S. Africa 

6. NEAR EAST 

7. FAR EAST 

Japan 

China (Mainland) 

TOTAL: Europe, USA, 

Canada, New Zealand, 

Australia, South Africa, 

Japan 

TOTAL : Rest of the 

World 

5,402,000 17,000 

4,700,000 I -10,000 1 

550,000 

434,000 12,000 

96,000) 12,000 

335,000) 

577,000 32,000 

344,000 20,000 

220,000 14.000 

201,000 19,000 

585,000 63,000 

278,000 52,000 

165,000 10,000 

14,252,000 531,000 

1,364,000 95,000 

432,000 499,000 0.3 

370,000 I -0,2 I 

44,000 

35,000 47,000 3.1 

8,000 

27,000 

46,000 78,000 6.7 

27,000 47,000 7.2 

18,000 8.2 

16,000 35,000 13.8 

47,000 110,000 21 % 

22,000 

13,000 

1,141,000 1,672,000 

1,080,000 203,000 

TOTAL WORLD: 15,616,000 626,000 1,249,000 1,875,000 4.6 

0 

2 

7 

7 

10 

10 

1.1 

11,064,000 

4,330,000 

5,402,000 

645,000 

2,232,000 

1,330,000 

1,351,000 

3,939,000 

177,000 

104,000 

13,000 

155,000 

93,000 

135,000 

394,000 

885,000 

340,000 

449,000 

51,000 

179,000 

106,000 

108,000 

315,000 

1,062,000 

510,000 

449,000 

64,000 

334,000 

199,000 

243,000 

709,000 

25,963,000 967,000 2,093,000 3,070,000 

Source: W.J. Van Gilst "Farm Equipment and Fossil Fuel consumption in Agriculture." FAO 1974. 
CO 
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co 
to 

FOUR-WHEEL TRACTORS IN AGRICULTURE ( FAO YEARBOOK 1971) 

Arable land 
in 000 ha 

Total 4-wheel 
tractors 

h/p tractor ha/tractor hp/ha 
ha 

Europe, US A, Canada, 

Japan, New Zealand, 

Australia, S. Africa. 

Rest of world 

Total 

507,363 

924,637 

1,432,000 

14,252,000 

1,364,000 

15,616,000 

50 

40 

35.6 

678.0 

1.4 

0.06 

Source: WJ. Van Gilst "Farm Equipment and Fossil Fuel Consumption in Agriculture" FAO 1974. 
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ESTIMATED ENERGY CONSUMPTION IN 1970, DIESEL FUEL 

EQUIVALENT, FOR MANUFACTURE AND OPERATION OF FARM 

EQUIPMENT 

Total in 
million 
tons 

Operation and 
manufacture 
of tractors in 
million tons 

Percentage 

Europe 

N.and C. America 

Oceania 

South America 

Africa 

Near' East 

Far East 

(1) Total (Europe, 

N. America,Oceania) 

(2) Total rest of world 

(3) Total world 

1,634 

1,582 

74 

115 

50 

49 

182 

48.3 

32.4 

2.6 

2.5 

1.4 

0.7 

2.0 

2.9 

2.0 

3.5 

2.2 

2.8 

1.4 

1.1 

3,290 

396 

3,686 

83.3 

6.6 

98.9 

2.5 

1.7 

2.4 

Source: "Farm Equipment and Fossil Fuel Consumption in Agriculture" prepared by the 
Agricultural Engineering Service, Agricultural Services Division, FAO, May, 1974. 
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AVERAGE EFFECT OF FERTILIZER, IMPROVED SEED AND INSECTICIDE ON MAIZE YIELDS, 

PRODUCTION COSTS AND ECONOMIC RETURNS OF 46 FARMS IN HONDURAS. 

Fertilizer 
improved seed, 
insecticide 

Without With 

Diference 

Amount Percent 

Yield (kg/ha) 

Production costs ($/ha) 

Production cost (|/100 kg) 

Economic return ($/ha) 

Value/Cost ratio!*I 

1740 

54.30 

3.12 

41.40 

1.76 

4550 

86.80 

1.90 

163.21 

2.88 

+2 810 

+ 32.50 

-1.22 

+ 121.81 

+ 1.08 

+ 161 

+ 60 

-39 

+ 294 

+ 61 

The value of the yield increase divided by the cost of the fertilizer dressing used to obtain 

the yield increase. 

Source: Economic, Financial and Budget Aspects of Fertilizer Use Development (FAO) - Ceres- 
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SOME ESTIMATES OF LOSSES IN DIFFERENT COUNTRIES 

COUNTRY Material 

Nigeria Sorghum 

Cowpea 

LOSS 

Percentage Value Reference 

46 

41 

Colon. Res. Publ. 

1952, No. 12.40 

USA Stored grain 
Packed food 

All crops 

$ 500 million 
150 million 

3500 million 

Metcalf, R.L., 
Destructive and 

useful insects, 

1962, P. 41-43 

India 

Germany 

All grains 

Field loss 

Storage loss 

Handling and 

Processing loss 

Other losses 

25 

15 

7 

3 

Harvested grain 

Sierra Leone Rice 41 

Maize 14 

CETRI, Res. & 

Ind. Conf. CSIR 

New Delhi, 1965 

DM 71.4 million Frey.W. Flaugblatt 

Biol. Bundesanstalt 

1951, Nr. 05,8 

Colon. Res. Sud. 

1959 No. 28,52 

Tech. Rep. W. Afr. 
Stores Prod. Res. 

Unit, 1962, No.13 

Tropical Africa All crops 

(Storage and Handling)30 

FA0 Informar 

Bull. 24, 1964 

"These percentages refer to post-harvest losses unless otherwise stated. Although the figures 

refer to specific crops in most cases, they are sufficiently indicative to lay emphasis on the 

problem of food losses. 
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EFFECT OF INSECT INFESTATION ON THE YIELD 

OF MILLED CHICKPEA (CICER ARIETINUM) 

% Kernel Damage % Yield 

Chickpea (unifested) 

Chickpea (infested by insects) 

2 

15 

82 

65 

Source: Nutritional Improvement of Food Legumes by Breeding - PAG 1973, page 286. 

Table 18 

CHANGES EFFECTED BY STORAGE AND BY INSECTS IN 

GROUNDNUT KERNELS IN 6 MONTHS 

Insect responsible 
for Damage 

Kernel 
Damage 

% 

Viability Fat Acidity 
as oleic acid 

% 

Yield of Oil 
% 

T. Castaneum 

0. Surinamensis 

N.Rufipes 

Insect free 

53.3 

69.5 

71.9 

27.4 

16.0 

25.6 

88.2 

3.7 

4.2 

3.8 

1.6 

46.6 

46.2 

46.5 

49.2 

Source: Food Sei. 6, 30, 1957. 

Table 19 
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AVERAGE MILLING YIELDS OF RICE FROM PADDY IN 

CONVENTIONAL AND MODERN MILLS 

Type of Mills Raw 

Total Head 
Rice Rice 
% % 

Parboiled 

Total Head 
Rice Rice 
% % 

Modern Rubber Roller Mills 

Conventional Disc Sheller 

Type Mills 

Engelberg Type "Huiler” 

Mil Is 

72.5 

71.0 

69.0 

55 

50 

45 

73.5 

73.0 

72.0 

70 

68 

66 

Table 20 

** MILLING LOSSES OF GRAIN LEGUMES IN INDIA 

Legumes Yield by 

Traditional Method(%) * Improved 

Chickpea (cicer arietinum) 

Pigeon pea (cajanus cajan) 

Green gram (phaseolus radiatus) 

Block gram (phaseolus mungo) 

75 

72 

65 

71 

85 

87 

85 

85 

Method (%) 

* Bench scale results. 

** Musking and Splitting. 
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WORLD RESOURCES OF PROTEIN 1963/64 

Production Protein Protein Supply 

Content per capita per 

day (grm) 

( Million Tonnes ) 

Vegetable Sources 

Cereals 

Pulses 

Oilseeds 

Starchy roots 

Animal Sources 

Milk 

Meat 

Fish 

Eggs 

995.6 96.0 81.7 

37.1 8.14 6.9 

85.6 22.0 18.8 

472.1 8.34 7.1 

134.48 1 14.5 

352.8 11.3 9.6 

67.6 12.2 10.4 

46.0 6.6 5.6 

14.1 1.8 1.5 

31.9 27.1 

Total proteins : 166.38 141.6 

N.B. 

1-Cereals include : wheat, rye, barley, oats, millets,sorghum and paddy. 

2. -Pulses include: dry beans,dry peas, dry broad beans,chickpea and lentils. 

3. -0ilseeds include: soybeans, groundnuts in shell, cottonseed, linseed, 

rapeseed, sesame, sunflower seed and copra. 

4- Starchy roots include: potatoes, sweet potatoes, yams and cassava. 

5- Meat includes: beef,pork, mutton and lamb. 

6- World population estimated at 3,220 million in mid 1964. 

Sources: 1. FAO Production Year Book, 1964. 
2. State of Food and Agriculture, 1964 (FAO). 
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RELATIVE COST. PROTEIN CONTENT AND PROTEIN VALUE 

COST INDEX (PVCI) OF SOME PROTEIN FOODS 

Protein Food 

Cost per kg. 
Cost per 20 G 
Protein 

US Indian 
Cents Currency 

Rs. 

Protein 
% 

US Indian 
Cents Currency 

Rs. 

Protein PVCI 
Efficiency 
Ratio (PER) 

Indian MPF (Formula A) 

Indian MPF (Formulad 

Soybean Floru Fortified 

with DL 

Methionine 

Protein Food (2;1;1 ) 

blend of peanut, 

chickpea and fish flour 

Low fat dried vegetable 

milk based on peanut 

flour and skim milk 

powder 

Baby food based on 

peanut flour and skim 

milk powder 

Precooked weaning food 

based on cereals, 

peanut, chickpea and 

green from flour 

Skim milk powder 

INCPARINA 

0.26 2.00 

2.33 2.50 

0.33 2.50 

0.39 3.00 

0.66 5.00 

0.66 5.00 

0.33 2.50 

0.78 6.00 

0.26-0.54 - 

41.9 1.2 10 

40.6 1.6 12 

50.0 1.3 10 

51.6 1.5 12 

26.0 5.0 38 

35.2 3.8 28 

275 2.4 18 

35.0 4.5 34 

275 1.9-4.0 - 

*The protein value cost index (PVCI) is calculated as folows: 

pVQI _ Protein content in 100a. of food x ppp 
Cost of 100 f. food (in US cents) 

1.8 30 

2.4 30 

2.9 44 

2.6 35 

2.4 10 

2.3 12 

2.2 18 

2.8-32 13 

21 11-22 

Thus, the higher the index, the greater is the value of the protein food per unit cost. 
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SHARE OF FOODS AND PROCESSED FOODS IN THE TRADE OF ALL 

AGRICULTURAL EXPORTS, AVERAGE 1967-69 

Value of 
exports 

Million US 

Share in total 
agricultural trade 

$ Percent 

Estimated world agricultural 
exports including forestry and 
fishery products. 

f.o.b. 

57 197 100 

of which : 

Total food, feed and beverages 35 541 62 

Processed food, feed and beverages 11 848 21 

Source: UN and FAO statistics, FAO Commodity Groups and OECD, Foreign Trade Series C. 

Table 24 

VALUE OF AGRICULTURAL AND PROCESSED - FOOD EXPORTS. 1960-69 

Annual percentage rates 
of growth in current prices 

Agricultural 

exports 

Processed 

food exports 

World 

Developed market economies 

Developing market economies 

Centrally planned economies 

4.7 

5.9 

3.2 

4.0 

6.5. 

6.4 

5.4 

11.0 

Source: Dale, M.B. "International Trade in Processed Food, Feedstuffs and Beverages" FAO 
Monthly Bulletin of Agricultural Economics and Statistics, Vol 23, No. 2, February 1974 
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COMPOSITION OF THE PROCESSED-FOOD MARKET 

(shares by value in percentage) 

Product groups 1960 1969 

Livestock products 

Canned fish 

Processed cereals 

Dried and preserved fruit 

Frozen and preserved vegetables 

Sugar and chocolate confectionery 

Processed coffee and cocoa 

Processed animal feedstuffs 

Food preparations not specified 

Alcoholic beverages 

Oils and fats 

TOTAL PROCESSED FOODS 

21.6 

5.1 

8.5 

7.0 

3.8 

2.5 

2.1 

9.8 

1.7 

1 4.1 

23.8 

20.6 

4.3 

7.0 

7.8 

5.2 

3.7 

3.3 

1 3.3 

2.9 

14.8 

17.1 

100.0 100.0 

Source: Dale, M B. "International Trade in Processed Food, Feedstuffs and Beverages" FAO 
Monthly Bulletin of Agricultural Economics and Statistics, Vol 23, No. 2, February 1974. 
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PROCESSED-FOOD IMPORTS INTO MAJOR MARKETS 

1965 1969 Annual rate 
of growth 

Million US dollars Percent 

EEC 

United Kingdom 

United States 

Japan 

TOTAL 

2 848 

1 983 

1 140 

258 

4 062 

1 983 

1 736 

361 

9.3 

11.1 

8.8 

6 229 8 142 6.9 

Source: Dale, M.B. "International Trade in Processed Food, Feedstuffs and Beverages" FAO 
Monthly Bulletin of Agricultural Economics and Statistics, Vol 23, No. 2, February 1974. 
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DISCUSSION 

Question 

We have just been told that a greater application of pesticides and other chemicals in 
agriculture is beneficial, as it will lead to an increase in food production. From other 
sources, however, we hear that we use a too great amount of pesticides and other che¬ 
micals in agriculture, that we are disturbing our environment and that a greater use of 
these chemicals could be very bad for our survival. What is your opinion about this ? 

Answer 

The first thing we must keep in mind is that the use of insecticides is very low in de¬ 
veloping countries. Excessive use of pesticides has occured in advanced countries only. 
There is plenty of room for controlled use of insecticides in the developing countries 
where the potential for an increase in food production is the highest. 
Secondly, in the introduction of my paper I said that the use of industrial products in 
agriculture can have negative effects. We all know examples like water pollution, soil 
contamination, problems of disposal of non biodegradable materials and the toxic ef¬ 
fects that have resulted. I am glad, however, that now I have the opportunity to add 
something that I had to leave out of my paper for lack of time. It is possible to use non¬ 
toxic grain protectives in food storage. There exist traditional technologies which have 
been put on a modern foundation. One is the use of active dust, made from a certain 
kind of clay which is activated by heat and hydrochloric acid. This dust is absolutely 
safe and highly insecticidal. In fact, laboratory animals which were fed grain contain¬ 
ing the dust, grew better than the controls because the clay absorbed certain substan¬ 
ces present in the grain. The ratio of dust to grain is no more than by weight. 
Another example is the use of tricalciumphosphate, combined with a small amount of 
peridoxin and glucose. This was developed as a result of research on the traditional 
use of lime. Tricalciumphosphate is metabolised much faster than lime. When insects, 
who have an external skeleton, ingest this protective, their moulting pattern and growth 
rate is changed and they die very quickly. For human beings, who have an internal ske¬ 
leton, the same material serves as a valuable source of mineral. There also are a 
number of traditional herbal insecticides that have been used quite successfully to con¬ 
trol lepidopterous insects, and they are perfectly safe for humans. 
There is a clear need for the development of more of these biological insecticides and 
for selective techniques for the sterisation of rodents and insects, to give another ex¬ 
ample. When these biological techniques are introduced more and more, we will be 
living in a world that is safer than at present. 

Question 

You gave such a wealth of information that we could ask questions for hours. I want, 
however, to ask just one question pertaining to the addition of essential amino acids to 
vegetable proteins to upgrade the protein efficiency. Could you elaborate on this ? I am 
especially interested in: What can industry do, are there legal constraints, is it done at 
present and to what an extent ? 

Answer 

Little is done at present and this is essentially caused by the cost factor. But I think 
that the cost factor will come down in the future. Then, essential amino acids will be 
added to food more and more. As to the legal aspects, they will have to be cleared up 
in certain countries. We studied this and that resulted in a valuable method in which a 
natural material was used to supplement another natural material. An example is le¬ 
gumes, which are a good source of lysine, combined with cereals which are deficient 
in lysine. You can also use sesame as a supplement, it contains a lot of methionine, 
but not enough lysine. Now, if you take sesame cake of a good quality and you add just 
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a little amount of lysine, you immediately get a protein efficiency of 3. 5. This work has 
been published in my paper in the Journal of the American Oil Chemist Society in May 
1973. 
Addition of lysine to sesame cake is of great value, and we have recommended its use 
in a number of cases. 

Question 

Don't you think that one of the effective methods to increase the supply of food is not to 
destroy food surpluses in order to maintain prices ? 

Answer 

That is not happening in the world anymore. In my paper I had to leave out many in¬ 
teresting details, and again I would like to add some now. 
I have always stressed the need for good post-harvest control, but a number of years 
ago it was argued by some countries that the cost would be too high. Then I could only 
say to the grain storage people that infestations would reduce the price they could 
get for their grain. Prices of fertiliser have gone up five times since then and now it is 
far more easier to convince the grain storage people that good post harvest control is a 
good proposition. 
At the World Food Congress you must have seen that the representatives of the advanc¬ 
ed countries gave assurances one after another that they would increase production, 
that they would not give subsidies to keep land fallow and that they would utilise it more 
effectively. This is gratifying, but I feel, however, that the real solution to the problem 
lies in increasing food production and food availability, both quantitatively and qualita¬ 
tively, in the developing countries and also in building up the world food stock to a cer¬ 
tain level. 
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Qualitative factors in food production 

Dr.Ir. F.D. Tollenaar 
Research co-ordinator of the Organization for Nutrition and Food Research TNO 
Zeist 
The Netherlands 

Recent studies have revealed that from the total research capacity in food technology in 
the Netherlands no less than 50 - 60 % is used for work on quality. The amount involved 
will be in the order of 70 million guilders, or about 30 million US $. This work relates 
to a wide variety of activities and disciplines in terms of e.g. toxicological studies, 
food analysis, food chemistry, food microbiology and food processing. Comparable si¬ 
tuations exist in other countries of the European community and, of course other parts 
of the industrialized world. Research on quality aims at protection of the consumer, 
and promotion of trade and industry. The results of the work are not just of interest to 
one country, on the contrary, food production and consumers' interests throughout the 
world, the developing countries included, will benefit from these scientific efforts. 

You will be aware that the heading of my paper, qualitative factors in food production, 
covers a wider field than a discussion of food quality. In food production, agriculture, 
industry and consumers' interests from the point of view of nutrition are closely con¬ 
nected and interrelated. Figure 1 gives a schematical survey of some of these inter¬ 
relationships. 
Discussing qualitative factors in food production, we have to be aware that agricultural 
food products may reach the consumer either directly or, as generally is done, that 
some kind of processing will precede. In our considerations the consumer has a cen¬ 
tral place. Firstly, we approach the consumer as an individual, who assumes that the 
food he is buying will have the expected identity and qualities that are reasonably re¬ 
lated to price. Secondly, we approach the consumer as a citizen, who rightly expects 
that the government is protecting him from fraudulated, dangerous and/or otherwise 
qualitatively unacceptable foods. It will be clear that the citizen is particularly 
dependent on the government, in as far as "hidden defects " (e.g. too high levels of 
contaminants or additives) are concerned. 
As to the food manufacturer, he is to a certain extent dependent on the quality of avail¬ 
able agricultural raw materials. Technology changes these raw materials into food¬ 
stuffs that satisfy specific standards, regulations etc. issued by the government and 
other authorities and that meet the wishes and demands of the consumer. The food 
manufacturer therefore has to know, and to study, national and international standards, 
and through marketing research - he has to know and to study the wishes and demands 
of the consumer. The influence of the food industry on the quality concept of govern¬ 
ment and consumer should not be ignored: the industry being consulted in food legis¬ 
lation both at national and international levels, and through advertising the consumer is 
persuaded to accept new products and/or changed formulations. The influence of food 
technology on the quality concept of the consumer will be illustrated with reference to 
two simple examples. 
- (1) In modern refining practice it is easily possible to produce vegetable oils of a 
bland, neutral taste. It is remarkable that the consumer in many countries, the South 
European included, is turning towards these neutral oils rather than selecting oils with 
' natural " flavours. The same preference for a neutral taste is found in a product 
known by many of you, viz. Dutch genever. Consumption is shifting from the "old" 
type, rich in flavour, to the "young genever ", a wodka-type drink with a rather neutral 
taste. 
- (2) The keeping quality of butter made from cultured cream is adversily influenced 
by the presence of salt (sodium chloride). For this reason the salting of butter has in 
the Netherlands been omitted for many years. As a result, the consumer is accustomed 
to using unsalted butter, and he would be surprised and hesitant if salted butter were to 
be introduced again. Assuming that the consumer wants unsalted butter, however, 
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would be one-sided if the influence of technology is then ignored. 
From what I just said it will be clear that the quality concept of the consumer is dy¬ 
namic. Changes may occur due to developments in the social pattern, due to the in¬ 
fluence of information and due to technological changes. In Figure 2 some interrelation¬ 
ships are given that may influence the quality concept of both producer and consumer. 
In the industrial concept of quality, the technological quality of raw materials is of 
much importance. By this is meant the suitability of these raw materials (mainly of 
agricultural origin) for processing into foodstuffs of the desired properties and quality. 
I will give some examples to elucidate this point. 

- ( 1 ) Bread quality largely depends on protein content and protein quality of the wheat. 
Protein content is mainly controlled by environmental conditions (fertility of the soil, 
nitrogen fertilization). Protein quality (i. e. the ability to form a tenacious, elastic 
gluten of good gas-retaining properties ) is a genetically controlled factor. 

- (2) The traditional raw materials for brewing is barley. An important quality re¬ 
quirement is that the barley is low in protein content, a low protein content generally 
coincides with a high starch content. And starch is the main component yielding fer¬ 
mentable matter. 

- (3) The behaviour of vegetable oils during refining, and the stability of the refined 
oils (e.g. that of soybean oil), may depend on the composition and the quality of the 
seeds, beans etc., though the relation is not always easily predictable. 

In agricultural production, however, it is not always possible to follow the industrial 
quality demands. As a result of the market mechanism, agricultural production is in¬ 
clined to look for quantity rather than quality. Unfortunately, quantity does not always 
involve quality. This does not only apply to agricultural production, it is also valid for 
finished foodstuffs. Not long ago, researchworkers in food technology were frustrated 
because of the limited response of the consumer to quality improvement in relation to 
price level. * 

Before I return to the quality concept of the consumer, the various aspects of the in¬ 
dustrial quality concept may be reviewed: 

- ( 1 ) quality of raw materials, including degree of contamination and technological 
quality; 

- (2) quality of processing with regard to: 
- yield; 
- environmental pollution; 
- energy consumption; 

- (3) well-being of man and animal, involved in agricultural and industrial production; 

- (4) quality of finished products. 

Some of these aspects will return in our considerations about food quality, quality re¬ 
search and quality control. It should be stressed that maintenance and improvement of 
quality can't be achieved without research, standardization and control. 

* Thijssen, H. A. C. : Process Engineering in the food industry. International lecture, 
Joint Meeting of the Process Engineering Group of Mechanical Engineers and the 
Food Engineering Panel of the Food Group, Soc. of Chem. Ind. (1974). 
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FACTORS THAT ATTRIBUTE TO QUALITY 

QUALITY 

— AESTHETIC FACTORS - 

— WHOLESOMENESS 

— STABILITY 

-CONVENIENCE 

—USEFULNESS 

— NUTRITIONAL VALUE 

—PRODUCT INFORMATION 

-APPEARANCE 

-FLAVOUR (taste, odour ) 

-TEXTURE (tenderness, juiciness) 

Figure 3 



Though food quality has frequently been described and discussed, yet the meaning of the 
word "quality " in this context is not easily definable. Consulting Webster's Third New 
International Dictionary (1963) I found two descriptions which might be pertinent to 
foods: 

- peculiar and essential character: nature, and 
- degree of excellence. 

In accordance with these definitions identity and purity are important and furthermore 
such factors as composition, flavour, texture and the like. In a recent paper B. Erdt- 
sieck reviewed various definitions of quality used in food technology. He found that 
quality attributes can be divided into aesthetic factors, wholesomeness, stability, con¬ 
venience, usefulness, nutritional value, and, accepting the so-called "total quality 
concept ", such factors as product information (Figure 3). 

In a study "Food technological research in the Netherlands ", prepared at the request 
of the EEC (December 1973), food quality is discussed in its "negative " and its "posi¬ 
tive " aspects. Admitting that such a classification is somewhat arbitrary, the negative 
aspects correspond, broadly speaking, with the expectation of the consumer as a citizen, 
The positive aspects would accordingly correspond with the expectation of the consumer 
as an individual, as I discussed at the beginning of this paper. 

Negative aspects of quality 

These aspects bear upon fraud, adulteration, and absence of components and/or con¬ 
taminants in harmful concentrations. The most simple way of fraud, it has been prac¬ 
tised many times, is that of using water to increase volume and/or weight. In the early 
days of food inspection in the Netherlands, much attention was paid to checking the 
water content of milk, butter, bread and the like. In those days (around 1910), a 
genuine fruit juice was something quite unique. * 
"Artificially prepared products, labelled red currant juice, which contained no fruit 
juice at all and of which the principal ingredient was a thin starch paste, coloured with 
aniline dye, sweetened with saccharin, flavoured with essence, rendered sour by tar¬ 
taric acid, were not uncommon". 
We will all agree that identity is one of the most important quality marks. Orange juice 
should be orange juice, sherry is a fortified wine originating from a geographic triangle 
in Spain (Jerez de la Frontera, Puerto de Santa Maria and San Lucar de Baremida) 
and corn oil should be derived from the grain of Zea mays. These examples have not 
been quoted haphazardly. The problem is, however, that establishing the identity of 
these products by analytical means is not at all simple. 
Administrative control at the international level may be essential in such cases. 
The question to what extent food should be pure and unmixed is slightly different. In 
many European countries, vegetable oil refineries process a number of oils, dependent 
on patterns of demand and/or market situation. Because of the big hold-up in tanks, 
pipelines, processing units and the like, contamination up to five percent may be un¬ 
avoidable if the factory is changing from one oil to another. This problem may not oc¬ 
cur if the factory is engaged in the refining of one type of oil, e. g. peanut oil or soya¬ 
bean oil. Here the question of quality depends entirely on what is agreed upon, at the 
national or at the international level. 

* The Food Inspection Services in the Netherlands 
Chief Inspectorate of Public Health (foods) 
Leidschendam, 1971 
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TOXIC CHEMICALS IN FOODS 
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food products. 
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natural food products 
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toxins. 
b. Non-microbiological origin: 

toxicants (e.g. Hg, Se ) 
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used as food sources. 

MAN-MADE 

3. Agricultural chemicals 
(e.g. pesticides, fertilizers) 

Figure 4 
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7. Inadvertent or accidental contaminants 
a. Food preparation accidents 

or mistakes. 
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Contamination as an aspect of "negative" quality 

Recently the Institute of Food Technologists, Chicago, USA, issued a scientific status 
summary prepared by their Expert Panel on Food Safety and Nutrition. * From this 
paper Figure 4, together with its slightly provocate title, is derived. 

In this list, we recognize many of the components which are so frequently discussed 
these days. That normal constituants of natural food products and natural contaminants 
of natural food products are listed before anything else will surprise the uncritical sup¬ 
porters of natural foods, who usually strongly criticize the use of food additives. 

In my concept of food quality, the use of additives is basically acceptable and their re¬ 
placement by so-called physical means need not automatically be an improvement of 
quality. I completely agree with the following statement by the IFT Expert Panel: 
"The essential justification for the use of an additive in food processing - or of a pes¬ 
ticide that leaves a toxic residue in foods - must be some direct or indirect benefit to 
the food consumer. Furthermore, it is a basic principle that the risks assumed to arise 
from the use of such substances should diminish as the relative importance of the bene¬ 
fit it is designed to achieve diminishes. An increased nutritional value, an increased 
food supply, keeping quality, or a substantially decreased cost to the consumer are be¬ 
nefits that might justify a small degree of theoretical risk. An improvement in such 
superficial esthetic qualities of food as flavor, color or consistency, therefore, will not 
justify the use of a substance having a known or likely risk. " 
I feel that the above pleas apply in particular to the situation that prevails in many 
countries belonging to the third world. Let me give you a few examples. Assuming that 
we have an active preservative, retarding and/or preventing deterioration effectively. 
This preservative has a no-effect level far exceeding the level used in food technology, 
and the acceptable daily intake (ADI) is in line with technological requirements. I shall 
now discuss the use of this additive, over against the application of some physical 
means, e. g. pasteurizing, sterilizing, colling and freezing. First we should be aware 
that application of these "physical means " may involve irreversible changes of a phy¬ 
sical and chemical character, affecting structure and/or chemical composition. Next, 
we should consider the high energy consumption usually connected with cooling, freez¬ 
ing, pasteurizing and sterilizing. If, for instance, we compare the storage of citrus 
juices at room temperature in the presence of a chemical preservative (benzoic acid 
or sulfur dioxide) with cold storage, it turns out that the costs are increasing from 
US $ 4. - per ton per month to US $ 5. 50 per ton per month. Besides, the unpreserved 
juice has to be pasteurized prior to storage, which once more raises the costs. 
For our information, the energy expenditure was recently calculated for a model sys¬ 
tem, comparing cold storage and storage at "room temperature " (+ 15°C). In this 
model system a food was considered that consists of 15 % water, 10 % fat, 20 % protein 
and 55 % carbohydrates. Assuming that the Dutch population daily consumes 100 g of 
this food per capita, and that accordingly 470, 000 tons have to be frozen and 235,000 
tons have to be kept at - 20°C throughout the year, the energy expenditure, calculated 
as petrol, will equal that of 1500 cars. This figure may not be very impressive, but to 
this figure we have to add the energy expenditure of transportation at - 20°C and the 
need for cold storage facilities in the households. Coolers and freezers take from 30 to 
50 % of the household energy expenditure in European countries (heating not included). 
It goes without saying that in many developing countries the use of additives, particular¬ 
ly that of preservatives and antioxidants, is an absolute must. 

* Naturally occurring toxicants in foods. A scientific status summary by the Institute 
of Food Technologists' Expert Panel on Food Safety and Nutrition. J. Food Science 
40 (1975), 215 - 222. 
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Abolishing the use of additives as a means to improve food quality is unpractical, and 
theoretically unsound. This kind of philosophy distracts our attention from the need for 
more knowledge about the potential toxicity of many natural food components. In many 
foods, numerous elements such as iron, zinc, copper and fluorine are present which 
intake could not be increased by even 5 or 10 times without adverse effects on many 
people. These "natural " components are as a rule not checked. Sometimes it happens, 
as is the case with lead in cocoabutter. In some countries, oils and fats shall not ex¬ 
ceed a level of 0. 5 ppm of lead, and this is primarily meant as a barrier for factory 
contamination during refining. It is found that cocoabutter, which usually is not refined, 
may contain this level naturally, and the requirement may cause much distress to the 
manufacturer. 
Finally, with regard to the "negative " aspects of food quality, some reserve about de¬ 
mands for much greater food purity may be appropriate. A tendency exists to establish 
tolerances for contaminants at the limit of analytical detectability. This policy may 
derive from a supposed lack of toxicological evidence or from an emotional wish for 
"pure food ". Once the tolerances are in force, the analyst is not satisfied with exist¬ 
ing methods that provide evidence on the borderline. He is looking for better and more 
sensitive methods, doubtless more expensive, and once acquired these may lead to 
new and strict tolerances. 
The demands for greater purity may be followed by rising costs for the finished prod¬ 
ucts, because of the higher costs for control and analysis, and the reduced opportunity 
for using raw materials exceeding the requirements. As to the costs for control and 
analysis, these may be doubled, particularly if more sensitive methods of analysis 
have to be introduced. A case in point is the substitution of GLC by mass spectrometry. 
The impossibility of using raw materials exceeding the new requirements may prove to 
be more serious. It is known that the prices of some foodstuffs have to be raised some 
10-20% as a result of high purity demands. 

Positive aspects of food quality 

In the Netherlands Merchandise Act there are a number of provisions for dried milk. 
For example, the moisture content shall not exceed a limit of five percent. It is well 
known that dried milk of a high moisture content has a relatively limited shelf life. The 
requirement of five percent in our Merchandise Act may well be considered from the 
point of view of "negative quality ". 
In regulations issued by the Dairy Quality Control Bureau (ZKB), under governmental 
control, a grading system for dried milk is, among other things, based on the water 
content. There are four categories ( of which three are acceptable grades ) and the best 
quality has a moisture content of not more than three percent. 
The regulations issued by the ZKB, mainly bearing upon dried milk, cheese and butter 
are a typical example of control from the point of view of positive quality. Similar regu¬ 
lations are issued for other commodities, and they may have in common: 
- a grading system, based on selected criteria and with a view to export; 
- provisions for taste, flavour and other organoleptic properties; 
- provisions related to keeping quality; 
- provisions for composition. 
For butter, for instance, there are requirements in terms of copper content (shall be 
less than 50 ug/kg), related to the keeping quality, and for a grading system based on 
taste, flavour, appearance and texture. In this case, the composition does not create 
many difficulties. For dried milk, the requirements for the fat content may vary from 
country to country (between 26 - 28 % of fat for dried whole milk) and experience shows 
that these variations may lead to problems in international trade. 

It would be a biased attitude to look at our Merchandise Act, or speaking in more 
general terms, at any governmental food legislation as regulations for checking the 
negative aspects of quality, and to consider regulations issued by marketing or com¬ 
modity boards or by quality control institutions as dealing with positive aspects of qua¬ 
lity. Admittedly in many countries food legislation is part of the responsibility of the 
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Ministry of Health and, therefore, concern about health hazards due to bacteriological 
or chemical contamination may prevail. In some countries the Ministry of Agriculture 
and/or marketing boards are anxious to maintain or promote export of foods and food¬ 
stuffs, therefore they draft and implement grading systems. Careful study of existing 
situations reveals that, in any such system, negative and positive aspects of quality are 
dealt with, though one of these groups may dominate. Moreover, some type of coopera¬ 
tion will exist between bodies and authorities, responsible for maintaining food quality 
in the broadest sense of the word. Finally it is noteworthy that some aspects of quality, 
in particular aspects of positive quality, are hardly mentioned in existing standards and 
regulations. Examples are the spreadability of butter and margerine, and the spatter¬ 
ing of these products in baking and frying. 

Further considerations on "positive quality" 

Composition 

For this aspect, there is a close and clear interrelationship between agriculture, food 
technology and nutrition. Milk is paid for on the basis of its fat content, previously 
considered as the best part of the milk. Recognizing the nutritional value of milk pro¬ 
tein, the protein content is nowadays another criterion for payment to the farmers. 
Less interest for fat, ánd growing interest for protein form the basis for quality as¬ 
sessment of live animals. In meat products, the Feder value, being the ratio between 
water and organic non-fat material, must not exceed a certain value (approx. 4) and 
quality is further promoted by regulations about the addition of non-meat proteins. 

A peculiar case affords the composition of chocolate. Here, existing national traditions 
may conflict with the interest of cocoa-growing countries, and producers of cocoa-pro¬ 
ducts in the third world. The main issue is the use of fats other than cocoabutter. For 
the sake of technology, the use of small amounts of "foreign fats " (so-called impro¬ 
vers and others) may be indicated and the physical stability and brittleness, both as¬ 
pects of positive quality, are improved by their use. For economic reasons some coun¬ 
tries permit the use of foreign fats up to five percent (calculated on the total product), 
which are very cheap compared with the expensive cocoabutter. It will be appreciated 
that this policy is bitterly opposed by cocoa-growing and cocoabutter-producing coun¬ 
tries. 

Organoleptic properties 

Tastes differ, and certain products which sell well in some countries are not likely to 
be introduced in others. The difficulty in organoleptic evaluations has always been the 
general lack of objective, instrumental support. And, if this support sometimes is 
available, it may affect the results of the taste panel. A typical example is the organo¬ 
leptic evaluation of butter, which may be supported by analysis of its diacetyl content. 
For many years, diacetyl was supposed to be the main bearer of the typical flavour of 
cultured butter. And, surprisingly, there existed a close correlation between the dia¬ 
cetyl content and the grading by a well-trained taste panel, assuming the absence of 
flavour originating from deterioration. We now know that other compounds, e. g. lac¬ 
tones, essentially contribute to butter flavour. And one may wonder, whether the above 
correlation was not the result of training on organoleptic assessment of diacetyl content, 
rather than agreement between esthetic and analytical findings. 
It may be expected that the availability of sophisticated (and expensive) instrumental 
analysis may contribute to a better understanding of food flavour, and to objective sup¬ 
port of organoleptic analysis in cases of uncertainty or doubt. For alcoholic beverages, 
such support would be highly appropriate. 

Food quality and food production in the third world 

For many years there has been a constant and consistent shift of food production from 
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PROCESSING OF COCOABEANS (INTO COCOA-MASS, COCOA-BUTTER AND COCOA-POWDER) 

WITHIN COCOA-GROWING COUNTRIES (1000TONS) 

year 

country 

1934/38 1946/50 1951/55 1960 1965 1969 1973 total production 

of beans 1973 

Ghana 2 

Nigeria 

Ivory Coast 

Cameroun 

Brazil 10 22 

6 

3 

28 

4 48 46 

20 

10 35 

6 14 32 

62 55 54 

51 433 

26 245 

35 185 

29 102 

92 177 

Table A 

FOOD 

NDUSTRY 

AGRICULTURE ►— CONSUMER 
D„-r 

AGRICULTURE 
A 

CONSUMER 

FOOD 

INDUSTRY 

INDUSTRIALIZED 

COUNTRIES 

DEVELOPING 

COUNTRIES 

I = Increase 

D= Decrease 

Figure 5 

SCIENCE 

GOVERNMENT DRAFTING NATIONAL 

FOOD STANDARDS 

INTERNATIONAL 

FOOD STANDARDS 

IMPLEMENTING 

SERVICE 

PRODUCER 

CONSUMER 

Figure 6 
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the industrialized countries towards developing countries. Before World War II, 
groundnuts in pods were imported in Europe from African and Asian countries for pro¬ 
cessing into groundnut oil and cake. Gradually, the pods were removed in the cultivat¬ 
ing countries and the nuts exported in their red skins. Later, the nuts were locally 
consumed or processed, and the crude oils exported to Europe. The pressing or other 
extraction of peanuts is now rare in Europe's industrial countries. 
The above situation is by no means exceptional. Coffee is nowadays processed in grow¬ 
ing quantities into soluble coffee within the cultivating countries, and cocoabeans are 
not only fermented but also processed in a number of African and Latin American coun¬ 
tries. Some figures are given in tabel A. 
Trends in the relationship between agricultural and industrial food production are sche¬ 
matically given in Figure 5. 
What will be the effects on quality of the expected changes ? First of all, we have to 
recognize the growing importance of agricultural production in developing countries for 
the worldmarket. Quality control, both as far as the negative and the positive aspects 
of quality are concerned, is essential. The sometimes far from completely controlled 
use of pesticides in agriculture (DDT included) leads to unacceptable levels of conta¬ 
mination. I would draw your attention to the levels of DDT, 0.12 - 79.2 ppm, found in 
tobacco leaves from various tropical countries.* Other contaminations are not uncom¬ 
mon, and these may survive processing in the food industry, they will then create se¬ 
rious problems for the quality of the finished foodstuffs. 
Experience with groundnuts has shown that shifting the export of groundnuts in pods to¬ 
wards groundnuts in skins resulted in less careful quality control. Oil extraction plants 
were looking for better raw materials, and the attention was drawn from groundnut oil 
to such products as corn oil and rapeseed oil. 
As to the positive quality, it is well known that colour, size, flavour, etc. of fruits are 
bound to certain conditions of soil, climate and geographical latitude. Strawberries, 
for instance, cannot be cultivated very well in tropical countries, if the positive aspects 
of quality are observed. 
One of the most serious problems which the developing countries are facing, as far as 
food quality is concerned, is the inconsistency of standardization and quality control. 
The responsibility for quality control of foods may be spread over a number of Minis¬ 
tries (Agriculture, Health, Industry), Municipalities, Marketing Boards and other 
authorities or agencies. Food legislation is often derived from that developed by for¬ 
mer colonial rulers, and these systems are in bad need for updating. Moreover, har¬ 
monization is necessary because of the sometimes very different starting points of 
these ancient legislations, and this may promote and encourage international trade. 
Some principles for a feasible set-up for standardization and quality control of foods 
are given in Figure 6. 

International cooperation 

In this TNO-Conference, I need hardly draw attention to the work of the International „ 
Organization for Standardization (ISO). You all know that the ISO is responsible for 
drafting standards on a number of food products and even more for drafting methods of 
analysis in connection with food standardization. In this work there exists close coope¬ 
ration with the International Union of Pure and Applied Chemistry (IUPAC). You will 
likewise be familiar with the Joint FAO/WHO Food Standards Programme. The FAO/ 
WHO Codex Alimentarius Commission was established to implement this work and more 
than 100 countries are now participating. The purpose of the Food Standards Program¬ 
me is to protect the health of the consumer and to ensure fair practice in the food trade, 
amongst others activities by drafting and finalizing food standards. 
At present more than two hundred of these standards have been prepared or are under 

* V. Thuren, Die Nahrung 18 (1974), 445 - 449. 
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consideration by various governments. It can't be denied that they sometimes bear the 
marks of some international compromise, the standards for fruit juices are perhaps an 
example. This is not surprising, if we consider the very different interests of agricul¬ 
tural and industrial countries in various parts of the world. In other cases, e.g. that of 
the standard on cocoa-products and chocolate, the results may be considered as rea¬ 
sonable and acceptable bu all parties concerned. 
It is strongly recommended that whereever and whenever possible, national standards 
and national food legislation are brought in line with the recommendations of the UN- 
agencies. 

Reaching the end of this introductory talk, I am aware of having presented only a rough 
outline of the qualitative aspects of food production. 
I practically ignored problems of microbiological quality, I hardly mentioned such im¬ 
portant sectors of the food industry as that of meat and meat products. I may well apo¬ 
logize for having taken my examples from my former and restricted experience in food 
research. 
Nevertheless I do hope to have given you at least part of the picture of the complicated 
qualitative factors in agriculture and food industry, and of their interrelationships. We 
all have to consider positive and negative aspects of food quality, and to balance these 
aspects against considerations of environment and energy consumption. Any decision 
which we are going to take, irrespective of any personal preference for a basic philoso¬ 
phy, has to be supported by sound scientific evidence. 
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DISCUSSION 

Question 

You mentioned the question of water in food as a quality factor. Now it is well known a 
number of foods can lose water during distribution; some soft fruits do so and meat 
loses water through drip. The customers however don't like more or less dehydrated 
food, so to satisfy their wishes you have to put it back somehow. But then the problem 
of deceiving the customer raises its head. So we seem to be in a paradoxical situation, 
when we give the customer what he wants, we deceive him, and when we do not wish to 
deceive the customer, we cannot give him what he wants. 

Answer 

I would like to put it this way. In the past there have been many cases of cheating the 
public by adding water to food, milk being a good example. The consumer has a right 
to be protected against that kind of dishonesty. On the other hand you may have mis¬ 
understood me if you think that I am an advocate of the view: The less water the better, 
because generally speaking, that does not hold true. Foods have a natural water con¬ 
tent and mostly that can only be varied in a short range without danger to quality. An 
interesting example is milk powder which has a natural moisture content of 3 to 4 per 
cent. If you go over 5% of moisture, your quality will detoriate through microbiological 
action, and if you go lower than 2% quality detoriation by fat oxidation is a danger. The 
same is true of most other foods. As long as you stay within the safe range with res¬ 
pect to moisture content, you can give the consumer what he wants. 

Question 

Dr. Tollenaar, in a recent paper you discouraged the use of additives and in this paper 
you advocate the use of food additives. How do you justify that ? 

Answer 

I don't intend to justify it as there is nothing to justify. In the recent paper you mention¬ 
ed I did not discourage the use of food additives. I argued that their use will be restict- 
ed because of the difficulties in having food additives legally permitted. Before a food 
additive is permitted, expensive and time consuming toxicological studies have to be 
done. Today I pointed out that there are two alternatives: preservation of food by phy¬ 
sical means which often is energy intensive, and the use of food additives. As we have 
to reconsider the use of energy intensive processes, we will have to reconsider the use 
of food additives too. I am not against food additives, but there is a world of difference 
between being not against something and actively encouraging it. 

Question 

In one of your figures you gave a list of the criteria associated with quality. Was that 
in random order or in order of importance ? 

Answer 

It was in random order. I would not say that I have no personal preferences in the mat¬ 
ter, but I did not want to put them in that figure. 

Question 

You have just said that physical means of preservation of food are rather energy inten¬ 
sive. Still they have their advantages. Freezing and cooling, for example, don't cause 
damage to food if properly used, and if you can find means to decrease the energy used, 
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they may be more attractive than additives. You could go in for better use of isolation 
and you might even try to use solar energy to cool or freeze food. And if the trend of 
doing more processing in the developing countries continues, you will save energy be¬ 
cause you don't have to ship food in bulk, but only processed food. So I see some pos¬ 
sibilities to decrease energy consumption, especially in colling and freezing. Is not 
that a better way than adding more additives to food. 

Answer 

Physical means of food preservation come up to more than freezing and cooling alone, 
they include the application of heat. Then it is not correct to state that physical means 
do not lower quality, some deleterious effects of heat sterilisation are too well known 
for that. And even more gentle methods such as freezing may have deleterious effects. 
As to your other remarks, I agree, if I may add that I am not against food additives. 
They have their uses and place in the preservation of foods. Incidentally, this could be 
a subject for the panel discussion tomorrow. 

Question 

I assume that we can still consider the nutritive value of food as one of the most impor¬ 
tant aspects of quality. We have heard this morning that you can add to nutritive value, 
for instance by addition of amino acids. I would like to know whether that is accepted in 
all countries in the world. 

Answer 

There are two ways of raising the amino acid content of agricultural products. The 
first is by breeding and selection. This has been tried for example with corn and it was 
relatively easy to breed in a high amino acid content, especially lysine, but most 
varieties were extremely susceptible to diseases and pests. But if you have a variety 
that is good in all respects, you don't need permission to plant it. 
The alternative is the addition of synthetic amino acids, and this is practised in a num¬ 
ber of countries, for example in South America, and is under consideration in others. 
Legally, amino acids are additives and although they are wholly benificial, you have to 
get permission to add them to food. The answer to your question must be in the nega¬ 
tive, it is not permitted in all countries of the world to fortify foods with amino acids. 

Question 

You discussed the concept of quality and the various elements it is composed of. You 
mentioned sherry and said that it should come from a certain region in Spain, you 
mentioned orange juice and said it should be made from oranges and not be some syn¬ 
thetic mixture. This induced a train of thought. There are various elements in the qua¬ 
lity concept, some relate to nutritive value, some to economic values and others to 
aesthetical, ethical or moral values. It is not only that sherry should come from a cer¬ 
tain region in Spain. Jews will only eat meat that is kosher, and that is a religious qua¬ 
lity concept. Some people think that oranges and orange juice should not come from 
certain regions in Africa, and that sugar should not come from Spain, but from Cuba. 
Here you are confronted with political quality concepts. And I can give an ethical dilem¬ 
ma in the field of quality concepts: What would one do if asked to set up quality stan¬ 
dards for such drugs as hashish ? 
hi your paper you did not touch upon the political, religious or ethical sides of quality 
concepts. Do you think they should not enter into quality concepts, or are they too dan¬ 
gerous to discuss ? 

Answer 

You did raise a lot of issues. Let us tackle them point by point. If someone for religious 
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reasons does not want to eat pork, or for political reasons only wants to eat oranges 
or sugar comning from certain regions of the world, we can only accept that. But it 
should be put beyond doubt that these preferences have nothing to do with the quality 
concepts food scientists use. A food scientist wants to know whether a certain food 
comes up to certain quality requirements, such as national or international standards. 
So I have to decline to discuss the political, religious and other preferences you men¬ 
tioned, not because they are to dangerous to discuss, but because they should not enter 
into quality concepts in food science. 

Question 

I would like to ask two questions. First, how far do quality concepts reflect the motives 
of industry, especially the profit incentive ? 
Second, you mentioned a change in taste in your country towards more neutral flavours. 
Was this a real change of taste or was it achieved by advertising and other promotional 
means ? 

Answer 

The answer to your first question is yes. In the developed world most foods are pro¬ 
cessed to a higher or lesser degree by food manufacturers and of course the motives of 
industry, including the profit motive, have a certain influence on quality and quality 
standards. The influence of industry, however, has been exaggerated by some, as in¬ 
dustry is only one of the many groups that have a say in the drawing up of quality stan¬ 
dards. 
As to your second question, I can't give you a general answer, I don't know enough 
about it. I can only give you my opinion, which may be wrong of course. I think there 
occurred a real change of taste towards more neutral flavours, and this has been ob¬ 
served in many developed countries. The change of taste may have been accelerated 
somewhat by advertising and other promotional means. 
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The magnitude of the world hunger problem is at an all-time high. United Nations ex¬ 
perts have estimated that 700 million people are on the brink of starvation and that the 
global figure for those suffering from malnutrition has soared to almost a billion. What 
happened to plummet the world into this food crisis ? 
The genesis of the current crisis can be traced to a convergence of adverse climatic 
conditions and critical policy decisions affecting the world's 1972 cereal grain harvest. 
Bad weather caused production shortfalls in several countries. For example: 
(1) U.S.S.R. The grain crops fell 14% due to inadequate rainfall. Because the Soviet 

Union is one of the world's largest grain producers, even small changes in her 
production significantly affects the global supply picture. 

(2) Australia. Drought adversely affected the crops and thus reduced Australia's ex¬ 
portable surplus. Australia ranks behind only the U. S. and Canada in importance 
as an international supplier of wheat. 

(3) Argentina. Lack of rainfall also hurt the crops there. Argentina is a large ex¬ 
porter of grains. 

(4) India. A poor monsoon hurt the grain crops. India's huge population, nearly 600 
million people, means that shortfalls in domestic production markedly increase 
the demand pressures on external world supplies. 

(5) Philippines. Drought followed by excessive rain dealt the Phillipine's production 
a double blow. From a level of near self-sufficiency, the country was thrown back 
to dependence on sizeable rice imports. 

(6) Peru. The anchovy harvest from the Pacific fell by 2/3. Anchovies are converted 
to fish meal, which is a principal protein source in animal feed. Peru is a major 
supplier of fish meal and so this shortage sent reverberations throughout the ani¬ 
mal feed industry. 

The supply and demand situation was also aggravated by certain policy decisions taken 
by three of the world's agricultural giants. The U. S. and Canada had decided to restrict 
the acreage planted to grains in order to lower the existing level of surplus inventories 
and thus reduce the economic burden of carrying these surplus stocks. Russia's policy 
decision was on the demand side. In the past when they had experienced production 
shortfalls, they tightened their belts and consumed less meat and, consequently, less 
feed grain. This time they decided to continue the expansion of their livestock industry 
in order to increase per capita meat consumption. Therefore, they went into the inter¬ 
national markets to buy the necessary grain to meet their needs. In fiscal year 1973 
they bought over 28 million tons of grain which was the largest food import transaction 
in the history of agricultural trade. 
The effects of these combined phenomena were dramatic; World grain reserves in 1961 
were 154 million metric tons; by 1974 they had decreased to 90 million metric tons, 
which is the equivalent of less than a month's supply. The world food situation changed 
from surplus to scarcity. 
In the face of surging demand, production shortfalls, and shrinking reserves, prices 
skyrocketed. Wheat soared from $1. 80 per bushel in 1972 to $5. 50 in 1973; corn from 
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$1. 35 per bushel to $3. 00; soybeans from $3. 80 to $12. 00; and rice from $120 per ton 
to $600 per ton. 
Soaring prices in basic grains are equivalent to a regressive tax on the poor of the 
world. Those countries and groups within countries that have the lowest purchasing 
power are the most adversely hurt by grain shortages and higher prices. The rich 
complain, but the poor go hungry. 

Can we feed the hungry ? 

In the midst of any crisis it is often useful to step back and attempt to gain a broader 
perspective of the underlyinh factors and their implications for the longer run. In fac¬ 
ing the basic question of whether we have the productive capacity to meet the growing 
food needs of the world, we should examine (1) the global dietary profile; (2) the food- 
population race; (3) key supply determinants; and (4) alternative food prospects. 

Global dietary profile 

Cereal grains dominate the world's dietary profile. They provide slightly over half of 
the total calories (52%) and slightly under half of the proteins (47%). Animal products 
supply 14% of the calories and 32% of the proteins. Wheat is the world's largest grain 
crop: 352 million metric tons in 1974. Rice is next with 307 million; then corn at 298 
million metric tons. The greatest number of calories on an average world daily per 
capita intake basis comes from rice, 459 calories or about 19% of total calory intake, 
but the low protein content in rice limits the protein contribution to 8. 5 grams, an 
average of 13% of the total per capita protein. Wheat provides an average of 440 calo¬ 
ries per day (18. 6%), but 13.0 grams of protein or 20% of total protein intake. Corn is 
less important, contributing only 6% of the calories and a like amount of the proteins. 
However, in certain geographical areas such as Latin America, corn dominates the 
diet and rice and wheat are less important. In most of Asia rice is the major staple. 
It is also important to recognize the consumption patterns differ drastically between 
the more developed and less developed nations of the world. For example, the United 
States' average per capita daily intake of calories is about 3300 of which about 650 
come from cereals and 600 from meat. South Asia has an average intake of about 1,900 
per capita per day of which some 1,300 are derived from cereals and only 8 from 
meats. It is also interesting to note that sugar, which is the world's largest source of 
calories after cereals, accounting for 8. 8% of the total intake, supplies 513 calories 
per person in the U. S. and 192 in South Asia. The rich nations are meat eaters; the 
poor nations, grain eaters. The average U. S. citizen consumes approximately 2, 000 
lbs. of grain per year, of which about 95% is consumed indirectly in the form of beef, 
poultry, or pork produced by converting grain protein to meat protein. In the develop¬ 
ing nations grain intake is about 1/5 the U.S. figure, and about 95% is consumed direct¬ 
ly as grain, not as meat. 
It is obvious from this brief dietary profile that changes in the supply, demand, and 
prices of basic grains can have a major impact on all people of the world, and can be 
especially critical to the millions who live on the edge of hunger and malnutrition. And 
the numbers slipping into these areas grow at an alarming rate. 

The food-population race 

One hundred and seventy-seven years ago Thomas Robert Malthus expressed alarm in 
his "Essay on Population ", that the geometric expansion of population would outstrip 
the world's food resources. The world's population is growing at 2% per year, which 
means a doubling every 35 years. Today, 3. 9 billion people inhabit the earth; by the 
turn of the century the figure will have soared to 6. 5 billion. The race between food 
production and the multiplication of hungry mouths to be fed has seen food production 
just barely keeping up in the past two decades. 
Even though total world food production has risen annually at about a 2% rate, per capi¬ 
ta food consumption has increased at only about 3/4% per year. The lesser developed 
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countries have felt the population explosion's pressure on food supplies most acutely. 
Total agricultural production has expanded at roughly equivalent rates in both the less 
and more developed countries, but the per capita production growth rates in the more 
developed nations was 11/2% while in the developing countries the figure was only 1/2%. 
Even if zero population growth were achieved in India today, it has been estimated that 
food needs would still increase by 25% within the next decade due to the large percent¬ 
age of young in the population and hence the subsequent built-in increase in numbers of 
child-bearing women. Without a constraint on population growth, agricultural supplies 
will be severely strained. The hand of Malthus still weighs heavily on our shoulders. 

Key supply determinants 

Whether or not the world can meet the growing food needs of its population will depend 
basically on how much land we cultivate and how much food we can extract from that 
given area. In effect, supply depends on area and productivity. 

The land factor 

There are 3.6 billion acres of land under cultivation today. The key question is 
whether large areas of additional land can be brought into production. Approxima¬ 
tely three-fourths of the world's land not currently cultivated cannot be cultivated. 
Lack of adequate rainfall is the major constraint, e.g. in the desert areas of the 
world, but also much of the mountain ranges cannot be tilled, either. 
Of the remaining one-fourth, some small portion could probably be cultivated with 
modest additional investment. However, the bulk is probably not economically 
arable. For example, the capital requirements to open up the Amazon basin pro¬ 
bably render the exploitation of that land mass economically unfeasible. 
Within the U. S., the world's major grain exporter, the major fertile lands have 
been fully utilized. Acreage that had been previously held out of production under 
the government's agricultural program is now being brought back into production, 
this in response to the surging demand. This reserve capacity is no longer avail¬ 
able. Much of this new land is probably marginal from a productivity standpoint. 
It prices decline much ot the new acreage might become unprofitable and hence be 
withdrawn from production, thus lowering supplies. 
In the more developed countries it is doubtful that significant amounts of additional 
acreage will be cultivated. In fact, the acreage trend has been slightly downward, 
reflecting competing industrial and recreational uses for farm land. Plantings in 
the lesser developed nations, in contrast, have risen gradually. However, the cri¬ 
tical factor is that yields in the developed nations have grown much more and are 
about 60% greater than in the developing nations. 

The productivity factor 

These lower yields in the developing nations represent both a problem and an op¬ 
portunity. The low productivity exacerbates the supply-need gap but it also reveals 
that there is significant room for improvement. If grain yields could be increased 
in the developing nations by 10%, an additional 30 million metric tons could be add¬ 
ed to world supplies which would be equivalent to about 30% in world grain trade. 
This large potential impact is a reflection of the relatively small percentage (about 
8%) of total world production that enters international trade. 
Despite this potential, the barriers to increasing yields in the developing nations 
are many, Some progress has been made as a result of the well publicized " Green 
Revolution ". The "Green Revolution " has been based on a technology package of 
inputs consisting of high yielding seed varieties, fertilizers, other agro-chemicals, 
irrigation, and water management. As of 1973, 32. 5 million hectares of new 
strains of rice and wheat were planted in Asia and North Africa, representing a 
rapid growth since their introduction in 1965. About half of these plantings were 
wheat and half were rice. Still, world supplies have not yet been radically altered 
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by the "miracle seeds These plantings still represent a relatively small per¬ 
centage of the total grain area. Additonally, the "Green Revolution " is a geograph¬ 
ically concentrated phenomenon: India alone accounts for about 61% of these wheat 
plantings and 55% of the rice plantings. 
According to the FAO, even with continual efforts, no more than one-third of the 
developing nations' cereal acreage could be planted to these new strains by 1985. 
The water and fertilizer components are chief constraining factors in the utiliza¬ 
tion of the new strains of the "Green Revolution". 
The global energy crisis is entwined with the food crisis. Agriculture is a major 
consumer of fuel and fertilizer and one-half of all fertilizer is nitrogen. The short¬ 
age in fertilizer production capacity and feedstocks - and the soaring oil prices - 
have been transmitted through the system to dramatic fertilizer price rises. 
The other constraining factor on these new cereal varieties, as well as traditional 
varieties, is water availability. Rice is the most intensive user of water among the 
cereals. Wheat requires only half as much water as rice. Without irrigation, 
crops are totally exposed to the vagaries of rainfall. Only about 12% of the world's 
arable land is irrigated. The annual rate of increase in irrigation land between 
1950 and 1970 was only 3%. However, many experts feel that most of the easy and 
relatively inexpensive irrigation projects have already been undertaken, and the 
ones for the future will be more costly. 

Alternative food sources 

From the foregoing discussion it is apparent that increasing grain supplies to meet the 
needs of an ever-burgeoning population will be an uphill battle. Even though the 1974 
rice crop was the largest ever, per capita figures remained at the 1972 level. Can we 
look to foods other than grains for our needed nutrients ? 
One source is fish, which provides 40 lbs. (live weight) per capita per year of which 
two-thirds are consumed directly as human food and one-third as animal feed. The 
world fish catch had grown steadily since 1950 until 1970, reaching 70 million tons. 
However, since then it has declined, thereby raising questions of overfishing and doubt 
about the supplies of our marine resources. Fish supplies will not be a panacea to the 
grain shortage, even if one could overcome consumer resistance to fish consumption. 
A perhaps more favorable prospect lies with the plant geneticists who have been de¬ 
veloping new cereal strains which have a higher nutritional value. One such hybrid 
variety is triticale, which is a cross between wheat and rye. Approximately 400, 000 
hectares in 52 countries are planted to this new grain. It has both higher yields and 
higher protein content than other cereals. It is reasonable to expect that triticale will 
become a major food source in the future. Nonetheless, it still faces the same con¬ 
straints as other cereal grains, plus the additional burden of being new and relatively 
unknown to farmers. 
Another course of action of the geneticist is to improve the nutritional quality of the ex¬ 
isting cereals. Most work has been done with maize, especially the high-lycine variety, 
Opaque-2. The higher lycine content reduced the debilitating effects of this limiting 
amino acid and therefore greatly improved the nutritional quality of the grain. Pro¬ 
blems of consumer and producer resistance arose due to the variety's soft endosperm 
which adversely affected acceptability, and due to yields being less than traditional va¬ 
rieties. Recent strains seemed to have removed these negative characteristics. Simi¬ 
lar breeding efforts are underway to improve the protein quality and quantity of rice, 
wheat, and sorghum. 
Another approach to improving the nutritional quality of the cereals is by fortifying 
them with synthetic amino acids ( and vitamins and minerals ). Experiments on protein 
fortification are currently underway in Tunesia (wheat), Thailand (rice), and Guate¬ 
mala (corn). By removing the limiting effect of the cereal's key deficient amino acids, 
the amount of usuable protein actually obtainable from the grain is increased. The eco¬ 
nomics and feasibility of cereal protein fortification is still not clear, but the potential 
nutritional impact is large. 
Finally, mention should be made of Single Cell Proteins (SCP). This involves convert- 
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ing organic waste materials or petroleum derivatives into edible protein by the use of 
single cell micro-organisms. Although this approach has considerable ecological appeal 
and definite potential, many technical, economic, and consumer acceptability barriers 
stand in the way of its becoming a major factor in food supplies in the near future. 

Allocating scarce resources 

The food crisis that developed by the convergence of various phenomena in 1972 had its 
roots in the basic and historic race between food supplies and population growth. Tech¬ 
nology aimed at increasing agricultural productivity and total output will undoubtedly 
make a significant contribution. However, it is doubtful that progress will be rapid. 
For the near term we certainly will be living in a scarcity environment. The 1974 
wheat, rice, corn, and oat crops are all below 1973 levels. Today the global food sys¬ 
tem has historically low reserves; the traditional cushion of surplus stocks is gone. 
Consequently, the dynamics of supply and demand will be characterized by high price 
volatility. 
Thus, while the vital longer-term attempts are made to raise productivity and restrain 
population growth, the issue of allocating scarce resources must be considered. In one 
sense, the world food crisis is not a shortage problem but rather a result of the uneven 
distribution of food resources in the world. This distributive pattern, in turn, is a re¬ 
flection of the fundamental problem of maldistribution of wealth. Food is really like any 
other resource of a nation and is subject to all the same inequities in wealth distribu¬ 
tion within a country or among nations. Starvation is simply a more dramatic mani¬ 
festation of inequitable income distribution. Malnutrition need not exist today, but its 
erradication in a scarcity environment means redistributing food supplies. 
This, in turn, raises a number of complex, political, and morally difficult issues 
which we wish to list. Although they cannot be discussed within the scope of this paper, 
they are basic to the question of "Supply versus Needs ". 
(1) Should more developed nations adopt policies to achieve more "nutritionally econo¬ 

mical " consumption patterns, such as reducing beef consumption to free up grain? 
(2) Should grain reserves be built up and held within both developing and more develop¬ 

ed nations ? 
(3) Should food aid to developing nations be increased and committed on a multi-year 

basis ? 
(4) Should such aid be handled on a bilateral or multilateral basis ? 
(5) Should export embargoes of basic commodities which other countries depend on as 

part of their total food supply be permitted? 
(6) Should domestic consumers within exporting countries have to bid against foreign 

buyers for their food ? 
(7) Should food or agricultural aid be given only to developing countries when they take 

positive action in controlling population growth and increase their own food produc¬ 
tion ? 

How to resolve these issues is not clear. What is clear, however, is that we live in a 
highly interdependent world, which means that it is in the practical interests of all to 
address the multiple problems plaguing the world food system. It is also a moral im¬ 
perative, as was stated by Willy Brandt: 

"Morally it makes no difference whether a man is killed in war or is condemned to 
starve to death by the indifference of others. " 

Conclusion 

In discussing this subject one must differentiate between the needs in the developed and 
the developing areas in the world. For example, in developed areas, many people con¬ 
sume too much food with resultant obesity and ill health, and in the developing areas 
there is not enough food, with resultant ill health, even death from starvation. 
In our opinion the developed areas will increasingly turn their technical skills to manu¬ 
facturing foods of lower caloric content, more convenience foods for those who actually 
prepare meals, genetic improvement of seeds for greater crop yields as well as im- 
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proved nutrient content, nutritional improvement via fortification of certain foods with 
synthetic nutrients, and technical assistance to the developing areas of the world, in 
all areas of food production. 
The developing areas of the world must increase the amount of arable land, take ad¬ 
vantage of technical skills to improve the productivity of their lands, and eventually 
improve the production, manufacturing, and distribution of the food they produce as 
well as the foods they receive from other countries. They must produce more of their 
own food and they must slow down the rate of population growth. 
The genesis of the current world food crisis can largely be traced to a convergence of 
adverse weather conditions and food policy decisions for the world's 1972-73 cereal 
crops. Production of wheat and rice in major producing nations was less than expected 
that year. Further, acreage restrictions in the U.S. A. and Canada resulted in a still 
greater decline in world grain production. The decision of the U. S.S.R. to buy major 
quantities of grain accentuated pressures on the demand side. The combined result was 
depletion of world grain reserves and increasing prices. 
The diet of the world is dominated by the three basis cereals - rice, wheat, and corn. 
To meet the production goals for these basic grains, the world is faced with a continual 
race between food supplies and an ever-increasing number of people to feed. World 
population is expanding by almost a billion people every ten years. Population growth 
must be slowed and all of us must do whatever we can to help. This is really the Num¬ 
ber One problem of the world. 
Do we have the productive capacity to feed the burgeoning number of hungry people ? A 
quick and firm positive answer is not possible. Most economically arable land in the 
world is now being cultivated. There is still new land that can be brought into cultiva¬ 
tion but this will frequently be very costly. More reliance will have to be placed on 
making existing land more productive. 
The world food problem is not just a supply problem. It is also an allocation problem. 
The average world daily per capita Calorie intake is 2,400; in the U. S. the figure is 
3,300; in India it is 1,900. Similar uneven distribution occurs within countries. There¬ 
fore, the supply and demand balance must be struck by policy measures aimed at both 
increasing production and distributing food supplies more equitably. 
Industry will respond to the changing trends in food consumption and production in both 
the developed and developing areas. But for maximum response with all possible speed, 
it is necessary that industry be profitable, competitive, and work collaboratively with 
government to develop efficient, productive, and equitable food systems. 
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DISCUSSION 

Question 

There have been made a number of references to fortifying cereals with lysine. I would 
like to ask Professor Stare what is his view of the school of thought that says that this 
is a very wasteful route to nutritional improvement. It is wasteful because in order to 
benefit the members of the community whose diets are deficient - say the young child - 
you cannot avoid benefitting the members of the community with satsifactory diets. 
Somebody has to pay for all this, most probably the consumer. If the cost of fortifica¬ 
tion is small, then perhaps this wasteful method does not matter. So I have a supple¬ 
mentary question: What would be the cost in practice, as distinct from experimental 
conditions, of fortifying cereals, particularly with synthetic lysine? 

Answer 

It will be difficult, I fear, to answer your last question. The proce of animo acids de¬ 
pends on the price of oil, and with an oil shortage and rising prices I simply don't know 
whether fortification with synthetic lysine is an economic proposition now. 
But when we started our studies six to seven years ago, the economists working on our 
team, were absolutely sure that fortification with synthetic lysine was by far the 
cheapest method. And I am not worrying about price. If we can demonstrate that forti¬ 
fication is the best method, then industry will find a way to make it economically feas- 
able. Second, fortification may seem a wasteful method, but you have to realise that it 
has a tremendous advantage: You don't have to change food habits. You just add a few 
synthetic amino acids, some vitamins and mineral iron, and you have a flour or some¬ 
thing else with the same taste, colour, texture smell, cooking qualities etcetera as the 
natural product. This should be kept in mind when discussing the wastefulness of forti¬ 
fication. 

Question 

There are, I think, some potential food sources that have not been mentioned yet. The 
first is straw and chaff. When you grow grain, about half of the energy is in the straw 
and chaff. At the moment it is treated as a waste and burned or destroyed. Are there 
any possibilities to convert it, chemically or micro-biologically, into let us say, a 
feed for animals ? After all the Common Market countries are producing over 100 
million tons of straw a year, and this is a potential food source of rather impressive 
dimensions. 
Secondly, you did not say anything about crops like potatoes, sweet potatoes and cas¬ 
save that are important in tropical countries. Some institutions are developing new and 
better strains and try to introduce them in various countries. What is you opinion about 
that ? 

Answer 

As to your first question, I am not an expert and maybe my answer will not be abso¬ 
lutely correct. But I have always been under the impression that chaff and straw con¬ 
sist of indigestable material mostly, but someday a microbiologist may come along 
with a method to turn it into animal feed. 
I did not intend to slight potatoes or cassava; potatoes is a rather good food, but cas¬ 
sava is not, it is mostly starch and has only a small amount of protein in it. But you 
have to realise that this are minor crops. All I said is that there are three basic food 
crops for mankind: wheat, rice and corn. More people feed on rice than on potatoes 
and cassava. It is quite good that some people are trying to improved strains of pota¬ 
toes and cassava, as locally they are important food crops, but on the whole you can 
only count upon rice, wheat and corn to feed the world population. 
Your remarks about energy do give me an opportunity to mention something I left out of 
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my paper. I think that the world food problem is far more a calorie problem than a pro¬ 
tein problem. Most diets contain enough protein but they are deficient in calories, so 
some of the protein is burned for energy and that causes a protein shortage. So we 
asked ourselves what crop gives the most calories per unit of fertile land and we did a 
comparitive study. The answer that came out is sugar, beat sugar or cane sugar. It 
takes just 0.17 acre to raise one million calories of sugar. If you want to have a mil¬ 
lion calories out of potatoes, you need about 0.4 acre, with wheat, corn or rice it is 
about 1 acre and with eggs, milk, poultry or beef you need about 17 acres to raise one 
million calories. So I think that sugar production will be raised considerably, as it is 
the most efficient calorie crop we have. Studies in Guatemala have shown the impor¬ 
tance of enough calories in the diet. The group studied consisted of poor pregnant 
women who subsisted on a diet of corn and beans, containing enough protein but only 
1400 calories, which is pretty low. These women were given daily 500 calories of su¬ 
gar and that made all the difference between a bad and a good diet. 

Question 

(Parpia) Dr. Stare just mentioned three basic food crops of mankind, but I would like 
to add a fourth, namely the 45 million tons of grain legumes produced yearly. They are 
an important source of proteins for many people, especially lysine and threonine. A 
concerted program to increase the yield and amino acid content of grain legumes, just 
as was done for cereals, would go a long way to solve the world protein problem. 
The second point I want to make is that in India the question of lysine fortification was 
discussed intensively. It was concluded that the question should be considered in terms 
of the whole diet and not of cereals alone. A third point is that you have to reach the 
lowest income groups who are living on a protein deficient diet. But these groups are 
nearly inaccessible to the modern techniques of communication you use in a program 
of fortification. Here again I want to stress the importance of grain legumes. In the 
north of India the daily intake of grain legumes is around 80 grams per person per day, 
whereas in the south it is only 6 grams. 
Development of high yielding strains with a high amino acid content would certainly 
help to solve the protein problem there. 
After these introductory remarks I have two questions. First, did you encounter the 
same kind of problems in your field work in Tunesia, Thailand or Central America ? 
After all, Tunesia is an Arab country, so probably grain legumes are part of the diet. 
Second, what would be the best solution, fortifying with synthetic amino acids or in¬ 
creasing the natural sources of protein ? 

Answer 

I fully agree with the remarks of Dr. Parpia about grain legumes, they are an impor¬ 
tant source of vegetable protein in many countries. 
As to your questions, I do not think that there is a best solution in the sense that forti¬ 
fication is always better than increasing natural sources or the other way round. If you 
want to eradicate protein deficiency, you have to adapt your actions to regional circum¬ 
stances. In the example I gave about Guatemala, protein deficiency was caused by a 
calorie deficiency; the solution was to provide the population with a high calorie food 
like sugar. In India grain legumes have been part of the diet for thousands of years I 
think, so you don't have to change food habits, you have to increase the daily intake in 
certain regions and you should base your strategy on that. Maybe grain legumes are 
recognised as a food in the coastal and urban areas of Tunesia, but they were not eaten 
in the interior where we worked. At least to the rural people they would be a complete¬ 
ly new food. Successful introduction of grain legumes would mean a change in food 
habits and that always raises difficulties, as my last example will show. In the region 
of Thailand where we work, agriculturalists have convinced the Thai farmers that they 
can raise soybeans in between their rice crops. But nobody has taught them how to eat 
the beans and how to prepare food from them. They sell the beans as cash crop and 
with the money they buy a new bicycle, more cosmetics for their women or another 
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transistor radio. Changing food habits is difficult and often takes a long time. But now¬ 
adays you can turn to fortification or traditional food as an alternative. 

Question 

Do you think that foods from soybeans have a good future ? 

Answer 

Yes, there is a promising future for protein concentrates, particularly from soybeans. 
They are used already in, for example, hamburgers, and their use will spread far and 
wide. 
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Systems of Agricultural Production * 

Mr. T. L.V. Ulbricht, 
Head of Planning Section of the Agricultural Research Council 
London 
U.K. 

You have accorded me a great, quite unexpected and, I suspect, undeserved honour in 
inviting me to address you. I can only say that I am very pleased to have the opportunity 
of taking part in your conference, and express the hope that you won't regret too much 
having' asked me to come. 

In the English legal system, when a man is accused of a crime, there is a lawyer for 
the prosecution, and a lawyer for the defence. Whatever their personal opinion or 
judgement may be regarding the guilt of the accused, one tries to prove that he is guilty, 
and the other to prove that he is innocent, and this is held to be the best way of arriv¬ 
ing at a just verdict. And in politics, each party stresses certain facts, certain as¬ 
pects, claims for itself a unique righteousness, distorts statistics and denigrates its 
opponents. How often does a politician admit that he was wrong and that his opponent 
was right? 

I must admit to you that I have never much liked that approach. I am interested in 
truth. We may not arrive at truth, but we can try and approach it. Since we, here to¬ 
day, don't have to tell lies to win elections, we can examine a problem from different 
points of view, and if possible with different ways of thinking, in order to come a little 
closer to the truth. 

I was asked to speak to you about "alternative agriculture " - so to speak, to make the 
case for organic farming. But I have no wish to make a one-sided, biassed case, like a 
lawyer or a politician. I want to look at it like a scientist and, more than that, as a 
human being and a member of society, and as a member of the community of inter-de¬ 
pendent living creatures on our planet. To be able to do that intelligently, I believe a 
certain historical perspective is necessary. We were born, we live, and we shall die 
in a civilisation with a unique character, very different from the civilisations of the 
past. It is the great development of science and of a particular kind of technology which 
typifies our civilisation. Despite its Christian origins and the religious influences from 
other cultures - the Egyptian, Hebrew, Greek and Islamic worlds - ours has become a 
secular civilisation, more secular even than Rome. Taking more and more the place of 
religion in our society has been the belief in a universal progress for all mankind. Ma¬ 
terial progress there certainly has been; of psychological and artistic progress there 
has been no sign. 

What is the attitude to man and to the world which underlies our civilisation? It seems 
to be the idea that with our ordinary mind we can understand everything, and that the 
whole can be understood by analysing its parts. It is strange that in our personal lives 
we know perfectly well that that isn't true; especially in close personal relationships 
where emotional factors are very strong. What use is an exclusively intellectual ap¬ 
proach there? But we compartmentalise the world, we compartmentalise our lives be¬ 
cause, without being aware of it, our intellect, feelings and body each have their own 
lives in us and do not work together in harmony. This disharmony expresses itself in 
the outside world: the complexity, senseless hurry and stress of modern life with its 
curious combination of impersonality and violence (intellect and emotion working 
apart), leading to widespread mental sickness and now the beginnings of the breakdown 
of education and other social services. And with the overpopulation of our world and all 

* (Footnote) This lecture expresses Dr. Ulbricht's personal views, and not those of 
his organisation. 
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the attendant problems of food supply, urbanisation, and pollution it really does seem 
as if the sorcerer's apprentice - science and technology - has set our civilisation 
careering down a hill, quite out of our control. Facing this crisis, we are bound to ask 
ourselves what our aims really are. What kind of society do we want, where do we 
want to go ? And if we are dissatisfied with the way things are going, should we not look 
at our own attitudes, at our own unquestioned assumptions? 

Turning to agriculture, let us first of all be clear what it is. Any form of agricultural 
production is artificial, and constitutes an unstable ecosystem. Some production sys¬ 
tems are more stable than others, but they are all artificial in that they are man-made, 
and they are all unstable in that they have to be man-maintained. If they were not, our 
land would revert to wilderness - in our part of the world, mostly to forests. Forests 
are very beautiful but cannot feed many people. 

But now, how are we going to think about agriculture ? From what point of view ? If we 
are comparing different production systems, on what basis are we going to make a 
judgement, to decide that one is better than the other ? Is it to be economics ? Or na¬ 
tional or EEC self-sufficiency? Or total production? Or energy conservation? Or food 
quality and the health of the consumer ? Or environmental protection ? Or the mainten¬ 
ance of soil structure and fertility as a long-term resource ? 

Some of these criteria are compatible with each other, but let us be quite clear about it 
- not all of them are. If our major concern is the greatest short-term economic effi¬ 
ciency, then - so some people believe - the kind of agricultural practices that are 
mostly used now are wasteful of energy and of mineral resources, pollute the environ¬ 
ment, reduce the intrinsic fertility of the soil and produce food which may constitute a 
health hazard to the consumer. I think we can all agree to what sort of agriculture sole 
consideration of the greatest short-term economic efficiency leads: it is capital-inten¬ 
sive, large-scale, highly mechanised, with mono-culture of crops and extensive use of 
artificial fertilisers, herbicides, and pesticides, and with intensive animal husbandry 
( "factory farming "). 

The development of this sort of agriculture during the last century or so has been quite 
logical. The analytical approach to the mineral requirements of plants led to the intro¬ 
duction of artificial fertilisers, and in particular, the replacement of nitrogen fixed or 
released by soil organisms gradually over the season, by sudden inputs of large 
amounts of soluble nitrate etc,, from nitrogen fixed by energy derived from fossil 
fuels. The advantage of artificial fertilisers is that one knows exactly how much one is 
applying, and that they are easy to apply in practice. Until recently, they have been 
cheap, and even subsidised in some countries. 

At the same time, the selection of improved crop varieties has proceeded at an acce¬ 
lerated pace, and with the development of modern genetics, breeding for specific cha¬ 
racteristics has replaced mere selection. The advent of herbicides has not only sim¬ 
plified cultivation but also made it possible to grow cereals year after year on the same 
land. However, these new high-yielding varieties, grown in huge acreages and often 
continuously on the same fields, are or become more susceptible to disease, and we 
have all seen how specific genetic resistance to a particular disease breaks down very 
quickly (as in the devastation wrought by corn blight in the United States). This has 
necessitated, on the one hand, the use of fungicides and pesticides on an ever-increas¬ 
ing scale, and on the other, the breeding of ever-new varieties. Undoubtedly, we are 
dealing here with a very unstable eco-system indeed, and one which requires high capi¬ 
tal and energy inputs to maintain it. The question then arises, can such systems be 
maintained in the long-term, and what effects do they have on the soil, the environ¬ 
ment, and on human health? 

Much has been written about environmental effects, especially in relation to wildlife. 
Many of the chemicals used are persistent, are mutagenic or teratogenic, or have 
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other profound metabolic effects. One thinks of aldrin, dieldrin, DDT, dimethoate, the 
arsenicals used in vineyards, 2,4-D and 2,4, 5-T, the fungicide pentachloronitroben- 
zene, and chlorcholine chloride, which shortens internodes. Some of these poisons 
have been banned entirely in certain countries, or their application is restricted to 
non-agricultural use. The difficulty, from a scientific point of view, is to discover what 
the effects of small quantities of such chemicals in food really have on human health. 
The effects may be cumulative, requiring many years to manifest, or there may be 
synergistic effects or interactions between these substances or their metabolites. 
Highly specific effects, like that of thalidomide, can be experimentally demonstrated, 
but more subtle effects would be almost impossible to prove even if large numbers of 
human beings were available for experimentation - which of course they are not. Some 
physicians are concerned at the increasing incidence of cancer and circulatory diseases 
in young adults, of allergies, and of hyperkinesis and learning difficulties in American 
schoolchildren which have responded to treatment with a strict diet. We should remem¬ 
ber that in the U. S. A. there are 2,764 permitted food additives - and that is in addition 
to traces of synthetic chemicals and their metabolites resulting from agricultural prac¬ 
tice. 

Did you know, I wonder, that the life-expectancy of a man of 45 in 1870 was 22 years, 
in 1948 it was nearly 28 years, and since then has slightly declined? Yet since 1948 
tuberculosis has been conquered and the treatment of many diseases greatly improved. 
As McLean has pointed out, this must mean that aspects of our way of life have de¬ 
teriorated to such an extent that all medical advances have been wiped out, and he has 
argued that diet might hold the key. 

One of the things we do know a little about are the effects of using high levels of nitrate 
fertiliser. Certain vegetables, like spinach, incorporate high levels of nitrate; the 
highest ever found in analytical studies were in fact in Dutch lettuce, up to 540 mg. / 
100 g. (for comparison, the safety level laid down for water is 5 mg. /100 ml.). High 
incorporation of nitrate into vegetables reduces the levels of potassium and methionine, 
reduces keeping qualities, and also reduces disease resistance which, in turn, leads to 
increased pesticide use. Schuphan has reported how cases of methaemoglobinaemia in 
babies in Germany were traced to the eating of spinach, especially frozen spinach. 
This spinach had been grown under contract for the frozen food industry, with high 
levels of nitrate (300 kg. NAectare). Levels of nitrite (which of course is the agent 
responsible for the methaemoglobinaemia) increase during storage of spinach, and es¬ 
pecially after allowing frozen spinach to thaw. 

If, in general, it is difficult to establish the precise effects of chemicals present in low 
concentrations in food in man, it is sometimes more possible in animals. Interesting 
in this respect is the work of Aehnelt and Hahn in Germany on the effects of intensely 
produced fodder on animals. Comparison of bulls fed from intensive grassland (high 
levels of artificial fertilisers) with bulls extensively grazed on organically dunged 
grassland showed striking differences. Sperm motility in diluted semen was very sig¬ 
nificantly higher, and maintained for longer, in the organically fed bulls. The poor re¬ 
sults with intesely fed bulls were reversed on changing to an extensive grazing system. 

A more sensitive test indicator is the reproductive system of the rabbit. Comparisons 
of rabbits fed for six weeks either with intensively produced hay or with organic hay, 
showed that the fertility of the intesively fed group was considerably reduced. This 
showed up in the number of ovulation points and eggs, the proportion of fertilised eggs, 
and their viability on incubation. Similar results were obtained with carrots and kohl¬ 
rabi. The interesting thing is that analyses of the foodstuffs did not show significant 
differences in composition, except in the case of hay. Despite higher manganese and 
much higher magnesium levels on one of the intensive farms, the hay from the exten¬ 
sive farm contained twice as much magnesium and seven times as much manganese, as 
well as higher levels of iron, calcium, copper and zinc. It is worth noting that the 
meadow on this organic farm contained a much wider range of species. Are the so-call- 
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ed "production diseases " of cattle a consequence of the intensive use of artificial fer¬ 
tilisers on forage crops ? 

We cannot draw any direct conclusions regarding human nutrition and health from such 
experiments, but as scientists we should at least admit to our profound ignorance. A 
plant in a low humus soil flooded with soluble mineral nutrients is in a very different 
environment from one in a high humus soil in which there is a slow breakdown and re¬ 
lease of minerals, and it responds differently. In the organic environment growth in 
the early spring is slower, the form of the plant is more compact, and disease resis¬ 
tance is higher, both in plants and animals. All the usual pests and pathogenic orga¬ 
nisms are present, but in the ecologically richer and more stable system a single or¬ 
ganism rarely achieves dominance. What is the effect of artificial fertilisers on the 
metabolism of the plants ? Is there a change in the balance of the protein components, 
for example, or in the levels of alkaloids, oestrogens or other active compounds? It is 
interesting that, as Schultz has shown, the oestrogenic isoflavone content of red clover 
and lucerne is increased by modern methods of forage conservation (artificial drying, 
and ensiling) by up to 160%, but reduced if hay is made the old-fashioned way. Have we 
really nothing to learn from our forefathers ? 

Another indication of environmental effects that could have consequences for human 
health comes from an analysis of British river water, showing that the proportion of 
Enterobacteria (E. coli, Salmonella etc.) resistant to the antibiotic ampicillin in¬ 
creased from one-quarter to three-quarters in four years (1970 to 1974), and the pro¬ 
portion resistant to tetracyclines doubled during the same period. 

There are, therefore, numerous indications that our present agricultural technology 
has some undesirable effects. What is our attitude to that? Following Clarke, I distin¬ 
guish between five approaches to technology: 
1. Modern Western technology is fine. Concern about the environment is wildly exag¬ 

gerated and stems from cranks and "eco-nuts ". 
2. All technology is bad. 
3. Bad technology is a consequence of the capitalist system - in a communist system 

modern technology would be of benefit to all. 
Frankly, I think these three views are too absurd to be worthy of serious consideration. 
4. Modern technology has had some serious and undesirable side-effects, but these 

can be dealt with by a rigorous scientific approach. What we need is to solve the 
problems with more science. This is the "technological fix" response. 

5. The reason why modern technology has had such undesirable effects is that the 
fundamental philosophy on which it is based is wrong - it talks of "conquering na¬ 
ture " and "exploiting nature ", as though somehow man were not a part of nature. 
The alternative technology response to our situation stresses ecological considera¬ 
tions - the necessity of looking at all life on our planet and the environment as one 
whole. As Albert Schweitzer said, "Man must learn to live with Nature, not try to 
beat it into submission ". This approach in no way denies the value of science, but 
it does deny that a purely analytical, reductionist approach - the belief that to un¬ 
derstand the whole, it is sufficient to analyse its parts - is sufficient. 

The differences between these two views can be seen by considering one or two specific 
problems. The "fix-it " response to pollution is to try to solve it with pollution techno¬ 
logy; the alternative response is to develop non-polluting technology. The fix-it res¬ 
ponse to the problem of the incompatibility of modern Western technology with local 
cultures, is to make sociological studies before applying that technology; the alterna¬ 
tive response, to design technologies compatible with local cultures and fitted to local 
needs. The fix-it response to the exploitation of resources is to use resources more 
cleverly; the alternative response, to develop technologies that use renewable resour¬ 
ces. 

Turning to agriculture, the logical end-result of present technology is to transform 
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agriculture into a linear industrial-type production system in which the soil is regard¬ 
ed as an inert support medium, and in which the link between animal and crop produc¬ 
tion will be gradually broken by going over to synthetic animal feedstuffs produced in¬ 
dustrially from oil or oil products. In such a system dung is regarded, not as a means 
of maintaining soil structure and fertility, but as a waste that one must get rid of. 

The alternative approach regards agricultural production as a cyclic system in which 
soil, animals and plants are linked and in which natural regulatory principles play an 
active part. I must emphasise that this is not a "return to nature ", it is not an attempt 
to put the clock back and return to mediaeval practice. It accepts the facts discovered 
by science but emphasises the necessity of looking at the whole system, like a living 
organism on a grand scale. Within this system, the farmer guides the development of 
biological activity at all stages. 

As Matile has pointed out, in the cyclic, organic system there is an abrupt transition 
at the point where dung leaves the anaerobic medium of the intestine and goes to the 
aerobic medium of the soil. At this point all modern organic farming has replaced the 
old-fashioned dung heap, in which anaerobic processes continued and whose products, 
like slurry, are a burden to and can poison the soil. In its place has come aerobic 
composting, during which the kinds of processes occur which take place in the soil it¬ 
self - nitrification of ammonia, oxidation of sulphide, incorporation of ions and small 
molecules into aerobic micro-organisms etc. Composted dung and urine can be safely 
applied to fields at all times of year. "Organic " soils encourage nitrogen-fixing bac¬ 
teria and, of course, leguminous plants have an important part to play, especially in 
grassland, permanent or ley, or as a green manure. 

Well, you might grant that such a system has certain desirable characteristics - waste 
products are returned to the soil, it relies on renewable resources, it maintains soil 
structure and fertility, it reduces pollution, it uses less energy, and if pesticide and 
antibiotic residues in their different ways are a human health hazard, such hazards are 
eliminated. But is it economically viable ? What is the mineral balance on an organic 
farm? And can sufficient food be produced? 

The peak yields obtained by the most efficient intensive farmers cannot be matched by 
organic farmers, but organic farming is a success. The yields obtained in England and 
Switzerland are above the general average - this is so even when the original soil-type 
was not very good. 

In Germany it seems that the yields so far obtained are slightly below average. On the 
other hand it seems clear everywhere that the quality of product is better, for example: 
the yield of flour from wheat is higher and the flour is better for breadmaking; carrots 
and potatoes can be stored for longer; the meat has a lower water content and keeps 
better, and so on. And there are repeated reports of improvements in cattle fertility 
and of cows having longer useful life-spans, and of lower veterinary costs. 

Detailed analysis of the mineral balance on an organic farm in England has revealed 
some interesting features. For example, it has been calculated that a 2-ton per acre 
wheat crop only removes 1. 6% of the nitrogen, 0.2% of the potassium, and 0. 6% of the 
phosphorus in the top nine inches of soil. It was found that in the winter months the 
concentrations of soluble nitrogen, potassium and phosphorus are at their lowest. 
There is a steady increase as spring approaches and the highest levels are found at 
mid-summer, the height of the growing season. That is, the soil micro-organisms, 
through their activity, make plant nutrients available when they are most needed. 

Organic farmers are not against are not against inorganic fertilisers as such - they 
are against highly soluble artificial fertilisers. They make use of ground rock, phos¬ 
phate rock and chalk to make up local mineral deficiencies, and have found that the ad¬ 
dition of such materials to raw manure is an excellent way of using them. As you may 
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know, phosphate fertilisers applied to the fields in the normal way are utilised only to 
the extent of 20%; but if phosphate is added to manure first, 80% of the phosphate can 
be utilised. This shows the way in which, in the alternative approach, the farmer en¬ 
deavours to activate the biological processes in nature. 

Are there special problems in organic farming ? Weeds are not a problem in ley farm¬ 
ing in which forage and cereals are the only crops, but certainly, careful cultivation is 
required to control weeds in other crops. This is a drawback in developed countries, 
in which labour is expensive and increasingly difficult to obtain. I am sure that many 
farmers who might otherwise adopt the organic system are put off by the weed problem. 
Perhaps the protagonists of the biological approach should accept compromise systems 
which permit the occasional use of non-persistent herbicides. 

Could organic farming be adopted on a really wide scale today ? Does it not depend on 
having mixed farms with only a quarter or a third of the land in arable ? Would there be 
enough manure to go round ? The answer is that a considerable extension of organic 
farming could easily take place but that its wide-scale adoption would require additional 
measures. If we return to look at the whole system - soil, plants, animals, human be¬ 
ings - we see that we have not properly completed the cycle (except in China). We are 
not returning human "waste " - sewage and refuse - to the soil. These valuable pro¬ 
ducts are put into the sea, buried in holes in the ground, or burnt. Yet sewage sludge 
is an excellent activator of municipal refuse and makes good compost. The actual num¬ 
ber of towns in the developed world which do this is pitifully small. One reason seems 
to be that municipal authorities somehow expect to be able to make a profit from com¬ 
posting. What they should be doing is to compare the cost of alternative systems. Com¬ 
posting is cheaper than burning refuse. How typical that the modern technological ap¬ 
proach to the refuse problem should be one of total destruction ; What a waste In view 
of the energy and resources crisis - which I think is bound to continue - governments 
would be entirely justified in promoting a switch to organic farming by, for example, 
subsidising the distribution of compost, and taxing artificial fertilisers, especially ni¬ 
trogen. 

But what of the world food problem ? Is organic farming an indulgence that can only be 
afforded by cranks in the richer countries ? What about the Third World ? To feed the 
starving masses, whose population is increasing by 6 million people every week, have 
we any choice but to intensify agriculture in the under-developed countries ? 

In fact, as Griffin, Palmer and others have shown, the Green Revolution has been a 
failure. Only in very localised regions has it led to increases in yields, but it has done 
so at tremendous social cost. The new high-yielding varieties of rice and wheat are 
entirely dependent on capital-intensive inputs: controlled irrigation, high levels of arti¬ 
ficial fertilisers, and also of pesticides, because these new varieties are typically 
more susceptible to disease. Because of these requirements, it is the rich farmers 
who have become richer; the poor farmers have become poorer, or have become land¬ 
less labourers. The intensive system lends itself to mechanisation and this reduces 
agricultural employment, but it is essential that the bulk of the increasing population in 
the underdeveloped countries is retained on the land, for the already overcrowded 
cities simply cannot cope. We see here the typical result of the wholesale exportation 
of modern intensive technology into an environment for which it is not suited and which 
it will destroy. There is also this striking fact: in all the under-developed countries, 
yields on the smallest farms are higher than on the largest ones Agricultural econo¬ 
mists are still arguing amongst themselves why this is so; perhaps it is very simple: 
the small farmer cares more for his land. If agriculture developed in a typical western 
fashion in these countries, with larger, more mechanised farms, then quite apart from 
the disastrous social consequences, food production might be adversely affected. 

What is needed in the under-developed countries are agricultural production systems 
which are labour-intensive, not dependent on high-cost and high-energy inputs, and 
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which fit in with local cultural traditions. That means, organic farming systems. New 
crop varieties need to be developed which fit in with such systems. 

I don't know whether it has struck you that in comparing these two production systems 
we are comparing one on which, over the years in the developed countries, thousands 
of millions of pounds have been spent on research, with another system on which very 
little modern scientific research has been done. Is it not high time this absurd imbalan¬ 
ce was corrected? What I wonder, would be the result of our comparison if an equal 
amount of research had been carried out on both these systems ? 

The alternative approach in agriculture will be increasingly adopted, but it will be a 
slow process. Not until major crises occur in our civilisation, as they surely will, not 
until the quality of processed food has got worse and human health been more affected, 
or until our intensive production systems have collapsed owing to a breakdown in sup¬ 
plies of energy, imported feedstuffs or fertilisers or something of that kind, will there 
be a major change. Only the force of necessity will drive the lazy, self-satisfied and 
so-called developed nations into remembering their dependence on the natural proces¬ 
ses on our planet. 

I would like to quote a poem by Hermann Hesse: 

Habt Ihr niemals den Gedanken gedacht, 
Es möchte die Welt ein Ganzes sein, 
Und es möchte beglückend und heilend sein, 
Das Ganze ahnend zu verehren, 
Und ihm in Liebe zu dienen ? 

In connection with that poem it is striking that one senses very strongly that organic 
farmers are looking for better life - that they feel more truly happy and content in 
themselves through trying to work in harmony with nature, than against it. They have 
a feeling for something greater than themselves, and respect for it. This is a certain 
humility, fundamentally a religious feeling, which our civilisations has lost. If we 
could rediscover that, maybe not only agriculture but also our society could change in 
a meaningful way. 
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DISCUSSION 

Question 

I am from the fertiliser industry, but I will try hard not to commit the sin of special 
pleading. First, two introductory remarks. Our product is called artificial fertiliser, 
but it is not artificial in the sense that modern soil management, moisture control or 
synthetic pesticides are. It is only industrially made, that is all. Every compound in it 
occurs naturally in the soil. Secondly, we agree completely with the remark of Dr. 
Ulbricht that the modern tendency of treating organic manure as a waste, that should 
be dumped or destroyed, is a very wasteful tratment of a valuable resource. 
I would like to point out that the fertiliser industry in the Netherlands studied the prob¬ 
lems discussed in the paper of Dr. Ulbricht quite intensively. We consulted experts, 
both within and outside the industry, and together we came to conclusions that differ in 
many respects from those that just have been presented. I take that there will be no 
disagreement about the need for fertilising fields, for replacing the elements and 
minerals that have been taken up by the crop, which is, after all, removed after har¬ 
vest. Now, can you do that with manure? In the discussion with the experts we consult¬ 
ed, we concluded that it cannot be done. There simply is not enough manure around to 
provide modern high yielding crops with the amount of fertilising compounds they need. 
We should use manure whenever possible, but we cannot do without the industrially 
made fertilisers. Dr. Parpia said that feeding the world population is difficult already, 
and by waiving the use of industrially made fertilisers we might condemn many hungry 
millions to starvation. 
With regard to pollution of the environment, the alternative approach to agriculture 
may not be the best thing in the world. Manure takes a long time to mineralise in the 
soil, and mineralisation goes on at a reduced rate when the fields lie fallow in autumn 
and winter. The soluble compounds produced are leached out and cause eutrofication of 
surface water. There are data that suggest that organically fertilised fields are worse 
offenders than fields treated with industrially made fertiliser. These fertilisers are 
added to the soil at the moments the crop needs them and can take them up. Now this 
are a number of conclusions we reached in our discussions with the experts we con¬ 
sulted. 
I still have one question. You referred to the case of spinach with a high nitrate con¬ 
tent. Did you cite that as an example of bad use of fertilisers ? 

Answer 

You made a lot of points there. First of all, of course, it is entirely true that the ac¬ 
tual form of artificial fertiliser is similar to the kind of mineral products that form 
from the decomposition of organic matter in the soil. But as I said in my lecture, the 
main point of criticism is the massive, one time application of a large amount of 
soluble material, which we know affects growth in certain ways. In more detail, we 
know very little about how the metabolism of the plant really is affected; certainly the 
plants grow quickly. Maybe you know more about this than I do, about comparitive 
studies of metabolism, protein composition, protein content and so on. Perhaps every¬ 
thing is perfectly all right, but it seems to me that there is a huge area of ignorance. 
The nitrate case I mentioned, is an extreme example. I did cite it to make the point 
that only in extreme cases we can pick up an effect of human nutrition. This is an ex¬ 
tremely difficult and almost impossible area to research, to determine the effects of 
traces of substances in food on human beings. That is why I gave some examples from 
research on animals, I mentioned the work on the reproductive system of the rabbit, 
because that happens to be a very sensitive biological system. However, you cannot 
extrapolate to man, you could not say because a rabbit is affected in six weeks, a 
human being will be affected in six weeks too. You don't know. My main plea is for 
more research in this whole area, because as I said, almost all of the sums spent on 
agricultural research have been used to study on kind of approach: modern western 
energy-intensive agriculture. We know very little about the other approach, about al- 
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ternative agriculture or organic farming. There is very little modern scientific work 
on it. Certainly, it will have its own particular problems, and you mentioned one, the 
run-off when you use organic manure extensively. I think that we need to look at that 
system with all knowledge we have acquired now, with all techniques and analytical 
methods, to see how much that system could be improved. Only then we can make a 
just comparison. 

Question 

In his paper Dr. Ulbricht has shown that he is not only a good scientist but a good philo¬ 
sopher too, and I am glad for that. For I feel that the problems we are discussing here, 
are badly in need of being put in a more fundamental framework. From the paper of Dr. 
Ulbricht there emerges a new kind of humanism where the accent on certain values has 
shifted to other values. But your kind of humanism should not only be qualitative, but 
also quantitative. You gave as an example the life expectancy of a person who had 
reached the age of 45, which was 22 years a century ago, then rose to 28 years and 
decreased slightly in the last ten or twenty years. Now, this is very interesting, but I 
wonder whether it is relevant. A century ago the life expectancy of a child certainly 
was lower than it is now, and people had only a certain chance to reach the age of 45 in 
any case. Nowadays the chances of reaching the age of 45 are good for a great majority 
of the population, and that is, I think, the most relevant fact. For we should not try to 
increase the quality of life for a single individual, we should try to increase it for the 
4000 or 6000 million people who will inhabit the earth in the near future. 

Answer 

I think that we are not really in disagreement about anything. We all know that the 
overall life expectancy on earth has increased tremendously as a result of develop¬ 
ments in hygiene, feeding, modern medicine and so on. This is one way of comparing 
the present and the past, but it is not the only way. I quoted the example of the life ex¬ 
pectancy of a man of 45, because to me it was a rather striking statistic. The fact that 
the life expectancy at 45 was increased so little and in fact decreased slightly in the 
last 25 years, raises important questions about the quality of life. 

Question 

I listened with close attention to your interesting paper, but as a scientist from a de¬ 
veloping country, I do have my doubts. I don't doubt the statistics you quoted, but I 
wonder whether the farming community in the developing world is able to go organic. 
You have an intricate and integrated system of agriculture, giving very high yields, 
and the farming community is used to that. A farmer who starts to follow the organic 
approach, may be faced with lower yields per acre, a lower income and maybe finan¬ 
cial loss. I doubt whether you can convince any farmer that this is in his own interest. 
Furthermore, when large numbers of farmers adopt the organic approach, we might be 
faced with a lowering in agricultural production, and that would have repercussions all 
over the world. Of course, we should use existing resources wisely, but I am remind¬ 
ed irresistibly of a very apt remark made by a member of the Chinese delegation at a 
recent conference: "We should not stop eating for fear of choking. " We should try to 
seek for compromises in order to arrive at practical solutions. 

Answer 

I agree entirely that we cannot go back. When I use the expression 'organic farming' I 
am not referring to some specific, absolutely defined system. I mean by that a system 
in which the emphasis is on trying to develop a biological approach. That is all. If 
proper research is done, a system may emerge which is very different from what to¬ 
day is called organic farming. I cannot make any predictions about that. But I think 
that we have to go on and try to develop new systems based on a biological approach. 
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Incidentally, I don't believe that there is any great danger of masses of farmers going 
over to organic farming with a consequent collapse in production. 

Question 

Is not our main concern today to produce enough food for an ever growing population ? 
Could we ever promote a system that cannot use the high yielding varieties and as a 
consequence may produce less food than we do now ? Alternative agriculture may be 
good in times of affluence, but as long as only one person goes hungry, there is no af¬ 
fluence. 

Answer 

Well, I don't accept that as an argument, because we know so little about the organic 
farming system. All the modern varieties of wheat, rice, maize, whatever crop you 
care to mention, have been developed on the explicit assumption that they will receive 
high levels of fertiliser, that they will be irrigated, that they will be treated with pes¬ 
ticides and so on. Just get 500 geneticists to breeding varieties of these crops that will 
do well in organic conditions and you will probably be very surprised at the results they 
will attain. 
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Natural proteins as food components 

Mr. Mogens Jul 
Danish Meat Products Laboratory 
The Royal Veterinary and Agricultural University 
Copenhagen 
Denmark 

Realization of the fact that protein malnutrition in severe form is quite widespread in 
low-income countries, especially among children, has led many be believe that there is 
an insufficient production of natural food protein in the world. 

Many calculations, e.g. by FAO (Table 1), have suggested that even the regions with 
the lowest protein supply consumed at least 40% more than needed by their populations. 
Allowing for inferior protein quality, this should still be sufficient if appropriately dis¬ 
tributed. It is clear, therefore, that maldistribution, not underproduction of protein, is 
the cause of the trouble, and consequently, that the calamity must be eliminated main¬ 
ly by improving distribution. 

Furthermore, studies by Gopalan, Sukhatme, and others (Table 2) have suggested that 
the main calamity is really a calorie deficiency. Thus food intake and food composition 
studies in India and Iran showed that the diet was generally sufficiently high in its pro¬ 
tein content and protein quality to satisfy protein needs if only calorie needs were met. 
Protein deficiency was found only among those who were also calorie deficient. 

The situation may be somewhat different in certain parts of Africa and Latin America, 
where starchy products form the main staple; however, even here the normal diet used 
locally seems to contain sufficient protein for daily needs for most of the population 
(Table 3). Thus, when Bengoa, formerly of WHO, found up to 0. 5% of severely protein 
deficient children in most low-income countries, it is mainly the result of maldistribu¬ 
tion of proteins and misguided food patters. Especially where childrem suffer from 
protein deficiency, even in its severe form, the cause is mainly too early weaning, ab¬ 
sence of proper weaning foods, difficulties for small children to adjust to adult diet, 
etc. 

Today, the world faces a severe protein problem, but this is not really a problem of 
producing enough protein for the vulnerable groups of the population. It is the conse¬ 
quence of the long term trend of populations outgrowing traditional food supplies. We 
have had a constant increase in population, especially in low-income countries. A few 
exceptionally good years and the first results of the green revolution seemed to be able 
to supply sufficient extra foods to fill traditional needs. 
However, poor harvests, droughts, and other large calamities in recent years have 
suddenly changed the balance. The pressure for food grains from traditional suppliers 
thereof, i. e. North America, has been enormous and world grain stocks have dwindled 
and are now very small. Consequently, grain and oilseed prices have gone up (Table 4). 

Under these consitions the world shall have to reconsider whether it can in the long run 
afford to produce animal protein products in the manner it has hitherto done. In con¬ 
sidering this, we must recognize that this is a very food consuming activity. The con¬ 
version rate of weight unit of feed to weight unit of animal product is often quoted as 
something like 1. 5:1 for milk, 3:1 for pork, and 2:1 for poultry. These are useful in¬ 
dicators to measure the production efficiency, but rather misleading if the world food 
balance problem is considered. Firstly, we must consider metabolisable food energy 
used and compare this to the energy which the final products represent. Secondly, we 
must keep in mind that to produce milk we must have a steer, a cow that produces a 
calf, etc. On the whole, the number of feed energy units put into a farm system may be 
rather about 10 times those which leave the farm in the form of animal food products 
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(Table 5) ; thus, if the world is short of food, it becomes questionable if animal protein 
foods can be used to the extent which we have hitherto done. Table 6 shows the relative¬ 
ly low food yield of Danish grain production. 

This long term trend should not be confused with the present situation where we expe¬ 
rience gluts on both beef and poultry meat markets. The situation coincides with an ar¬ 
tificial increase in oil prices and a general economic depression. The depression has 
forced many consumers to reduce their food budgets. In addition, the psychology of so¬ 
ciety is changed. No prestige value is today attached to eating high priced foods, prob¬ 
ably on the contrary, prudency is considered socially desirable. This temporary trend 
causes weakened prices of meat and milk, but not increased consumption. Yet, produc¬ 
tion has increased and we experience considerable surplusses. 

Many assume that a certain amount of animal protein is necessary for full development 
of the human body and brain. This is incorrect. Appropriate mixtures of various vege¬ 
table proteins can supply completely adequate diets on which population can thrive and 
attain a full quality of life. Table 7 shows that many areas have to use a diet in which 
the main protein component is of vegetable origin. 

At this point one should inject that the production of certain animal proteins is useful in 
that it utilizes resources which would otherwise not be available for human food. This 
applies, for instance, to cattle, sheep, and goats kept on free range grass lands which 
otherwise could hardly be used for human food, as well as to a few pigs or chickens 
kept around human dwellings, where they feed mainly on scraps and waste otherwise 
not utilized. 

We should also consider milk production system in the tropics, where cows or buffalos 
are fed on agricultural wastes such as straw, bargasse, weeds, etc. with no grain or 
oilseed input nor even the use of fodder crops which might areawise compete with a 
food crop. 

Industry shall probably have to accept that human diets will turn more and more to¬ 
wards a vegetable diet, and that vegetable proteins will increase in price due to the 
pressure for their use directly as human food. 

The increased prices will probably justify, and, in fact necessitate, careful reconside¬ 
ration of our harvesting and storage procedures, since considerable losses are expe¬ 
rienced in them. When supplies are low, the prevention of such losses become a matter 
of high priority. 

Quite similarly, processing, e.g. milling, has, in the past, carried with it a consider¬ 
able loss, especially of protein. With protein prices increasing an additional effort to 
reduce such losses is indicated. 

Contrary to normal assumptions, it is especially important to increase proteins in feed 
grains for animals. The reason is simple. As indicated above, most human diets con¬ 
tain sufficient protein to meet ordinary requirements. Increasing their protein content 
would serve no useful purpose. However, such a change in agriculture might well 
necessitate increases in the use of fertilizer, irrigation, etc. ; the net result might ac¬ 
tually be a waste of resources. Or, conversely, yields might decrease, resulting in a 
loss of food energy which is scarcer than food protein. 

On the other hand, where grains, oil seeds, etc. are used for animal feeds they are 
practically always diluted down to the minimum protein concentration necessary for ef¬ 
ficient growth; thus, increasing the protein content of grain may make the crop corres¬ 
pondingly more valuable as a feeding stuff. 

Another effort will of course be geared towards replacement of animal protein foods 
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with vegetable protein foods. Trends in this direction are well known. Proteins are ex¬ 
tracted from grains and oil seeds and used as hydrolysates for increasing the protein 
content of meat or dairy products. In fact, some substitutes for these animal products 
have been prepared entirely on the basis of vegetable proteins. Such simulated meat, 
egg, and dairy products cannot be substituted at present for the traditional product 
since the resemblance in taste, texture, etc. is not close enough. They can, however, 
by proper manipulation with amino acids and the addition of various other nutrients, be 
made equally nourishing. They may already be used as extenders for those other pro¬ 
ducts as is being done to a considerable extent, especially in the meat industry. Table 
8 shows U.S.D. A. projections for the use of meat extenders in the U. S.A. in 1980. In 
addition, as in the case of coffee-whiteners, a product has been prepared on a vege¬ 
table basis, which is considered by many as a fully acceptable substitute. Present es¬ 
timates in the U.S. A. suggests something like 3 - 10% of the animal herd, (Table 9), 
which the U.S. A. would otherwise have by 1980, will be rendered unnecessary by the 
increase in the use of such vegetable based extenders in meat and dairy products. In¬ 
dustry may do well here to compare with the margarine industry and its influence on 
butter consumption. Butter was certainly not replaced overnight, but today margarine 
represents for many an entirely acceptable substitute. Meat and eggs are probably 
more difficult to simulate, but technology has advanced significantly, especially in tex¬ 
turizing and flavour development, since margarine was introduced. 

In considering the future of natural protein foods we must also consider other con¬ 
straints. Animal husbandry produces enormous quantities of waste. Traditionally this 
has been spread on farm land, but society may increasingly react to this usage. This 
may limit our possibilities for efficient production of animal manure as feeding stuff. 
A few years ago such steps would probably have been considered as estetically unac¬ 
ceptable; today they have acquired full acceptance because of the ecological considera¬ 
tions involved. 

Another constraint may well be energy. Hitherto our increases in agricultural outputs 
have been based mainly on enormous inputs of energy for machinery, fertilizers, irri¬ 
gation, etc. Table 10 shows estimated energy uses in the U.S. A. food system. These 
inputs may soon be - or are already - in short supply. For this reason our whole de¬ 
velopment approach may well have to be reconsidered and much of it reoriented. 

It may be worth keeping in mind that meat and milk proteins may be extended not only 
with vegetable proteins, but also with such animal proteins which previously went to 
waste; therefore, efforts to develop deboning machines, means to utilize protein from 
whey, etc., will become economically desirable and new machines and processes for 
this will have to be developed. Steps are also being taken to use food plant wastes and 
effluents, at least for the manufacture of feeds. 

The protein food industry will also have to give increased attention to changes in con¬ 
sumption. The traditional food pattern in the home is changing. Many of the younger 
generation skip meals, eat snacks, purchase food in health stores, etc. Nutritionally, 
these changes in food habits may not be improvements, but it is up to the food industry 
to modify snacks, products offered to health stores, etc. , to such an extent that the 
resulting diet will be sufficiently nourishing and satisfying. 

Conversely, the food industry, and especially the protein food industry, will have to 
keep in mind that it, through its advertising, labels, etc., probably communicates 
more with the consumer about food than any other sector including the school system. 
Therefore, the food industry has a tremendous responsibility - and opportunity - for 
educating the consumer in using the right kind of food and - more important - to com¬ 
pose his diet wisely. 

Much effort has gone into new uses of natural proteins. One has been an effort to de¬ 
velop fish protein concentrate. Presently discarded fish, offals, trash fish, etc. is be- 
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ing used for fish meal and used in animal feeds with the abovementioned low conversion 
rate (Table 11). It is felt by many that this is a waste, since the fish proteins could 
conceivably be used for human food. By and large, however, this is unlikely to prove 
successful. The fish resources used for fish meal are very often not of human grade. 
To land them in a human grade form would at least make harvesting about twice as ex¬ 
pensive. Further, most such fish resources occur only in very short seasons. The 
elaborate equipment for the manufacture of edible fish protein concentrate would stand 
idle most of the year and incur such large depreciation cost that the process is likely 
to become uneconomic. Finally, there has heretofore not been designed a system 
whereby fish protein concentrate could be incorporated into the diet of those most like¬ 
ly to use it and need it. 

As a further consideration one should keep in mind that fish meal is presently being 
used in animal husbandry. Were it to be used for human food, corresponding amounts 
of cereal proteins would be diverted into feed. It is likely that it would be cheaper to 
utilize those proteins directly for food. An actual measure of this is obtained by the 
fact that a neutral edible soy protein concentrate is much cheaper than fish protein 
concentrate is likely to be. 

Quite a different solution might be to use undesired fish directly for human foods. This 
fish would of course have to be of human grade, but would not require elaborate pro¬ 
cessing. These are the considerations which led the Japanese food industry to develop 
fish sausages, fish hams, etc. 

Other efforts have been devoted to the manufacture of leaf protein concentrate. It was 
considered that it would be more efficient to utilize, say, alfalfa protein for human food 
rather than feed. So far, however, it has not been found possible to incorporate such 
proteins in the human diet. Leaf protein can probably be manufactured economically 
for use as feed because that process enables the manufacture of feeds, some with high 
and some with low levels of proteins. Thus the crop could be more efficiently incorpo¬ 
rated into feed mixtures. 

Much effort has been made towards the development of single cell protein, a subject 
discussed elsewhere. Efforts are mainly devoted towards the development of this pro¬ 
duct for animal feed. Consideration is also being given to manufacturing it for direct 
food use. It may be well to state that the distinction does not appear too important. The 
animal herd as it exists today does require a certain amount of protein. At least in in¬ 
dustrialized countries rations are so regulated that the animals do not get more pro¬ 
tein than they require. Thus the more protein food we produce for animal feed, the less 
of a drain will animal husbandry represent on food resources. In short, increased pro¬ 
duction of fish meal, single cell protein, etc., may make correspondingly higher 
amounts of human grade grains, etc., available for food, and thus be just as useful as 
if they were used directly for food; feeding them to animals would be a waste only where 
no food grains were used in animal husbandry. 

Protein food industries in industrialized countries have considered the extent to which 
they could produce products or assistance to low-income countries. One activity is the 
manufacture of protein foods which are useful as rations in emergency feeding activi¬ 
ties. Emergency feeding is often looked upon with some reservations, because it is 
only a temporary solution. However, we have disasters and will keep on having them. 
Therefore, there will always be a need for emergency foods and for an industry to pro¬ 
duce them. 

Much thought has been given to the need for food fortification in low-income countries 
where monotonous diets give rise to various deficiency diseases. It is often difficult to 
find a vehicle for such fortifications since often little centrally processed food is used. 
In addition one must consider carefully what fortification is indicated. Mainly vitamin 
A, iodine and iron seem to be needed. Many suggestions for fortifying cereals with 
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lysine or other essential amino acids have been put forward. These proposals stem 
from the fact that wheat, for instance, has a comparatively low lysine content. There¬ 
fore, its protein value is low and can be considerably improved by the addition of lysine. 
However, few humans eat wheat alone. When calculations are made of their total diet, 
it is mostly found that lysine is not the limiting amino acid. A fortification program 
would be unwarranted in that case. 

Even where indicated, animo acid fortification programs are likely to be very expensive 
because the diet for the whole population must normally be fortified, although only a 
small minority is in the deficiency group. Better results could most likely be obtained 
by expending the same amount of money in other fields. 

Food industries have been active in setting up the manufacture of weaning foods in low- 
income countries. It is generally agreed that too early weaning is one of the most se¬ 
rious causes of protein deficiency in low-income countries, where mothers cannot af¬ 
ford adequate amounts of good substitutes for human milk. In addition, the child over 6 
months of age needs supplementary food. Several efforts have been made to produce 
low-cost foods of this kind, and useful products have been manufactured, e.g. Incapa- 
rina, Pronuto, Faffa, Superamine, Bal-Ahar, etc. These foods have been valuable for 
use in hospitals and clinics and free distribution systems. They have not made much of 
an impact in the commercial market, simply because those most in need thereof cannot 
afford them. Even at that, they must be very skillfully marketed, otherwise they may 
encourage early weaning to such a degree that the whole effort becomes counterproduc¬ 
tive. The same applies to commercial weaning foods and human milk substitutes. The 
commercial introduction of these in low-income countries calls for great care and un¬ 
usual skill. Mothers have to be instructed carefully when and how they should use these 
foods. If this is neglected, the new foods may be abused for weaning at a too early age 
or too diluted. Both may endanger the child's life, and lead to the paradoxical situation 
that a food, developed and introduced to promote the health of infants, actually becomes 
a health hazard. 

Industry in industrialized countries is often faced with requests for setting up factories 
or supplying machinery for low-income countries. In the protein fields, milling plants, 
dairy machinery and abattoirs especially are requested. 
Complying with these requests is comparatively easy, since equipment is generally 
specified by some aid expert of a local government. Industry can, however, do much 
to assist in trying to impress upon the country that it requests what is actually needed 
and what will fit into the local structure. In the past, probably the majority of such de¬ 
liveries have failed in whole or in part because of insufficient attention to this matter. 

Frequently industry can also assist in looking closely at the advisability of establishing 
meat or milk industries in low-income countries. Faced with the abovementioned very 
unfavourable conversion rates, it seems ill-advised to introduce milk or meat indus¬ 
tries into areas where no natural feed not available for humans is available in sufficient 
quantities. Otherwise the animals will compete with thé humans for their food supply, 
and represent a further drain on meager resources. In addition, the food produced with 
the aid of the animal will be high priced and will not reach that part of the population 
mostly in need of it. On the other hand, large herds, especially of cattle, already 
exists in many areas. As table 12 indicates, it seems useful to improve the yields from 
such animals. 

It may be of interest to summarize some of the problems protein food industries expe¬ 
rience in the industrialized countries, e.g. by indicating some of the activities of one 
laboratory at the present level of development of the Danish meat industry. 

First, we have a problem of quality of raw material in the meat industry of most de¬ 
veloped countries. This problem is especially centered around the quality of the pigs. 
It appears as if by selection we have obtained animals very low in fat and with a very 
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high yield. However, they do seem to exhibit certain undesirable trends in biochemical 
changes in the meat immediately before and after slaughter. Some of these changes 
may adversely affect meat quality. Much work is required to find means of counteract¬ 
ing this trend. In addition, as pork processing in Denmark changes emphasis from 
Wiltshire bacon to other products, we shall have to test whether the present animal as 
well as the size at which it is slaughtered are also optimal for these other products. 

As a government laboratory we are very much involved in advising the Danish Govern¬ 
ment and frequently Codex Committees, the EEC Commission, and other such bodies 
on matters relating to labelling, composition, packaging, purity, etc. of meat products. 
Here we are faced with rapidly increasing demands from both consumers and those 
authorities who wish to protect the consumer. We feel that these demands are often un¬ 
realistic ; they are based on purely popular notions as to what is high quality and what 
is low quality, what is wholesome and what is not. We agree, of course, that whole¬ 
someness is of paramount importance; foods should not in any way contain toxic sub¬ 
stances or pathogenic organisms or be unwholesome. No one would dispute that regu¬ 
lations to this effect should be enforced. Again, labels should inform the consumer 
about contents. But we are sometimes appalled by seeing the requirements made for 
labelling, date marking, etc. For instance, we may have a regulation whereby most 
food products must be marked with last day of use, after which the products must be 
destroyed. In addition, if a package arrives at a retail store and the package is dam¬ 
aged the product must be destroyed since repacking at retail level is not allowed. While 
we all agree that products that are not completely wholesome and safe must never be 
sold, we see no reason for making these demands over and above that rule; such de¬ 
mands may easily make certain products 5-10 per cent more expensive for the con¬ 
sumer. We feel that it is against the consumer's interest to introduce such measures, 
yet they are introduced because of consumer pressures on authorities. Obviously, the 
consumer advocates think they act in the interest of the consumer but frequently, they 
do not. Actually, we often see our activity as one of "protecting the consumer against 
the consumer ". We must try to get the public and the authorities to understand that 
their various demands must result in real improvements for the consumers, not just 
in further limitations of the options open to the food industry. The latter might result 
in more expensive foods, sometimes even of reduced quality. 

We are very much involved in solving problems of pollution from the meat industry 
which has caught the eye of authorities and the public. We must admit that the industry 
has been slow in realizing this problem, which could actually be foreseen for many 
years. Now we must make up for these faults. This will be quite expensive and some 
plants will actually go out of business. 

As mentioned above, the meat industry is probably the greatest user of meat substitutes 
in the form of textured or otherwise modified vegetable proteins. The use has crept in¬ 
to industry, without anyone realizing what was going on. It was customary to use ce¬ 
reals as binders in certain meat products. Therefore it was quite natural to use the 
improved isolated vegetable proteins as more refined binders, often competing with 
casein which was also used. Today such uses are quite extensive and appropriate legis¬ 
lation appears to be indicated. We advocate sound regulation; restrictive measures 
should be avoided. Here, reference may be made to a very valuable report, with sug¬ 
gestions for an appropriate legislative approach, recently published by the Food Stan¬ 
dards Committee of the UK Ministry of Agriculture, Fisheries and Food, entitled Novel 
Protein Foods. 

We have some peculiar problems with regard to frozen and chilled products. In the 
meat industry it has been customary for years to freeze a product at the wholesale level 
and defrost it and distribute it in the fresh state. Regulating authorities have often not 
become aware of this practice. Many have learned from old textbooks that defrosted 
products do not have the keeping quality of unfrozen products, that double freezing is 
harmful, etc. These beliefs are widespread and unwarranted; we have many experi- 
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ments to indicate that in many instances meat can be defrosted and refrozen at least 
four times without any adverse effect on keeping quality or acceptability. Yet, it is dif¬ 
ficult to prevent very restrictive legislation in this respect. 

Similarly we are under pressure to improve keeping quality of refrigerated products. 
It has long been customary in some parts of the trade to use so-called super-chilling, 
that is chilling to about -2C, a process which will more than double keeping quality. 
However, some authorities now realise that some ice formation takes place in the tis¬ 
sue and feel that such products must be considered frozen and therefore must be stored 
at -20C and so on. We have much evidence to show that super-chilling is a very effi¬ 
cient method of distributing refrigerated products but it seems hardly possible to have 
this process accepted by the authorities. 

Selection of the method of retail distribution of meat products poses some problems. 
Much information suggests that frozen distribution may be the most efficient way. That 
is in widespread use in the broiler industry but has a very small market share in the 
red meat industry. It looks as if we shall have to accept the fact that consumers react 
against such products and we shall then eventually have to distribute them all in the 
chilled state. This change has already taken place in the TJ. S. broiler industry. It is 
likely that Europe shall have to follow even though it will be a more difficult marketing 
proposition. 

hi meat curing there is the specific problem of very restrictive legislation on the use 
of nitrates and nitrites. We have reduced the amounts used in meat curing as far as we 
feel we can without endangering the wholesomeness of the product. We have not been 
presented with any evidence to suggest that former practice has had any undesirable 
effect on public health, but it seems more and more difficult to prevent even more res¬ 
trictive legislation. If the usage were to be eliminated, large sectors of the meat in¬ 
dustry would face very serious problems. 

The meat canning industry is experiencing difficulties. It appears as if consumers pre¬ 
fer plastic packed refrigerated products to the oldfashioned sanitary tin can. The can¬ 
ning industry is trying to introduce easy-open cans, flexible packaging, etc. However, 
it seems doubtful as to whether the trend can be reversed. Such a change would result 
in some dislocations in the industry since plants which are not equipped for canning 
meat will be able to produce plastic wrapped refrigerated products without much invest¬ 
ment. 

I have kept the most important problem for the food industry for the conclusion of my 
paper. It is a fact that we are living in an age of discontinuity, in which old traditions 
crumble and new ones have not yet taken their places. Yet most managers are so in¬ 
volved in day to day problems, and are accustomed to things developing along tradition¬ 
al lines to such an extent that they do not see what great things are occurring in socie¬ 
ty. This means that management is not aware of the need for adapting to the new ideals 
and values that emerge in society. They may affect production, marketing and distri¬ 
bution in the food industry, it may even affect our whole approach to foods and feeding 
mankind. It is my honest opinion, that the ability of management to respond to changes 
in society will be decisive for the food industry in the future. 
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PER CAPUT DAILY FOOD CONSUMPTION 

World, average 

High-income countries, average 

Developed market economies 

U.S.S.R. and Eastern Europe 

Developing countries, average 

Asia and Far East 

Africa 

Latin America 

Near East 

Source: FAO 1971 

PERCENTAGE OF 

REQUIREMENTS 

1970 CONSUMPTION 

CALORIES PROTEINS 

101 

121 

119 

124 

96 

93 

93 

106 

97 

173 

229 

228 

232 

147 

141 

141 

172 

147 

Table 1 
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RELATIONSHIP BETWEEN PROTEIN AND CALORIE DEFICIENCY 

TABLE A. 

HOUSEHOLDS, RURAL MADRAS (Sample includes 
diets based on 
starchy roots) 

PROTEIN 

DEFICIENT 

Not Calorie 

Deficient 

Calorie 

Deficient 

(4.0) 

28 

(4.8) 

NOT PROTEIN 

DEFICIENT 

45 

(5.6) 

21 

(6.8) 

SUB-TOTAL 

51 

49 

Sub-total 34 66 100% 

TABLE B. 

HOUSEHOLDS, RURAL BIHAR (Grain based diets) 

PROTEIN 

DEFICIENT 

Not Calorie 

Deficient 

Calorie 

Deficient 

0 

(6.0) 

NOT PROTEIN 

DEFICIENT 

83 

(6.8) 

12 

(7.6) 

SUB-TOTAL 

83 

17 

Sub-total 95 100% 

( ) = NDpCals % 

Source: Sukhatme, 1972 Table II 

Table 2 
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TABLE C. 

PRE-SCHOOL CHILDREN-INDIA 

Not Calorie 

Deficient 

PROTEIN NOT PROTEIN 

DEFICIENT DEFICIENT 

SUB-TOTAL 

0 8 

Calorie 

Deficient 

Sub-total 

35 57 92 

35 65 100% 

Source : Gopalan, 1970. 

TABLE D. 

PRE-SCHOOL CHILDREN -TEHRAN 

Not Calorie 

Deficient 

PROTEIN NOT PROTEIN 

DEFICIENT DEFICIENT 

SUB-TOTAL 

0 27 27 

Calorie 

Deficient 

Sub-total 

30 43 73 

30 70 100% 

Source: Chassemi, 1972 



THE UTILIZABLE PROTEIN CONTENT (NDpCal%) OF A NUMBER 

OF STAPLES AND DIETS BASED ON THEM 

STAPLE ALONE DIETS RANGES OF NDpCals% DIETS (FAO DATA) 

Sago 0.3 

Cassava 0.9 

Plantain 1.6 

Yam 4.6 

Maize 4.7 

Rice 4.9 

Sorghum 4.9 

Millet 5.3 

Potato 5.9 

Wheat 5.9 

4.0 
) 3.4 - 5.6 

4.6 

6.2 

6.4 

8.0 

11.5 

9.6 

9.2 

} 

5.2 - 6.5 

4.9 - 6.9 

5.9 - 7.6 

6.0 - 7.0 

Adult requirements NDpCals % : 4 % (Miller & Payne) 

5 % (FAO) 

Young infants reguirements NDpCal % 8% (FAO) 

Source: Miller and Payne, 1969 

Table 3 
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EXAMPLES OF PRICES OF GRAINS AND OILSEEDS 

OIF ROTTERDAM, US $/t. 

Year Month Maize Soya 

1972 

1973 

1974 

1975 

July 

January 

July 

January 

July 

October 

January 

60 

85 

115 

130 

145 

160 

140 

120 

175 

520 

240 

230 

330 

230 

Table 4 

PRODUCTION EFFICIENCY IN FARM SYSTEMS (Reid) 

g protein/Mcal DE cal as % of DE 

Pork 

Egg 

Broiler 

Milk (3600 kg/year) 

Milk (5300 kg/year) 

Beef 

6.1 

10.1 

11.9 

10.5 

12.8 

2.9 

18 

12 

12 

22 

27 

6 

DE = Digestible Energy 

Table 5 
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GRAIN USE IN DANISH AGRICULTURE, 1971/72: 

Protein in feed 

1.000 t 

Animal protein 

1.000 t 

Cattle 

Pigs 

Poultry 

1.200 

815 

75 

116 

117 

12 

Total 2.090 245 

Table 6 

APPARENT PROTEIN CONSUMPTION 

g/day Animal, % Veg., % 

Denmark (1971; Helms) 

Western Europe (1970; FAO) 

North America (1970; FAO) 

Western Africa (1970; FAO) 

Sierre Leone (ab. 1965; Helms) 

South Asia (1970; FAO) 

87 

88,6 

96,6 

57.3 

50 

52.4 

70 

55 

72 

13 

18 

13 

30 

45 

28 

87 

82 

87 

Table 7 



PROJECTED MEAT REPLACEMENT BY VEGETABLE 

MEAT EXTENDERS, 1980 

Low 

Medium 

High 

10 % 

16 % 

21 % 

Source: U.S.D.A. 

Table 8 

ANIMALS REPLACED AS VEGETABLE EXTENDERS COME INTO 

USE, PER CENT (OF PROJECTED NUMBER IN 1980) 

cattle 
hogs 

sheep 

cows chicken turkey 

Low 

Medium 

High 

4.0 

6.5 

8.5 

3 

9 

0.1 

0.2 

0.3 

1.7 

2.4 

3.6 

Source : U.S.D.A 

Table 9 

94 



ENERGY USE IN THE USA FOOD SYSTEM, 1970 

10 ^ kcal % 

On farm 

Processing 

industry 

Commercial 

and home 

526,1 

841,9 

804,0 

24 

39 

37 

Total 2.172,0 100 

Source: Steinhart, 1974 

Table 10 

TOTAL WORLD FISH CATCH, MILL T. 

Human 
consumption 

Other 
purposes 

Total 

1953 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

22,0 

38.9 

39.9 

40.2 

43.3 

44.4 

45,2 

48.5 

3,9 

21.5 

24,0 

22.5 

26.5 

25.3 

20.4 

16,0 

25.9 

60.4 

63.9 

62.7 

69.8 

69,7 

65,6 

64.5 

Source: FAO 1973 

Table 11 

95 



ANIMALS AND YIELD, 1970 

Cows, cattle 
millions 

Milk 
million tons 

Europe 

North America 

Latin America 

Africa 

218 

169 

198 

134 

233 

62 

23 

10 

Source: FAD 

Table 12 



DISCUSSION 

Question 

In your paper you mentioned replacement of meat by a certain amount of vegetable 
protein. However, if you use vegetable protein as a complete meat replacement, 
should not this then be fortified with certain materials, which naturally occur in meat 
but do not occur in the vegetable protein? 

Answer 

Yes, of course you should; and industry is doing it already. 
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Industrial production of Proteins 

Mr. C.A. Shacklady 
Group Nutrition Manager 
B. P. Proteins Limited 
London 
U.K. 

Introduction 

The products which form the subject of this paper have, of recent years, come to be 
referred to genetically as Single-cell Protein (SCP), a term coined at the Massachu¬ 
setts Institute of Technology in 1966. It embraces such micro-organisms as bacteria, 
yeasts, fungi and algae and, whilst it may not be an absolutely precise description of 
all of these materials, its meaning is now generally understood. 

The proteins about which I have the most information, and from which my examples 
will be drawn, are not new. Others which I shall mention are new only in the sense that 
they are being put to a new use. Having said what is not new I should now indicate what 
is. This is the controlled, continuous, large scale production of high protein materials 
from hitherto unconventional sources. 
Of the types of SCP mentioned, the first three are usually the products of fermentation 
whilst the algae are dependent on photosynthesis for their growth. However I must 
stress that in every case we are dealing with natural, living organisms. Admittedly 
they are of microscopic dimensions but they are no less living and growing than are 
the crops and livestock with which we are, perhaps, more familiar. 
Consequently you will appreciate why we do not use the terms ”synthetic " nor "artifi¬ 
cial " when referring to them. They are no more synthetic than are our crops and no 
more artificial than our livestock. Their growth and reproduction require, as do plants 
and animals, the provision of adequate nutrients and the proper environment. So, in a 
sense, this is merely the extension of agriculture to the micro-scale, a type of mini 
farming. The major difference is that it can be controlled and made independent of ex¬ 
ternal climatic conditions and conducted with a degree of intensity quite impossible in 
traditional farming. It is this which is new. 

Production of SCP 

As stated previously, all of these with the exception of the algae, are produced by fer¬ 
mentation. Algal production is not, in my view, likely to make a major contribution to 
the general pool of animal feeds though it may be of significance in certain areas. 
Apart from anything else, it requires a fairly large area of water and moderately abun¬ 
dant sunlight. This will obviously restrict the number of places in which it can be pro¬ 
duced. There is an operation at present under way in Mexico producing Spirulina, the 
blue/green alga, but its scale does not suggest that it is capable of development into an 
economic method of producing large amounts of protein for animal feeding. There 
appear also to be some, as yet unresolved, problems regarding the acceptability and 
nutritional value of material of this nature. It cannot be discounted, but I should be 
very surprised to see it coming into commercial use, particularly in Western Europe, 
for many years if at all. 
Much more imminent is the impact that will be made by the fermentation products now 
either developed or under development. Yeasts and bacteria are the principal types of 
organism intended for animal feed use in the immediate future. The development of a 
process for the production of fungal proteins is well advanced but it is understood that 
this material is intended for direct human consumption. 
Yeasts have been either grown or used in the wild state for many centuries in the pro¬ 
duction of food and drink. Bacteria have been used extensively in food preparation but I 
am not aware of their having been used, as such, as foods - nor even as animal feeds - 
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in their own right unless one takes into account those present in the rumen of cattle, 
sheep and other ruminants. 
Both yeasts and bacteria will grow upon a variety of substrates, indeed there seem to 
be very few materials which will not support the growth of one type or other of micro¬ 
organism. In most cases however either the rate of growth of the organism or the na¬ 
ture of the substrate renders such processes uninteresting from the practical point of 
view. In other cases too, the organism may be pathogenic or may produce toxins, ex¬ 
amples of this being the toxins produced by the Clostridium botulinus and Aspergillus 
flavus micro-organisms. 

Industrial production of protein, in the foreseeable future, is likely to rest mainly on: 
- Bacteria grown on methane. 
- Bacteria and yeasts grown on methanol or ethanol. 
- Yeasts grown on alkane hydrocarbons either as pure n-alkanes or as those contained 

in a middle distillate fraction. 

I shall make only a passing reference to the first two categories and, for a variety of 
reasons, the body of my paper will be concerned with the products in the third category. 
The most cogent reasons are that these are the materials with which I have been con¬ 
cerned directly and they are the only ones, as far as I know, that are in commercial 
use at this time. 

Development of BP processes 

The two processes which BP have developed are the direct result of the work started 
by Champagnat on a laboratory scale in 1959 at the S. F. BP refinery in Lavera, near 
Marseilles. This culminated in the commissioning of a pilot plant there in 1963. The 
history of these early days is presented admirably in the book " Pétrole et Protéines " 
by Champagnat and Adrian, published by Doin in Paris, in 1974. 
Champagnat workes on the gas oil fraction of oil. This is a mixture of hydrocarbons in 
the boiling range 240 to 380°C and containing from 10 to more than 40% of linear pa¬ 
raffins (n-alkanes), that is to say saturated straight chain hydrocarbons of the general 
formula CnH2n+2. In parenthesis it may be noted that methane, CH4, is the first mem¬ 
ber of this homologous series of compounds. 
The organism chosen was a yeast and it was soon obvious that its preferred substrate, 
in the mixture of hydrocarbons available to it in the gas oil, was the n-alkane fraction 
of the gas oil. This led directly to a further development. BP had, like a number of 
other oil companies, its own process for the industrial production of extremely pure 
n-alkanes from gas oil by means of molecular sieving. It was logical, therefore, to see 
if a process could be established by using these pure alkanes as a substrate. This par¬ 
ticular aspect was developed by a research team in the BP refinery at Grangemouth in 
Scotland, and was succesful to the extent that a pilot plant using this process was com¬ 
missioned there in 1965. From then onwards, both processes have gone forward with 
our French associates operating the gas oil route and the team in Scotland the pure 
n-paraffin one. 

Description of processes 

The two versions of the BP process differ in two important respects. In the process 
based on pure n-alkanes the ingoing raw materials are sterilised before the fermenta¬ 
tion is started. In the process using the n-alkanes in gas oil, the desired organism is 
made to dominate the fermentation by pH and temperature adjustment. 
The second major difference is in the post-fermentation procedure. The purity of the 
n-alkane feedstock is so high and the residue of it in the yeast so low that it is un¬ 
necessary to purify the yeast after the fermentation stage. It is simply separated, 
washed and dried. When gas oil is used as the feedstock, the yeast after the fermen¬ 
tation still contains unmetabolised hydrocarbons which must be removed by solvent ex¬ 
traction. This has the effect, in addition to removing residual gas oil, of extracting the 
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major part of the natural oils and fats from the yeast. As a result, the yeast derived 
from gas oil has a lower lipid and higher protein content than that grown on the pure 
n-alkane substrate. 

The sequence of processing steps is therefore: 
1. Liquid and solid raw material receipt and storage. The raw materials include the 

hydrocarbon feedstock, mineral salts, ammonia as a source of nitrogen, air and the 
yeast innoculum. 

2. Preparation of the nutrient medium for the growth of the yeast. 
3. In the n-alkane process, sterilisation of the nutrient medium. 
4. Fermentation. 
5. Cell harvesting and, for the gas oil process, recovery of unmetabolised gas oil. 
6. Drying the biomass. 

This completes the process for the yeast grown on pure n-alkanes. For that grown on 
the n-alkanes in gas oil two further steps are necessary, namely: 
7. Solvent extraction of the biomass. 
8. Removal and recovery of the solvent. 

The resulting products are buff coloured, free flowing powder with no smell and, vir¬ 
tually, no taste. 

General observations on processes 

Commercially viable processes demand certain pre-requisites in common. Among the 
most important of these are: 
1. An organism which is neither pathogenic in itself nor produces toxic metabolites un¬ 

less these can be removed easily or rendered harmless. 
2. A yield and rate of growth of the organism that makes it of practical interest. 
3. An organism whose composition would indicate desirable nutritional characteristics. 
4. General and continuous availability of the substrate. 
5. A mechanically sound and economically feasible fermentation process. 

Lookong at these points in somewhat greater detail it would, I think, be agreed that: 
a. This is self evident and easy to state. To demonstrate these characteristics in the 

chosen organism is less easy but is absolutely essential. The way in which it may 
be done is outlined later. 

b. There are many organisms that might be interesting from the nutritional point of 
view but are produced so slowly and in such low yields that, as they stand, they 
cannot be considered for commercial exploitation. The same may be true of certain 
plants, vegetables and even livestock. In all cases the solution is the same and it is 
to combine genetic selection with optimisation of the environmental conditions. In 
this, the microbiologists have the advantage over the plant and animal breeders both 
by virtue of the rapid reproduction of their organisms and their relative simplicity 
as well as by having total control of their environment. For this reason one would 
anticipate that new and improved strains of organisms will replace or extend the 
range of existing ones to a much greater degree than is customary with plants or 
animals. 

c. If one has in mind the use of a material as a major source of protein, some idea of 
its potential usefulness may be obtained by a chemical analysis of its amino acid 
content. The availability of the amino acids may be judged approximately by chemi¬ 
cal or microbiological methods so that it becomes possible to decide whether or not 
there is a case for proceeding with development work on a particular organism. 
Having said this, it must be realised that a true assessment of the nutritional value 
of a product can be made only by actual experiments on the animals for which it is 
intended. 

d. Continuity of production is an essential for maximum economy in running an indus¬ 
trial unit. Seasonal or sporadic use of expensive equipment adds enormously to the 
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cost of a product. Consequently the substrate for protein production from micro-or¬ 
ganisms should be available the whole year round and at a price which, ideally, 
should be stable. This puts the use of agricultural waste materials at a disadvantage, 
there are other disadavantages too, but there is a case in particular circumstances 
for using some industrial by-products. Here one might cite the use of sulphite 
liquors from the paper industry as a substrate for production of micro-organisms. 
In some countries with large forestry interests, e. g. Finland, Canada, U.S. S. R., 
this waste liquor is used in yeast production. 

e. There is a vast difference between producing micro-organisms on the laboratory 
scale and in an industrial plant. In particular, if continuous as distinct from batch 
production is the aim, the process should be such that it can be operated consistent¬ 
ly and reliably. Our own experience has shown that this demands an entirely new 
approach to fermentation technology. 

SCP products 

However effective an industrial protein production process may be, it is not an end in 
itself. It is a means to the end of making a material which will find a use in food for 
humans or animals. For the purposes of this paper I exclude its use for non alimentary 
industrial purposes such as paper coating, foam stabilising etc. 
This being so, there are certain criteria which must apply to all Single-cell Proteins 
regardless of their origins. I have stated these in other papers but I make no apology 
for reiterating them since I am unaware of anything which has happened to invalidate 
these requirements. 

The criteria are: 
1. Can the material be produced economically for its intended use ? 
2. Is it safe for the purpose for which it is intended? 
3. If safe, has it a positive nutritional value? 

1. This, of course, will depend upon the intended purpose, in other words whether the 
product is to be used in food for humans or feed for animals since both the market and 
the price structure is vastly different in the two cases. 
With three exceptions of which I know, SCP producers at the present time appear to be 
concentrating upon first entering the animal feed market though this by no means ex¬ 
cludes an intention to enter the human food market in due course. Esso/Nestlé, Rank, 
Hovis, McDougall and Amoco are the three aiming for the human market without re¬ 
gard to that for animal feeds. They are producing bacteria on ethanol, filamentous fun¬ 
gus on carbohydrates and yeast on ethanol respectively. 
On the other hand, BP have first entered the animal feed market with their yeast pro¬ 
ducts and it is understood that this is also the intention of the various Japanese com¬ 
panies who are engaged in SCP developments. I. C. I. propose to use their bacterial 
biomass from methanol for animal feeding as do Shell with their bacteria grown on me¬ 
thane. 
The advantages of going first to animal feeds are that this justifies the construction of 
large units thus benefitting from the economies associated with large scale production. 
Animals are less idiosyncratic in their eating habits than are humans and so a narrower 
range of products will cover a wider market. Most people will accept some form or 
other of animal products whereas, without a great deal of market and technological re¬ 
search, it might be difficult to find ways of presenting SCP that would be aesthetically 
acceptable and nutritionally valuable. This could be particularly true for bacterial pro¬ 
ducts to which people might have a greater psychological aversion than to those from 
yeasts. 

The disadvantages are that, inevitably, the introduction of an animal feeding stage be¬ 
tween the production of the SCP and the ultimate consumer, i. e. man, results in a 
lower overall efficiency of conversion of SCP to human body issue. In other words, it 
is wasteful. From the point of view of economics, it means too that one is competing 
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with lower priced ingredients than are generally encountered in food for humans. 
The recent rise in the cost of energy and, specifically, in the price of oil has clearly 
had an effect upon all forms of SCP production - since they all require energy at some 
stage - and perhaps even more obviously on those which use hydrocarbon or hydrocar¬ 
bon derived feedstocks. This is undeniable because the direct connection is so evident. 
What may not be so evident nor so generally realised is the very high input of energy, 
largely from hydrocarbons and petrochemicals, required in modem, intensive produc¬ 
tion of agricultural crops. Tractors, their fuel and lubricants, fertilisers, insecticides 
and pesticides, cultivations, harvesting, storage and transport all inject a very high 
energy element into conventional agricultural production. So the balance is not, by any 
means, as one-sided as may at first appear. In the final analysis one fact remains 
clear. Industrial SCP's must, in the fullest sense of the word, be competitive economi¬ 
cally with existing alternative protein sources if they are to exist alongside the latter 
and both must be produced at prices which the customer can afford to pay. 

2. Safety must be a fundamental characteristic of SCP. Unless a product is free from 
toxicity hazards it is meaningless to talk of economic production or nutritional value. 
The way in which we approached this problem is discussed later. 

3. A material which is merely innocuous but of no nutritional value is of very limited 
use and of no use at all if it is intended to provide a significant contribution to the pro¬ 
tein content of a diet. Thus the aspect of the utility of the product must be considered 
as soon as there are reasonable grounds for accepting its safety. 

This brings me to a description, of necessity much abbreviated, of the methods that 
were employed to demonstrate the safety and nutritional value of our alkane grown 
yeasts. It is a singularly happy coincidence that the programme for each of these re- 
ries of tests was designed in collaboration with and carried out by two of the organisa¬ 
tions within TNO. These are the Central Institute for Nutrition and Food Research 
(CIVO) at Zeist, of which Dr. Engel is the Director, and the Institute for Research in¬ 
to Biochemical Products (ILOB) at Wageningen, whose Director is Dr. van der Wal. 
I am very pleased to record that a very friendly and fruitful relationship has developed 
with both of these Institutes since 1963 and should like to acknowledge our indebtedness 
to them for the meticulous way in which the jointly agreed programmes has been con¬ 
ducted. 

Safety testing 

To demonstrate adequately the safety of novel feed components is neither easy nor is it 
a matter of short term experiments. Nonetheless it is essential, perhaps more now 
than ever before, that this should be done. We have reached the point where public 
awareness of the potential hazard of certain foods has made it imperative that a new, 
or perhaps somewhat unorthodox, source of food or feed should not only be safe but 
should be shown to be safe. Single-cell Proteins are, in this sense, new foods or feeds 
and so they must be shown to be, at least, safe regardless of their origin. 
The full programme started at CIVO in 1964 under the personal direction of Dr. A. P. 
de Groot and a summary of the tests is appended to this paper. Yeast produced on both 
pure n-alkanes and gas oil was subjected to exactly the same programme. 
Essentially this consisted of examining the effect of short, medium and long term ad¬ 
ministration of the material being tested to laboratory animals. This was done in com¬ 
parison with a control ration containing no hydrocarbon grown yeast. The test diets 
were designed to include levels of yeast well in excess of those which would be encoun¬ 
tered in practical diets but not so high that they would, of themselves, result in such 
unnatural or unbalanced diets as to distort completely the experimental findings. 
More precisely the scheme consisted of: 
1. Acute (6 week) toxicity studies with rats using yeast at a level of 40% of the diet. 
2. Sub-chronic (3 month) toxicity studies with rats using dietary levels of 10, 20 and 

30% of yeast. 
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3. Chronic (2 year) toxicity studies with rats using dietary levels of 10, 20 and 30% of 
yeast, 

4. Carcinogenicity (2 year) studies with rats using the same regime as for 3. 
5. Carcinogenicity (Ig year) studies with mice using the same regime as for 3. 
6. Multiple generation studies with rats using diets as in 3. Three generations are re¬ 

quired by international protocol. So far we have reached 17 generations and are con¬ 
tinuing this experiment. , 

7. Multiple generation studies with Japanese quail. Up to date we have produced 25 
generations and are continuing. 

8. Teratogenicity studies with female rats during pregnancy using a single 30% level of 
yeast. 

9. Mutagenicity studies with male rats using 65% of yeast in the diet. 

The result of every one of these tests has been satisfactory, the yeast having shown no 
tendency to produce tumours, no effect upon offspring when administered to the preg¬ 
nant female or the breeding male. 

It is the opinion of all those who are qualified to judge and who have expressed an opi¬ 
nion, that no feed or even food material has ever before been subjected to such a rigo¬ 
rous programme of safety testing before being put into use. 

When this work started in 1964, there was no precedent for it. Since that time the SCP 
working group of the F AO/WHO Protein and Calorie Advisory Group (PAG) has publish¬ 
ed a Guideline ( PAG Guideline No. 6 ) for the toxicity testing of novel protein sources 
intended for human food. This came out first in March 1970 and was revised in June 
1972. Its requirements are covered by the programme that we have conducted. More 
recently PAG Guideline No. 15 has been published (September 1974) and this deals 
specifically with the safety testing and nutritional evaluation of SCP for use in animal 
feeds. The recommendations in this Guideline have also been covered, more tha ade¬ 
quately, by the joint CIVO/ILOB programme. 

Nutritional evaluation 

Some idea of the potential nutritional value of a feed material may be gained from its 
chemical analysis and by making certain assumptions about the availability of its major 
components. A true evaluation can be made only by direct experiment with animals and, 
preferably, with those in the diets of which it is most likely to be used. 
Work with pigs, poultry and, later, calves started at ILOB in October 1965, by which 
time the preliminary results from CIVO had given a reasonable indication that the yeast 
was not toxic. The tables 1-4 show the main analytical characteristics of the yeasts. 
For ease of identification that grown on pure n-alkanes at Grangemouth is designated 
TOPRINA G and that from Lavera, TOPRINA L. "TOPRINA " being the registered 
trade mark of the BP products. 
It will be seen that the amino acid profile is quite conventional, in particular that the 
sulphur containing acids are about the same as in soya bean meal whilst the lysine 
level is similar to that in fish meal. 
Digestibility of the protein, availability of the lysine and energy value for chicks, pigs 
and calves are given in table 5 and, again these are comparable except for the signifi¬ 
cantly higher energy value of the TOPRINA G. Lysine availability in the yeasts may be 
somewhat higher than in fish or soya bean meals but all are very good. 
For the first 5 years or so, our programme was directed mainly to the use of TROPINA 
in the diets of pigs and poultry. Later we became interested in its potential as a partial 
replacement for skim milk in liquid and solid diets for, at first, calves and then other 
young mammals. Concurrently with this we extended our collaboration to other insti¬ 
tutes and commercial organisations within and outside the E. E. C. 
Because the dominant sources of protein in pig and poultry feeds were fish and soya 
bean meal with dried skim milk playing a major role in calf feeding, we concentrated 
on replacing these individually or together, wholly or in part, by TOPRINA. These ex- 
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periments have been the subject of a number of papers since 1967. 
Typical results with early weaned pigs and pre-ruminant calves are given in the tables 
6-11 as are those for the experiments with young calves being reared for beef or as 
herd replacements. 

For broiler birds, laying hens and growing pigs the effect of TOPRINA as a replace¬ 
ment for fish meal and/or soya bean meal is evident from tabel 12-16. 

Quite recently we have succeeded in using TOPRINA as the sole protein source in semi 
synthetic rations for broilers with results equal to those obtained on the control rations. 
This has meant using approximately 30% of TOPRINA in these diets. We have done a 
similar thing using TOPRINA as the only supplementary protein in cereal based diets 
for broilers where a level slightly in excess of 20% was needed. 
Other workers have reported satisfactory results from experiments in which TOPRINA 
made a substantial contribution to the protein of the diets of lambs, trout, salmon, eel, 
rabbits, turkeys, breeding bulls and mink. 
The pigs and poultry at ILOB are now in their 6th successive generation on TOPRINA L 
and their 3rd on TOPRINA G without any unusual effects on reproduction, offspring or 
growth rates being apparent. As far as we know, there is no species of bird, mammal 
or fish for which TOPRINA is unsuitable. 
As a consequence of the results of the toxicological and nutritional programmes just 
described wê now have formal approval, where this is necessary or permission, where 
no formal approval system operates, to use one or other of our yeasts in every coun¬ 
try of the E. E. C. as well as in Spain and South Africa. We have not been refused per¬ 
mission in any country to which we have applied to use TOPRINA in aninal feeds. 
There is no obvious reason why, with the appropriate dietary adjustments, other forms 
of SCP should not be used in a similar way which will, presumably, lead to a similar 
situation in their case also. 

Conclusion 

Whilst specific examples have been taken from our own experience with TOPRINA, the 
general observations apply to SOP or Industrial proteins as a whole. 

Two questions are frequently raised on the general subject of SCP and two specifically 
concerned with alkane-grown yeasts. 

Taking the latter first, the absence of carcinogens and of carcinogenic activity has 
been demonstrated by the analyses published in two papers by Grimmer of Hamburg, 
by our own analyses, by analyses according to the FDA method and performed in the 
USA and by the long term toxicity studies conducted by CIVO. 
Fatty acids with uneven numbered carbon chain lengths - mainly CIS and C17 form a 
significant percentage of the total fatty acid content in the lipids of alkane grown yeasts. 
These are neither unnatural nor are they particularly unusual since they may be found 
in many products including bovine and human milk. Their metabolic pathway is well 
known and is analogous to that of the more common even numbered fatty acids. 

The general questions refer to the relatively high nucleic acid content of most SCP and 
to the safety of products from animals fed on SCP. 
As far as the first point is concerned, this could be a metabolic embarrassment in man 
and the anthropoid apes unless their intake of SCP were limited or the level of RNA in 
it reduced. RNA reduction is entirely feasible and we have no problem in getting it 
down from approximately 8% to around 1%, which is the course we should follow in the 
event of the product being used in food for humans. No doubt others would do the same. 
For animals other than the primates the metabolism of RNS follows a different pathway 
and presents no problems; it is therefore unnecessary to reduce the level in SCP. 
Eggs, meat and various edible tissues from poultry and pigs fed TOPRINA have been 
evaluated for toxicity in acute feeding studies with rats at CIVO. No evidence of any 
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toxic artefacts has been found. 

SCP made by industrial processes might be expected to have certain points in their fa¬ 
vour in thet they: 
1. Will be produced where they are needed and may thus lighten the burden on imports. 
2. Will be more constant in composition than most products derived from conventional 

agricultural methods. 
3. Have a long shelf life. 
4. May be expected to be more stable in price than agricultural commodities. 
5. Will not be subjected to variations in seasonal or climatic conditions such as 

droughts, floods etc. 
6. Will have a nutritional value at least equal to that of analogous products derived 

from macro-agriculture. 
7. Will make no demands on land or other facilities required for existing agricultural 

purposes. 
They are complementary to existing agricultural products, not competitive with them 
so, if the predictions regarding population trends and world food production bear any 
resemblance to reality, it would surely be unwise to ignore the potential implicit in 
this new technology. 
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APPENDIX 

SUMMARY OF TOXICOLOGICAL EXPERIMENTS WITH TOPRINA AT C.I.V. 

Type of Experiment Duration Animal 

1. Acute toxicity 6 weeks Rat 

2. Sub-chronic toxicity 

3. Chronic toxicity 

4. Carcinogenicity 

5. Carcinogenicity 

6. Multiple Generation 
study 

90 days Rat 

2 years Rat 

2 years Rat 

li years Mouse 

17 Genera- Rat 
tions 

Dietary level 
of yeast 

40% 

10, 20, 30% 

10, 20, 30% 

10, 20, 30% 

10, 20, 30% 

10, 20, 30% 

Histopathology 

No 
Gross patho- 

•logy only 

Yes 

Yes 

Yes 

Yes 

Yes 

7. Multiple Generation 
study 

25 Genera- Japanse 
tions Quail 

10, 20, 30% No 

O. - 1964-1974 

Result 

No differences observed 
between control and test 
groups. 

No evidence of abnormalities 
related to treatment. 

As 2. 

As 2. No evidence of carcino¬ 
genic effect. 

As 2. No evidence of carcino¬ 
genic effect. 

No evidence of teratogenic, 
mutagenic of other undesirable 
effects on reproduction. 

No effect on reproduction, fer¬ 
tility nor on physical charac¬ 
teristics. 



108 Type of Experiment Duration 

8. Teratogenicity study Pregnancy 

9. Mutagenicity study 5 day feeding 
period for 
males 

10. Induced toxicity in Various 
products from pigs, 
poultry fed on alkane 
yeasts 

11. Sensitisation* 2 weeks 
Injection feeding 
1. Intracutaneous 
2. Patch 

Animal 

Rat 

Rat 

Rat 

Rats 
Guinea pig 
Pig 
Monkey 

* Yeast from pure n-alkanes only. 

Dietary level 
of yeast 

10, 20, 30% 

60% 

Various 

10% 

Histopathology Result 

Skeletal No teratogenic effect, 
abnormalities 

As 8 No mutagenic effect. 

Gross patho- No different effects from pro- 
logy ducts of similar animals on 

yeast-free diets. 

No sensitivity reaction in any 
of the species. 



GENERAL CHARACTERISTICS OF TOPRINA YEASTS 

TOPRINA G 

Moisture % wt. < 7 

Crude Protein ( N x 6,25) 
% wt. on dry matter 60-62 

Lipids after acid 
hydrolysis %wt. 10 

Ash % wt. 6.0 

Nitrogen free extract 15--17 

table 1 

TOPRINA L 

< 8 

68-70 

I. 5-2.5 

7.9 

II. 6-14.6 
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THE B VITAMIN CONTENT OF TOPRINA (mg./kg.Product) 

TOPRINA G 

Thiamine B-| 5.9 

Riboflavin B2 122.0 

Pyridoxin Bg 11.1 

Cyanocobalamin B^ 0.001 

Niacin 433.0 

Biotin 0.60 

Choline chloride 8300.0 

Inositol 3265.0 

Pantothenic acid 125.0 

Folic acid 6.4 

P-amino benzoic acid 40.0 

table 2 

TOPRINA L 

2.5-3.5 

170-185 

50-60 

0.001 

100-125 

0.22 

2000-2100 

1450-1600 

8-10 

6-7 

33-35 
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TYPICAL 

VALUES 

Calcium 

Phosphorus 

Sodium 

Potassium 

Sulphur 

Iron 

Copper 

Zinc 

Manganese 

Magnesium 

table 3 

MINERAL AND TRACE ELEMENT 

FOR TOPRINA (%wt./wt.) 

TOPRINA G 

< 0.01 

1.6 

0.01 

1.7 

0.6 

0.02-0.06 

0.001 

0.8 

0.03 

0.11 

TOPRINA L 

0.3 

1.5 

0.006 

1.8-2.4 

0.02-0.06 

0.002 

0.07-0.09 

0.005-0.008 

0.2 

in 



112 AMINO ACID CONTENT OF BP YEASTS. 

FISH MEAL AND SOYA BEAN MEAL 

(Grams per 16 Grams Nitrogen) 

Amino acid TOPRINA G TOPRINA L 

Isoleucine 

Leucine 

Phenylalanine 

Tyrosine 

Threonine 

Tryptophan 

Valine 

Arginine 

Histidine 

Lysine 

Cystine 

Methionine 

Total S-acids 

4.85 

7.3 

4.5 

3.9 

5.0 

1.2 

6.0 

5.2 

2.0 

7.1 

1.3 

1.6 

2.9 

5.3 

7.8 

4.8 

4.0 

5.4 

1.3 

5.8 

5.0 

2.1 

7.8 

0.9 

1.6 

2.5 

Source: FAO Fisheries Report No. 92, page 41 

Fish meal * Extracted 

(Anchovy) soya bean meal 

4.7 

7.6 

4.2 

3.4 

4.3 

1.2 

5.3 

5.8 

2.4 

7.7 

0.9 

3.0 

3.9 

5.4 

7.7 

5.1 

2.7 

4.0 

1.5 

5.0 

7.7 

2.4 

6.5 

1.4 

1.4 

2.8 

table 4 



REPRESENTATIVE CRUDE PROTEIN DIGESTIBILITY, 

LYSINE AVAILABILITY AND ENERGY VALUES OF TOPRINA, 

FISH MEAL AND SOYA BEAN MEAL 

Crude protein (Nx6.25%) 

digestibility %. 

Broiler chickens 

Growing pigs 

Pre-ruminant calves 

Lysine availability %. 

Chicken bioassay 

Chemically determined 

Metabolisable energy 

Kcal./Kg. product corrected 

to zero nitrogen retention 

in the case of the yeasts- 

Broiler chickens 

Growing pigs 

Pre-ruminant calves 

TOPRINA G TOPRINA L 
Fish meal 
(Anchovy) 

Soya bean 
meal 

88 

92 

87 

85 

94 

87 

88 

90 

88 

87 

98* 

92 

101 * 

92 

89 

87 

98 

3320 

3900 

3530 

2540 

3650 

3430 

2880 

2450 

2240 

2825 

Sources : 

TOPRINA G and L 

Fish meal and 

soya bean meal 

the values quoted were the results of experiments 

made at IL0B, Wageningen, and the University of 

Nottingham . 

the values quoted were taken from FAO Fisheries 

Report No. 92 and Feedstuffs, 45,39 , 24. 

measured against l-lysine hydrochloride . 

table 5 
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EARLY WEANED PIGS-TOPRINA L 

Composition of Diets-% wt./wt. 

Experimental groups A B C 

Cereals, minerals, 

supplements etc. 66.5 74.6 80.2 

Protein supplement based 

on skim milk powder, 

herring meal, soya bean 

meal and fodder yeast 

TOPRINA L 

33.5 

0 

15.1 

10.3 

0 

19.8 

Animal Performance* -3-10 weeks of age 

Liveweight gain 100 102 98 

Kg. feed per Kg. 

liveweight gain 100 101 94 

* expressed as a percentage of the control. 

Source: Clausen, H., Danish Agricultural Institute Year 

Book, 1971. 

table 6 
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EARLY WEANED PIGS - TOPRINA G 

Composition of Diets - %wt./wt. 

Experimental groups 

Cereals, minerals 
supplements etc. 

Tapioca, minerals 

supplements 

Protein supplement 
based on skim milk 
powder, herring meal, 

soya bean meal and 

fodder yeast 

TOPRINA G 

72.3 77.3 81.6 

60.0 

27.7 

0 

13.1 

9.6 

0 

18.4 

40.0 

0 

0 

65.8 

19.8 

14.4 

71.3 

0 

28.7 

Animal Performance* -3-10 weeks of age 

Liveweight gain 

Kg. feed per Kg. 

liveweight gain 

100 

100 

97 

99 

91 

107 

100 

96 

105 

99 

expressed as a percentage of the control 

Source : Nielsen, H E. Sriwaramand, P, Danielson, V. and Eggum, B.B. 

Danish Agricultural Institute Year Book, 1973. 

100 

100 

table 7 
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MILK REPLACERS FOR VEAL CALVES-TOPRINA G 

Composition of Diets-%wt./wt. 

Experimental groups 

Other constituents 

Spray dried skim milk 

Spray dried whey 

Dextrose 

TOPRINA G 

A B 

84.2 

15.8 

0 

0 

0 

84.8 

0 

3.2 

2.0 

10.0 

Animal Performance * 

Liveweigth gain to 

18 weeks of age 100 99 

Kg. feed per Kg. liveweight 

gain to 18 weeks of age 100 102 

* expressed as a percentage of the control 

Source: Collaborative experiment with ILOB, 

Gatumel, E. (1973) ICP Working Group 

FAO, December 1973. 

table 8 

116 



MILK REPLACERS FOR VEAL CALVES-TOPRINA L 

Composition of Diets-% wt./wt. 

Experimental Groups A B 

Other constituents 

Spray dried skim milk 

Spray dried whey 

Dextrose 

TOPRINA L 

79.4 

20.6 

0 

0 

0 

80.9 

0 

8.0 

1.1 

10.0 

Animal Performance * 

Liveweight gain to 

weeks of age 

17.5 

100 99 

Kg. feed per Kg. liveweight 

gain to 17.5 weeks of age 100 101 

* expressed as a percentage of the control 

Source: Collaborative experiment with ILOB, 

Gatumel, E.(1973) ICP Working Group 

FAO, December 1973. 

table 9 
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MILK REPLACERS FOR REARING CALVES-TOPRINA G 

Composition of Diets-% wt./wt. 

Experimental Groups A B 

Other components 

Spray dried skim milk 

Spray dried whey 

TOPRINA G 

80.0 

20.0 

0 

0 

80.0 

0 

10.0 

10.0 

Animal Performance * 

Liveweight at 

at 

42 days 

70 days 

100 104 

100 101 

Kg. feed per Kg. 

liveweight at 42 days 

at 70 days 

100 91 

100 99 

* expressed as a percentage of the control 

Source: Collaborative experiment between 

Wellcome Foundation and BP Proteins Ltd. 

Gatumel,E. (1973) ICP Working Group. 

FAO, December 1973. 

table 10 
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MILK REPLACERS FOR REARING CALVES-TOPRINA L 

Composition of Diets-%wt./wt. 

Experimental Groups A B 

Other components 

Spray dried skim milk 

Spray dried whey 

TOPRINA L 

71.5 

28.5 

0 

0 

71.5 

0 

15.9 

12.6 

Animal Performance * 

Liveweight gain to 64 days 

Kg. feed per Kg. 

liveweight gain 

100 103 

100 97 

* expressed as a percentage ot the control 

Source: Collaborative experiment with a milk 

replacer manufacturer in France, 

Gatumel, E. (1973). ICP Working Group, 

FAO Décembre 1973. 

table 11 
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FATTENING PIGS-TOPRINA L 

Composition of Diets-% wt./wt. 

Experimental groups A B 

Cereals and supplements 

Soya bean meal 

TOPRINA L 

74.6 

25.4 

0 

86.8 

0 

13.2 

Animal Performance* -23-103 Kg. liveweight 

Liveweight gain 100 101 

Kg. feed per Kg. 

liveweight gain 100 100 

* expressed as a percentage of the control 

Source: Gaye, A. and Moal,J. (1972). 

Journées de la Recherche porcine en 

France, 1972 . 

table 12 

120 



FATTENING PIGS-TOPRINA G 

Composition of Diets-%wt./wt. 

Experimental groups 

20-60 Kg. 

liveweight 

60-90 Kg. 

liveweight 

A B A B 

Cereals, supplements, etc. 

White fish meal 

TOPRINA G 

93.0 

7.0 

0 

92.9 

0 

71 

96.5 

3.5 

0 

96.4 

0 

3.6 

Animal Performance* -20-90 Kg. liveweight 

Liveweight gain 100 104 

Kg. feed per Kg. 

liveweight gain 100 97.5 

* expressed as a percentage of the control 

Source: Barber, R. S. , Braude, R., Mitchell, K. G. and 

My res, A.W. (1971). Br. J. Nutr., 25 , 285. 

table 13 
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BROILER CHICKENS - TOPRINA G 

Composition of Diets -%wt./wt. 

Experimental groups 
0-4 weeks of age 4-8 weeks of age 

A B C A B C 

Cereals, minerals 

and supplements 

Soya bean meal 

Herring meal 

TOPRINA G 

80.0 

0.0 

20.0 

0.0 

80.0 

0.0 

15.0 

5.0 

80.0 

0.0 

10.0 

10.0 

74.5 

22.5 

3.0 

0.0 

770 

15.0 

3.0 

5.0 

79.0 

8.0 

3.0 

10.0 

Animal performance * 

Liveweight gain 

Kg. feed per Kg. 

liveweight 

100 

100 

103 

100 

100 

104 

100 

100 

103 

100 

100 

96 

* expressed as a percentage of the control 

Source: Shannon, D.W.F. and McNab, J.M.(1972). Br. Poult. Sei., 13, 267. 

table 14 

122 



BROILER CHICKENS - TOPRINA L 

Composition of Diets -%wt./wt. 

0-5 weeks of age 5-7 weeks of age 

Experimental groups A B C D A B C D 

Cereals, minerals, 

and supplements 

Soya bean meal 

Fish meal 

TOPRINA L 

66.5 

23.5 

10.0 

0 

66.5 

23.5 

0 

10.0 

69.5 

15.5 

15.0 

0 

70.5 

14.5 

0 

15.0 

72.0 

20.5 

7.5 

0 

71.7 

20.8 

0 

75 

73.5 

16.5 

10.0 

0 

74.0 

16.0 

0 

10.0 

Animal Performance* - 0-7 weeks of age 

Liveweight gain 100 104 89 101 

Kg. feed per Kg. 

liveweight gain 100 99 105 98 

* expressed as a percentage of the control 

Source: van Weerden, E.J. and Schutte, J. B. (1971) ILOB Report No. 261. 

table 15 
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LAYING HENS-TOPRINA G AND L 

Composition of Diets -%wt./wt. 

Experimental Groups 

Cereals and Supplements 

Soya bean meal 

Sesame meal 

Fishmeal 

TOPRINA G 

TOPRINA L 

A B C 

80.5 

11.5 

5.0 

3.0 

0 

0 

87.0 

0 

0 

0 

13.0 

0 

88.0 

0 

0 

0 

0 

12.0 

Egg Production - over 52 weeks expressed 

as a percentage of the control 

Number of eggs 100 103 100 

Kg. feed per Kg. 

eggs produced 100 102 102 

Source : Collaborative experiment with ILOB. 

Unpublished data. 

table 16 
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DISCUSSION 

Question 

I am full of admiration for the pioneering work BP has done on Single-cell Protein. The 
question I would like to raise, however, is political and not technical. In the Common 
Market there is at this moment a surplus of over one million tons of milk-powder which 
is fed to animals after having recieved a subsidy from the EEC authorities. The total 
amount of SCP produced last year by various processes was slightly over 300. 000 tons, 
and this is but one third of the total amount of dried milk available in Europe, which, 
for political reasons, is diverted to the cattle feed market. So SCP and dried milk are 
competing for the same market. What do you think about all this and how do you see the 
future of SCP production? 

Answer 

Well, if I knew the answer to that, I would not be here, I would be running Europe. I 
agree that this is a political problem, and it is one of the things that makes life so very 
difficult when you are trying to plan the production of SCP. On the one hand you have a 
new protein, SCP, which is not subsidised, on the other hand you have dried milk which 
is being released at subsidised prices. What would happen, for instance, if the subsidy 
on dried milk were removed, what would be the repercussions ? How much would find 
its way into the animal feed market if the true prices were charged to the feed manu¬ 
facturers ? I am sorry te be asking questions to you, I should be answering your ques¬ 
tions, but those are some of the complications that arise. We know that we can replace 
dried milk in animal feed by whey powder and SCP to a certain extent, and that is the 
technical point of view. From the political point of view, I am afraid that the only 
people that can answer your questions are the politicians themselves. What do they 
propose to do about milk production, about dried milk production and about the subsi¬ 
dies ? I am sorry to be so vague, but they are the ones with the answers. 

Question 

Can you give us a rough estimate of the raw material costs in relation to total produc¬ 
tion costs ? 

Answer 

You are asking the wrong man. One of our engineers should answer that question, I am 
not familiar with this aspect of SCP production. But we have published two papers 
which give a break down of the production costs in terms of items, as a percentage of 
total costs. I can give you the references, just remind me in the coffee break. 

Question 

By now, many big companies are entering the field of SCP production, for example in 
Italy, Germany, your own country and Japan. In this, many hundreds of millions are 
involved, and part of this sum will be earmarked for development work. Can you give 
us an estimate of these development costs? I don't mean the investment in plant, but 
the amount of money one has to spend on R & D before one can start to build a plant 
for, let us say, 100,000 tons of SCP a year. 

Answer 

Obviously, that will vary from one process to another. I can only give an indication 
about our own processes. You have to keep in mind, however, that when one starts to 
develop a new process like SCP production, one tends to do rather more than is abso¬ 
lutely necessary, to establish the various aspects of it. Our development costs cer- 
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tainly ran into many millions of pounds sterling. In terms of percentage I have to guess, 
but it would not surprise me if something in the order of 30% of the total costs of a pro¬ 
duction unit previously was spend on research and development. 
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Trends in fat technology in relation to nutritional requirements 

Professor Dr. J. Boldingh 
Director Unilever Research Laboratory 
Vlaardingen 
The Netherlands 

Oil milling, processing and storage date back to ancient times in history when man, 
more or less instinctively, started using fats on account of a number of attributes. 
These were the high nutritive value of fats and the ease of purification; together these 
attributes made for a powerful food ingredient. An additional advantage was the ease of 
storing fats to bridge seasonal gaps in availability. 

There is little doubt that the extraction of animal fat preceded vegetable oil milling, 
with possible exceptions for coconut, palm and olive oil. Fat extraction from animal 
material and from coconuts, palm nuts and olives can be done in very similar ways by 
boiling with water and phase separation, while the extraction of oils from seeds asked 
for more sophisticated technical skills. Storage and consumption of the whole seed was 
the only practical solution, as was done with various nuts, sesame, poppyseed and fer¬ 
mented whole soya preparations in the Far East. Another very ancient route is the re¬ 
covery of milk fat; this route shows a remarkable similarity in different parts of the 
world, in mostly moderate to cold climates, and consists of cream-churning or boiling 
procedures. Similarly, the preservation of milk by fermentative methods has been in¬ 
vented independently all over the world along lines of milk or cream souring and cheese 
production. This went parallel to the use of other procedures for food preservation, 
such as sun-drying, smoke-curing and pickling of composite food materials. 

In historical perspective, the recovery of oils and fats from oil-containing seeds is of 
recent origin: only when mechanical skills had sufficiently developed for the construc¬ 
tion of mills to be driven either by slaves, mules, oxen, wind or water, was it possible 
to start with the pressing of mustard seed, sesame seed and linseed; this was gradually 
extended to cottonseed, copra, palmkernel, groundnut and rapeseed. At the same time, 
whale hunting started to develop. Gradually a scala of oils and fats thus became avail¬ 
able in addition to the conventional animal fats like lard, tallow and butter. 

Simple upgrading methods were applied, such as washing, filtration, drying, cleaning 
and earth bleaching; these were later followed by steam deodorization. 

The food raw materials were initially used as such and in general were not developed 
into composite fatty products, except by the housewife; mayonnaise making, for in¬ 
stance , is probably a very old practice in the Latin countries as is cream whipping in 
a more general sense. 

A genuine breakthrough in fat technology took place in 1869 when Mege Mourifes (1) in¬ 
vented the principle of margarine manufacture on the basis of emulsifying animal fat 
with a protein-containing water phase derived from the cow's milk gland. Thus the first 
incentive to developing a composite fatty product was grafted on to the one composite 
fatty product known so far: butter. The reason was mainly an economic one, viz. to 
produce a cheap butter substitute. 

The introduction of the margarine manufacture into the Netherlands, rapidly followed 
by the introduction into Germany, Austria, the Scandinavian countries, the United 
States, and later the United Kingdom, has catalysed the development of a variety of 
technologies, both for the treatment of the raw materials and for the manufacture of 
the end product. In refining, unit operations were applied and adapted to the purpose 
of upgrading oils and fats, while in the margarine manufacturing process an evolution 
took place from the open-to-air churn/drum process with hand packaging to the closed- 
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SOYABEAN OIL HARDENED TO 29*0 
IN TWO DIFFERENT WAYS 

Dilatation ( mm/25q) 

1000 - 

600 - 

200 - 

25 35 
Temperature ( °C ) 

Figure 1 Soyabean oil hardened to 29°C in two different 

ways, giving a flat and a steep dilatation curve. 
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system emulsifying and crystallizing equipment with in-line packaging, such as the vo- 
tator. Thus, in the first half of the twentieth century, the technology of margarine pro¬ 
duction was geared to improving hygiene, while developments in raw material treatment 
were aimed at improving yield and organoleptic quality. 

Superimposed upon both, however, was the need for increased flexibility: greater inter¬ 
changeability of raw materials on the one hand, and adequate possibilities to adjust the 
manufacturing equipment to the use of different fat compositions on the other. Normal¬ 
ly, constant quality of the end product in terms of consistency, melting behaviour and 
oral response should be maintained. This need has resulted in the development of vota- 
tor-type equipment which allows for wide variations in crystallization time, cooling 
temperature and mechanical agitation, and for subsequent stabilization of the end pro¬ 
duct. Moreover, margarines with different characteristics could now be produced in 
order to meet the various requirements of a segmented consumer market, such as ease 
of spreadability of table margarine, margarine for use in the kitchen, and bakery mar¬ 
garine. 

An entirely new technology in oil and fat processing was triggered off early this centu¬ 
ry, when the rapidly expanding margarine industry was faced with an acute shortage of 
solid fats. The incorporation of coconut fat proved to provide no more than a temporary 
correction of the imbalance in the availability of solid fats versus liquid oils. The so¬ 
lution came when a process was invented for the conversion of liquid oils into higher¬ 
melting fats. This was the fat-hardening process introduced by Normann (2) in 1903; 
it was based on the discovery of the catalytic hydrogenation of organic substances in the 
presence of metal catalysts by Sabatier and Senderens (3) in 1901. 

The introduction of fat hydrogenation gave the oil mills a new face: it involved the pre¬ 
paration of nickel catalysts of different selectivity, and the installation of hydrogen 
production plants, hardening vessels and filtration equipment. It also added a new di¬ 
mension to the old skill of fat compounding in that the hardening process conditions 
could be varied so as to produce fats with preselected melting characteristics and fats 
with a flat or a steep dilatation curve, i. e. with a broad or a narrow melting range. 
(Fig. 1). 

At a far later stage, the interesterification process was introduced, in which sodium 
or potassium alcohólate serves as the catalyst for randomization of the positions of the 
fatty acids in the glyceride molecules, thereby inducing changes in melting and crys¬ 
tallization behaviour which often lead to a more elastic rheological behaviour of the 
product. The old press-type equipment used in oil milling was gradually replaced by 
expellers and these in turn have now been replaced by solvent extraction processes, in 
which pure hexane is the most extensively used solvent for oil extraction from seeds. 
High-temperature vacuum deodorizers and centrifugal systems for neutralization and 
desliming were gradually introduced into the refining process. 

Nutritional aspects 

All these changes took place over the years up to about 1950 and were based on purely 
technical and economical considerations. In that period, a great diversification of pro¬ 
ducts accurred as well: lard and tallow were replaced by partially hardened fats for 
home cooking and baking, particularly in the USA; in India, ghee -butterfat- was also 
replaced by partially hardened fats; industrially prepared salad oils, mayonnaises, 
sauces and dressings were introduced. In the past decades, margarine manufacturers 
have profited from the trends of affluent society, by offering to the consumer products 
with improved performance in various respects, such as taste, flavour, appearance, 
storage stability, efficacy in dough preparation, and general convenience in use. 

The most astoninshing fact in the appreciation of the quality of margarine is that until 
quite recently, the most essential characteristics of the product, viz. its nutritional 
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Figure 2 Normal rat and rat suffering from EFA-deficiency. 
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properties, had hardly received proper attention. A notable exception was the presence 
and addition of vitamins A, D and E, for which fats are the appropriate vehicle. But no 
matter how vital and adequate supply of vitamins is for our health, they are a secondary 
issue when we talk about the nutritional value of fats for human consumption. Fats con¬ 
stitute a substantial part of our total calory intake; in the more developed countries it 
amounts to an average of 40% of total calories (20% by weight). So it seems more than 
obvious to wonder whether it is the type of fat that is relevant to health. Nevertheless, 
it was not until 30 years after Burr and Burr discovered the essential fatty acids in 
1929 that the recognition dawned that fats as such may well play a very significant role 
in human physiology and that they are more than just calories. 

Essential fatty acids 

The observations made by Burr and Burr (4) on rats clearly demonstrated that the ani¬ 
mal cannot synthetize linoleic acid; when this is left out of the diet, severe deficiency 
symptoms develop (Fig. 2) such as retarded growth, poor skin conditions, a 4-5 fold 
increased rate of water evaporation through the skin, loss of hair, malfunctioning of 
the kidney and loss of reproductive functions, which symptoms ultimately lead to the 
death of the animal. Linoleic acid (C 18:2) is converted in the animal body into acids 
with 20 carbon atoms with additional double bonds becoming introduced towards the 
carboxyl end of the fatty acid chain. Three steps are involved, as is depicted in Fig. 3. 
If the linoleic acid is missing from the diet, the enzymes responsible for this conver¬ 
sion transform oleic acid into n-9 eicosatrienoic acid (Fig. 4), which, however, does 
not cure EFA-deficient animals (5). 

An increased level of n-9 eicosatrienoic acid in the blood is generally regarded as a 
signal indicating an EFA-deficient condition. In EFA deficiency this acid takes the 
place of arachidonic acid in the phospholipids of cellular biomembranes and one can say 
that it serves as a substitute for arachidonic acif for bioembrane structure in the phy¬ 
siological function of arachidonic acid. This remained a puzzle until about 35 years 
after the first discovery of essential fatty acids. 

In the meantime it had been demonstrated that also in the human diet linoleic acid is an 
essential fatty acid; the issue, however, remained looked upon as an academic problem 
because a normal diet easily provides the adult with 5-10 g of linoleic acid per day 
which seemed to provide adequate protection against EFA deficiency. However, in the 
Netherlands Pikaar (6) demonstrated that babies that are fed cow's milk tend to de¬ 
velop significantly increased levels of eicosatrienoic acid in the blood (Fig. 5). This 
has led to the manufacture of milk preparations filled with corn oil or sunflowerseed 
oil, which nowadays are generally prescribed for bottle-fed babies. 

Atherosclerosis 

The importance of this dietary measure becomes even more clear in the light of other 
developments in which Unilever Research has played a dominant role, hi the early fif¬ 
ties Keyes ( 7 ) reported that elevated intake levels of poly-unsaturated fatty acids ( in 
practice: linoleic acid) significantly lower the blood cholesterol level in man. Next, a 
strong correlation was observed between high blood cholesterol levels and atheroscle¬ 
rosis in man, 
As, in the more developed countries, mortality from cardiovascular disease in men in 
the 45-65 age bracket is of the order of 50%, these observations prompted extensive in¬ 
vestigations into the role of fats in atherogenesis. In retrospect we have been fortunate 
in selecting the rabbit als test animal in these studies, as it appeared to be most suit¬ 
able for this purpose, because the atherogenic process in the rabbit is more similar to 
man than in other animals. We soon established (8) that diets with a high linoleic acid 
level protect the animals against plaque formation in the aorta and coronary vessels, 
whereas lack of it induces severe atheromata (Figs. 6a/6b). The only variable in the 
diet was the type of fatty acid, no other additions, such as cholesterol, having been 
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^ HH HH HH 
CH3 - ( CH2 )4 -CH2-CH2 -CH2-C=C-CH2-C = C-CH2-C = C-( ch2 )3-C00H 

5,8,11 - eicosatrienoic acid (Mead) 

HH HH HH HH 
CH3-(CH2)4-C = C — CH2-C = C-CH2-C = C-CH2-C=C-(CH2)3-COOH 

5,8,11,14 - eicosatetraenoic acid 

= arachidonic acid 

Figure 4 Structural formulae of 5,8,11-eicosatrienoic acid 

and 5,8,11,14-eicosatetranoic. 
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Figure 6 Macroscopic view of normal (a) and atherosclerotic (b) 

rabbit aorta. 
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made. The fat content of the diets was 40 cal %. At lower fat levels the saturated fat 
group got fewer lesions but a fat-free diet, containing only so much linoleic acid as to 
prevent acute EFA deficiency, caused plaque formation to a significantly higher extent 
than did an EFA-rich diet. 

Perhaps even more important was our observation (9) of the effect of EFA on existent 
coronary plaques. Switching from an EFA-poor to an EFA-rich regime stops further 
development of atheromata and gradually reduces the plaque areas into scar tissue: the 
active process is turned to a resting state. 

With regard to the required linoleic acid level we have come to a recommended dose of 
about 30 g per day for adults on a total daily calory intake of 2500 kcal. This is based 
both on rabbit experiments and on feeding trieals in monasteries in which this amount 
of linoleic acid was found to give maximum lowering of the cholesterol level. This dose 
is of the same order as that used by Turpeinen (10) who conducted long-term studies 
on large groups of humans on high and low linoleic acid diets respectively. 
Turpeinen found a significantly lower incidence of coronary infarct in the high linoleic 
acid group over a 6-year period and, although somewhat less significant, a reversal on 
switching the diets of the two groups for a subsequent 4-year period. At least ten simi¬ 
lar studies have now been reported which show similar results with only a few which 
are nonconclusive. 

At present there is overwhelming evidence that a high dietary linoleic acid level can be 
regarded as a very positive measure against atherogenesis; this is now gradually re¬ 
flected in recommendations by National Nutrition Councils and Heart Foundations in 
such countries as Western Germany, the Netherlands, U.S. A., Australia and Sweden. 
Fatty food manufactures in the U. S. A. and Europe have taken these findings into ac¬ 
count for about 18 years now and have started the production of margarines and later 
also of other products in which the fat phase contains high levels of linoleic acid. 

Prostaglandins 

The evidence is now no longer entirely empirical. Since a decade, pertinent backing 
has been obtained through a spectacular development in lipid biochemistry : in the early 
sixties Bergström, at the Karolinska Institute in Stockholm, succeeded in elucidating 
the chemical structure of prostaglandins (Fig. 7). In 1964 both Van Dorp (11) at Uni¬ 
lever and Bergström (12) found that prostaglandins are derived in the animal body 
from essential fatty acids with 20 carbon atoms (Fig. 8). They succeeded in perform¬ 
ing the biosynthesis of PGEj and PGE2 in vitro by using a homogenate of sheep vesicu¬ 
lar glands and incubating this with dihomo-y-linoleic acid and arachidonic acid respec¬ 
tively. 

PGEi and PGE2 were known to reduce blood pressure, to cause smooth muscle contrac¬ 
tion, to stimulate diuresis at concentrations as low as a few nanograms per milliliter. 
The above-mentioned breakthrough had all of a sudden laid a bridge between the two 
areas of EFAs and PGs but also enabled the preparation of prostaglandin in gram 
amounts. Up to that time only very little material could be obtained by means of pain¬ 
staking isolation procedures starting from animal tissues or human seminal fluid, 
which is relatively rich in prostaglandins. 

Now it soon became apparent that EFA activity of a fatty acid in the body is coupled 
with prostaglandin formation, prostaglandin being the active principle in a great varie¬ 
ty of regulation mechanisms on cellular level. We discovered that a phenomenon which 
is closely associated with thrombus formation, viz. the aggregation of human blood 
platelets, is strongly counteracted by PGE^ (13). Later the same was found to apply to 
PGRi (14), the endoperoxide precursor of PGEj (Fig. 9). Both are formed in throm¬ 
bocytes. This was in perfect agreement with our finding from in vivo experiments (15) 
that, in man, high levels of dietary linoleic acid reduce the platelet aggregation tenden- 
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cy significantly. (Fig. 10) (Table 1). 

Furthermore, PGEj and PGE2 appeared to have a stimulating effect on the blood flow 
through the coronary blood vessel system. They are produced in the heart muscle at 
each initiation of muscle contraction; on elimination they exert their effect on the cir¬ 
culation system. A very intricate control system indeed This brings us upon the intri¬ 
guing question why coronary disease seemingly has a high incidence in the more de¬ 
veloped countries. When one, however, considers the fact that the same incidence is 
observed in the high-income classes in less developed communities, e. g. India or Indo¬ 
nesia, it is probably the way of life which promotes atherogenesis, particularly a way 
of life which lacks physical exercise, as a result of which prostaglandin production is 
at a low level. Under such conditions a substantial increase of linoleic acid in the diet 
might raise the prostaglandin production, in particular by increasing the steady-state 
production of dihomo-'Y-linolenic acid, the precursor of PGE-^ and PGRq. There is now 
strong evidence in favour of a preventive role of dietary linoleic acid. One can safely 
predict that, in future, adequate supply of this fat ingredient will be regarded as one of 
the main prerequisited from a point of view of health. 

Technological consequences 

The principal oils rich in linoleic acid are corn oil, sunflowerseed oil en soyabean oil. 
Soyabean oil has the disadvantage of containing about 7-8% cis 9,12,15-linolenic acid 
which, through autoxidation, causes an undesirable, painty or beany off-flavour in the 
end product. This is the reason why in the past this oil, before being used in fatty 
foods, was partially hydrogenated in order to eliminate the off-flavour precursor acid. 
However, this, treatment reduced the level of linoleic acid (55%) to a very low point. 
Therefore, new catalytic hydrogenation techniques were needed which had a high selec¬ 
tivity towards cis 9,12,15-linolenic acid without attacking the valuable linoleic acid. 
Progress has been made in this direction by the use of copper catalysts instead of 
nickel ones; the loss of linoleic acid could thus be reduced by about 50%. The problem 
has not quite been solved and further research will have to be done, possibly also on 
the development of systems based on homogeneous catalysis. 

An alternative might be the development of systems by which oxidative flavour rever¬ 
sion can be prevented. The most obvious approach - total exclusion of oxygen along the 
entire production process - is not the most likely one to succeed because of its techni¬ 
cal implications. Moreover, once the product reaches the consumer, it will be exposed 
to air anyhow. 

Natural antioxidants such as tocopherols and vitamin E, are not effective enough be¬ 
cause of the very low organoleptic threshold values of the reversion flavour compo¬ 
nents, some being detectable at levels of 1 mg/ton. Even when keeping autoxidation at 
a very low absolute level, enough of these aldehydes are produced to cause reversion 
flavour. We might learn from discovering and understanding principles which are in¬ 
volved in living cells to protect these against autoxidative lipid deterioration and this 
indicates how large an area for future research lies before us. It is at present still 
terra incognita. 

Corn and sunflowerseed oil do not suffer from the drawback of soyabean oil and consti¬ 
tute an ideal base for high EFA products. Sunflowerseed is primarily an oil crop where¬ 
as corn oil is a minor by-product of the corn starch manufacture and, therefore, de¬ 
pendent on the demand for that latter. During the past two decades sunflowerseed grow¬ 
ing has been promoted in new areas such as in Turkey, Mexico, Argentine, Pakistan 
and South Africa, and it is likely that many other sources other than the Eastern Euro¬ 
pean ones, which at present are the main suppliers, will be developed. The EFA con¬ 
tent of sunflowerseed oil can be as high as 75%; that of corn oil is 55%. 

Another implication of the desired increase of linoleic acid in fatty products is the need 
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EFFECT OF DIETARY P/S RATIO ON 
PLATELET FUNCTION 

Control Experimental 
(P/S ratio 0.25) (P/S ratio 1.60) P 

(n = 73) (n = 63) 

Aggregation time (s) 72 114 

Reciprocal aggregation 
time X lO'* (s-1 ) I61 ± 5.75 121 ± 6.8I < 0.001 

Hornstra et al., Lancet, 1973 
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to develop new technologies which can meet the consistency requirements of the end 
product with a reduced porportion of solid fraction. The use of refrigerators in the 
homes has partly provided a solution for this problem, starting from the other end, in 
that spreadability of margarines "out-of-the-fridge " asks for softer fat blends; this, 
in turn, led to the introduction of tubs for packaging instead of the conventional wrap¬ 
pers that are used for the more solid products. As a result of the increasing demand 
for soft margarines, the importance of fat hydrogenation is gradually declining, al¬ 
though at present hydrogenated fats still constitute 10% of the total world consumption 
of visible fats. 

It is to be expected that natural fats containing solid fractions will play an increasing 
role in providing the margarine industry with hard fats. A case in point is the expect¬ 
ed increase of palm oil production. Malaysia ia very actively expanding the palm plan¬ 
tation acreage and Indonesia and Africa are likely to follow. Palm oil is rather unique 
in its composition as it contains 45% palmitic acid and therefore lends itself to a varie¬ 
ty of uses by means of fractionation techniques. The higher melting fractions provide 
(part of) the solid phase, whereas the more liquid fractions are rich in oleic acid as 
their main constituent. 

The technology of fat fractionation has been developed along different lines comprising 
the dry, pressing process, the wet, solvent crystallization process and finally the ap¬ 
plication of wetting agents, to partially crystallized fat which, by rendering the crystal 
surfaces hydrophilic, allow a removal of the crystalline phase together with the water 
phase (Lanza process). Originally the Lanza process had been developed for the frac¬ 
tionation of fatty acids. In future, fat fractionation will gain in importance in the fat in¬ 
dustry, most likely by the use of centrifugal processes. 

But in spite of the increase - and expected further rise - in the use of fat-fractionation 
processes, hydrogenation is likely to remain a necessary aid to provide the oils and 
fats industry with sufficient quantities of hard fats. What then are the consequences, 
other than the risk of losing the valuable linoleic acid, which the hydrogenation process 
may have for the nutritive value of oils and fats. 

Apart from its main function of saturating part of the double bonds, partial hydrogena¬ 
tion of oils results also in isomerization, i. e. in shifts of the location of the double 
bonds in the fatty acid chain and/or a change from the cis- into the trans-configuration. 
The degree of isomerization depends on the processing conditions and the type of cata¬ 
lyst used and can be varied in order to produce fats with certain desired melting cha¬ 
racteristics. 

Recent development in the biosciences 

Biochemical studies have shown that 18-carbon trans fatty acids are readily metaboliz¬ 
ed and that the location of the double bond in the fatty acid has no influence on the velo¬ 
city of the 8-oxidation and hence on the energy production in the form of adenosine tri¬ 
phosphate (ATP) in the Krebs cycle. The liver contains isomerases and epimerases 
which effect the differences in double bond location during fatty degradation. It should 
be noted that the natural cis-9-oleic acid needs such an isomerase whereas, for in¬ 
stance, a trans acid with the double bond in the 8th or 10th position fits into the p-oxi¬ 
dation straight away without needing the isomerase. 

The question remains how 18-carbon trans fatty acids behave in the context of athero¬ 
sclerosis. In long-term feeding trials we have found that in this respect these fatty 
acids behave like saturated ones. 

In this connextion it is important to note that there still exists a misconception as to 
the role of saturated fatty acids such as palmitic and stearic acid. They are often con¬ 
sidered to be atherogenic and therefore "harmful ". The truth is different: fat compo- 
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Figure 12 Macroscopic view of the heart of a control rat (right) and 

a rat fed 50 cal % rapeseed oil for three days. 
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Figure 13 Myocardium of rat fed 50 cal% sunflowerseed oil for 

sixteen weeks (objective 10 x) . 
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sitions which are predominantly saturated in character contain insufficient amounts of 
linoleic acid and therefore offer inadequate protection against atherogenesis. Reducing 
the saturated fat even to the extent of feeding a completely fat-free diet still results in 
atherogenesis, whereas replacing the saturated fat by EFA-containing fat makes a non- 
atherogenic diet. It is the absolute amount of dietary linoleic acid which should serve 
as the parameter of the anti-atherogenicity of a dietary fat. 

The fats and oils that have been dealt with so far are used for the production of such 
fatty foods as margarines, shortenings, cooking fats, mayonnaise and salad oils. In the 
industrial fat jargon these products represent the so-called "visible " fats in the human 
diet. They comprise about 50-60% of the total dietary fat intake in the developed coun¬ 
tries, the remainder being the invisible dietary fat which is included in food products 
such as meat, cheese, milk, biscuits, nuts and vegetables. 
Of these, the animal food products contain very little linoleic acid: butter fat, milk fat 
and beef fat less than 1%, pig fat up to 10%, fish oil only a few percent. Fats in bakery 
products are very low in EFA for stability reasons because of the exposure of fat to air 
over a large surface area. On the other hand, the amount of invisible fats derived from 
vegetable food products has become very small, for instance, as a result of the use of 
white flour in bread making. 

Crawford has pointed to the fact that the low EFA content of animal fats for human nu¬ 
trition has reached a minimum level due to the type of animal feeds that have come into 
use. Seed meals obtained from present-day oilseed solvent extraction plants are devoid 
of EFA and the only source of EFA in animal feeding is the limited supplement of whole 
grains, for example corn and barley. 

It is perfectly feasible to feed pigs more EFA and thereby raise the EFA content of pig 
fat two to three fold. This cannot be achieved to such an extent in ruminants as they 
destroy a considerable part of the EFA in the rumen; nevertheless, the EFA level in 
the milk can still be raised to about 10%. However, such procedures are liable to be 
rather uneconomic with respect to efficient utilization of available EFA by man. Maxi¬ 
mum efficiency is obtained by short-cutting the animal feeding route, i. e. by direct in¬ 
clusion of linoleic acid into the visible fat part of the human diet. 

One can, therefore, safely predict that the inclusion of, for instance, sunflowerseed 
oil in a variety of food products will follow the developments with regard to margarine 
and that food laws will be adapted to allow for it. Food technology will require the de¬ 
velopment of processes and food distribution systems which provide maximum protec¬ 
tion against autoxidation, which may also be due to heavy metal contamination, and an 
adequate preservation of natural fat antioxidants such as vitamin E. This involves the 
development of cheap oxygen-tight vacuum-packaging materials. 

Rapeseed oil 

From the foregoing it will be clear that in the past two decades fatty food technology 
has become strongly influenced by findings in the bioscienees. There is another strik¬ 
ing example which has had far-reaching consequences for agriculture, hi 1970 it was 
found by Vies and coworkers (16)of Unilever Research in the Netherlands, and later 
confirmed by Murray (Canada) (17) and Rocquelin (France) (18), that conventional 
rapeseed oil, which contains up to 45% erucic acid (Fig. 11), causes abnormalities in 
rats, mice and ducklings. An acute effect, for instance, is observed in the heart mus¬ 
cle which after a few days shows massive fatty infiltration (Fig. 12). This infiltration 
is reversible on prolonged feeding, but, subsequent to the infiltration, an irreversible 
fibrosis develops (Figs. 13 and 14). Biochemical investigations into the mechanisms 
of these phenomena have shown that erucic acid accumulates in fat droplets deposited 
in the heart muscle cells and that the utilization of fatty acids for the production of ATP 
by the heart cell mitochondria is severly diminished (Fig. 15). We have found that this 
is due to a blockage of the fatty acid transport through the mitochondrial membrane by 
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the carnitine route (17). Skeletal muscle, liver and kidney show similar lesions (Table 
2). 

These findings have induced margarine manufacturers in Western Europe to voluntarily 
restrict the amount of rapeseed oil to a low level. The problem will, however, soon be 
completely solved by the very fortunate fact that already in 1964 Craig and coworkers 
in Canada had developed rapeseed strains which produce virtually no erucic acid, but 
contain oleic acid instead. (Fig. 16). The Canadian Government has acted very dili¬ 
gently indeed and, starting in the 1972/73 season, the whole country has made a spec¬ 
tacular move to growing the new variety, which is called: "Canbra". Europe is follow¬ 
ing suit. In Sweden, France, Germany, work is meanwhile in progress on the develop¬ 
ment of alternative low-erucic acid strains, such as the "Oro "-strain in France. This 
presents a clear example of how industrial research has initiated changes of far-reach¬ 
ing agricultural and hence economic consequences, to the benefit of the consumer in 
terms of health protection. 

Vegetable proteins 

The production of seed meals as a so-called by-product of oil milling actually exceeds 
the production of oils in volume and value; protein constitutes an important part of 
these meals. Practically all of it is used in animal feeding stuffs, hence, for meat and 
milk production. The rather low conversion rate of protein in the animal results in an 
overall yield of animal protein of between 10 and 30%, depending on the type of farm 
animal. 

Although sufficient amounts of protein are being produced, perhaps half of the world 
population is not receiving sufficient protein. The problem is largely one of distribu¬ 
tion and costs. On the other hand, one should realize that developing vegetable protein 
for direct human consumption requires sophisticated techniques and skilfull product 
development. Even if vegetable meal, for instance soyameal, would be made available 
at reduced cost, heavily underfed regional propulations might not accept it as an edible 
food. 

The only place where vegetable proteins can be developed into acceptable food products 
are the more developed countries which have access to the necessary techniques and 
research facilities. One can see this actually happen, primarily because the economics 
(cost of vegetable versus animal proteins) are attractive also in the Western society. 
This development at the same time provides the basis for protein supply to other parts 
of the world when developing countries are gaining in strength or, more likely, when 
social evolution leads to a worldwide consciousness of the problem of feeding the poor. 

At present one can observe, both in Europe and the U.S. A. , an extension of oil mills 
with protein-processing plants, using extraction and purification methods for the pro¬ 
duction of protein concentrates and isolates. The latter in particular offer a set of pos¬ 
sibilities to develop products with desired textures including water-binding properties. 
Eventually it will enable the incorporation of a very high percentage into proteinaceous 
food products of high biological quality. 

This requires the avoidance of dénaturation of the protein and hence the oil recovery 
process from oilseeds (soyabeans) is likely to be modified in order to take care of such 
requirements. Here the oil production is interrelated with vegetable protein processing. 
It is quite feasible that refining, upgrading and consitioning of vegetable protein will 
become a very important industrial activity in the last quarter of this century. Such a 
development will require intensive physiological studies to adjust protein processing to 
achieving an optimum nutritive value. Hence we are now entering a new era of food 
technology which, once again, will go hand in hand with biological research aimed at 
optimum nutritive value and maximum safety for the consumer. 
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PATHOLOGICAL CHANGES AND THEIR 
EVOLUTION IN RATS FED RAPESEED OIL 

Time 

Organ 

Days Weeks 

1 3 2 4 8 16 32 64 

HEART INFILTRATION ". part,al regress,on =£ 
MYOCARDIAL FIBROSIS 

SKELETAL 
MUSCLE 

FATTY 
INFILTRATION normal morphology 

ADRENAL FATTY INFILTRATION/ENLARGED CORTICAL CELLS 

LIVER no change or SLIGHT FATTY INFILTRATION 

KIDNEY 

- 

no change NEPHROSIS 

Table 2 
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from.- H.R. Sallans 
J. Am. Oil Chemists’Soc. 41, 215 (1964) 

Figure 16 Fatty acid composition (%) of rapeseed oil (variety: B.napus). 
Left: normal strain. Right: strain obtained by selection breeding. 
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DISCUSSION 

Question 

I understand that linolenic acid is also converted by animals into longer-chain polyun¬ 
saturated fatty acids. Could you say something about the metabolic role of these sub¬ 
stances ? 

Answer 

We have been considering this acid for a long time to see whether it has a specific role. 
Alpha-linolenic acid has the first double bond at the n-3 position and is a member of 
the family of n-3 acids. 
It was thought that longer and more unsaturated members of the family could have a 
role in brain development, but it seems that we have been somewhat too optimistic. We 
know that these acids are taken up immediately by the body, that they are conserved in 
the biomembranes and go into phospholipids. So we have been trying to feed animals 
diets completely free of the n-3 fatty acids, with an aim to provoke a state of deficien¬ 
cy. This turned out to be extremely difficult. 
Feeding at very low levels for a long time did not seem to cause any deviations. We 
know, however, that prostaglandin E3 is specifically derived from the n-3 fatty acids, 
but the metabolic role of the longer members of this family is still unclear. 

Question 

(Parpia) I have a question about erucic acid. I heard a lecture at the International 
Congress of Food Science and Technology, in which the authors tried to prove that the 
toxicity of rapeseed oil is not caused by erucic acid but by some other factors. What is 
your opinion about that ? 

Answer 

We know that there is a lot of confusion about this, but we still think that erucic acid 
and not some inknown factor is responsible for the fibrosis. We have analysed the ex¬ 
periments you are referring to, and we think they can be criticised on various points. 
In some experiments the necessary in-house facilities were not available and speci¬ 
mens had to be sent to laboratories far away which introduces a factor of uncertainty, 
in others the statistical analysis simply is not good enough. If you analyse the results, 
the statistical evidence is not there. With erucic acid we have got a straight-line dose/ 
response curve through the origin. It is true that oil from low erucic acid strains, like 
oro or canbra, contains 1 to 3 per cent of fatty acids with 20 to 24 carbon atoms. 
If one feeds these to animals at high doses and over a long period, one does observe 
fibrosis, though in a very slight degree. We are convinced that the causative agent is 
erucic acid and not some unknown factor. 

Question 

(Shacklady) I believe that you have been dealing with the prostaglandins derived from 
the even-numbered fatty acid series. I believe that the existence of prostaglandins 
from the odd-carbon chains series has been postulated or even demonstrated. Do you 
care to comment on the theoretical possibility of something like a C-17 monoenoic acid 
finishing up as an odd numbered prostaglandin ? 

Answer 

Well, the monoenoic would never lead to an essential fatty acid, even if it were an 
even-chain fatty acid. The double bond introduction is at the carboxyl end, and you need 
a double bond at the other end of the chain. But if you have an odd numbered linoleic 
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acid with a double bond at the n-5 position, then I could say immediately that this will 
be a true essential fatty acid and a precursor of an odd-numbered prostaglandin. These 
odd-numbered fatty acids produce very active prostaglandins. 
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PANEL DISCUSSION 

Panel: 

Professor Dr. J. Boldingh 
Professor Dr. Ir. H. A. Leniger, Chairman 
Dr. H. A. B. Parpia 
C.A. Shacklady 
Dr.Ir. F.D. Tollenaar 
T. L.V. Ulbricht 

(Chairman) You have been asked to divide in four groups and to prepare the questions 
you would like to put to the panel. As the papers we heard yesterday and today did 
cover a large number of subjects, you may have formulated more questions than we can 
answer in one hour. As Mr. Ulbricht has to leave early and cannot stay to the end of 
the panel discussion, we will start with questions related to the papers of Dr. Parpia, 
Professor Stare, Mr. Ulbricht and Mr. Jul. 
Does the first group have a question ? 

Question 

We thought that the theme of this Conference is the Effects on Industry of Trends in 
Food Production and Consumption, and what we have heard mostly has been on the 
trends. We would like to hear more about what the effects on industry can be. So we 
have prepared the following question: We think that there can be produced enough food 
by using fertilisers and irrigation, but it is unevenly distributed in the world. Can the 
market mechanism solve this problem and does industry recognise the problem ? 

Answer 

(Chairman) Perhaps Dr. Parpia would like to try and answer this one ? 
(Parpia) First I would like to say that the question of production of food cannot be se¬ 
parated from overall availability, and in availability post-harvest technology has an 
important role, both from the quantitative and qualitative point of view. When the costs 
of inputs like fertiliser have gone up five times, it may be more economical to prevent 
food losses during storage and handling, which account for 20 to 30 per cent, or even 
more in certain cases, than to boost food supplies by using fertiliser. Second, distri¬ 
bution is not an easy problem in developing countries, as between 60 and 90 per cent, 
of the basic food produced does not enter into what is known as the marketing channel 
in western countries. Therefore, the development of technologies for the prevention of 
losses and the increase of food production that are related to social needs, becomes 
essential. Another factor is that distribution depends on income. There have been fa¬ 
mines in parts of the world where food was available, but people were dying of starva¬ 
tion because they had no means to buy it, and charity feeding became the only alterna¬ 
tive. Therefore, in many countries where agriculture as an employment resource is 
nearing saturation, there is a need for the development of rural agro-industries and 
for the undertaking of an integrated rural development program to make sure that 
people have a certain amount of additional income. 
The effect of agriculture on industry is very obvious, because industry needs certain 
raw materials, but the effect of industry on employment should be considered too. The 
interaction between these two can change the situation to a considerable extent; the mo¬ 
ment you have a guaranteed market in a rural area, the agriculturists have more inputs 
available for the increase of production. Inputs are another problem of course, be¬ 
cause without the resources for input there is no question of increasing production. In 
this, you should consider a number of questions: The availability of inputs, the foreign 
exchange required for the purpose, the ability of industry to earn this foreign exchange 
and so on. 
I don't know whether I have answered the question fully, but I do hope that I have cover- 
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ed a good part of it. 

Question 

(Chairman) Did the other groups have questions about the papers we are discussing 
now ? 

We have a general question for Dr. Parpia. His paper gave a very good analysis of the 
various routes one can take to increase production in the developing countries. We 
would be pleased if Dr. Parpia would take this a little further and state what develop¬ 
ment strategy he would advocate as being most likely to be effective. 

Our group wondered whether we are tackling the protein problem in the right way. 
Should not we try to solve the calorie problem first ? 

Our group also has a question for Dr. Parpia. Science and technology, when applied to 
agriculture and food, interact with the social needs of the people. Perhaps Dr. Parpia 
might try and select and identify the technological advances necessary in relation to the 
social needs and the social economic factors in the developing world. 

Answer 

(Parpia) Mr. chairman, on the questions that have just been posed, I could deliver a 
lecture lasting more than an hour, but I will try to give a general answer in a few mi¬ 
nutes. First: What are the necessary steps and what are the steps that are possible ac¬ 
tually? The number one condition is the political will, and this was discussed at great 
length at the World Food Conference in Rome last November. Here for the first time, 
there was a clear awareness that the first and most important thing we ought to do is to 
increase food availability. And in food availability production is one factor, post-har¬ 
vest technology is another and income level a third. To solve the problems in these 
three fields we have to identify the social needs and to lay down priorities. The choice 
of the right priorities is very important because the resources are extremely limited. 
Let me illustrate this with a few examples. When I was analysing the budget of India 
recently, I realised with a shock that it is equivalent to 56 per cent, of the budget of 
the municipality of New York. This gives an indication of the extremely small financial 
resources developing countries have for the increase of food production. Or to put it in 
another way: Today 71 per cent, of mankind is earning 16 per cent, of the world's in¬ 
come and 29 per cent, of the world population earns 84 per cent, of world income. If 
you want to develop new technologies which will have an impact with these limited re¬ 
sources, you need clear priorities. I think that every nation ought to develop a cyber- 
natic model in which agriculture, the agro-industry and the other sectors of industry 
interact, and which allows for optimisation of results. Personally, I am convinced that 
there is a lot of waste of resources and that therefore optimisation is essential. As to 
post-harvest technology, I would like to point out that, to my knowledge, in no country 
food deficiency has been higher than 5 to 6 per cent, whereas losses can be as high as 
20 to 30 per cent. So prevention of post-harvest losses is very important. In my paper 
I have mentioned rice milling as an example. Better milling methods alone can in¬ 
crease existing food supplies with 3 to 5 per cent. , which means that the deficiency 
prevalent in many developing countries can be cut at least in half. But it cannot be de¬ 
cided on these facts alone that the large scale introduction of new mills should have top 
priority. For it should never be forgotten that technologies for the prevention of food 
losses in rural areas have to be socially appropriate. In this respect, some of the tra¬ 
ditional technologies are worth examining with a view of putting them on a modern 
scientific base. Such technologies have ready acceptance and are safe. I have already 
mentioned the use of active dust for killing insect pests in stored food grains. Another 
example is this. During a survey of methods of rural food storage, it was observed 
that the storage bins are not filled up to the brim. A small head of air is left and here 
a lighted lamp, containing edible oil, is placed, and after this the lid is closed. The 
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lamp uses up oxygen and produces carbon dioxyde, making it very difficult for insects 
to survive. The effectiveness of this technique could be improved by the introduction of 
an airtight lid and also by the insertion of perforated bamboo tubes to drain the oxygen 
from the lower layers. Western technologies are often alien to rural conditions in de¬ 
veloping countries and in consequence may present problems of acceptance, of supply 
of materials and of the hazards of using toxic chemicals. But there are quite a lot of 
things we would like to know or to have investigated. Listening to the paper of Dr. Ul¬ 
bricht yesterday, I suddenly saw that we would like to know whether it is possible to 
arrive at a synergistic effect between natural organic manure and artificial fertiliser 
with the aim of raising production. And we could do with a weed with the ability of ni¬ 
trogen fixation in its root nodules that will grow in between crop plants. Will these 
ideas, techniques and technologies really be developed? Certainly it will ask for a 
large program of research and development. Here you meet another fact: Of all expen¬ 
diture on scientific research in the world, only about 2 per cent, is carried out in the 
developing countries, and 98 per cent, in the developed world, where the United States 
alone account for 70 per cent. Up till now I only have commented on the subjects raised 
in the questions. To answer more specifically: No, there is not a 'most effective' de¬ 
velopment strategy, there is no royal road to development in the developing world, as 
it all depends on local circumstances. 
The other question was about the protein - calorie problem. I must confess that every 
time this subject is broached, I find it more difficult than before. At the UN Food and 
Agricultural Organisation it was discussed many times in the Protein Advisory Group 
of which I was chairman for two years. We did not come to a conclusion and the discus¬ 
sion is still going on, because there seems to be not enough concrete evidence on the 
subject at present. I am sorry that I cannot be more specific. 

Questions 

( Chairman) As Dr. Ulbricht will have to leave in a few moments to catch his plane, I 
would like to know whether the groups have questions on his paper. 

The paper of Dr. Ulbricht was, to a certain extent, a call of 'back to nature', but we 
wondered whether this could be applied in the African situation, in East Africa and 
West Africa. Do you really think that your views could apply back there ? 

We wondered whether it is necessary to have animals in the recycling system of orga¬ 
nic farming Dr. Ulbricht described. If so, we have to accept that having animals intro¬ 
duces a lower conversion factor in the cycle. 

Answer 

(Ulbricht) First, the question on Africa. I think that one cannot envisage there the 
kind of system that is possible in Europe. The reasons are simple: Completely diffe¬ 
rent climate, completely different crop pattern and so on. I think, however, that some 
increasing use may be made of a recycling system. The example here is mainland 
China, where they stress self-reliance. There you have communities trying to supply 
their own needs and making use of everything that is available. You all know that human 
manure, which they call 'night soil', is reused and recycled in China, and they have 
pigs as scavengers for vegetable residues and so on. I think that this kind of approach, 
suitably modified to local circumstances, can be used to some degree with some saving 
on resources, especially on high cost energy-intensive fertilisers. 
Second, the question about animals. At the moment you could not have organic farming 
without animals and this is an obvious disadvantage. There are two things to be said 
about that. Firstly, I thinkthat in the long run the world will have to eat less meat, but 
there are areas of land where the most intelligent thing to do is to have grazing animals. 
On some types of land grass is the best crop and it can only be utilised by having graz¬ 
ing animals there. In my own country I can envisage that in the long run - the year 2000 
or after - we will have ruminant animals only in the west and north of England and Scot- 
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land and Wales where you only can grow grass as a crop. These animals will mainly be 
used for producing milk and cheese, and some meat. In the rest of the country you will 
have some kind of arable farming. 
As to recycling, I don't think we have closed the cycle. We are not using human manure 
to the extent that is possible and very little work has been done on using other forms of 
human refuse, as composting of municipal refuse. This is an area where a great deal 
more research is needed, as there are serious problems with contamination with toxic 
minerals. Composted municipal refuse can have a quite high lead content which seems 
to derive from additives in petrol. Now the lead is not taken up by plants if the pH of 
the soil is on the alkaline side, and by using appropriate control measures it is possible 
to use the high lead compost without getting serious uptake of lead by the plants. This 
is just an example of the points I wanted to make in my paper that these kinds of topics 
require additional research. They have not had the attention they deserve. 

Questions 

( Chairman) Are there any more questions relating to the papers of Parpia, Stare, Ul¬ 
bricht and Jul ? 

Our group had many Dutchmen and perhaps we were inspired by a famous painting of 
Van Gogh with people eating potatoes. Talking of calories, potatoes have a very high 
yield per hectare, and a specialist in our group suggested that the yield is much higher 
than for sugar. Is not potatoes a good crop to keep in mind when you want to solve the 
calorie problem ? 
Furthermore, it was remarked that some natural products contain proteins that are 
unusual in some respects - banana protein was mentioned as an example. When talking 
about protein requirements, should not we take into account these special proteins too ? 

Our group had quite a number of questions, but we will understand if you don't have 
time to answer all of them. First, we would like comment on the long termed changes 
in the equilibrium of the soil likely to arise through mechanical interactions and the use 
of pesticides and fertilisers. Second, some members of the group felt that there was 
possibly a tendency to overstress the role of cereal production at the expense of the 
contribution which animal production can make. Should these two types of production 
not be regarded as complementary rather than as competitive ? Third, what is in fact 
the case for processing oilseeds and pulses when they can be consumed directly by 
people ? And finally, we were interested in legislation regarding the incorporation of 
textured vegetable protein.in food stuffs. We would like to know something about its 
incidence and the form it tends to take. 

Our group has three questions for Dr. Parpia. Perhaps he might like to comment on 
the lysine supplementation of foods. Should this be promoted internationally by the Food 
and Agricultural Organisation, for example by means of a subsidy? Second, triticale is 
one of the new foods being introduced. If this becomes a staple food, will there again 
be difficulties from the nutritive point of view ? Third, there has been talk that the 
Green Revolution has failed. Has this been due to technological or social reasons and 
is there the possibility of a second Green Revolution perhaps based on nitrogen fixation, 
selective breeding of legumes, cereals and so on ? 

Answer 

(Chairman) This is a lot of questions, and we cannot answer them all in the time 
available. We have to be selective and I think that we should not go into the questions 
about special proteins and the mechanical effects on the soil as being too specialised. 
Then there is a short question on potatoes as a calorie crop. The panel does not have 
exact figures available, but perhaps someone in the audience has. 

Yes, I do. When raising potatoes for starch making, a good farmer in Holland can pro- 
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duce at least 11 tons per hectare, and sometimes they produce more than this. I don't 
have the figures for beet sugar, but I know that, again under Dutch conditions, the ton¬ 
nage is less than that for starch. 

(Chairman) Thank you. So in Holland potatoes seems to be a better calorie crop than 
sugar beet. I don't think it is necessary to go into details. 
We have another short question: You can eat oil seeds and pulses directly, so why do 
we process them ? Perhaps Professor Boldingh would like to try to answer this one ? 

(Boldingh) Some of these seeds can and are eaten directly, but many are not, because 
they don't fit into the eating habits of the population. For example, you extract oil from 
oil seeds, to use it as a raw material for products that are accepted as a food. 
(Shacklady) The original question gave the impression that all oil seeds, pulses and 
so on can be eaten directly, and this is not entirely true. It is true that some of them 
can, but there is quite a wide variety that do require some processing before they can 
be eaten safely by humans. Just to give a simple example: Raw soya, which is the most 
abundantly available of all oil seeds, certainly is not suitable for direct human con¬ 
sumption. One has to remove, or at least to reduce the trypsidin inhibitor in it, which 
requires processing. So while it is true that a number of these natural products are 
suitable for direct human consumption as they stand, quite a large number have unde¬ 
sirable characteristics nutritionally and require processing anyway. 
(Parpia) I would like to add that an important oil seed like groundnut, has as its car¬ 
bohydrate pentosan, which is indigestible by humans. If this carbohydrate is removed 
by processing it can be used in animal feed, otherwise it will go waste. Mustard seed 
cake is unfit for human consumption and presents problems when used as an animal 
feed, so here processing is unavoidable. 

(Chairman) We have four questions that seem to belong together, on the overstressing 
of cereals, fortification with lysine, triticale and the Green Revolution. Perhaps Dr. 
Parpia might like to answer these. 

(Parpia) I agree that cereals have been overstressed. It is necessary to give equal at¬ 
tention to leguminous crops which not only are important sources of protein but also 
raise the fertility of the soil. As to supplementation with lysine, there are two ways of 
doing that. The first is natural supplementation by using leguminous crops, which by 
the way, contain other amino acids too. Here you will not have difficulties with accep¬ 
tance. The other way is fortification with synthetic or micro-biologically produced ly¬ 
sine. These foods have only very limited use, even as weaning foods. The costs of 
processing, packaging, labelling and distribution amount to more than 50 per cent, of 
total costs, and this puts these protein rich foods beyond the reach of the low income 
groups who need it most. To advise the rural poor that they should give their children 
these costly foods, is like saying that they should eat cake if they cannot buy bread. In 
such cases, making use of traditional ways of preparing food may solve the problem. 
For example, the Egyptians use as weaning food a mixture of cornmeal and fenugreek 
which is rich in menthionine. Using modern high lysine corn one gets a weaning food 
with acceptable amounts of amino acids in it. Perhaps the population could be taught to 
use the right raw materials in the right proportions, and that would solve the problem 
of weaning food for pre-school children of low income groups at one third to one quar¬ 
ter of the cost of processed weaning foods. 
The next question asked for an evaluation of triticale. It is, I think, far too early to do 
so. Triticale is a new grain variety, a new crop and a new food. At the moment we are 
at the very beginning of introducing triticale, and the first thing we have to solve is the 
acceptance problem. Only when we have got triticale accepted as a new crop and a new 
food, we can start to evaluate its success, hi the meantime we should go ahead with the 
composite flour program. In many developing countries climatic conditions make it im¬ 
possible to grow wheat, whereas the demand for bread and bakery products is growing. 
Therefore, efforts have been made by FAO in co-operation with the Institute for Cere¬ 
als, Flour and Bread TNO in Holland and the Tropical Products Institute in the United 
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Kingdom to develop composite flours for making bread and bakery products. Some of 
these flours are composed of normal wheaten flour and a flour from another source, 
mostly oil seed cake. It has a high protein content and excellent nutritive properties. 
Bread made from it has been introduced in several countries in Africa and South Ame¬ 
rica and has found good acceptance there. The Dutch Institute also succeeded in making 
flour from cassava which is produced in fairly large quantities in some countries. As 
cassava flour is starch mostly, it has been reinforced with protein rich flour made 
from oil seed cake or legumes. Increasing effort will have to be made to develop tra¬ 
ditional foods from composite flours. Research is already in progress in this direction. 
The last question dealt with the failure of the Green Revolution. First it should be 
pointed out that the Green Revolution has been achieved mainly on irrigated land, which 
however is only 10 per cent, of all cultivable land in the world. Second, the Green Re¬ 
volution cannot be a technological revolution alone, technology is only an important 
component of it. Again I have an example of that. In one village in a developing country 
the introduction of a high yielding variety completely failed. Then anthropologists in¬ 
vestigated the matter and found that the villagers had not been as stupid as was thought. 
For the high yielding variety did not allow for intercropping, so if the crop failed 
through rain failure, the village would not have had food at all. And the straw was hard 
and stiff, it could not be eaten by their animals and was useless for the thatching of 
roofs. Here the Green Revolution failed because it did not fit into the social and econo¬ 
mic needs of the village. And let us be honest about it, the Green Revolution will fail 
elsewhere too as long as it is seen as a technological revolution alone and not as a part 
of an integrated effort of socio-economic development. 

Questions 

(Chairman) Are there questions related to the paper of Dr. Tollenaar? 

In your paper you mentioned the purity of edible oils and sugars, but many food pro¬ 
ducts are not nearly as pure as these. Should we really aim at food products that are 
as pure as oils and sugars ? Have not we relied too much on the analytical abilities of 
the chemist and should not we look more at acceptance and nutritional value ? 

In view of the regional differences in the composition of various raw materials and dif¬ 
ferent local tastes, is it reasonable to try to formulate single international standards? 

Answer 

(Tollenaar) I would like to start with the last question. Every international standard 
has provisions for a number of quality aspects which I call the negative quality aspects. 
These provisions lay down that certain contaminants, such as pesticides, heavy metals 
and so on, should not be present over a certain low level, that that product should not 
have an off flavour and so on. I don't think that anybody will dispute the need for global 
standards covering these negative quality aspects. However, a number of food products 
show rather large regional differences in composition, and in that case you can always 
draw up additional regional standards. It has been done in the past, for example for 
honey, and it will certainly be done in the future if the need arises. Of course I don't 
underestimate the difficulties as there always is a danger of proliferation of regional 
standards. Sooner or later a scientist will prove that in a certain region a certain ani¬ 
mal was given a certain food and in consequence produced meat that did not meet the 
international standard. This may lead to pressure for a regional standard, and then 
you have to decide whether there is a good case for it. This is one of the subjects dis¬ 
cussed at the meetings of the International Organization for Standardisation at Geneva. 
Then there is the problem of purity, nutritive value and the analytical chemist. I fully 
agree that we should look for nutritive value, but how can we do that when we forsake 
analytical chemistry? Of course, demands for purity in foods should not be unreason¬ 
ably high, but we can only decide what is reasonable or not after the analytical chemist 
has done his job. The question suggests a conflict between analytical chemistry and pu- 
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rity and nutritive value that does not exist. 

Questions 

(Chairman) Are there any questions related to the paper of Mr. Shacklady ? 

How do you know that changes in crude or changes in your culture of micro-organisms 
do not change the safety of your product ? 

Our group had two questions. First, how much non-replacable fossil energy goes into 
the total system of production of Toprina compared with the amount of non-replacable 
fossil energy that goes into normal processing of soya beans ? Our second question is 
about molasses, which are rather a waste product in many developing countries. 
Should not we consider using molasses as a raw material both for calories for feeding 
humans and as a source for fermentation, rather than trying to use non-replacable fos¬ 
sil fuel ? 

Answer 

(Shacklady) I would like to take the last questions first. As to molasses, I don't know 
whether they can be used as a source of calories for humans. Molasses is a waste pro¬ 
duct of the sugar industry and it does not seem to be directly usable as u human food. 
But molasses should be used for fermentation and to some extent it is. Whether the use 
of molasses for fermentation could be widened is something I would not dare to com¬ 
ment upon; one of the characteristics of molasses is that they are only available sea¬ 
sonally. But they should be used for fermentation, I quite agree with that. 
I don't think I can give a completely satisfactory answer to the question about fossil 
energy and Toprina. I don't have the figures for soya bean processing, so I cannot 
make a comparison between the total fossil fuel input for soya bean processing and 
manufacturing Toprina. We did study this from a slightly different point of view. We 
took the annual protein shortfall, which is the difference between the amount of protein 
the F AO thinks the world population should ingest and the amount actually available. 
Then we calculated that this shortfall could be met with our process by using less than 
1 per cent, of current world oil production. 

(Chairman) I am sorry to interrupt, but someone in the audience wants to comment. 

I guess that these must be very old figures. At the moment we have a surplus of protein 
and all your predictions and calculations have turned out to be wrong. 

(Shacklady) Well, I don't know whether we have a surplus of protein or not. I only 
know that in this Conference we have heard divergent views on that subject. Still, I can 
only repeat that the annual shortfall of protein could be met with our process by using 
less than one per cent, of current world oil production. 
Then there is the question about changes in the microbiological culture and in the sub¬ 
strate. I would like to point out that when starting a R & D programme like this, the 
first thing you do is to select a micro-organism that is extremely stable. We did quite 
a lot of testing for stability at the start of our programme and of course we have moni¬ 
tored this continuously since then. We are sure that our cultures are stable, but if you 
deliberately changed your micro-organism, you should redo your whole testing pro¬ 
gramme for safety. 
As to the question about the substrate, I would like to point out that it is not homoge¬ 
nous. It is a mixture of alkanes, the chain length is something between C-13 and C-30, 
with the bulk in the C-13 to C-17 range. Of course we tested whether changes in the 
substrate would lead to changes in SCP, and we are sure that this is not the case. 
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Questions 

(Chairman) Now we come to the paper delivered by Professor Boldingh. Are there any 
questions about this paper ? 

Our group had two questions. We thought that hydrogenation of unsaturated fatty acids 
raises the content of trans fatty acids, which seem to be questionable from the nutritive 
point of view. Should not we aim for a system of hydrogenation that does not raise the 
amount of trans fatty acids ? The other questions is about oil crops. Many new crops 
have been suggested for the supply of edible oil, and most will grow only in the tropics 
and the subtropical regions. Would Professor Boldingh like to consider the implications 
of these new crops for the social aspects in the areas of production ? 

We would like to know whether there is any practical possibility of reaching the level of 
30 grammes of linoleic acid per day without changing food habits. 

In our group it stuck us that up till now we have staturated fatty acids by way of hydro¬ 
genation. Perhaps it is possible to do it the other way round and to desaturate solid 
fatty acids to make the unsaturated ones that are needed from a nutritive point of view. 
Secondly, we would like to hear about your expectations about the use of soya meal as a 
human food. 

Answer 

(Boldingh) There certainly is a trend towards low contents of trans fatty acids, but 
not because these fatty acids are suspect from a nutritive point of view. In hydrogena¬ 
tion you have to conserve linoleic acid, and that leads to low trans contents automati¬ 
cally. That is one of the reasons why I indicated that palm oil may become an impor¬ 
tant raw material. By fractionation you can separate out the solid fats in palmoil that 
you need for many products and that otherwise could only have been made by hydroge¬ 
nation of unsaturated fatty acids. 
Then there was the question about new oil crops in the tropical and subtropical regions 
of the world. This would offer many countries in these regions an opportunity to pro¬ 
duce a crop for which there is a high demand. As the population of these regions does 
not need a high amount of linoleic acid in the diet at the moment, at first a big part of 
the new crop can be exported. In the long run this will change, I think, when the level 
of income goes up and the way of life changes and becomes more sedentary. 
The next question was about the possibility of having an amount of 30 grammes of lino¬ 
leic acid in the diet and I take that this refers to the developed countries in the world. 
The only way to achieve this is to see to it that the visible fat part contains quite high 
levels of linoleic acid, and it is doubtful whether this goal can be met with one product 
only, say margarine. This is the reason why industry is introducing other products 
with a quite high level of linoleic acid. On the Dutch market there are coffee creams 
on that basis; more products will certainly follow, making it possible to attain the de¬ 
sired level of 30 grammes of linoleic acid a day in a normal diet. 
Desaturation of fatty acids is theoretically possible, because nature does it. The veget¬ 
able kingdom produces unsaturated fatty acids of a polyenic nature, and man and ani¬ 
mals can desaturate still further. This is accomplished with enzymes, and to repeat 
the process even on a laboratory scale is extremely difficult. When you work with en¬ 
zymes, you need co-factors and quite a number of other compounds, all of which are 
stable in the living cell but not in our technical systems. However, I don’t want to 
sound too pessimistic on this. It may be possible, I think, to discover some way of 
selectively desaturating fatty acids on a technical scale, but it will take a long time and 
quite a lot of research. 
The last question was about soya meal as a human food. It is used as a human food, in 
meat extenders and, as Dr. Parpia pointed out, in composite flours soya bean meal can 
be used. But, as Mr. Shacklady pointed out earlier, there are some difficulties, raw 
soya bean meal contains a trypsidin inhibitor. Still I think that we should not feed soya 
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meal to animals to a greater extent than we are doing now. I don't know whether we 
should produce less meat than we do today, but I think that the direct use of soya and 
other vegetable proteins has a great future, because you can make quite a number of 
products out of it. 

(Chairman) Ladies and gentlemen, our time is up and I have to close the panel discus¬ 
sion. I thank the members of the panel for answering such diverse questions and I thank 
the members of the groups for preparing so many interesting questions. 
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