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FOREWORD

The Food and Agriculture Program at IIASA focuses its research
activities on understanding the nature and dimension of the world's food
situation and problems, on exploring possible alternative policies whch
could improve the present situation in the short and long term., and on
invest~atingthe consequences of such policies at various levels - global.
national and regional - and in various time horizons.
One part of the research activities focused on investigations of alternative paths of technology transformation in agriculture with respect to
resource limitations and environmental consequences in the long term.
In this context an assessment of the possible impact on global and
regional supplies of food of new, non-traditional technologies for the production of protein has been considered important and a series of Task
Force Meetings were organized.
A t previous Task Force Meetings held at ITASA and Tbilisi, U.S.S.R.
the technologies for protein production were reviewed and a worldwide
collaborative network established for the collection of data. The main
theme of the Third Task Force Meetlng held in Sofia, was on the qualitative and quantitative aspects which will influence the contribution that
new technologies may make to food supplies within the period of the next
twenty years.
Here Dr. Worgan has presented the papers submitted to the Third
Task Force Meeting held in Sofia in October 1982, that was organized
jointly by the Food and Agriculture Prokram of IIASA, the Bulgarian
National Committee for Applied Systems Analysis and Management, and
the University of Sofia.

Kirit S. Parikh
Program Leader
Food and A g r i c u l t u r ~Program
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OPENINGADDRESS

Dr. Yanko Markov
Minister of Forestry and Forest Industry,Bulgaria.

Dear Ladies and Gentlemen,
I am particularly pleased to greet you as participants in the Thud IIASA
meeting on a "Systems Analytical Approach to the Assessment of NonConventional Protein Production Technologies" whlch is being held in our country.
The Government of the People's Republic of Bulgaria hghly appreciates the
noble purposes of the scientists, gathered through the endeavours of the International Institute for Applied Systems Analysis. (IIASA) to revolutionize the technologies for obtaining protein from m e r e n t sources of raw materials using
biotechnological methods.
Forests cover one t h r d of Bulgaria's national territory and play a
significant role in the economy. This explains the interest of the Ministry of
Forestry and Forest Industry in methods of efficiently convertmg waste wood
materials and significant quantities of grass via biotransformation into &h protein fodder.
Your Task Force Meeting once again confirms the great political and
scientac role that furthering international collaboration, can play in guaranteeing and stabilizing peace in our world today.
I would like to wish you continued success in your noble endeavours for the
prosperity and happiness of madand.

Prof. D. Davidov
President
Bulgarian National Committee for Applied Systems Analysis

.

Dear Participants,
1 am honoured to greet you at the opening of the Thrd IlASA Task Force
Meeting held to chscuss ongoing research into non-conventional ways of solvlng
the protein problems. After the first meeting in Vienna in 1980, and the second
in TbiLisi in 1981, it is probable that now you d l make further progress in
finding new solutions to one of the basic programs of IlASA which is now entering
its concluding phase. We hope that you will make valuable suggestions as to our
further collaboration in tlus field.
Bulgaria is an active member of IlASA and has a particular interest in the
successful conclusion of t b program whch you are participating in. Our
National Committe'e of Applied Systems Analysis has several experimental projects for rational self-sufficient complexes based on non-waste technologies and
is happy to shares its experiences in this trend with the other members. We
would like to participate more actively in this program at IIASA and its realization over the next two to three years.
It is probable that other forms of collaboration besides these annual meetings will be necessary, such as consultations on particular problems, and participation of various specialists over longer periods of time to work on the general
plans, analysis, conclusions, etc.
We hope that all countries concerned will take into consideration the
difficulties we meet and will make the necessary efforts, including the financial
ones, in order that our mutual collaboration may continue to enable us to finalize our results. The very positive outcomes of the Energy Program at IIASA,
whch has been hghly appraised by many countries, provides us with reasons for
optimism in this field too.
We are sure that you wdl make the necessary endeavours in your country to
And the optimal solutions for the successful organization of t h s task and will
help in the generalization of the results in the h a 1 stage of the mutual program.
I would like to wish you successful meeting and a pleasant time in our hospitable country.

Prof. G. BLiznakov
Rector of Sofia University
Full Member of the Bulgarian Academy of Sciences

Dear Guests,
It is my pleasure to welcome you to Sofia University, which is honoured to
host the T h r d IIASA Task Force Meetlng devoted to such an important world
problem as the search for new methods of solving the world's protein
deficiencies, and I am particularly pleased with the presence a t this meeting of
so many prominent scientists worklng in t h s strategic field. We fully appreciate
the efforts of the International Institute of Applied Systems Analysis in integrating the efforts in many countries in t h s &rection, and we are making our
utmost endeavours to help it.
The organization of this meeting in Bulgaria's largest university is a recognition of our modest efforts with respect to the creation of non-conventional tecnologies to obtain new protein sources. O u r biologists and chemists have
recently been paying more attention to this problem, and the exchange of
experiences with others is of great importance. Biotechnology is a new interesting interdisciplinary Aeld and we look forward to having successful results and
only with mutual and complex efforts can we advance quickly. As a chemist, 1
appreciate the difficulties fac~ngscientists in t h ~ sexploratory work on new nonconventional technologies both in this and in other important fields. These technologies are of great economic and social significance and will resolve several of
the most important problems of contemporary mankind.
Bulgaria is a country with a highly developed plant breeding, animal breedmg, food and microbiological industry. In spite of the above mentioned, our
future and optimum demands cannot be met by only traditional technologies of
agricultural production
For t b s reason, two year ago we began a national program to resolve the
protein problem involving many scientists from the University. We are convinced that our combined efforts will enable us to find the most optimal solutions inspite of many difficulties.
I would like to wish you rewarding discussions during t h s meeting and every
success in your future activities for the benefit of mankind.

OPENING ADDRESS

P d .Ing. Christo Panayotov
Prorector of S o h University
and
Holder of the Chair for Engineering Biology and
Research Laboratory of Biotechnology

Dear Colleagues,
I am happy to meet you once again at our t h r d consecutive IIASA meeting
on Non-conventional Protein Production Technologies. We have just become
accustomed to these occasions and now we have to conclude with their results.
But scientists are inventive and will probably find other reasons to meet each
other again concernmg t h s and other problems.
Our present meetlng is of great importance, and we have to generahze our
current experience and to 6nd other methods and means for our future work in
t h s direction as well as discussing our present problems. We shall prepare
these points d u r q the discussions of the reports as well as at the concluding
discussion when we shall accept recommendations for the next stages of the
program.
Much to our regret, some prominent participants were unable to take part
in our meetmg, among them Prof. Parikh and Dr. Hirs, Program and Deputy Program Leaders, of IIASA's Food and Agriculture Program. However, Prof. Munch,
the main executor of t h s activity will represent them.
On behalf of the Program Committee I inaugurate IIASA's m r d Task Force
Meeting on a Systems Analytical Approach to the Assessment of NonConventional Protein Production Technologies, and wish you a successful meeting and rewarding results.

Prof. Dr. D. Beck,
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scu
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Dept. of Foreign Agribulture. Humboldt University.
Brannerstrasse 7. 1054 Berlin. GDR

The problem of improving the world food situation and ensuring food supplies, especially for the fast-growing population in the developing countries, is
among the most most urgent issues of the 1980s and 1990s. Sufficient food supplies for the under-privileged masses plagued and threatened by hunger and
malnutrition is not only a techno-economic problem, but is above all, a political
and social one.
The need for a diet adequate in terms of quantity and qualitative composition implies guiding the structure of food production and food supplies in accordance with these requirements. A diet can be regarded to be of full value when:
- it meets the energy requirements of the organism,
- it contains, in sufficient quantity as well as in the right proportions and in
utilizable form, all nutrient elements needed for building up and maintaining the body substance and for the maintenance of all vital functions as well
as for safeguarding resistance against physical and psychical stress.
Thus, adequate nutrition must be regarded not only from the point of view
of quantity, but also of quality. Therefore crucial importance should be
attached, both to the assessment of food requirements and to the knowledge of
specMc functions of individual nutrients, which provide essentials not only for
the evaluation of the present food situation, but also prognostic considerations
on the improvement of the global and regional food situation. This aspect is
important because there is considerable variation in the required energy and
nutrient intake, as influenced by age, sex, and physical activity.
Among the nutrients required, proteins play a particular role in providing a
diet of full value, because:
protein deficiency seriously hampers growth and physical development of
children and adolescents as well as the health and vigour of all population
groups, especially pregnant and nursing women,
individual food items not only have different protein contents, but are
characterized by a h g h degree of variation of protein quality, which has a
bearing on the structure of food production and consumption patterns,
- protein is a major nutrient influenced by income. With rising income there
is an increase in total protein intake and a gradual shift to more animal
protein consumption (Figure I),

-

-

food habits or traditions kequently involve low protein food intake of certain population groups; this is particularly true for Developing Countries,
- to increase the output of food protein has proved more difficult compared
to the production of food energy.
The particular status of protein in human nutrition as well as the questioc
of assessing quantitative and qualitative requirements have been under the COP
sideration of nutritional experts for a long time. Their assertions are bghly
relevant for practical purposes as they provide fundamentals suitable for
appraising requirements as to the production and distribution of high-protein
food on a scientific basis. Tbs is true for both the so-called traditional
foodstuffs and protein from non-conventional sources under drscussion at this
meetlng.
Between 1949 and 1971, FA0 and WHO set up 5 expert groups in order to
review the standards determining energy and nutritional needs of the human
organism. On the basis of more recent calculations, the 1971 expert group
reduced the physiologically necessary protein needs and modified the "ideal"
amino acid pattern of reference protein. As to the protein intake, the recommended amount of 0.71 grams of reference protein per kilogram of body weight
of adult persons was lowered to 0.52 grams per kg of body weight in females and
0.57 grams in males. No essential changes were made in protein allowances for
age groups up to 12 years and for pregnant and nursing women.
The recent standards set by FAO/WHO entail a sizable reduction of average
protein needs based on "local" proteins. Whilst in the 1960s these requirements
were- estimated to be 61 grams (global average), the standards set by the
FAO/WHO expert team in 1971 arrived at a figure of only 38 grams, i.e., a reduction of 38%. The re-evaluatioc of protein requirements gave rise to changed
appraisal of the food situation in developing countries, Instead of a partially
considerable protein deficit whch had been noted for many years, pure statistics revealed a surplus averaging about 50% for the total of Developing Countries.
DifIerent positions have been taken with regard to the re-evaluation of protein needs by the FAO/WHO expert team. Many nutritionalists point out that a
precise experimental assessment can be made only by referring to a protein
balance minimum, i.e., "the minimum amount of food protein by whch a balance
of nitrogen losses and protein supply in the form of raw protein can be barely
attained (Kofranyi, 1972).
There are also objections that FAO/WHO tests were carried out on well-fed
people in industrialized countries while a direct measurement of minimurn protein needs in Developing Countries is missing. The effects of stress and diseases
whch are known to increase protein requirements considerably, were not taken
into account in experiments destined to assess protein needs. We can note an
attitude towards recent standards whch is, at least, sceptical, particularly when
national standards are compared with FAO/WHO figures. In this connection,
reference can be made to the protein intake recommendations set by the U.S.
National Academy of Sciences and the National Research Council and by the
Canadian Bureau of Nutritional Sciences, respectively.
As can be seen in Table 1, recommendations set in the U.S. and Canada for
all age and sex groups are above FAO/WHO standards, irrespective of certain
differences between both countries. In the FRG the "German Society for Nutrition Sciences" recommended an average d d y per-capita intake of 58.5 grams of
protein, based on an allowance of 0.9 grams plus 20% added per kg of body
weight. The addition of 20% calculated on minimum intake is being regarded as

a compensation for extraordinary protein losses (Soeder and Kraut, 1975).
As a whole, one can assume that s d c i e n t supplies of food energy for all
population groups are a basic prerequisite for solving the food problem. For
economic reasons, protein should not be substituted for high-energy foods
because they would merely act as energy sources fulfilling the function of cheap
carbohydrates to make up for the lack of energy in the diet. Considering this
aspect it was a reasonable step to t h ~ n kover and to revise the appraisal of the
food problem wbch, in the 1950s and 1960s was predominately regarded to be a
problem of protein shortage. On the other hand, the tendency of "fading out"
the protein issue from the food problem wbch became apparent in the early
1970s must be seriously questioned. Such a view cannot be justified when considering the availability of food protein in several countries with characteristic
consumption patterns and to specific population groups-an aspect we must
focus on particularly. Moreover it is to be doubted if recent FAO/WHO requirement standards are in line with actual conditions and needs. A s t r w n g fact is
that requirement standards set for industrialized countries were bgher than
those for Developing Countries, though we must bear in mind that:
- the population structure of Developing Countries shows a greater proportion of children, adolescents, pregnant and nursmg women, i.e., of groups
nee&ng diets of b g h protein content, than in Developed CountAries,
- in ~ndustrializedcountries local protein foods consist largely of animal products, i.e., of food items characterized, on an average, by a higher biological value than those of vegetable origin.
Taking into account that the variation ofnutritional levels caused by social
conditions in Developing Countries is, as a rule, much more marked than in
industrial nations, we must rate the average protein standards recommended by
FAO/WHO as being too low. At most, they may be regarded as minimum nutritional requirements, but not as recommended food intake or nutritional standards.
Calculations of future demand on a global and regional scale constitute a
major problem, in view of the widely diverging views on minimum protein
requirements. T a w FAO/WHO standards as a g u i d e b e , an increase in demand
of 60% can be expected for Developing Countries in the 1980-2000 period, this
increase being attributable only to the projected growth of population. m s
6gure must be further increased to take into consideration the likely effects of
overall economic developments and of the social changes associated with them
(urbanization, economic growth, increase in purchas~ngpower, etc.). These
facts will entail significant changes of consumption patterns, a main feature of
wbch is a growing share of high-value protein food in diets.
Bearing in mind these and other factors of uncertamty for any protein
demand projection, we can make the following general assertions:
An increase in demand will take place mainly in the Developing Countries.
Generally, a ronsiderable rise of tood demand in terms of quantity must be
expe--dd. Proceeding from the assumption that the majority of the Developing
Countries will not be able to satisfy growing demands by larger imports and that
such a trend is undesirable from the economic point of view, national strategic
approaches should predominantly aim a t boosting domestic food production and
reducing losses during harvesting and storage. As to the improvement of the
protein balance, the followmg steps can be t a k e n i n the area of conventional
foods:

-

putting new land into production,
diversification of production patterns in food crops with special regard to
an increased cultivation of k h - p r o t e i n species,
- breeding efforts for raising and stabilizmg the yields of legumes, for
increas~ngthe protein content of crops and for improving protein in cereals
and some other food crops,
- integration of crop cultivation and animal husbandry,
- increased use for hurnan consumption of high-protein residues from vegetable oil production,
- greater use of fish, including fish protein concentrates, for human nutrition.
The increased demand will have to be satisfied, to a considerable degree, by
vegetable products. Otherwise we might be -faced with a further sizeable growth
of the extent of hunger and malnutrition. At the same time, we may expect an
overall increasing demand for animal products whch will show, however, very
marked regional differences. Unless the purchasing power of the population
groups which have been, so far, in an under-privileged situation, is raised, a substantial aggravation of the disproportion in nutritional levels is likely to occur.
These negative impacts might be intensifted if cereals as well as other crops so
far used for human consumption, are to be used for a significant increase in
animal production.
In the majority of industrially developed countries, principal changes in the
share of energy and protein consumption are not likely to occur within the 10-15
years to come. Certain changes in consumption patterns .will probably occur,
whch could be attributed to the following factors:
- shifts within the energy-protein balance towards an increase in animal protein foods in certain countries where consumption of vegetable protein has,
so far, been relatively u h . Such a trend can be expected to take place, for
example, in the USSR as the recently announced National Food Program is
gradually implemented.
- stagnating or declining demand for expensive protein foods, particularly for
hghly-priced cuts of meat, assuming that in industrialized market
economies there will persist h g h levels of unemployment, and real incomes
of major parts of the population will go down,
- changes in the structure of the consumption of proteins of u h biological
value when, in a growing number of industrial countries, there is an increasing supply of relatively low-priced vegetable or, in some cases, even
microprotein based foods, especially of meat analogues. Such cbanges
could be stimulated by both an increasing demand for cheaper protein
foods and promotional measures sponsored by nutritional policies (including propagating certain products in the mass media).
In the context of this basi? tendency ot future demand trends the issue of
the potential impact of non-conventional proteins in global and regional nutrition strategies also needs to be investigated. There are two aspects to be taken
into account:
- an increasing use of non-conventional proteins tor leeding animals (mainly
non-ruminants) could help to release for human nutrition, grains, soybeans
and other foods of high value,
non-conventional proteins could be employed for nourishing people
directly, subject to their speciflc suitability for that purpose (absolute
safety to health, digestibility, acceptance by consumers, etc.).

-

Though we have to start from the assumption that non-conventional proteins will be used within the next 10-15 years predominately for animal feeding,
the second variant is surely worth considering, at least when prognostic
reflections are being made because an excessive increase of animal production,
at the expense of basic nutritional needs, does not seem to be a desirable target.
The scale on whlch non-conventional protein supplies will be adopted for
feeding people and animals, respectively, and the pace at which this will occur,
is conditioned above all by economic factors or rather by the competitiveness of
those products, as compared to conventional animal and vegetable products
(fish meal, soybean meal, shmmed milk, etc.). In addition, certain standards
must be met with respect to quality. Considering this and malang allowance for
a more intensive utilization of local resources for improving the nutritional
situation in developing countries, more attention should be paid, finally, to the
development of relatively unsophisticated technological variants.

Table 1.

Recommended Daily Protein Allowances

Class

Age
in years

Weight
(kg)

Protein (in grams) per day
FAO/WHO
USA
Canada

Infants
Chldren
Adolescents:
Male
Female
Adults :
Male
Female
Pregnant
Nursing

* grams protein per kg body we~ght
Source: Ehrlich

P.R. Ecoscience, San Francisco. 1977.p.302

Kofranyi, E. (1972). Protein and Amino Acids Requirements: Nitrogen Balance in
Adults. In: Protein and Armno Acid Functions, E.J. Bigwood (Ed.), Pergamon Press, Oxford.
Soeder, C.J. and Kraut H. (1975):Global Assessment of the Protein Supply Situation for Mankind (in German). In: Journal for Foreign Agriculture, Jrn.
14.No.4. Frankfurt/a.M.

GNP
per capita
US $

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Sweden
USA.
France
Canada
Japan
G.D.R.
U.K.
C.SS.R.
Spain
Hungary
Bulgaria
Iraq
Guatemala
El Salvador
Nigeria
Philippines
Bolivia
Egypt
Zimbabwe

50

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

Kenya
Indonesia
Sudan
Guinea
Tanzania
Pakistan
Zaire
Mozambique
Sri Lanka
India
Afghanistan
Mali
Ethiopia
Chad
Bangladesh

80
Gram
per capita

Fig. 1. Animal protein intake related t o income levels (1978-80)

THE COMPARATIVE TECHNO-ECONOPIC STUDY OF CONVENTIONAL AND NONCONVENlONAL TECHNOLOGIES FOR FOOD PRODUCTION
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Faculty.
S o h University "Xl. Ochridski" 15 Boul. Rouski. Sofia 1000. Bulgaria
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1. Biological mciency

Broadly speaking, we can define biological efficiency as efficiency of biological processes, even including such complicated combinations as ecosystems.
There is no essential dderence in applying the concept of efficiency to biology
than to other fields. Similarly, the results of biological processes may also be
non-biological, a biological efficiency ratio could use physical or chemical units.
Generally, efficiency can most usefully be defined as the ratio of output to input:

where:
0 represents a chosen output, and
I represents a chosen input.
Such a ratio can apply to innumberable combinations of output and input and
each of these can be expressed in many different terms, some of them allowing
several different outputs or inputs to be combined. The general concept is clear
and obviously of value, and part of its value lies in its applicability to a great
number of different or particular cases.
Once our interest has been specded, however, the most relevant ratio will
be obvious. Particular versions are often named, such a s energetic efficiency,
relating energy output to energy input. It should be kept in mind that biological
systems commonly use non biological inputs, such as solar radiation and that
some of the most relevant efficiency ratios will be based on them. Agriculture
for example, requires a source of energy costing much less than the energy
value of its products. Of course, it also produces many other things as well as
energy. Even so, t h e support energy to agriculture is very large today and a
very large yield is imperative. T h s requires special calculating in each particular case.
It is clear that by using modern technologies, productivity per hour of
labour has risen nearly a hundredfold, ylelds nearly threefold, but energy
requirements have increased more than tenfold and the efficiency ratio has
dropped to about threefold. The interpretation of t h s result is difBcult to evaluate in any tems, because there is not a universal basis of comparison. The view

Table 1.

m c i e n c y ratio in primitive and modern maize cultivation
Primitive Mexico
amount /ha

Inputs

Modern USA

MJ/ha

amount ha

MJ/ha

lab or
seeds
machnes
oil
N fertilizer
P fertilizer
K ferklizer
lirnest one
irrigation

insecticides
herbicides
drying
electricity
transportation
Total i n p s
Output (Maize)
Efficiency ratio
difTers in value to d s e r e n t people and countries and at difierent times. What
you are going to select depends on many other factors. Some products are generally more valuable than others, although prices, both relative and absolute,
may duc tuate quite widely.
An example of the effect the nature of the product may have on its price is
given in Table 2 where the dderence between the price of lkg of protein from
plant and animal sources is compared.
Table 2.
Product

Relative prices of pure protein (100%) by Werent sources
Price / ton
(US dollars)

% Protein

kg
Protein/ ton
-

Wheat
Maize
Soyabe,,
Beef
Lamb
Pork
SCP

150
130
340
1300
1700
1100
750

12
10
42
16
14
11

50

Price / kg Protein
(US dollars)

-

120
100
420
160
140
110
500

1.23
1.30
0.81
8.12
12.14
10.00
1.50

So it is quite possible for a farmer to produce less food for people, because
his purpose is then monetary gain or meat production, although it is well known
that more people can be fed per unit of land if it is used for crop production.

The economic adjustment of such situations depend upon the need for food
belng adequately expressed as a demand, but thls cannot occur when hungry
people are also poor.
2. EtKciency in Crop Production
The grain crops are of the greatest importance in feeding the world's population. It has been calculated that the yield of world's cereal production,
represents enough protein to supply lOOg per head per day to a population of
three billion people.
The most important resources for cereal production, are land and power-the key inputs for eaciency calculations. The amount produced per unit of
land, per unit of time, per unit of labour, per unit of support energy, have their
specific values.

Table 3.

The output of energy and protein per unit of labour per hour

Product

Yield kg

Protein kg

Energy MJ

Wheat
Maize
Barley
Sorghum
Alfalfa (dry)
In t h s case the best source of protein is alfalfa and for energy maize.
Table 4. The output of energy and protein per unit (GJ) of support energy

Product

Energy (GJ)

Protein (kg)

Wheat
Maize
Barley
Sorghum
Alfalfa (dry)
In t h s case the best eaciency ratio without doubt is alfalfa, which is very important economically.

-.

efficiency are thus output of energy and protein per
The major measures
unlt of land, labour and support energy. l k s clash of efficiencies means that
there are optimum values for size and structure of enterprises. They can be
valued and it is quite clear that preferences, beliefs and traditions could change
in the future. The main factors affecting yield therefore vary with the environment.

Table 5. Output of energy and protein per unit of land/ha
-

Product

Yield kg

Protein kg

Energy 10' KJ

Wheat
Maize
Rice
Sorghum
Soybean
Potato
Spinach
Tomato
Apple
Orange
Bean
Peanut
Alfafa (dry)
In this case alfalfa is also the best source of protein and one of the best for energy together with maize, rice, potato, wheat and peanut.
3. Bliciency in Meat Production

The animals vary enormously in size and productivity. The major resources
used in animal production are land, feed, labour, and capital. Although the
efficiency with whch the major resources are used is important, no single
efaciency ratio can be regarded as of over-riding importance, and judgement
still has to be based on an examination of a whole range of them.
Table 6. m c i e n c y value in relation to feed dry matter

Anunal

Feed (kg/dry matter)

Carcass (kg)

~fficency~

Cattle
Sheep
Pigs
pork
bacon
Rabbits
Hens
broilers

E+ =

Carcass output (kg)
x 100
Feed input (kg dry matter)

In any event, the efficiency with which animals use their feed does not
necessarily indicate efficiency of land use, since this also depends upon the
amount of feed grown per unit of land and t h s varies with the nature of the land.
Thus a feed with a h g h feed conversion emciency for pigs tells us notabout
the emciency with which pigs could use land that cannot grow that particular

feed. Furthermore, although land is often regarded as the ultimate limited
resource, "land" is not a homogeneous commodity and some land is nearer to
where the food is required, some land needs more inputs than other land, and all
the land could grow anything if the inputs were high enough and included
s m c i e n t control over the environment. Usually, as shown in the example given
above, the most effective are pigs.
Table 7. The efficiency of land use for meat production

E = kg carcass
ha land

Cattle
Sheep
Broiler hens
Rabbits
Pigs(pork)
In t h s case the highest efficiency ratios are for rabbits, followed by hens.
Table 8. The efficiency on energy basis

Animal
Cows
Sheep
Rabbits
Hens

E=

energy output
energy input
0.11
0.39
0.03
0.04

In t h s case sheep have the highest energy ratio.
Meat production is thus characterized by t h s increasing maintenance burden and generally, t h s is not accompanied by proportionate increases in rate of
growth. The result is that individual meat-producmg animals tend t o become
less efficient in the use of feed as they grow larger. Clearly, there is no possibility then of slaughtering them before such eficiency declines. However, the
emciency of the whole family unit or population does not decline in this way.
4. Efltlciency in Microbial Production (SCP)

Micro-organisms have been considered to have two major aavantages: very
hlgh rates of production per unit of time and very high protein content. I t is
well known that 500kg bull takes a day to lay down 0.5kg of protein, while 500kg
of yeast produces 50 tons in the same period of time - a n advantage of 100.000
to one. The speed at which production can proceed in respect to efficiency is
most clearly demonstrated with single-cell protein.
One measure of r a t e of production is "protein d o u b w time" (the time
required t o double initial welght).

Table 9.

Rate of conversion

Micro-organisms

Doublmg Time (hours)

Yeasts
F w
Bacteria

3-5
2
0.8-4.7

The protein content of micro-organisms appear very high.
Table 10. The protein content by SCP producers

Micro-organisms

Protein %

Fungi
Yeasts
Algae
Bacteria

20-45
40-60
30-60
50-75

But some reservations have to be made about the biological value of this
protein. Some of the protein may be insoluble cell wall fractions that are only
digested by humans to a very limited extent and some, such as yeasts, contain
very high levels of nucleic acids and need extraction.
Table 11. Biological emciency of microbial protein

Micro-organisms

BEP index

Yeasts
Fungi
Bacteria
The greater the value of t h s BEP index, the lower is the efficiency of SCP
In comparison with higher plants, algae for example have very favourable
rates of dry matter production per hectare.
Table 12. Growth rates by algae and higher plants per year

Organism
Chlorella
Soybeans

Protein %

Dry Matter ha-'/ kg

Another advantage of SCP production is that it is based on quite different
resources from those used for h g h e r plant production. Lignocellulose wastes
occur in vast quantities in many countries and can be converted by microorganism into animal feed. I t has been calculated that on a world basis the
quantities of cellulosic waste (100,000 million tons per annurn), the energy
required to provide 100% of the 5.98x!01° kg, the world's annual protein need
could be met by feedmg only 5% of the world' s waste cellulose to animals.
Table 13. Production of crude protein per hectare

Production Yield (dry matter kg/ha)

Crude Protein %

Crude Protein (kg/ha)

Plant

Grass
Wheat
Maize
Barley
Animal

Cattle
Sheep
Pigs
Broilers
Rabbit
Microbial

Spirulina
Chlorella
In comparison t o plant protein production per unit of land
microbial protein is 40 - 60 times more productive and 200 to 300 times more
productive than the animal protein.
5. The Relative Efaciency of Merent Methods of Food Production
The quantitative relative emciency of different means of food production
can always be related to similar resources, because animal production must
ultimately be based on plant or microbial production. However other qualitative
aspects have also to be taken into account when considering food products. If
potatoes are the required product, the efficiency of tomato production by comparison is irrelevant. T b s aspect is particularly important in relation t o the
production of animal products which nearly always appear much less efficient
than crop production when considered from the point of view of quantitative output. Consumer acceptance also plays a part and can be measured in monetary
terms.

Table 14. Production of protein expressed in monetary terms

Production

Output (tonslha)

Price (US dollars/ton)

Value (US dollars /ha)

Plant

Grass
Wheat
Maize
Barley

12.0
4.4

4.7
3.8

82
150
130
140

Animal
Beef
Lamb
Pork
Chcken
Rabbit
Microbial

Spirulina
Chlorella

48
32

In this case monetary emciency is almost the same for animal and plant
production, but compared to microbial produchon by comparison is 20 - 50
times more effective than the others. The possibihties in the world are M e r e n t ,
traditions are still strong, but it is quite possible for microbial protein to become a major source of feed and eventually food. With the latest achevements
in genetic technology it is certain that progress in microbial productivity in the
near future will be doubled or even tripled.
For the hungry man the most important factor is the one which shows how
many people could be supported by the production from one hectare of land for
the most reasonable price:

Table 15. Number of people whose annual needs could be met

Production

Protein
(kg/ha)

Energy
(MJ/ha)

No. of people
Protein

No. of people
Energy

Plant
Cabbage
Potato
Wheat
Maize
Rice
Barley
Animal

Beef
Lamb
Pork
Rabbit
Clvcken
Microbial

Spirulina
Chlorella
In this case the SCP is 20 to 30 times more effective than plant protein, and
200 - 300 times more effective than animal protein. The underlymg assumptions
are:
(a) that more people could be fed on grain
(b) that animal products are not strictly necessary, and
(c) that SCP has a bright future.
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1. Introduction
The aim of the Food and Agriculture Program of IIASA is to assess the food
supply situation within the period of the next 20 years. At prevlous Task Force
meetings it was concluded that maintaining adequate protein supplies to meet
the demand of the increasing population would be the most critical aspect and
proceedings at these meetings were therefore concerned with methods by w h c h
supplies might be increased. One aspect of the FAP program is involved with
agriculture, however a t t h s , and previous Task Force meehngs, alternative
methods of protein production are considered. The term Non-conventional Protein Production Technologies has been used to describe these methods and can
be defined as methods for Protein pro- duction for human or livestock consumption w h c h do not, a t the present time, make any sigmficant contribution to supplies.
The world population in 1980 was approximately 4,400 million (FAO, 1979a).
Protein intake per capita per day for the period 1975-77 is estimated to have
been 69.2g consisting of M.8g from plant sources and 24.4g from animal sources
(FAO, 1979b). The same pattern of consumption can be assumed for 1980. Thus
even without making any allowance for storage losses, wastage and the additional quantities of primary sources of protein required to produce animal protein, global production of protein in 1980 was certainly more than one hundred
and eleven mdlion tons. Any new technology will, therefore, need to be capable
of providing at least one'million tons per year if it is to make any significant contribution to global supplies. Some methods, whch may not be capable of produc~ngt h s quantity, may still be appropriate if they help to provide protein self
sufficiency on a regional scale.
2. IUutritional Aspects
A new technology for protein production can only be justifled if the product
is of good nutritional quahty. Before deciding to proceed beyond initial laboratory investigations an assessment should be made of the nutritional quality of
the protein. This assessment should include a n analysis of the essential amino
acid composition, and determinations of the digestibility and biological value. A
good in&cation of both the d q j e s t i b ~ t yand biological value can be obtained by
feeding trials to measure the net protein utilization value (NPU) or the protein
e5ciency ratio (PER).

3. Safety Aspects
The most critical limitation on whether a new technology can be put into
practice is the requirement to establish the safety of the product. New protein
sources for human consumption require a lengthy and extensive testing programme over a period of 4 to 5 years. Any trace of adverse effects will prevent
the technology from being applied. Even in countries where government regulations may not prevent the distributior, of the products, consumer resistance is a
significant deterrent, without authoritative proof thzt the product is safe to eat.
For livestock it is e q u d y important t h a t the protein source should not contain
any harmful components. However, the t e s t u g conditions can be less stringent,
not only because consumer resistance is of less importance, but because the
lifespan of livestock is much shorter t h a n that of human beings and the elaborate testing programme for components w h c h only cause problems when consumed regularly over a period of years, are not so essentizl. Guidelines for the
testing of new sources of protein for human (PAG, 1970)and livestock (PAG,
1976) consumption have been published by the United Kations.
Based on t b s limitation, non-conventional protein technologies can be
divided into two categories:
A. Technologies in which the product is a n established source of protein where
the non-conventional aspect is involved in the method of production.
B. Technologies where the product is a protein source which has not previously been extensively consumed as either human food or livestock feed.
4. Technologies for t h e production of established sources of protein

The separation of proteins from agricultural and food industry wastes a r e in
this category and several examples have been given a t previous Task Force
meetings (Hirs, ed. 1961; Hirs and Muench, eds. 1962). Leaf protein from some
leafy crops when used for livestock feed may also be in this category, although
for human consumption more strmgent testing may be necessary. Several of
t h e oilseed protein residues could also be included and since these technologies
have not been dealt with a t previous meetmgs, a brief summary is given below.
I t has been estimated that 22 million tons of discarded or underutilised protein occurs each year in the oilseed residues (Altschul, 1970) Soybean meal is
t h e main example of a product w h c h has become extensively used for the feeding of livestock and for this application it c a n no longer be regarded as an
unconventional protein source. The soyabean was originally grown in the USA
for the extraction of oil and t b s is still the main product. The residue, after cil
extraction, contains proteinase inhibitors, w b c h have a n anti-nutritional effect,
and haemoglutenins w h c h produce toxic symptoms. Both of these components
a r e sensitive to h e a t and can be inactivated by heat processing conditions w b c h
do not cause any extensive damage to the nutritional value of the protein.
The recently developed technology for the texturing of soya protein into
products which a r e similar to meat (Tombs, 1978) is still in the cat zsry of an
unconventional technology, although production has expanded rapidly during
the past few years. Although the technology does not d r e c t l y increase protein
supplies, it does produce a s i d a r product to meat from less than one third of
t h e primary protein source required for meat production and therefore has a
corresponding beneficial effect on protein supplies. Other oilseed residues are
also valuable sources of protein w h c h could be extracted and used for human
consumption. In t h e case of coconut for example, t h e established method for
producing coconut oil is to dry t h e flesh of t h e coconut in the sun to give the
product called copra. Because of the low standard of hygiene in the drying and

extraction processes, the residue, after oil extraction from the copra, is not At
for human consumption. It also has a tugb fibre content due to the removal of
the oil and even the clean product is not siAtable as a source of protein for child
feeding. The technology has beer. develaped to separate in one process from
fresh coconut the oil, the fibre, a i d protein suitable for human consumption
(Dendy and Timmins, 1973). Methods developed for the recovery of protein from
most of the other oilseeds are scmmarized in the literature (Adair and Orr,
1967; UNIDO, 1974) and the application of these new technologies could make a
sigmicant contribution to protein supplies.
The production of amino acids by chemical (KcPherson, 1972) or rnicrobiological methods (Kinoshta, 1963) yields products which can be purified and are
not, therefore, subject to the need for safety tests. In terms of quantitative supplies the amino acids are unllkely to make a significant contribution. However,
the supplementation of foods or feeds deficient in the essential amino acids
lysine and methionine can considerably increase their nutritional value and
effectively reduce the quantity of protein required to meet physiological need.
Technologies for the production of lysine and methionine are in use and an
increase in supplies in the future could contribute to meeting the nutritional
demand for protein in the future.
5. Technologies which yield proteins which are not es'kblished sources of pro-

tein as food or feed.
Microbial sources of protein produced by bacteria, fungi, yeasts or algae
are the main category of the type of technology and several papers on this topic
have been presented at previous Task Force meetings (Hirs, ed. 1981; Hirs and
Muench, eds. 1982). The biomass of micro-organisms occurs in all natural
environments and it is probable that most samples of food contain remnants of
microbial cells. A higher proportion of microbial cell mass is present in foods
prepared by microbiologicl processes. Beer, wine, bread, cheese and yoghurt
are some examples and in some of the oriental foods such as tempeh and miso a
considerable proportion of the product consists of microbial cell mass. The idea
that man should eat micro-organisms is therefore not new, although it is only in
relatively recent times that the technology has become available to produce the
biomass of micro-organisms as a speci.6~product. Because the products are
novel possible sources of food or feed they need to undergo the extensive testing
programme referred to above.
One exception to this aspect is the cell mass of the algal species Spirulina
maxima, which has been found to accumulate in natural circumstances m alkah
lakes in West Africa and in former times in Mexico. The cell mass, whch contains 62% protein, has been harvested and used as a food for centuries without dl
effects (Clemeot, Giddey and Menzi, 1967). The technology for the cultivation of
Spirulina has been developed and the product is being marketed as a food product in the USA. Food yeast (Candirla utilis) is a micro-organism for which the
technology of production has been established for more than 50 years an6 is now
accepted as a product whch is safe to use for human consumption. The unconventional aspects of t h s technology relate to extending the range of raw materials on whch the yeast can be grown and t h s should increase the supplies whch
could be made available m the future.
Two technologies have been developed to the stage where the products have
cndergone adequate testing programmes to allow them to be used as livestock
feed. Production units are in operation and the products are being marketed.
The Pekilo process involves the fungal species Paecilomyces variottii, the
mycelium of whch is grown on a liquid waste ,arismg from the manufacture of

cellulose pulp and is being produced as an animal feed in Fmland (Romantschuk,
1976). In the UK the ICI company are producing and marketing the cell mass of
the bacterial species Metnylophdus methylotrgphus as the livestock feed called
Pruteen. The bacteria is grown on methanol, manufactured from natural gas.
The extent of the tests made on t h s product is in&czted by the statement that
data has been obtained from the feeding of 500,000 aoirnals (Smith, 1980).
A t the Task Force Meeting held in Tbilisi in August 1981, (Hirs and Muench,
eds. 1982) it was announced that the mycelium of the fungal species FbarizLm
g r a m i n e a r u r n had been approved as a food product in the UK. A process for the
production of the mycelium grown on starch has been developed, although to
date no full scale production unit has been established. The yeast Candida l i p lytica grown on petroleum in the process developed by British Petroleum, has
undergone a n extensive testing programme and its safety as an animal feed has
been established. A plant to produce 100,000 tons a year has been constructed
in Italy, but due to a decree issued by the Italian Government, this plant has
been prevented from going into production (Goslmg, i977).
6. Euergy Inputs

I t is now generally accepted that the fossil fuels are a limited resource.
However, even in the most energy intensive systems of food production in the UK
and the USA less than 5% of total energy consumption is used to produce the
food supply for the population (Worgan, 1975). Provided that new technologies
do not reqmre energy inputs which are considerably in excess of those used m
agricultural production, energy supplies may not be such a serious deterrent to
their adoption in the future as has been suggested.
7. Land Use

I t is estimated that well over helf the arable land available is currently in
use to supply the world population with food. In many areas arable land is being
lost due to erosion and urban development. Land may therefore become a more
critical resource than energy to maintain the food supply for the increasing
population. Most of the Non-conventional Protein Technologies do not require
additional arable land and t h s may be one of their main advantages in contributing to supplies in the future.
Although algal culture does require a greater area of land than other microbial methods, the process does not require arable land and need not therefore
compete with agriculture for t h s resource. Leaf protein production is in cornpetition with agriculture. However, with an appropriate cropping system in
areas with a suitable climate, protein ylelds per unit area can be much greater
than those of agricultural systems.
The production of substrates, grown specifically for microbial processes,
wdl use land w h c h could be in use for food productron. T b s technology mll
therefore only be worthwhile if there are considerable advantages in the yleld
and quality of the protein produced.
8. Raw Materials

I t has been established at previous Task Force meetings that vast quantities
of wastes whch occur annually are produced from agriculture, forestry, industrial processes and the processing of foods (Hirs, ed. 1981; Hirs and Muench,
eds. 1982). Although account has to be taken of the logistics of collecting these
wastes and maintaining a n even flow to processing units, there are still large
quantities which it would be possible to use. The application of technologies
which use these wastes is not therefore likely to be h i t e d by raw material

supplies.
Some of the processes w h c h use fossil fuel raw materials may also continue
to be feasible because of the h g h eEciency with whch they operate. For example, more than 100 tons of yeast is obtained from 100 tons of petroleum raw
material (Gosling, 1977) and in terms of eficient utilisation this may be a better
return than using the petroleum for non essestial purposes. Methanol, used as
the raw material in the ICI process for producing Pruteen, can be manufactured
from the waste flare gases whch occur in many of the world's oilfields.
9. Costs

Although the final price for food products are frequently inftuenced by
artificial effects such as price controls and subsidies, the r e d cost is an approximate measure of the resources required for prod~ction. Technologies on whch
the estimated cost of production exceed the real cost of corresponding protein
products produced from agriculture are unlikely to be put into practice at the
present time. However, if protein shortages develop and agricultural costs
become relatively more expensive, technologies in which the costs do not .considerably exceed the cost of products from agricultural methods, could become
viable production units in the future.
The number of stages in a technology does have a considerable d u e n c e on
overall cost. For example a technology operating in 3 stages, each giving an 80%
yleld of the theoretical value, whch is not unusual in practice, has an overall
yleld of only 51% and t h s w d l be reflected in the cost of unit output. In the paragraph above it has been suggested that fossil fuel supplies may not be a serious
limitation, however, if the prlce of fossil fuels tends to continue to increase this
WIU influence the relative cost of technologies with a h g h fossil fuel input.
Technologies in which the raw materials are wastes w h c h cause pollution
problems wdl have a cost advantage because the waste treatment cost can be
offset against the cost of protein production. The Pekilo process for the production of fungal protein from cellulose pulp manufacturing waste is an example.
10. Time Scale

For technologies w h c h are still at the stage of laboratory studies another 2
or 3 years will be needed to complete the investigations and correlate the information needed to proceed to pilot plant stuhes. The des~gn,construction and
solving the inevitable problems w h c h arise, will involve a further 2 or 3 years to
complete the investigations on a pilot plant scale. For products w h c h are being
considered for human consumption, to produce the quantities of material
required and carry out the extensive testing programme, at least 5 years will be
needed. For a livestock feed t h s period might be reduced to 3 years.
Even if everything upto this stage is proved to be satisfactory, obtaining
the necessary finance or authoritive approval for proceeding to the stage of a
production unit, may cause further delays. For the design and construction of a
full scale production umt and to solve the problems of initiating the process, a 3
year period would probably be required. Finally, even if a h g h priority was given
to the production programme, it would probably take another 3 years to reach
the stage of producing 1 million tons of protein per year.
Thus, for a potential technology whlch is still in the laboratory stage of
investigation, a period of a t least 15 years will be required before the technology
will be able to make a signuicant contribution to global supplies.

11. Acceptability of the Product
Even when a product has been confirmed to be safe t o eat and the technology has been developed for its production, it must be converted into a form
whch people are prepared to accept as part of their regular diet. Food yezst,
for example, although a good nutritional source of protein, is produced as an
amorphous mass w h c h is only suitable for inclusion in the diet when it is added
in small proportions to other food products.
The technique of texturislng which has been applied to soya protein, has
been shown to be possible for other protein sources, including proteins
recovered from wastes and to yeast and bacterial proteins. Although these possibilities have been demonstrated in the laboratory, they have not yet been
developed on a production scale. Fungal mycelium has a characteristic texture
whch enables it to be converted directly into acceptable food products.
Investigations on this aspect should be made in parallel with pilot plant studies.

12. Personnel
The development and finally the operation of the technology on a production scale will require a wide range of skilled personnel. Trained stafT wdl be
needed to design, construct and operate the pilot plant and to carry out the
extensive toxicity testing programme. Further skilled people will be required
for establishmg and operating the first production unit. For the final stage of
extending the technology to several production units a proportionately large
number of skiIled personnel will be needed. A planned training programme
should therefore be mitiated durmg the earlier stages of development, to ensure
that a lack of shlled personnel will not be a limiting factor when the expansion
of the production programme is ready to proceed.

The aspects discussed above illustrate the wide variety of, factors w h c h
need t o be taken into account when developing a new technology to the stage
where it can make a significant contribution t o global protein supplies. The time
scale is particularly important and if protein supplies do become critical it may
be too late t o initiate a programme of development. It is, therefore, suggested
that new technologies should be developed to the stage of a first production
unit. Priority can then be given t o expanding the scale of production in the
knowledge that there will be no &ficulties with either the process or t h e product.
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1. Introduction
One of the most important problems of manklnd today is to investigate new
sources of food and feed, especially those containing protein.
The deficiency of protein-containing products is sharply felt all over the
world. The "population explosion" has made traditional methods of protein production less effective in meeting demand and as a result of t h s protein
deficiency is increasing.
The existing situation has turned scientists' attention to the wastes, byproducts and to the world's supply of organic compounds as sources for obtainmg protein substances, using non-traditional methods.
Agricultural and industrial wastes and by-products could play a leadlng part
in the problem of decreasing protein deficiency. These wastes and by-products
are a source that can be annually restored and exist in large quantities.
Protein from non-traditional sources can be used as a feed for animals or as
food in the human diet. Feeding of livestock with protein contaming products is
less effective than their direct use as a protein addition. Besides, it can be
applied for obtaining food analogues.
Thus, in order to use protein-containing wastes, first of all we have to solve
two main questions: (1) protein extraction for food and (2) their usage as a
protein-containing feed.
One of the most promising ways to do away with protein deficiency is by
microbial protein production, because microorganisms, in productivity, surpass
animals and plants several thousandfold.
Nowadays, yeast protein production obtained from wastes of o i l - ~ r o c e s s ~ g
industry has been widely applied in the world. But the oil and gas resources in
nature are limited.
In order to solve the problem of protein deficiency by means of proteins
from non-traditional sources it is necessary to find the optimal solution for
those factors whlch determine the successful solution of the given problem and
to elaborate national, regional and global models, based on the status and interdependence of these factors. The above mentioned factors are: selection of raw
materials, and the technology of obtaimng and applying the protein products.

T h s presentation deals with our attempt to consider the status and prospects of the above mentioned questions in relation to these factors.
2. Raw Materials for Protein Food-sl;uEPmductiorr
To have a large capacity protein produciton it is obligatory to have the
existing raw materials which can satisfy a whole number of factors. The main
factor is - the quantity of raw material and the stability of its resources in relation to its quantity and quality. The second factor is - chemical and physicomechanical properties of raw materials which define their safety, storabllity,
transportability and processlug technology.
The t h r d one is - economical and social aspects of available raw material
usage in relation to the above mentioned factors; the most promising are wastes
and by-products of agricultural raw material processing (Fig. I).
The supply of raw material resources is related t3 agricultural production,
characteristic for the given climatic and soil conditions as well as their traditional application.
A t the same time we have to take into account uncultivated (wild) raw
materials too, as a n additional resource.
If a given agricultural crop can successfully be substituted then we should
decide whlch of these should be considered whils worhng out a model. I t is
equally applied to the usage of the raw materials. The technology of its application whch presumably would not change in the given region a t least over 10 - 15
years is the guideline. The technology of usage of some of,the same raw materials may be different in various countries and depends upon national peculiarities, the technological level and some other factors. And that is why while
drawing-up a national model differential approach is essential.
The chemical composition of wastes is the other important factor. The concept - chemical composition of wastes means the presence of constituents whlch
are useful and dgestible for microorganisms as well as the presence ot toxic and
anti-nutritional components, there is some correlation between these properties
and the hgestible and indigestible substances by animals. These data define
safety, effectiveness of their usage as feed and the possibility for them to be
used for microbial protein synthesis. From industrial production we have quite
diflerent wastes according to the type of technology.
According to physico-mechanical properties the wastes are divided into
solid, fibrous, solid non-fibrous and liquid; consequently each needs a suitable
technology and recycling.
I t is necessary to classify vegetable agricultural food raw materials into
main groups characterizing their biological peculiarity; and each of them must
be chided into sub-groups, according to their usage.
In Figure 2 all kinds of vegetable agricultural fo0.d raw materials are &vided
into 5 groups: fruits, vegetables, cereals, oil-producmg crops and leguminous
crops.
To establish the kinds of wastes and by-products according to groups it is
necessary to determine their usage in the fresh form and after industrial treatment. Depending on technological treatment, different raw materials are left
for each group: when we deal with fruits it is obligatory to discuss, separately,
their usage in the fresh form and their industrial treatment. From the application of fruits in the fresh form we have two lands of wastes: wastes of fruit commodity treatment and trade wastes.
From industrial processing, there are entirely different types of waste. Of

course, t h s division has a general character as each category of raw material,
given in Figure 2, consists of a large number of d f f e r e n t kinds of raw material
and technological aspects w h c h defines their distinctive characteristic according to their chemical and physico-mechanical properties.
Depending on protein content, wastes and by-products are divided into two
groups (Fig. 3). Wastes haviii high protein content are recommended for pro'tein extraction for feed and food but protein microbiological synthesis can be
carried out with these wastes. When we have a low protein content i t is recommended to use raw material for microbio!ogical synthesis, without preliminary
extraction of protein substances.

3. Obtaining Protein Products by means of Non-traditional Technologies
All the non-traditional methods of obtaining proteic substrates from vegetable raw materials can be divided into the following categories (Fig. 4):
1. Protein extraction from raw materials.
2. Protein biosynthesis by yeasts and obtaining from them protein isolates
and amino acids.
3. Enrichment of wastes (used as a feed) by means of microbial protein.
4. Protein biosynthesis by using h g h e r fungi.
5. Protein biosynthesis by means of microscopic fungi.
6. Protein biosynthesis by using bacteria.
7 . Protein biosynthesis by means of symbiotic-methods using various microorganisms.
8.
SCP production from algae.
The extraction of protein substances from vegetable raw materials is used
extensively. A t presently, this method is the main non-traditional method of
obtaining food protein. Mamly these proteins are applied in feed. Wastes of
vegetable food protein production are used in cattle-breeding or are not used at
all. Such a technological approach is no longer acceptable. It is more advisable
to use solid and liquid wastes a s a substrate for microbial protein production.
Yeasts a r e the most productive micro-organisms for the protein biosynthesis. The grown biomass is used as a feed. Many authors propose protein isolates, extracted from them, in feed.
Amino-acids are extracted from yeast autolysates and are offered for food.
The positive character of yeast production is their short cultivation cycle with 6
- 10 hours duration, h g h productivity of protein, 50-60%, and low prices. It does
not require expensive equipment nor completely sterile conchtions. The negative character of t h s process is a hlgh content of RNA, that causes their Limited
application as well a s the necessity of preliminary polysaccharide hydrolysis.
Polysaccharides occur in large amounts in agricultural wastes.
Higher fungi are excellent resources of non-traditional food protein, but
their cultivation is possible only on a limited number of substrates. Their application is limited by h q h costs and specificities in relation to organoleptic and
rheological properties.
Undoubtedly the production of h g h e r fungi is a possibility, but its volume
will have little effect on protein supplies for the population.
Microscopic fungi have some advantages in comparison with other microorganisms. Their main advantage is their ability to synthesize enzymes, which
hydrolyse hemicellulose, cellulose and partially lignin.

Therefore, with the help of specially selected microscopic fungi we can synthesize protein from cellulose and lignin containing wastes without their preliminary hydrolysis. Ths ability of microscopic fungi gives the possibility for the
extensive annual recycling of the large plant resources of our planet.
The potential of this raw material makes us think that SCP obtained from
microscopic fungi will play the main role in the solution of the protein problem
in the future. The ability of microscopic fungi to synthesize no more than 1.5-3%
of RNA, and to produce wholesome protein and cellulosic enzymes strengthen
the possibilities of this trend. The above mentioned aSility of the microscopic
fungi illustrates their unlimited application in c a t t l e - b r e e d a not only as protein addition, but also as an enzyme preparation whch helps to digest rough
feed.
The need for complete sterility during production and the more prolonged
cultivation ( 2 - 3 days), we-can consider as negative characteristics of microscopic fungi.
Taklng into account the positive and negative peculiarities of various
micro-organisms their combined cultivation (so- called symbobiotic method) is
carried out. We consider this is potentially the most effective way as it gives the
best SCP synthesis.
Enrichment of feed directly with microbial protein is another promising
trend. The cultivation of yeast, microscopic fungi, and bacteria is carried on
simultaneously or consecutively. m s trend cannot ensure very good production
or a well controlled biosynthesis, but it is easily feasible and doesn't require
large expenditures and complex equipment. Nowadays, one widley applied cultivation is that of Spirulina as well as the cultivation of Chlorella and blue green
algae. For this we have to solve several problems: cell wall splittmg, protein
extraction, and their purUlcation from harmfull compounds, etc.
Every separate region should carefully weigh a number of factors such as:
the state of cattle-breeding, t e c h c a l potential, raw material base, etc., whd.e
trying to obtain proteins by non-traditional technology. That is why every part
of the country needs elaborate models which consider the above-mentioned factors.
In this respect the optimal variants are most complex as each factor should
reflect the latest data and the advantages and drawbacks of the given factor.
'The picture becomes still more complex if we consider these factors isolated
from one another. That's why when elaborating optimal regional models we can
have d s e r e n t versions.
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Fig.1 Main facton determining selection and classification of raw material for protein production.
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1. Introduction

For any manufacturing process an amount of input energy is spent in the
engineering system (Ein.), for whch we acquire an amount of output energy
(Eout.) The efficiency of the system is:
7 = Eout
Ein

-

For a system not connected with production of power conversion of natural
power resources the quantity q is always < 1. For bio-engineering systems
involving human and solar energy, bio-energetic efficiency may be greater or
less than unity.
In Fig. 1 the approximate calculation data of human bio-technological
activity are represented ever since the paleolithic age. By spending daily about
3 000 kcal. during the period of the so-called "harvesting" economy a primative
man could gather a "harvest" of wild plants, the calorific value of whch was a little more than the same 3 000 kcal. Hunting and lish~ngdiffer from the previous
form of human activity by the growth of power availability per a man brought
about by the emergence of specific t e c h q u e s of obtaining food. By the social
division and of labour and the domestication of animals "the energy harvest" collected by a human being was increased.
Prc 2eeding to primitive agriculture (estuary irrigation, shifting agriculture
m steppe and hewed timber areas in the middle latitudes) with relatively slight
augmentation of the power provision resulted in a considerable increase in the
energy efficiency of the exploited system. The power availability and
correspondmg energy output of the agro-sphere are represented in Fig. 1 by
points (D)(fallow and crop rotation and use of orgamc fertilizers). E (introduction of the foddergrass cultivation and crop seeding at the .period of the industrial and agricultural revolutions), F (commencement of fertilizer use) and G
(Up-to-date intensive plant-growing). The last point corresponding to H. Huber's
data represents Dutch plant growing in 1970: the total annual losses accounted

for 8,3 - lo3 kcal and the "energy harvest" - 70.1 . 1012 kcal, these data
correspond to 6 4 . lo3 kcal spent every day during the vegetational period per
plant specialist and daily energy output in the order of 540 . lo3 kcal.
In Fig. 1 the curve AG shows the relative decrease of the agrosystem energy
efficiency with i n c r e a s q power availability.
This is c o m m e d by the data 3.0 summarized in Fig. 2 (the last points on
the curve representing the results obtained in experiments charaterizing
"superindustrial" growth of plants.) Accordingly when industrializing agriculture
its bioenergetic efficiency decreases. To illustrate t h s fact we include some
extra data.
In 1954 1.05 x 10l0 J were spent per ha of maize in 1970 - 3.2 x 10" J. The
power consumption increased by 310%. At the same time the gross yield of grain
increased by only 240%. Thus in 1954 1 J energy produced 3.7 J in dry maize, in
1970 - only 2.8 J.
In intensive agriculture the use of fertilizers is the most power-intensive
(for cereals and cotton in the USA from 50 to 65% total energy losses). "The
energy cost of pesticides" is h g h as well (from 3 to 10%in different countries).
In irrigated lands irrigation is the most power-intensive (at an average more
than 60%).
According to the data of foreign statistics in the middle of the 1970s the
agriculture of England obtained the annual "energy harvest" of 1116. loQ MJ.
This energy on the market accounted for 138. l o QMJ. Thus, the biological harvest use coefEcient was only 0.12. So small an amount may be explained first of
all by the use of more than 70% of the initial energy supplied in plants not
directly for human nutrition but for f e e d i ~to animals. The energy conversion
efficiency by the animals does not exceed on average 6.5%. Consequently, the
bio-energetic efficiency is extremely low. According to Huber's data in the middle of the 1970s 77 (the efficiency) of Dutch plant production is 8.4 and cattlebreedmg only 0.14.
The decrease of the energy output efficiency of the agro-system with
increasing power availability may be explained by the common laws of biomass
growth.
It is common knowledge that in the case of unrestricted growth (absence of
environmental resistance) of plant biomass the quantity E which assimilates the
power flow grows according to the exponential curve law.
Under real conditions as biomass grows the resistance of the environment
strengthens; to overcome it the biomass is forced to spend part of the accumulated energy. Because of t h s the biomass growth becomes slower.
In a &st approximation the biomass growth per unit of time t is supposed
to be:

where:
r
is a coefficient of increment in mass per unit of time;
is a coeflicient of depression (that is mass, which cancels out per unit of
p
time owing to the surroundng pressure).
Let us replace the biomass M by its eaergy equivalent EOut = EM (E is an
amount of kcal per unit of mass), time by the input (Ein.) in the agrosystern.
The function Ein(t) may be rather complex, it depends on the initial energy level
E, accumulated in seeds, in soil, the way of receiving the solar radiation during

the growing season, time
the volume of plant cultivation. On a first approximation we consider that q, = E, + et where e is the energy received per unit of
time of the vegetative season.
Substitut~ngobtained values Ei, and Eout into the equation (2) and solvlng it
we have:

Taking account of the equality (I) we obtain the bioenergetic efficiency of
the agrosystem:

It is easy to see that the equation (3) is interpreted by the logical curve
which has an asymtote E,
. lim = 1(growth limit, see Fig. 3), the equation (4)
P
- by the hyperlogic curve the limit r > 0 whle Ei, >cs.
The heometric look of the equations (3) and (4), thus, is similar to the
curves Fig. 2.
In practice increase of the ".energy harvest" E , ~in agro-industrialization
needs growth energy flows to overcome the resistance of the environment (use
of pesticides for example) to maintain its properties (tillage, fertilization).
It is evident that t h s flow increases when the harvest becomes greater.
Pest control is the most typical example. Pest control expenditures increase
with growth of the harvest exponentially as pests respond to the harvest growth
and to expansion of the forage reserve.
If there is a choice among some artificial biosystems wbich produce useful
products, the efilciency regions of their cultivation are determined by possibilities to provide different energy flows &. For some biosystems represented in
Fig. 3 the following is evident.
If it is possible to provide the power availability in the limit 0 - El , the first
biospstem is effective. In the limit E l - Eg the second one becomes more
effective and in the limit Ei, > E3 - the third biosystem.
We have made an attempt to evaluate the quantity 7 and the functioning
efficiency of the conventional protein production and the efficiency of diverse
manufacturing processes. For this reason the total energy requirements for
production of a ton of protein - Ein. -were determined.

where:
E - annual energy requirements equivalents for: constructions,
including for irrigation systems (El);
machnes and devices (E2);
fertilizers (E3);
pesticides (E4);
requirements for plant selection and breeding (E5);

brain work requirements for the development of the branch (Es);
direct energy requirements in the biosystem (E7);
solar energy assimilated in the process of photosynthesis (E&.
Figure 4 gives the data. The square 1 shows the region of the efficiency of
conventional food protein production. These proteins are fed in the form of food
mixtures to ruminants (pomt A), who convert them into animal proteins with an
efficiency 6.5 (point B). With increasing energy requirements for providing
animals with favorable conditions, the protein yield from the Region I1 (cattlebreeding) slightly increases (curve BC).
The squares 111 and TV in Figure 4 represent the region of the efficiency on
non-conventional protein production bio-engineering .
The square lV shows the region of the energy eficiency of protein production by micro-biologic techmques. It is obvious thst this region has a greater
energy requirement than cattle-breeding and is cha-acterized by the greater
power requirement. Theref ore the solution of the quality micro-biosynthe tic
food protein problem may meet with considerable obstacles: additional power
requirements for improving quality sufficiency produce rather low bio-energetic
efficiency of the present bio-engineering.
Essential advantage of the region 111 over conventional cattle-breeding is in
the relatively low "energy cost" with sufficient energy yield. Protein isolate production processes from soya and oil-bearing residues are assumed to be more
expensive to a certain extent for improving quality and moreover they remain
quite competitive to the region 11.
The fractionation of green plants has developed into the most effective
manufacturing process. Fig. 5 gives the total energy requirements for diverse
methods of production of 1kg protein.
It is obvious that the present level of LPG production provides a h g h bioenergetic efficiency for t h s manufacturing process. The cytoplasmic food protein concentrate production being designed at present in the USSR will essentially increase the energy cost of the fractionation, however the latter d l
remain more effective than conventional cattle-breeding.
Thus, it is true that when increasing the power supply of industrialized
cattle-breeding, its effectiveness as a bio-convecter reduces and it is inferior to
bio-technologic methods for producing valuable protein. Among these procedures protein extraction from seeds and fractionation of green plants is more
effective. The use of photosynthesis in the results is the relatively low energy
cost of these bioengineerings.
Research carried out in various countries contirm completely our results.
During the past decade techniques and equipment for protein concentrates production from green plants (LPC) have been developed in France, U.S.A., Italy,
England, Hungary, Japan. India, New Zealand, Yugosl.avia, Czechoslovakia,
Poland, Australia, Pakistan, and countries of Latin America. By th- end of 1981
m Europe large-scale works with capacities 8-80 t of p l a t material per hour
have been operating: 3 works in France ("France-Luzerne"). 1 in Hungary
('Yepex"), 1 in England ("BOCM Siicock), 1 in Denmark ("Anhidro"), 1 in Spain
("ARPO-Alf a").
In Italy in 1981 pilot plants with the capacity 3-4 t / h have been tested; in
1982 the construction of the first large scale works begun wbch uses the process developed by the Institute of Agricultural Industry (Pisa).
In the USSR research &st begun at the end of the 1930s but was subsequently discontinued and was recommenced in 1970. Several experimental

plants for the production of juice and protein peste exist and in the town of
Mozir (Byelorussia) there is a plant which produces dry protein concentrate and
press-cake.
Process~ngof green plants is as follows: green plant material harvested in
the field is transported to the works, unloaded and led to the bin-feeder. A conveyer feeds the raw plant material to the grinders then to the feeder of the first
step press. Press cake is fed to the second step press, made friable and then
dried or fed drectly to the animals.
The second step press-cake moisture is 60-65%, that makes it possible to
reduce fuel consumption of the dryer which increases capacity 1.7 - 2.0 times.
The juice obtained is separated from crude matter and cellulose then subjected to heat coagulation in a ejector a t 82-85%. Then the coagulum is cooled
to 50°c, fractionated in the filter-press into a paste-Like protein concentrate and
brown juice.
The paste-like concentrate is dried in the spray centrifugal drier and the
dried powder packaged into kraft paper sacks and stored.
Some aspects of the processing elaborated by the Institute are as follows:
use of automatic filter-presses, separation of LPG from saponins avoiding the use
of evaporators in brown juice treatment and others.
The LPG process in operation in Byelorussia has a capacity of t / h of plant
material and d l produce per season 1070 t LPG 10300 t of grass meal.
The first lots of LPG were obtained in our Institute from the pilot plant in
1977. The concentrates were separated from saponins and trypsin a b i t o r .
They contained (%):
56.0
9.2
0.8
6.8

protein
fat
cellulose
mineral substances

-

-

-

62.0
12.9
1.8
11.0

Their amino acid composition was similar t o that of animal protein, the concentration of unsubstituted amino acids in LPG varied in the range of:
lysine
h s tidine
arginine
threonine
valine
me thonine
isoleucine
leucine
phenylalanine
tryptophan

-

8.1
2.9
6.5
4.6
4.9
1.3
4.3
8.8
5.9
1.0

-

-

In addition to the h g h concentration of valuable protein, lkg of LPC
tained:
carotene
xanthophd
tocopherol
vitamin B2
vitamin B,

483
1020
200
9
2

-

870 mg
1200 mg
250 mg
13 mg
4 mg

The amino acid composition and the h g h LPC digestibility (72 - 88%) in vitro
made it possible to use them as a source of protein in the diets of clucks, p g s

and calves.
In joint experiments with the All-Union Scientific Institute of Physi-biology
and Bio-physics of Ammal Nutrition, 50, 75, 100%fish-meal protein and 50%fishmeal, and 50% soybean cake were substituted in broiler ratioas. Test fodder
contained 3.8 - 10.8%.
No essential difference was noted in the live-weight gain between test and
control groups of broilers. Average 8-week broilers live weight of the test groups
was 1687.3 - 1707.8 g, of the control group - 1717.lg. Fodder consumption for
lkg of weight gain was 2.39 - 2.47 and 2.42kg, respectively.
Protein d~gestibilityof the t e s t rations was i
n the range 88.2 - 90.2%,control
- 88.6 - 89.8%,respectively. Research of the feed protein conversion efficiency
into body protein accumulated in the chick's body tissue and liver of the test
group was in the same range as in the control group at the s t a r t and h s h of
breeding. No essential difference was noted between broiler groups in slaughter
and produce qualities.
The Research Institute of swine-breeding in the town of Poltava conducted a
range of successful experiments on using alfalfa LPC in standard diets for pigs starter SF-19 and SF-24 (growing ration).
Two starter l e t s were tested: in the lirst, fish meal and soyabean cake were
substituted by LPC;in the second - LPC substituted 50% of dry skim milk. These
diets were fed to 42-60 day old piglets.
After 61-105 days of age in the first case, fish meal, soyabean cake and 50%
s h m milk were substituted by the LPC in the piglets' diet, in the second case
slum milk was substituted completely.
Growth and gain of the pigs fed test diets were the same as in the control
group obtained with the standard ones.
In the first and second tests where starter diets were fed to plgs the daily
average gain was 406g and 390g, in the control group - 412g: in fodder consumption per lkg of gain - 1.76; 1.83 and 1.74 kg, respectively.
Nitrogen consumption of the test pigs a t the s t a r t ~ n gperiod was close to
the controls (51.8%, control - 53.5%). Test pigs being fed g r o w rations had
nitrogen deposit efficiencies a little h g h e r than in the controls (46.5 and 49.4%
control 41.2%). The arnino acid digestibility did not reduce if the amount of the
LPC did not exceed 10%supplement to the diets.
The LPC were included as a component into a whole-milk substituent (WMS)
in the amounts of 6.3, 12.6 and 18.9%,as skim-milk protein substituent in the
amount of i O % , 20% and 30%, respectively. The control. calves were fed WMS
prepared by the researchers of the All-Union Institute of Animal Husbandry. The
test WMS's were not inferior to the control ones in the unsubstituted amino acids
content.
The essential arnino acids in relation t o the non-essential substitute ones
were in the range of 0.91 - 0.95, control 0.89. The amount of the consumed
WMS's per calf of the test group was about 45 kg, in addition to calves consumed
feed-starter and plenty of hay. The daily average live weight, whle 10.20 and
30% of skim-milk protein were substituted by the LPC, accounted for 832g, 752g,
724g, the fodder consumption per lkg of gain in this case accounted for 3.21,
3.44 and 3.62 fodder units, protein consumption accounted for 408.8, 436.1, and
458.3 kg (in the control group the gain accounted for 802g, fodder consumption 3.31 fodder units and protein 421.7g. The statistical data of the M e r e n c e
between test and control calves live weights are insignificant.

Introduction of the alfalfa LPC into the WMS &d not reduce the nitrogen
digestibility of the ration. The apparent amino acid digestibility indices of the
fodder m the test group varied negligibly and did not depend on the WMS introduction rate. Some lysine digestibility decrease 'of the test calves was observed
(90.0 . .. 91.0%,control - 94.1%).
Haematological ar~alysisdid not show considerable differences between test
and control groups in metabolic and total bio-zhemical reactions. Test WMS with
10%dry skim milk substitution by the LPC which had the daily average gain were
checked in working conditions. Obtained results were confirmed by the test
data. Daily average gain of the calves fed test WMS accounted for 825g, fodder
consumption per lkg of gain was 2.65kg fodder units and 392.7g of digestible
protein (in the control group the in&ces were as follows: 777g, 2.8kg fodder
units, 420.8g digestible protein.
The alfalfa press-cake tests were caried out. The silage product after 4month storage was tested in feeding calves. The press-cake was green, had fruit
odour and pH5. The total amount 01 free organic acids was !.78%, the lactic acid
percentage was 69.3; acetic acid - 30.3. There was no butyric acid in the diet.
The dry matter contained: protein - 1?.8%,carotene - 134 mg per kg. The ration
of the calves consisted of conventional fodders: maize silage - 13.4 kg, wheat
straw - 1.2; mixed feeds - 2.7; salt - 0.03; defluorinated phosphate - 0.03.
The test group instead of maize silage and 1.5 kg concentrates was fed 13kg
alfalfa press-cake. The calves ate a new &et readily. The daily average gain in
the test group was 777g, in the control one - 79Bg. In the test group 697g digestible protein and 6.9 kg fodder units were consumed per lkg of gain (in control 675g and ?.?kg, respectively). The digestibility of the basic nutrients by the test
calves was a t the control level. The test ration was more economical than the
control one.
From the plant material the brown juice had about 16%dry matter containmg 14%protein, 35% mineral substances, 40% sugars.
The brown juice as a substrate for yeast was investigated a t the yeast factory in the in Zaporozhye. I t has been established that brown juice containing 1%
and more of reduc~ngsubstances is a good medium for yeast growth (varieties
C).
The yeast yield on the alfalfa brown juice medium was 95.4% of that on the
control medium (must made a t the works).
Using alfalfa brown juice as a bio-stimulator in feed yeast growth on the
hydrolysates and on oil paraffms,
postive results were obtained.
is being investigated.
The use of brown juice for animal feeIn 1979, using the same techmque of green-chopped alfalfa tractionation
(but with the use of two-stepped heat coagulation of plant juice a pilot quantity
of alfalfa cytoplasmic protein was produced. The concentrate contained about
85% protein, it was white, odourless and tasteless. Preliminary conclusions of
the Institute of Nutrition proved a h g h biological value of the alfalfa cytoplasmic
protein concentrate, showed it to be non-toxic and recommended the possibility
of its use as a nutritive material. The leaf protein concentrate contained 85%
protein, w h c h was estimated by comparison with soyabean isolate. The investigations showed it was possible to prepare a cytoplasmic isolate with 95% protein
content, the quality of w h c h would be considerably b g h e r .
Non-usage of active chemical agents in the ACPC processing is the most
important advantage over the soyabean production as it retains the native properties of the raw material and completely excludes toxicity.

Jointly with the Institute of Sanitation and Hygiene of Nutrition, the ACPC
biological value was under study.
I t has been established that the recovered concentrate c o ~ t a i n e d80% protein. According to the essential amino-acids the concentrate was not inferior to
the FA0 protein standard, with the exception of the sulphur amino acids
(methionine - cystine) the concentration of w h c h were 78.3%of the standard.
The ACPC biological value was determined in the trials on growmg rates
w h c h were fed synthetic rations. In the control ration casein was used as a protein source, in the test animals, alfalfa protein concentrate. Vith protein content 10% the &gestibility of the. test animals was 86.5% of the control ones 91.3%, the biological value - 83.9 and 88.6Z respectively. The protein utilization
was rather inferior to the casein control ('72.5 and 80.9%). The weight gain per
consumed unit (protein efEciency coefficient) in the group was 2.2, in the control one 2.6 - 3. However, it should be noted that in the control diets the surphur amino acids deficiency was not removed. I t has been reported that equalizing methonine in the protein concentrate diets to the recommended standards
increases the protein efficiency coemcient to 3-5. In t h s connection it is
assumed that rernovlng methonine deficiency in the diets the ACPC nutritive
value increases.
In consequence the biological value of the new product from alfalfa juice
indicates its good nutritive properties whch are close to casein.
Moreover it is advisable to research more deeply the optimization of the
amino-acid composition for using t h s product in bakery and dairy products. The
above tests confuln the good nutritional value of the products and suggest their
use as follows:
- green protein concentrates in chick, pig and calf rations as an animal protein and soyabean cake substitute
- fodder from the press-cake - in ruminant diets;
- cyctoplasmic protein concentrates as a possible resource in the food industry.
'
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RICE HULLS AS A POSSlBLE SOURCE OF PJ-r lL..!*mJAL FOR THE PRODUCTION OF
SCP FOR ANIMAL AND HUMAN NUTRITIOI2
Prof. Dr. D. Beck. Drs. W. Knachus. Th. Kvuter,G. Padi
Institute of Industrial Chemistry (Director: K. Pkqpieil)
Academy of Sciences of the G.D.R.
Permoserstr. 15. Leipzig 7050, G.D.R.

The annual production by photosynthesis of d r y vegetable material is in the
region of 170 billion tons of which the energy equivalent is 3.2 x lo2' J. W s is
equal to twenty-three times the energy content of the world's annual production
of crude oil. Of these quantities, about one percent is used for food and
feedstufI production, and a proportion is also used for energy generation and
fiber production. Accordingly, these regenerable sources of carbon represent
nearly inexhaustible reserves for bioengineering processes such as the production of hgh-protein biomasses, fuels for power generation, and raw materials for
further product syntheses. Economic utilization of such raw materials for the
purposes referred to above is determined largely by their concentration, their
incapability of use for other applications, and the development and availability
of low-power and technologically simple processes of decomposition and utilization. These particular requirements are essentially satisfied by agricultural
waste products from single-crop systems of f'arming. An example of this is rice
wastes in the form of hulls, leaves, and stalks. These constitute the greatest
proportion of agricultural wastes in the world and also show considerable rates
of increase (Table 1). Ninety-four percent of these wastes are in developing
countries.
Table 2 shows a comparison of the composition of rice wastes with other
agricultural waste products. What is readily apparent from these data is the
h g h proportion of inorganic components (which is in the neighborhood of seventeen percent) and the small proportion of lignin. The different sorts of rice
wastes have a similar composition. The low nutritional value and the structure
of rice wastes do not generally allow them to be used for feeding purposes.
Some of the parameters determllllng the nutritive value are compared in Table
3 with the values obtained for alfalfa.
Also, there are virtually no other possible methods of processing such
wastes. Consequently, they suggest themselves as raw materials for the conversion of matter through the use of bio-engineering processes.
One of these possible methods is chemical hydrolysis of rice wastes with
minimal use of auxiliaries and consumption of power followed by the growth of
yeast on the hydrolyzates with the aim of producing protein for farm livestock
or directly for human nutrition. Growth of cellulolytic micro-organisms on partially decomposed residues of hydrolysis also provides for additional production
of protein-enriched feedstutI for ruminants. I t is also readily possible for residues to be used for soil con&tioning purposes.

Table 1.

EstimEted yield (in million tons) of some agriculture waste products
and their distribution for the years 1976 and 1985

Waste

World

Rice
wastes
Wheat
wastes
Cassava
wastes
Sugarcane
wastes
Table 2.

Developing
countries

esp.Southern
Africa

esp.Near &
Far East

828 1026

770

962

13

17

34

43

385

483

579

675

193

244

8

21

23

30

99

122

127

158

127

158

47

91

39

62

40

50

550

714

303

424

18

33

162

217

92

128

Composition of agriculture wastes in Cuba

Cellulosic

Lig nin

Pentosan

Ash

47.7
46.6
53.3
47.5
23.0
39.5
40.2

20.2
20.2
17.2
16.5
5.3
4.1
4.2

26.5
28.5
21.5
17.8
8.1
9.6
9.5

6.5
2.4
2.2
5.9
9.1
16.8
17.1

Sugarcane bagasse
Sugarcane pith
Kemat stem
Tobacco stem
Banana stem
Rice-straw
Rice-hulls
Table 3.

especially
Mric a

Nutritive quality of rice-hulls in comparison to alfalfa

Alfalfa
Digestibility

Protein content
Digestive-energy
Content of crystallinity
Extract without nitrogen
Soluble nutritive components
Content of silicates
P

s

Therefore, it is possible to combine the advantage of an increased rate of
reaction of chemical hydrolysis with the benefit of high selectivity and minor
power requirements of enzymatic hydrolysis. .
The kinetics of rice hull hydrolysis were studied using dilute sulfuric acid
(HzSO$ and reaction temperatures between 80'~ and 100' C. The curves of

formation of sugar are shown in Fig. 1.
Pentosans are predominantly decomposed even a t acid concentrations of
five and ten percent. Decomposition of cellulose is mitiated as a competitive
reaction. The decomposition of pentosan is show^ by the semilop plot m Fig. 2.
A number of pentoses and hexoses are produced.
Mild reaction conditions suppressed fixther decomposition of the sugars
produced to reduced organic compounds and furf7aal, substances that may act
as growth idubitors.
A fast-growing yeast culture was isolated from Cuban citrus wastes and
identified as Candida tropicalis. I t has a wide spectrum of assimilation of sugars
and other organic substances (Table 4). m s yeast culture exlvbited excellent
growth on the products of hydrolysis of rice hulls.

Table 4.

Oxidative assimilation of sugars and other C-sources w i t h Candida
t m p i c a l i s QXL 7601.

Glucose
Galactose
Sorbose
Saccharose
Maltose
Melibiose
Cellobiose
Trehalose
Citric acid

Xylose
L-Arabinose
Salizin
Ethanol
soluable starch
Succinic-acid
Manitol
D-L-lactic acid

Maximum values obtained from rice hull hydrolyses with 0.2 N H2 SO, and
Hz SO4, HN03 mixtures (0.25 N) for the formation of reducing sugars, the yield
coefficients of hydrolyzed rice hulls, (Table 5). They were obtained by the design
of factorial experiments, and they can be used as starting values of a commercial process. An example (with two variants) of a system havlng a processing
capacity of 10 hlo-tons/year of rice wastes is shown in Table 6. The biomass
composition of the culture grown on the hydolyzates is shown in Table 7. The
amino acid spectrum can be seen in Table 0. For comparison, the spectra of a
number of widely used protein feeding s t d s are also shown. The values are
totally acceptable. All essential amino acids are amply represented.
Table 5.

Hydrolyis of rice hulls with
maximum results

'

'ures of H2 SO,/ HN03 and Hz SO,.

Maximum
value

murtures of Hz SO4/ HNO,
(0.25 N)

Hz SO,
(0.1 - 0.2 N)

reduced sugars

0.28g /g rice-hulls

0.32g/g rice-hulls

reduced sugars
hydrolised rice-hulls

94.9%

81%

Development of a n uncomplicated technology and utilization of the residues
of hydrolysis in the manner referred to previously would enable the culture
involved and the principle of processing mentioned above to offer an acceptable
solution to the problem of producing protein in developing countries with large
rice growing areas.

Table 6.

Variants of utilization by yeasts of 10.000 tons/a
rice-wastes after chemical hydrolysis.
Variant 1

Acid
Concentration
of acid
Hydrolysis
temperature
Hydrolyis
time
Reduced
substances
Solid
residues
Yeast
biomass
Doubling rate
for the biomass
Table 7.

Variant 2

Hz SO4
0.2 N
12:Oc
lbr

3200t
6050t
1450t
1.2br

Analysis of the biomass of the strain C. tropicalis QMC 7601 grown on
rice-hull-hydrolysates.
Content(%)

Content (ppm)

Crude protein
Nucleic acids
Fat
Ash
Water
C
H
Mn

Concentration of biomass from fermenter emuents is readily possible with
the use of well-known basic technological operations such as sedmentation,
filtration, or separation up to about 15%SM/kg of fermenter effluent. The selection of a suitable technology is dependent upon local conditions as well as on the
form of application of biomass. Use of a liquid substrate and drying is possible
for both livestock feedmg and production of protein matter for human nutrition.
Biomass need not receive any further treatment in those cases in whch it is
used as feed for livestock. If it is intended to be used for human nutrition, then
t h s may be possible in the form of whole cells (protein concentrate) after
nucleic acid extraction by an efficient and protein-savmg method of aqueous
alkaline extraction or, else, by isloation of protein from the cellular material
(protein isolate) Figure 3. For this, we have developed a process combining the

Table 8.

ASP

Thr
Ser
Glu
Pro
G~Y
Ala
Val
Ile
Leu
T Y ~
Phe
LYS
His
k g
CYS
Met

S p e c ' m of amino-acids from the strain
C. tropicalis QU7601 gram on r i c e h a s hydrrollysates in cornpacison to other protein f eedstu9s (g/gd.s)

C.tropicalis QKLL 7601

C.utdis

4.6
2.2
2.1
7.1
1.7
2.3
3.2
2.6
2.5
3.6
2.4
2.1
4.4

4.1
2.6
2.5
4.9
1.8
2.4
2.8
2.2
2.5
3.1
2.6
1.9
3.6
1.2
3.3
0.4
0.6

i.1

2.6
0.4
0.8

Soyameal

1.6
1.6

2.3
2.1
3.3
1.5
1.9
2.8
1.2
4.7
0.3
0.5

Fishmeal

5.3
2.8
2.8
3.2
4.2
6.0
4.5
2.8
2.4
3.7
1.8
2.1
4.3
1.5
3.9
0.4
1.2

steps of cell decomposition and protein extraction after nucleic acid extraction.
The operation is performed continuously in a specially designed apparatus
at 10 to 14 MPa, T = 160' C, t = 10 to 60 seconds, and at an initial pH of 10 to 12.
The reaction is stopped by causing the pH value to drop to pH 9 and by cooling
(Figure 4). Compared to the conventional method of long-time alkaline decomposition, t h s short-time high-temperature decomposition process avoids as far
as possible such undesirable side reactions as hydrolysis, racemization, and lysinoalanine formation. If necessary, the level of lipid which is not generally objectionable can be reduced by extraction with higher alcohols such as, for example,
isopropanol. Suitable control of the process of reaction enables such desirable
functional characteristics as water binding power, swelling capacity, and bonding ability to be substantially maintained. In conclusion, it should be pointed
out that microbial protein concentrates and isolates cannot, of course, be
released for use in human nutrition until results of long-time chemical analyses
and medical and biological testing are available.
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MAIN TRENDS OF PROTEIN PRODUCTION FRDM GPLEEN CROPS
Prof. P.J.Beker, A k Upitis. S.E. Selga. kk Klintsare. V.F. Bekere*
August K k h e n s t e k Institute of Microbiology, Latvian SSR Academy of Sciences, Kleisr 226067 Wga, USSR
Institute of Biology. Latvian SSR Academy of Sciences. Riga. USSR.

Taking into account the shortage of protein for food and animal feeding,
leaf protein (the isolate of protein concentrates from plant green mass by
mechanical fractionation) is of interest. Leguminous plants, for instance, alfalfa
( M e d i c a g e ) are known to contain 20% of protein in dry matter. In most countries
not capable of cultivating soya, it is possible to obtain upto 10 t / h a of alfalfa dry
mass a season, i.e., more protein per hectare than when cultivating soya.
According to Stahmann (1974) alfalfa can produce 2700 kg/ha protein a season
(Fig. I), whde soyabeans only about 800 kg/ha. Table 1 demonstrates the yield
of crop plant dry matter and protein under conditions of the Baltic republics.

Table 1.

Yield of dry matter and protein from the cultivation of crops under
Baltic conditions. (Grinblats, 1982).

Culture and
number of mowings

Yield per 1 ha, tons
dry matter
dry protein

Red clover, 2 mowings
Red clover, late, 2 mowings
Alfalfa, 2 m o r n s
Cocksfood grass, 2 mowings
Timothy grass
Feed peas
Yellow lupin
Summer vetch
Vetch + oats
Maize
Feedcabbages
As one can see from the table, even under rather severe climatic conditions
of the Latvian SSR it is possible to obtain about six tons alfalfa dry mass and
almost the same amount of clover ( T r i f o l i u m ) .
As it is difficult to cultivate alfalfa seeds in the Baltic republics, a better
prospective crop as a protein source is red clover.
On average in the Latvian SSR a continuous crop of green mass from the
middle of May till the end of September is ensured providmg 5 to 6 tons green

mass per 1 hectare (Grinblats, 1982), including 1.0-1.2 tons protein.
Crops, though c o n t a w a large m o u n t of organic substances with a high
content of carbohydrates (energy source) and protein, are, however, widely used
only a s a ruminant feed. In its natural form it is not suitable as food for men or
feed for rnonogastrics due to the high content of in&gestible carbohydrates-cellulose and hemicellulose, The content of cellulose in alfalfa mass exceeds
25% (calculated as dry weight), while monogastric rations permit not more than
5-7%.
The idea of green mass fractionation in order to isolate protein concentrates, free of fibre and harmful impurities, appeared long ago. The first publication aimed a t the problem was dated I773 when H.K. Roue11 observed coagulation of sediment similar to animal substznce, from vegetable juices. More than
40 years ago Slade and Pirie proposed the possibility of using protein coagulates
in man's food. The main idea of plant green mass fractionation is given in Figure
2.
In the 1940's systematic investigations were initiated on the process of the
green mass fractionation by Pirie (England). At the same time in the USSR
Zoubrilin started to obtain a protein-chlorophyllic paste (Zoubrhn, 1943).
A brief h s t o r y of technologies of protein cobcentrate production from
crops is given in Table 2.
Table 2.

Stage of development of work on obtaining protein concentrates
from plant green mass

Stage

Year

Authors

Stating of sirmlarity between the basic
structural substance of m m a l and
plant cells

1773

H. Rouelle

Formation of the idea of plant protein
application in man's food, the first patent on obtaining protein

1926

K. Ere ky

Study of the processes of plant green
mass fractioning and application of
products

1940-1950

N. Pirie,A. Zoubrihn,
et. al.

Creating of industrial technology for
protein concentrates

1960-1970

N. Pirie, E. Bickhoff,
G. Kohler, V. Fomin,
J. Novikov, J. Hollo.
et al.

Elaboration of the technology for obtaining leaf protein concentrates and
use of products of fractionation

1970 upto
present

Now, the agronomy and technology of applying aspects 01 leaf protein concentrates have been extensively studied and described (Pirie, 1971; 1978; Hollo,
et al., 1971; 1972; Kohler et al., 1977).

In many countries (Hungary, France, Spain and others) industrial production of feed protein concentrates has been developed. In the USSR, including
the Latvizn SSR several industrial instdlations are in operation. A technological
diagram of green mass fractionation is demonstrated in Figure 3. The main
stages are:
- harvesting and chopping of green mass a t the stage before flowering
- r e m o w of juice in presses
- thermal, chemical or fermetative coagulation of protein
- separation of coagulate by centrifuging or s e h e n t i n g
- dehydratioa or preservation of coagulate and press cake
- utilization of brown juice.
Several technological variants are devel~pedfor green mass fractionation
to obtain feed leaf protein concentrates. These differ mainly in the final product
form and degree of press cake deproteinization, as well as in the level of energy
consumption (Table 3) (Novlkov, 1982).
Table 3.

Energy expenditure on treatment of 1 ton of green mass

Characteristics of technology and products

Total MJ

Artifical drymg of grass (grass flour, pellets)

%

%

3494

100

150

Obtaining of dry products and molasses
from brown juice

1492

43

62

Obtaining of dry products and yeast (on
brown juice)

2411

69

100

Obtaining silage from press cakes, dry
protein concentrates and use of brown
juice for watering fields

454

13

19

Obtaining silage from press cakes and
liquid feed products

203

6

8

T h u , if the h g h e s t yield of the protein concentrate is to be reached, it is
necessary to separate a s much juice as possible (50% of the mass, and more).
The juice is optimized as to pH, and the protein is coagulated a t 80-90'. The
coagulate is sedimented in ,,canters, obtaining a paste with 45-55% moisture
which is further pelletized and dried in fluidized bed driers upto 8-9% moisture.
Press cakes with 63-75% moisture are dried or silaged; the brown juice is evaporated and thus "molasses" is obtained. An approximate balance of the dry
matter and protein resulted in the "Proxan" process d u s t r a t e d in Table 4 (Dolgov e t al., 1978).
The yield of the protein concentrate can be raised to 15-20%of green mass
protein by a maximum deprote~nizationof press cakes.
A further increase of the protein yleld can be attained by cultivating yeasts
on the brown juice (Hollo, 1972), the latter being a complete medium for growing

Table 4.

Balance in Z of dry matters an6 protein from the " P r o m " process

Component

Green mass

Dry matters
Protein

100
100

Protein
concentrates
4

10

Grass
flour

Molasses

81
80

15
10

of a number of micro-organisms. Figure 4 demonstrates the dynamics of the
specific growth of the yeast Hansenula ansrnala.
The structure of energy demand when producing protein concentrates is
presented in Table 5. The table shows that most of the energy (58%)is consumed by dehydration of press cakes, coagulate and brow. juice. That is why
the technological variants are of interest whch preserve the products of fractionation without involving thermal processes. For instance, the Spanish company
"Aproalfa" is silaging press cakes, while the brown juice is used to water the
fields.
Table 5.

Energy expenditure for obtaining protein concentrate from alfalfa

Operation

Energy Demand, %

Fertilizing
Cultivation, harvesting
Obtaining of juice
Coagulation and sedimentation of protein
Dehydration of the products
To isolate protein from juice, Stahmann (Stahmann, 1976) suggests that
anaerobic fermentation should be used. This drection was further developed by
investigations of the August Kirchenstein lnstitute of ficrobiology of the Latvian
SSR Academy of Sciences. The fermentative method seems of interest due to
the following advantages:
- saving of energy
- inactivation of sapponins, trypsin inhibitor and others without the use of
chemicals (acids)
- an increase in the protein quality due to bacterial protein (Table 6),
- preservation of the native structure of prote'in
- the amount of protein increases on account of bacterial biomass (Figure 5)
- the stability of liquid products (coagulate and brown juice) increases.
For a qualitative spontaneous fermentation of the juice the composition of
epiphytic microflora, that get into the juice, is of great importance. The total
amount of bacteria and. the amount of acid-producing bacteria depend on the
type of plant (Table 7) and their growth phase (Table 8). Since leguminous
plants for fractionation are gathered at the phase of budding (not more than 35%flowers), when the amount of protein in the leaves is at a maximum. It is
interesting to note that on the surface of alfalfa at t b s period there is a maximum amount of acid-producing bacteria. that is very desirable for a speedy
process of fermentation. The dynamics of batch spontaneous fermentation
process depending on aeration conditions (aerobic variant of shak<r flasks) is
shown in Figure 6.

Table 6.

Comparison of protein concentrates from alfalfaand sugarbeet tops

Method of obtaining

Ntot. 6.25,

concentrates

57.1
50.6
45 .7
47.6

%

% of protein

90.6
92.0
92.6
95.2

1.31
1.59
1.62
1.67

The amount of epiphytic bacteria in juices of various plmts

Acid-Producing
Juice
Alfalfa
Grass mixture
Clover
Tops of feed beets
Sugarbeet tops
Table 8.

Methonine,

100,

Ntotal

% of d m .

Thermal from alfalfa
Fermentative from alfalfz
Thermal from sugarbeet tops
Fermentative from sugarbeet tops

Table 7.

Nprotein

Proteolytic

Total
x 106/ml

106/ml

% of total

x lo3/ml

% of total

63.0
0.7
69.5
55.4
155.0

0.006
0.0002
6.7
4.1
39.5

0.01
0.03
9.6
7.4
25.5

0.4
3
45
24
590

0.001
0.43
0.07
0.04
0.36

Bacterial flora of alfalfa juice depending on the growth phase of the
plants

Acid-Producmg
Growth Phase
Beginning of
vegetation
Budding
Blossoming
End of
vegetation
After-grass

Proteolytic

Total
x 106/ml

103/ml

% of total

x 10~/1nl

% of total

0.75
7.6
88.0

23
700
20

3.1
9.2
0.02

70
60
3 60

9.3
0.6
0.4

10
42

0.0:
0.04

8 90
.
2761

129.8
96.9

.

0.7
2.9

Medium aeration brings about a decrease in acid content and an increase in
the medium pH by the second day. Thus, it is necessary to maintain anaerobic
con&tions for fermentative coagulation of protein.
F e r m e n t a t i o ~of juice can be carried out also in a contin~ousprccess
(Application for USSR Author's Certificate N 2752320 of Jan. 29, 1960), whle ddution rate afIects not only the productivity of the system as to acid production
(Figure 7 and 8) but also the concentration of both total acids and individual

ones. At a low D (0.03 hrl) acetic acid formation is Intensified.
In the experimental system the Institute has installed a t the collective farm
"Uzvara" in the Bauska region of the Latvizn SSR (Figure 9) protein coagulates
were obtained in liquid and dried f ~ r n r by
, anaerobic fermentation of green
juice from clover, grass mixture and sugarbeet tops. Protein was also obtained
from brown juice--microbial biomass (USSR Author's Certificate N 692599) and
from processing in straw silos (USSR Author's Certdcate N 692601).
The contents of dry protein concentrate from clover is shown in Table 9, 10
and 11,

Table 9.

Contents of protein concentrate from green mass of clover

Constituents

Number

Dry matter, %
Conditional protein (N x 6.25), %
True protein, %
Armno nitrogen, mg % to d.m.
Nucleic acids, %
Tripsine irhbitor, mg tripsine inhibited
by 1 g of dry compound
ml of 2% suspens.
Hemolytic index
i g of d.m. comp.
Carotine, mg %
Cetlulose, %
The above mentioned protein concentrate is obtained from sour coagulate
(pH 4.0), which was stored at the temperature 15-18' C, for 4 months, then a
paste was obtained by centrifuging and the granules obtained dried in a fluidized
bed dryer. D u r q storage of the coagulate protein losses were insignificant.
The compound contains 44.5% true protein, the Lunitlng amino acid is
methonine. The compound is also of value because of carotene and mineral
substances. including micro-elements (Beker et al.. 1978; 1979).
Making silage from press cakes was studied, too. The dynamics of development of acid-producing bacteria is shown in Figures 10 and 11. On the third day
the acid-producing bacteria are the dominating ones in the samples, pH reaches
4.5-4.6. Preservation la a hermetical sealed pack over 4-6 months ensures a &h
quality silage. The composition of alfalfa silage is shown in Table 12.
Protein concentrates, obtained from the leaf juice by various methods, and
the juice itself underwent thorough testing in the feeding of animals (Pirie et al.,
1971; Beker et al., 1981). It was noted that biological activity is hgher in protein
concentrates subjected to acid treatment. It was stated, that in fowl and pig
rations, protein concentrates can subsitute 20-30% of protein, traditionally
added with soya, oilcakes, fishmeal, yeast and other protein sources.
To illustrate t h s Table 13 shows the effect of the c o n c e ~ t r a t eupon chickens
of up to 30 days of age. The concentrate was extracted from the above mentioned fermented clover juice after prolonged storage.
In Table 13 it is shown that in rations with 20.5%of protein, with a 20% substitution of protein concentrate from clover juice, a stimulated growth of chickens can be observed with an increase of 17.2%;the same effect can be achieved

Table 10. Amino acid contezts of protein concsntrates from clover (fermented) and alfalfa (n~a-fermente<)
(% to protein)
Ammo Acids

From Fermented
Juice of Clover

Thermally coagulated from
alfalfa juice

5.6
1.7
5.0
7.6
3.3
3.7
9.2
3.7
4.5
5.5
4.2
1.5
3.3
7.1
3.6
4.2

6.8
2.4
6.6
10.6
5.2
4.4
12.0
4.6
5.6
6.2
6.6
2.0
5.0
5.4
5.6
6.8

Ly sine
Hys tidine
Arg uinine
Aspartic acid
Thre onine
Serine
Glutamic acid
Proline
Glycine
Alanine
Valine
Methionine
Is oleucine
Leu cine
Thyrosine
Phe nylalanine

Table 11. Mineral contents of protein concentrate from clover after grass
Element

Contents, mg %

Element

Contents, mg %

at a 30% substitution of protein in the ration, yet at a 40% substitution a negative effect can be observed.
Protein concentrtite from clover jmce is also a valcable caroi--ne source,
the presence of vitamin A in c h c k e n liver testifying to t h s fact. Biochemical
characteristics of blood, such as haemoglobir?, blood serum protein, activity of
liver xanthlne dehydrogenase, etc., in rations enriched with protein concentrate
from clover do not essentially differ from those in the control group.
With regard to obtaining protein food concentrates from plant juices, this is
the economically the best variant, since convertion of plant proteins in animal
organisms is of a very low efficiency.
This can be clearly seen in Table 14, w h c h shows the yield of food protein
from various treatments of plant green mass. If the green mass is being dried
and hay is fed to milk cows, t h e n from 1 ha at a 24 ton harvest mass with 82%
moisture upto 88 kg food protein from milk is obtained with energy expenditure

Table 12. Characteristics of s i l q e from press-cakes

Component

Unit of measure

Number

%
%
%

35-37
5.5-7.0
9.9-1.2
11-13

Dry matter
Protein
Fats
Cellulose
Nitrogen-less
extract substances
Ash
Energetic units

Z

10-12
2.5-3.0
27-30

%
%

unit
1OOkg

Table 13. Biological effectivity of feed. enriched with dry protein concentrate
and accumulation of vitamin A in tissue cells of chickens 30 days of
age.

No. of
group

Ration

Weight gain
g

4
5
6
9
10

Positive,
control
20% protein
substituted
30%protein
substituted
40% protein
substituted
1.2g without
vitamin A
4g without
vitamin A

Vitamin A in tissues

( l g of w.g.)

(in % to 1 and 2 g)

%

-

1,2

Feed expense

-

-

151.4 2 4.9

100.0

100.0

100.0

177.5 f 5.1

117.2

90.9

121.5

117.2

89.0

150.5

70.3

145.4

133.3

100.6 2 4.0

66.4

112.7

30.0

170.1 f 5.6

112.3

96.4

53.3

+ 4.3
106.5 + 5.0
177.5

of upto 918 lvIJ per 1 kg protein. If the same green mass is being fractionated,
press cake silaged, but juice is used to produce milk substitute, the yleld of food
protein is upto 252 kg/ha, at energy expenditure of about 30 MJ/kg.
Protein, too, car; be extracted from the juice, and added to food products.
This is descrited in detail in Pirie's works (N. Pirie. 1978).
Unfortunately, a t a diderentiated coagulation of protein the yleld of food
(cytoplastic) fraction is low and, as a rule, does not exceed 20% of juice protein.
The basis of separation of colourless c toplasmic fraction is the difIerentia1
heating of the juice: initially upto 50-55 C with a subsequent separation of
chloroplast fraction by centrifuging, then a secondary heating of the centrifugate upto 85-90'~' with a subsequant separation of cytoplasmic fraction of
protein. Additional treatment of t b s fraction gives compounds with a lugh
degree of purity, with protein contents upto 95% dry matter. Such technology is
complicated enough for industrial scale production of food proteins. Additional

B

Table 14. Specific energy expenss for obtaining Ikg food proteic under Baltic
conditions after conversion of f ractioaating products through animals
-

Technology

Artificial drymg of green mass
Fractionation with o b t a i n q dry
products
Fractionation with obtainmg
silage from press-cakes and
dry protein concentrate
Same, with obtaining Liquid
products

Yield of food
protein at 1 ha/kg

Energy expenditure
mJ/kg protein

%

78...88

816...918

100

171... 184

129... 139

15

242...252

29...30

3

252...258

22...26

27

Yield: 24 t mass with 189, of dry matter, in two mowings.
studies in t h s direction are required.
The information given above leads to the conclusion that isolation of protein
food and feed concentrates from crops is a prospective additional way in supplying man with full-value food.
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Fig.2 Application of the products of plant green mass fradonating.

"N"

1 -Disintegrator, 2--Press, 3-Sieve. 4-Anaerobic Fermentor, 5-Cenaifuge-Decanter,
6-Granulator, 7-Drying Chamber, 8-Drying Chamber for Press Cakes, 9-Granulator,
10-Evaporator. 1 1--Mixer.

Fig3 The principle technological scheme of plant green mass fractionating.

1-Specific Growth Rate, p(h-l)
2-Organic Acids (%)
3-Reducing Substances (%)
4-Biomass (g/l)
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WOOD BASH) FODDER COBGPONENTS
Ings. J. Holota and E. Rajkovic
State Forest Products Research Institute.
Iamacska 1. Bratislava 80559. Czechoslovalda

1. Introduction

One of the most promising non-traditional source for production of protein
and energetic components of fodder are the ligno-cellulosic materials (LCM).
They are the richest resources of organic matter in the world and their reserves
are restored every year by the process of photosynthesis. Their chemical composition is convenient, little differing from the composition of the classical
fodder materials. However, because of the higher content of lignin and its bonds
with polysaccharide components, it is necessary to treat these materials thermochemically prior to their use as fodder. The intensity of t h s treatment gives
the desired properties of the material in question as well as its applicability.
There are a number of possibilities and methods of LCM processing. One scheme
is shown in Fig. 1. This is aimed at utilization of the obtained product for the
feed and chemical industries and for manufacturing soil conditioner. This
scheme was suggested on the basis of the present stage of techmcal knowledge
and possibilities, and the needs of the national economy on the other hand.
It may be seen on the above scheme that it is possible to prepare on the
basis of wood or any LCM a standard granulated fodder. The bulk of fodder component is the processed wood material (Fig. 1, pos. 1) being at the same time a
carrier of other components and ensuring the stability of the shape of granules.
The energetic component is represented by wood molasses (pos. 2) and the protein component by fodder yeast (pos. 3). The essential aminoacids whch have
to be added to the fodder (pos. 4) can also be prepared by microbiological processlng of LCM hydrolysates. The waste product of this process is lignin (pos. 6)
which - together with the wood waste of lowest quality unsuitable for hydrolysis can be used for composting and applied as an organomineral fertilizer (pos. 5) in
order to improve particularly the physical properties of soil.
There are many products marked as chemicals which are historically linked
with agriculture (production of alcohol, acetic acid) and according to the latest
trend their production is becoming based on the plant sources again. A
schematic description of the production of the given products is as follows:

2. Direct microbiological treatment
This method requires minimal pretreatment of LCM and provides a material
of great importance from the aspects of improving the soil quality. T h s method
is mentioned especially in connection with the possibility of employing it for the
utilization of the lignin residue after total hydrolysis for organomineral fertilizers.
3. Thermochemical treatment
It is known that higher plants, especially wood, have a relatively higher content of lignin bonded with p o l y s a c ~ h ~ i d ewhich
s,
causes resistance of wood to
the microbiological degradation in nature and in dig~stivetracts of ruminants as
well. After thermochemical treatmeni the lignin--polysaccharide bonds in LCM
are loosened and the hgestibility of the material is increased several times
dependmg on the intensity of the treatment.
The above mentioned problems have been studied a t the Forest Products
Research Institute in Bratislava for several years. A number of methods, how to
increase the digestibility of LCM, have been tested, such as the combined effect
of different catalysts, temperature and moisture content. The treated material
was analysed and its digestibility "in vitro" and "in vivo" was tested. Balance
tests with selected groups of sheep and blallocks were also performed.
In a series gf experiments a special fodder on the basis of treated sawdust
was prepared for feeding wild animals in the forest and in the zoo. The results
were positive.
Advantages of t h s LCM treatment can be summarized as follows:
1. Material with low digestibility is transformed into material with high digestibility and nutritive value. By using this method not only the degree of utilization of treated material has been increased, but all parameters of the
balance tests have been improved.
2. The treated material is similar to classical fodder a s for its origin and
chemical composition.
3. Treated material has excellent absorption properties and shape stability
after being pressed. Therefore, it is very suitable for preparation of granulated standard fodder with the addition of various feed additives, such as
proteins, vitamins, antibiotics and the like.
4.
The costs for preparation of the LCM based fodder is adequate and the
energy consumption is expected to be below 8 GJ/ton of dry matter.
5. The results of feeding and balance tests with the above materials are
promismg.
4. Pretreatmer.t of LCM for enzyme kydrolysis

As for the energy consumption and machnery requirement the enzyme
hydrolysis represents quite a simple method of d r e c t e d degradation of wood
substance and offers h g h sugar yields without contamination by the by-products
of thermal decomposition. However, application of this method is prevented by
the necessity of pretreatment of the material and the high costs for preparation
and propagation of enzymes and by the problems with their recovery.
Intensive studies have been cerried out on the first part of the problem and
there are several pretreatment methods already published, invoi-ang different
catalysts, different degrees of dellgnification, etc. In principle, these methods
do not differ much from the thermochemical treatment of LCM carried out with
the purpose of their increased digestibility. The problems of selection and

propagation of enzyme cultures and their recovery after the enzymatic hydrolysis are beyond the scope of this lecture and
not be considered in detail.
5. Hydrolysis of the LCM
As for the intensity of the conditions of hydrolysis two types of reactions
may be distinguished: partial acd total hydrolysis. The first method causes
depolymerization of hemicelluloses. The obtained prehydrolysate can be processed by evaporation into wood molasses or by dehydratation to 2-furaldehyde.
The quality of the rfiolasses obtained by vacuum evaporation of prehydrolysates
is approximately equivalent to the quality of sugar cane molasses. Such a
prehydrolysate is obtained also in the manufacturing of cellulose or during
steamlng the wood prior to defibratior- in the production of fibreboards. The
production of wood molasses from these sources depends cn economical considerations, especially as for the heat energy demands for its evaporation.
For the total hydrolysis mostly materials from w h c h hemicelluloses were
removed by prehydrolysis are used. After hydrolysis of such materials the
hydrolysate contain mostly glucose as the product of depolymerization of cellulose. There exlst, in principle, two methods of utilization of hydrolysates: evaporation into wood molasses or microbiological treatment. Both methods provide important products for chemical and fodder industry. In general, however,
hydrolysates are considered to be more suitable for microbiological processing.
Thus the cost for evaporation is saved and the end product obtained has a
hgher market value. In Table 1 the most important products are listed whch
are manufactured by fermentation, eventually the manufacture of which begins
to be changed from the synthetic methcd to the rnicrobiological one.
Profitabhty of their production is significantly influenced by the efficiency of
manufacture of the glycidic substrate, that is by the technology of hydrolysis.
The means that the technology of hydrolysis plays the key role in all considerations concerning the non-traditional methods of LCM utilization.
When comparing different parameters of hydrolysis extreme differences in
the values at which the hydrolysis can be carried out, are evident. Due to this
fact there are a number of methods and variations of technologies of hydrolysis
being developed till now.
It is not the aim of this paper to compare different methods of hydrolysistechnique, but we would like to mention that there is no one method a t present
whch meets all the current requirements. The methods be~ngapplied till now in
various plants are sernicontinuous with all the problems resulting from this.
Continuous methods on the development of whch many laboratories are actively
participating all over the world, have not reached yet such a stage that it would
be possible to b d d them without any risks. To speed up that development, a
closer cooperation of interested countries would be necessary.

Table 1.

Products of hydrolytic p=.ozessbg of LCE (the worid production in
1980 is girec. in t h a u s m d t o m in brackets)

Fodder components

Chemicals

Treated LCM
Wood molasses
Fodder yeasts
Amino acids
rnethionine
lysine (00)
glutamine
glycine
alanine
cysteine
lustidme, etc.

Alcohols:
ethanol (700 *)
butanol
glycerol
Acids:
acetic acid (1400)
citric acid (750)
lactic acid (50)
glutamic acid/
monosodium glut amate (300')
Aldehydes:
2-furaldehyde (100)

* except from alcohol for production of

alcoholic beverages.
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OF BIOCONVERSION OF PLANT

Prof. AA.Skladnev
All-Union Institute of Biotecbology
Kropotkinskaja 38,Moscow 119034.USSR

The problem of securing sufLicient food and energy supplies for our planet's
present and future population is of great importance to mankmd.
In spite of significant intensification of traditional agricultural industry no
noticeable increase in efficiency has as yet been observed. In this connection
the attention of scientists and economists is attracted to non-traditional
methods of food and feed production on the basis of utilization of agricultural
and industrial wastes.
New methods of food production do not pursue the aim of f.dl substitution
of traditional agricultural production which will undoubtedly remain the main
system for solving the food problem.
Moreover, traditional agricultural-production wiIl retain its significance for
maintaining food supplies and is also the main source base for non-traditional
production of food and feed. However, the solution of the problem of nontraditional food production should give us a possibility to solve the food problem
to a great extent, particularly to reduce a large part of the protein scarcity.
The processes of microbiological and chemical synthesis, fractionation of
green mass of plants, industrial growing of higher fungi, production of pseudosynthetic food-stuffs may be all included as non-trzditional production of food
and feed.
So-called "synthetic" meat produced in the USA and the artificial soybean
sauce produced in Japan are attributed to pseudosynthetic products. Soybean
is a base of these products. In the USA 10% meat substitution has been
achieved with protein diluents. Overall production of these food-stuffs exceeds 2
milliard dollars in the USA in 1G80. At the same time it should be taken into
account that soybean is not a characteristic crop for many regions.
The possibility of large-scale protein produztion by means of chemical synthesis is lunited by the modern level of science and technique.
A t the present time the industrial g r o w of higher fungi is rather widely
distributed. But fungi are a specific product and are utilized for food in lrmited
quantities that prevents the expansion of the production scale.
Today special attention is attributed to the microbiological production of
protein food-stuffs. It is known that thls method of protein production does not
depend on geographical, climatic and seasonal conditions, does not require a
large productive area and utilizes replaceable natural resources.

Arguments in favour of the microbial production of protein and other nutritious compounds are based mainly on the expected economy and assumed scale
of production in comparison with protein production from fish flour, plant protein concentrates, etc. Microorganisms a s a protein source obtain some advantages in comparison with the most highly productive cattle and plants. The h g h
growth rate and protein production, the abihty to utilize different carbon compounds, possibility of rapid selection of productive strains, and the rapidity of
microbial protein production are the major advantages in comparison with agricultural production.
The amino acid composition of microbial protein approaches that required
for human food (Table 1). Micro-organisms are also rich in vitamins, and other
biological active compounds (Table 2). Thus this gives grounds to recommend
products of microbial origin not only for feed but also for food.
Table 1.

Amino acid content of protein. synthetized by merent producers
(g/ 100g protein)

Ammo Acid

FA0
standard

Fungi

Bacteria

Yeasts

Algae

Leucine
Isoleucine
Vahne
Lysine
Methonine
Cysteine
Phenylalanine
Thre onine
Tyrosine
Tryptophan
Table 2.

Vitamin B complex content in micro-organisms and cattle Liver
(rng/lkg d r y compound)

Vitamin

Yeasts

Fungi

Cattle liver

Tl-uamin
Riboflavin
Pyridoxine
Nicotinic acid
Pantothenic acid
Folic acid
Biotin
Usually man uses food that he Likes and is accustomed to. The notion of the
nutritional value of food is not usually taken into account. I t is difficult to
expect that the microbial protein will at once and on a large scale substitute for
meat in man's diet. Because of that the production of microbial food remains a
problem for the future and may not be expected to be applied for some time.
However, the methods of microbial synthesis must play a decisive part in
rnaklng up the protein scarcity estimated a t several million tons.

Fodder yeast production has been developed and explored s f l c i e n t l y at
the present time. The growing of yeast on certain hydrocarbon substrates is
realized on an industrial scale in the USSR. Ths process has been described in
d e t d . It is remarkable that t b s is a continuous process. In toxicological experiments it has been shown that yeast grown on hydrocarbon substrates is harmless. Yeast is shown to have a h g h nutritive value by experiments on animals.
The combined processing of wood and agricultural raw materials by means
of hydrolysis is an efficient production. At present, the hydrolysis-yeast industry in the USSR is developed in two main directions: obtaining ethyl alcohol by
means of fermentation of wood hydrolyzates and other kinds of agricultural
wastes, obtaining fodder yeasts by means of growing them directly on hydrolyzates without producing ethyl alcohol.
as a source
Recently more attention has been paid to the microscopic -i
of commercial production of protein. Evidently yeasts are very sensitive to the
presence of some vitamins in the cultural medium. Yeasts cannot be grown on
plant substrates without preliminary hydrolysis. Yeast protein is poor in
sulphur-containing amino acids. The cell envelope of yeast is digested with
difficulty and requires a p r e h i n a r y treatment to make its assimilation easy.
The high concentration of nucleic acids do not allow yeast to be recommended
as food because they are only assimilated in limited amounts.
Fungi as a protein source (by some authors' consideration) have a number
of. advantages in comparison to yeast. Microscopic fungi have attracted attention for a long time. However, only recently has the production of fungal protein
been investigated. Now sufficient data about fungal capability to produce valuable biomass utilizing different substrates have been accumulated. For t h s purpose, fungi AspergilLus, hLsarillm, Rhizopus, Sparotrichurn and so on are used
more often.
The successful solution of the protein problem depends on the availability of
cheap raw materials. Recently it has been ascertained that natural resources of
oil and gas cannot be regarded as inexhaustible. In connection with this the possibility of increasing fodder protein production using hydrocarbon substrates
decreases considerably. Cellulose due to it widespread and h g h concentration
in industrial and agricultural wastes is of great interest as raw material for the
microbiological industry.
It is necessary to draw attention to agricultural wastes - straw, leaves and
stalks of different plants, stumps of maize, sunflower husks and wastes of the
paper industry, low-grade timber, sawdust, etc. - as perspective cellulosecontaining raw materials for microbial protein production.
Starch-contamq raw materials may be considered also, as in many
regions where protein is scarce an abundance of carbohydrates in the form of
starch products occurs. It is important to transform a part of such products
into protein us= the methods of microbial synthesis. Ths will improve the
protein-caloric balance in the countries with protein scarcities.
When choosing raw materials it is necessary to account for its reserves,
existence of toxic compounds, it's ability for storage and transportation, traditional ways of utilization, necessity of preliminary treatment before the main
technological process (hydrolization, extraction and so on, and the economy of
its conversion).
Investigations of the utilization of cellulose from &berent agricultural
wastes and cellulose-paper production wastes have been carried out by scientists in M e r e n t countries. By many reports it has been shown that the production of fungal protein from cellulose-containing substrates is possilbe and

economically expedient. It has been reported by the Technological Institute of
Stockholm that utilization of the approximately 500 thousand tons of cellulose
wastes in Sweden annually, could possibly result in a yield of 200 thousand tons
of fungus mycelium or about 40 thousand tons of protein a year. The authors
point out that the joint cultivation of yeast and fungi (the "Symba" process) is
very progressive.
In the USSR extensive investigations have been carried out on the utilization of sunflower husks, straw, corn bran, cotton husks, sugarcane, cotton stalks
and the potato processing industry wastes as substrates for cultivating microscopic fungi to produce feed protein. The amount of some wastes is of the order
of hundred of thousands or millions of tons. At present these wastes mentioned
above are not used rationally.
Pecuharity of chemical structure, physical properties, transportability,
localization, seasonal and economic expediency define the choice of alternative
methods of processing the raw materials named.
In our opinion the best method is to to divide vegetable wastes of agriculture and industry into three groups:
(1) easily transportable and localized in the same region;
(2) difficult to transport as a rule containing a large amount of moisture;
(3) agricultural wastes whch are unprofitable for transportation, especially
straw.
Industrial methods of processing cellulose-containing raw materials for the
microbiological industry being investigated. Cotton husks, grape pulp' and bran
are examples. Untransportable wastes whch are in general from food processing must be used at or near to the food plants
For processing straw the best methods are those whch are easily reproducible at agricultural farms.
The bioconversion processes developed may be divided into two main
groups depen&ng upon the of necessity of maintaining aseptic conditions,
namely the processes requiring adherence to strict asepsis during the growing
stage and those processes whch do not require aspectic conditions.
It can be said that the processes for the growing of microscopic fungi must
be carried out under aseptic conditions but yeast and some bacteria, possibly
due to their high growth rate, do not require such conditions.
Micro-organisms can be grown by submerged growth or deep culture
method; or the method of so-called "dry fermentation" known as surface culture. Both methods are aerobic and depend upon a supply of oxygen.
Finally it is worthwhile to mention questions of preliminary processing of
plant substrates preceeding microbial growth which are used to increase the
degree of bioconversion by microscopic fungi or bacteria or are used to obtain
fre~
sugar for g r o w yeasts.
The processes for the cultivation of the micro-organism can be carried out
by both continuous and batch methods following the preliminary substrate processing.
The analysis of the investigations carried out to produce microbial protein
from industrial and agricultural wastes shows that most investigations have been
carried out in the developed countries. These investigations were the basis on
which the complex methods of commercial protein production by submerged
culture have been proposed. (The technological realization of such methods
requires sufficient hancial and developed commercial organization. In the

countries with protein scarcity such a combination of these conditions do not
often occur). Nevertheless it should be noted that it is the only possible method
of the bioconversion~processfor a number of cellulose- and starch-containing
wastes. In particular t b s is true when we speak about liquid or moist wastes of
some branches of the food industry. It is not necessary to mention in detail the
equipment of the submerged culture process in t h s report as information on
these processes is widespread.
The technological processes as a whole may vary a t the stage of preparation
of the culture broth when native raw materials, extracts or hydrolyzates of
plants may be used. Several methods of plant material preparation may be
used, e.g., crushng, extraction, hydrolysis. Sterilization of components may be
fulfilled by both batch or continuous methods.
The raw maierials extracted may be used as the basis for the preparation of
culture media for growing the micro-organisms. The residues may be also
hydrolyzed to hydrolysates for growing micro-organisms or may be utilized as
substrates for surface culture to obtain additional protein product.
The fermentation unit depends on the method of production and may be
either a sealed or an open system.
Production of the finished protein products from culture broths may be
carried out either by separating the biomass and subsequent drying, or by
homogenizing the culture broth followed by drying. By the first method the utilization of the Liquid phase acquires significance, by the second version it is
necessary to concentrate the culture broth as the content of the dry compounds
is at a low level as a rule.
Economic analysis of the submerged culture process for microbial protein
production shows that important factors for the organization of profitable production are the following: the cost of raw materials, turnround of productive
equipment, and the capacity of the plant.
Continuous technological processes are the most progressive from the
economic point of view. As has been noted above, continuous processes are used
to obtain fodder yeasts on a commercial scale. T h s method gives a possibility
to increase the profitability of the plant significantly.
Production based on continuous processes puts a number of problems
before researchers. In the separation and selection of strains of microorganisms it is necessary to find cultures with a short life-cycle, that can grow
under extreme conditions. These properties prevent them from contamination
during growth to a certain extent.
In relation to technical aspects of continuous production the process of
continuous hydrolysis of cellulose-cont aining materials must be considered. A t
present the equipment for the fermentation hydrolysis of raw materials has not
been developed and t h s stage is a decisive one for some technological
processes.
Although microbial surface culture (dry fermentation) has the disadvantage
of slow growth on solid substrates, and less protein content in the h s h e d product, since it contains residual substrate, the method has its own advantages in
comparison with the method of submerged culture. They are
(1) the equipment is simpler;
(2) t h e product's drylng process does not require a large power input expense
as the moisture content of the product before drying is about 35-45%;

(3) the yield of the product from the same volume is large in comparison with
the yield from submerged culture.
These factors suggest a considerable economic advantage for the method.
However, it is difficult to imagine that the large-scale production of protein
may be oriented to the more traditional technological methods of surface culture based on the use of vessels for microbial groW~hin a layer of 1.5-2cm.
Mechanization and automation of the processes of surface culture have
attracted the attention of researchers and engineers for a long time. Both
abroad and in our country mechanized growing chambers of different constructions have been proposed. The mam principles of these constructions are the
following: vessels and carrier with the culture moving a t a given rate through a
chamber or a tunnel, with moisture and temperature conditions controlled, in
addition the vessel's movement may be direct or multilayer; the culture is
grown in a layer of 200mm or greater in a drum (the plant of Valershtein, USA)
rolling slowly to obtain more optimal aeration of the culture and to reject gaseous products of metabolism; the culture is grown in a layer of 300mm or greater
in a vertical growing plant with aeration and a t a given time interval the culture
passes from t h e upper section of the plant to the lower one, t h s gives a possibility to carry out a semi-continuous process when utilizing several sections; the
process 0." culture growth is carried out m a rotatlng plant in whch it is possible
to obtain optimal condtions for a given stage of the micro-organisms growth in
certain compartments of the plant.
Discussing these types of equipment for surface culture it may be noticed
that numerous attempts to develop mechanized plants on the basis of utilizing
these vessels have not given good results as they are found to be me.tallocapacitive, complex by construction and low in productivity.
A mechanized plant is operating in the USSR at a factory of the microbiological industry for protein production. I t does not seem to be satisfactory as it
is combersome, has a low productivity and microbial growth is limited
sigmicantly by low aeration.
The mechanized sectional plant for microbial culture in a medium layer of
300mm and higher at volume aeration has its own merits and demerits.
Without giving a detailed description of other types of plants it is necessary
to note that the engineering decision of microbial surface culture by mechanized methods has not been adopted as a practical method anywhere in the
world. In connection with this the development of simple constructions with
hlgh productivity is of great importance for introducing into operation the
method of bioconversion mentioned above.
A comparison of technical-economic characters of protein production on
the basis of cellulose-containing wastes of agriculture and industry by the
methods of surface and submerged culture has shown the advantage of the
method of surface culture as the cost pricc: of the product obtained is by 1.5-2
times lower than it is by the submerged culture.
An investigation of the profitability of the microbial protein production from
the point of view of productivity doesn't yet give a single valid answer. Only
large-scale production of not less than 10 thousand tons a year may be
profitable in the opinion of the authorities. By our calculation the cost price of
the product is 1.5 times h g h e r when the productivity of the plant is 10 thousand
tons/year than when the productivity of the plant is 350 thousand tons/year.
At the same time the increase of productivity involves a number of serious
problems, namely, precise and uninterrupted provision of raw materials, power,
manpower, etc. It's enough to say that consumption of raw materials in a day

will be 1500 tons for a plant's productivity of 350 thousand tons of protein in a
year.
So the decision of problems of large-scale protein production on cellulosecontaining raw materials is only possible by integrated investigations sf &Rerent
specialists. Only the combined efforts of biologists, engheer-technologists, constructors, economists and agriculture workers can finally lead to the development of optimal technological processes the realization of whch will have an
economic effect in industry.
For. implementing the industrial protein production on cellulose in the
future, some methods of bio-transformation of such plant raw materials as straw
have been just introduced at Sovkhozes and Kolkhozes in the USSR. The method
of preliminary fermentation hydrolysis of straw followed by yeast culture on
hydrolyzates developed at the research institute "VNII biotechnique" is extensively developed and may be introduce2 at any animal feed supply centre. The
process is carried out with routine equipment for fodder mills, the main technological unit is a feed blender in whlch both the process of fermentation hydrolysis qnd growing of yeasts are carried out. Straw is p r e h i n a r y cut very small,
up to 1.5-3cm, the charge is accomplished by a scraper conveyer. Hydrolysis of
straw and growing of yeasts are carried out at a moisture content of 60-70%,
which is a semi-dry system. During such processing the protein content
increases from 2-3% up to. 10-12%,the protein dgestibility is 65%. Feed obtained
has a a nutritive value 3-4 times higher than native straw according to authoritive estimations.
At present the' method developed has been introduced in practice in the
USSR. It should be taken into consideration that collective farms and fodder
supply centres must be provided with standard inoculum the production of
whch should be carried out only at specialized stations that can ensure its quality. It is essential that scientific investigations of protein production by
methods of microbial synthesis are carried out together with estimations of the
safety and nutrient value of new feed and food products obtained. However, as is
shown by numerous data the more extensive investigations are stimulated by
economic and technological reasons.
Feed and food products obtained commercially and especially at collective
farms by means of microbial synthesis must be absolutely safe. This requires a
careful study of any changes in the micro-organism's characteristics in relation
to conditions of growth and the nutrient medium. So it is necessary even at the
early stage to follow the next criteria:
- absence of toxigenesis
- variability h i t e d
- intensive growth on substrates selected
- hlgh protein content of good nutrient value i.e. including all essential amino
acids in quantity and relations near to FA0 standards
- low lucleic acid content
- h g h &gestibility, that to a certain degree depends on cell wall composition
- contamination stability
And when considering food protein products it is obvious that taste, smell
and texture are also important.
Thus, the combined solution of problems of microbial protein production on
the basis of cellulose-containing wastes from agriculture and industry could
become a means of reducing the protein scarcity which will increases considerably in the near future.

NEW TECHNIQUES FOR THE I M F ' R O ~ T TOF INDUSTRIAL STRAINS OF MICROORGANISMS
Professor Dr. Olga Bendova. Dr.Sc.
Department of Genetics, Microbiology and Biophysics, Faculty of Science,
Charles University. Vinicna 5. Prague 2, C.S.S.R.

Micro-organisms have economic importance for a multitude of biotechnological procedures including especially those which may solve the problem of the
shortage of protein feed and food components.
Genetic methods play an important role in the development of such microorganisms. Microbial strain improvement programs in the past have been based
essentially on random mutation and selection rather than on more rational
methods founded on an understanding of genetics and biochemistry of the
micro-organism. Over the past few years several novel techniques for genetic
manipulation have been sucessfully applied for the construction of industrially
important strains. They include directed scree=,
induced protoplast fusion
and recombinant DNA technology.
Directed screerung procedures used for selecting regulatory "hgh yield"
mutants are presumably based on selection of antimetabolite resistant mutants
which no longer are subject to feedback repression or catabolite repression
resulting in overproduction of particular metabolites. "High yleld" mutants
whch grow on cellulosic substrates are an example since they result in overproduction of the cellulolytic emzyme complex. Cellulolysis (enzymahc
saccharification of cellulose) is favoured, its principle advantage be~nghigh
conversion efaciency without the production of undesirable side products. However, the cost of microbial cellulase production is hgh. Reduction of t h s cost
could be acbeved through developing regulatory cellulolytic mutants for the
commercial production of cellulase.
Cellulase is a complex of enzymes that act together synergistically in the
hydrolysis of cellulose. The currently favoured hypothesis of the mode of action
is that the substrate is initially hydrolysed by endoglucanases to yield oligomeric intermediates. These are immediately acted on by exosplitting glucanases (glucohydrolase, cellobiohydrolase) which produce glucose and cellobiose.
Both tyes of glucanase continue to hydrolyse the residual ollgomers and finally
cellobiose cleaves both short chain oligomers and cellobiose to yield glucose.
Micro-organisms whch have the ability to produce high conversion of cellulose
possess enzyme preparations with both exo- and endo-splitting components.
Their simultaneous occurrence appears to be relatively restricted. Good yields
have been obtained from fungal genera includmg Trichoderma. Fusarium, Sporotrichum and Penicillium.
Detailed analysis of the individual enzyme components from Trichoderma

(T.r e e s d , T. u i r i d e , T. koningi) have been made. The mechanisms controlhng
the synthesis and action of the total cellulase complex are intricate. Each
enzyme is inducible and is sensitive both to catabolite repression and to endproduct inhibition. Thus, several approaches to realizing h g h yielding strains
may be used. They include selection of various types of mutants.
As the enzymes of the cellulase complex are repressed by several catabolites (e.g, glucose, glycerol) cellulase catabolite repression resistant mutants
should be detectable when grown on cellulosic substrates in the presence of the
catabolites. The loss of t h s control mechanism may lead to hypercellulolytic
activity.
Antimetabolite resistant mutants grow on cellulase media in the presence
of an antimetabolite of glucose (2-deoxyglucose). They hydrolyse cellulose to
yleld glucose and thus circumvent the use of 2-desoxyglucose. In contrast, wild
strains can only utilize the toxic 2-deoxyglucose and are killed. Resistance to
this antimetabolite can arise through several mechanisms includmg that of
catabolite repression resistance (in certain instances) or inability to take up 2deoxyglucose i.e:
The enzyme activity of end-product resistant mutants is not inhibited in the
presence of high concentrations of glucose or cellobiose which is a useful
characteristic for obtaimng a high degree of cellulose saccharMcation.
Hyperenzyme production may be achieved as well through derangement of
control of enzyme synthesis at cellulase positive revertans from cellulase
negative mutants as through derangement of control of secretion at
mutants obtained through resistance to membrane active antibiotics
(secretory mutants). It should be emphasized that &h ylelding cellulase
strains can be selected also among constitutive mutants (non-induced
colonies in a cellulose agar).
It is possible to develop effective strains not only by screening procedures
but also by genetic manipulations. They include fusion of microbial protoplasts
which may offer for industrial microbiologists one of the new approaches to
effect gene transfer. Protoplast fusion may prove to be an effective technique
for increasing the frequency of intraspecies hybridization in organisms in whch
natural matlng is a rare occurrence as it is in many species of the Actinomycetes and Streptomyces or for instance in some yeast strains because of their
polyploid nature and absence of mating type characteristic (Brewer's yeast
strains). The natural barriers to hybridization between dissimilar organisms can
often be broken down by the preparations of protoplasts - bacterial or fungal
cells whose tough outer walls have been removed to expose the thin cell membrane. Because cell membranes have about the same composition in most
species, protoplasts of differenct species can be induced to use and form a
hybrid cell, exposlng their genes to recombination. The first step in protoplast
fusion is the removal of the cell wall with lytic enzymes such as extracts of snail
gut or enzymes from various micro-organisms in case the of yeasts or the
enzyme lysozyme for the digestion of bacterial cell walls. The protoplasts are
osmotically fragile and only remain intact if maintained in a medium of h g h
osmotic pressure (sorbitol, manitol, KC1, etc.). After thorough washlng to
remove all traces of the protoplasting enzyme, the protoplasts are suspended in
the fusing agent which consists of polyethylene glycol (PEG) and calcium ions in
buffer and then mixed with protoplasts from a strain with different genetic
characteristics. After fusion the fused protoplast must be induced to regenerate its cell wall and begin cell division. In the resulting hybrid cell the DNA of
the parents may be recombined. The fusion is not specific enough for transfer
of a special gene unless the method is combined with further selection steps.

The most promising new approach to effect gene transfer is recombinant
DNA-technology (R-DNA technology) resulting in a direct effort to create the
desired guided genetic change. It offers a means of overcoming the nonspecficity of fusion. It is another non-sexual technique for acheving genetic
recomination. It also enables one to design microbial strains with genetic capabilities to synthesize end-products which otherwise could not be generated by
microbial fermentation.
Recombinant DNA is a hybrid molecule formed by joining two d s e r e n t DKA
molecules. In practice pieces of DNA are split from parent molecules at spec&
nucleotide sequences by means of restriction endonucleases, inserted into a
proper vector (plasmid or phage DNA) and introduced into a host microbial cell
where the foreign DNA sequence is replicated (cloned) and eventually expressed.
The basic requirements for the in vitro transfer and expression of foreign DNA in
a host cell can be summarized as follows:
- a vector DNA molecule small, easily prepared, capable of entering and replication within a host cell
- a method of splicing foreign DNA into the vector
- a method of introducing the hybrid DNA recombinants into the host cell and
a procedure for selecting the presence of the foreign DNA
- a method of assaylng for the foreign gene product.
R-DNA technology has been one of the most rapidly developing areas of science since its first demonstration in 1973 (Cohen and co-workers). Great
advances have appeared over the past five years from the first demonstration of
the chemical synthesis, cloning and functional expression of the human hormone somatostatin (Itakura and co-workers, 1977), to recent cloning and functional expression of synthetic human insulin in Eschericha coli (Goeddel et al.,
1979) and the synthesis of human interferon related peptides (Gilbert and VillaKomaroff, 1980).
R-DNA technology is also undergoing rapid development in streptomycetes
(Bibb, Schottel, Cohen, 1980) which produce 60%of the known antibiotics and in
yeast strains improvement programs ( H i ~ e n
et al., 1978; Beggs, 1978; Broach
et al., 1979).
The applications of new genetic technologies appear numerous and
undoubtedly will receive considerable attention over the the next years offering
exciting prospects for the systematic construction of improved strains.
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MICROBIAL PROTEIN PRODUCTION ON PLliNT WASTES OF INDUSTRY AND AGRI-
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The forecasts of authorities about protein provision in the future by traditional methods of production are not optmistic. The modern state of the microbiological industry suggests that an important role in the solution of this problem may be by microbial synthesis with the utilization of cheap native organic
compounds and wastes of industrial and agricultural production as raw materials.
Cellulosic- and starch- containing wastes of industry and agriculture
because of their widespread occurance, accessibility and cheapness can be the
main raw materials for feed and food protein production by means of microbial
synthesis. Our investigations were directed to study the raw materials and to
develop technological processes of bioconversion of cellulosic and starchcontaining raw materials into protein
The variety of cellulosic-contai~lmg raw materials demands different
approachs to the choice of bioc onversion methods. Depending upon raw material
properties, its location and economic factors, etc., cellulosic- and starchcontaining raw materials intended for bioconversion processes have been
divided into two groups. Raw materials of the &st group are intended for industrial biological processing. Depending upon physical properties and chemical
composition individual types of raw materials have been recommended by us for
solid phase or submerged culture methods of production.
Raw materials of the second group are recommended tor direct processing
at collective farms, namely at fodder supply centres.
In our work we have used those wastes of industry and agriculture that are
of great interest for remote regions of the country. At the present time these
sorts of raw materials although used as redder addition are of little efficiency
.
brans and feed grains are excepbecause of their low protein c ~ n , , ~ t Corn
tions. However we have considered that it is expedient to investigate bioconversion of not only cellulose but also starch, takmg into consideration that there is
some abundance of starch products in relation to protein supplies.
Thus we have used cotton stalks, feed grains, corn brans, straw, untreated
vegetables, beetroot pulp, remains from scutched* flbrous crops, fruit- and
berry-pulp (Table 1).
scutch: proce- of separating the woody flber from (k
or hemp) by beating.

Table 1.

Protein formation by microbial culture on cellulosic- and starchcontaining substrates.

substrate used

producer

1.

cottonhusks

microscopic

2.

feed grains

microscopic

3.

corn brans

microscopic

4.

vegetables
unconditioned
beetroot pulp

bacterium

5,

6.
7.

8.

fruit-andberry pulp
straw
remains of
scutched
fibrous crops

Culture
before
process

Protein content, %
in h s h e d
product

surface
fungi
surface
fungi
surface
fungi
submerged

microscopic
fungi,
yeasts
yeasts

submerged

yeasts

submerged

microscopic
fungi,

submerged

submerged

yeasts

Such raw materials as cotton husks, brans and crushed feed gram are suitable raw materials for the process of solid phase culture by their structure. By
utilizing microscopic fungi (Pusanurn,SparoCrichurn,etc.)hgher protein contents have been acheved in comparison with the initial substrates by 2,5 - 4
times.
Beetroot and fruit-and berry pulps fresh-squeezed contains 95% of moisture. I t seems expedient to carry out the bioconversion process of some raw
materials by means of submerged culture because drying and granulation of the
substrates used would require an additional power supply.
Utilizing both pure culture and mixed culture as producers we have
increased significantly the protein content in the finished product by comparison with the initial substrate.
Tahng into account that it is not expedient to transport such agricultural
wastes as straw, a process of biological processing of straw that is simple in
operation and easy in realization has been developed at our research institute.
This process may be realized at any feed centre using s ' -,dard equipment.
The process involves preliminary fermentative hydrolysis of straw followed
by the growth of yeast on the hydrolyzates. The technological process of
bioconversion of &ax scutch (wastes of the flax processing industry) has been
developed on the basis of the method. mentioned above.
Economic investigations have shown solid phase culture of producers are
the most progressive method for bioconversion of cellulosic- and starchcontaining raw materials into protein. However reahzation of the large-scale
protein production on the basis of microbial growth on solid substrates is connected with certain difRculties.At the present time hlghly productive

mechanized plants are not available.
We have carried out investigations of solid phase culture in a mechanized
pilot plant that has been developed at the research institute "VNIIbiotechnique."
The growth of microbial cultures at t h s plant are carried out in a medium layer
of 300-500mm.
The plant consists of a vertical cylinder divided into sections by perforated
plates fixed with cantilevers on rotary axes. Stirring arrangements are located
inside the section and provide slow stirring to ensure a uniform of layer height
and air distribution whch does not allow the formation of dead zones. At the top
the plant is aseptically connected to a sterilizer. Air for the aeration inlet to
each section under the perforated plate is provided at given temperature, moisture and volume. Dissapation of heat liberated during the growth of the culture
is achieved by means of a cooling agent fed into the plant's jacket. Transfer of
the culture medium from the upper section to the lower one is performed
automatically at a given time interval. At t h s moment the plate turns at 90'
and then returns to the initial location. The culture is received in the conical
part of the plant's base and is charged into the acceptmg bunker of the dryer.
Such a plant is able to carry out a semi-continuous process by means of the
solid phase fermentative method. The culture grows in a closed atmosphere and
is aerated through the performated plates by convective air flows in the medium
due to pressure differential and the porous structure of the medium.
In t h s case gas does not flow along the surface of the medium layer but is
distributed through the whole volume; the regime of volume aeration is obtained
and thls regime is able to ensure convective and diffusional mass heat exchange
through the whole height of the medium.
Application of this method of aeration of the cultural medium enables the
height of the medium layer to be increased up to 300-500mm.
A special feature of microbial culture using the solid phase method is the
generation of a sigmficant quantity of heat. The methods of indirect calorimetry
of heat production by microbial culture is based on microbial respiration data
and are rather approximated. Heat production of a microbial population is an
integral measure of the calorific effect of oxidative-reduction processes in the
biological system as a whole.
Data from investigations of thermoproducton by micro-organisms by direct
and indirect calorimetry has been established by a number of authors.
For direct measurement of heat generated during microbial growth a special microbial calorimeter has been developed, constructed and fabricated at
the r e s e v c h institute '?rNIIbiotechnique." Specific features of microbial culture
under industrial conditions are taken into consideration by t h s apparatus. The
operating vessel has been made in a form of thnwalled duralumuin glass with a
changeable thermo-isolated porous top. Dissipation of excessive amounts of
physiological heat from the vessel to the heat exchanger has been produced
through a thermomer. The sensitivity of the thermomer was 1 . 1 3 m % / ~ t ..~lgestigations were carried out under isothermal conditions and before each test the
heat balance was set in the calorimetric system. The constance of the zero
point of a signal from the thermomer was evidence of t b s . Such a system led to
the recording of thermal flow in exo- and endothermal and combined reactions
with h g h accuracy.
The design of the-calorimetric apparatus permitted chemical and thermal
sterilization of operating vessels.
on
From the thermograms of solid phase culture of Sp.p~~Lverumenfum
cotton husks, the following may be noticed. Use of the direct calorimetric

method enables information to be obtained on the culture growth under surface
conditions as these thermograms are in good correlation to the protein formation and the rate of substrate consumption.
The magnitudes of specific thermo-production of Sp.pu1zrerumentum when
growing at difIerent temperatures from 30' to 4 3 ' ~ have shown that the maximal heat loss is observed a t - 4 0 ' ~and this correlates with maximal protein formation, reduclng sugars and substrate consumption (Table 2). Certain regularities of heat loss occur during culture growth on given substrates. A t the present
time we have not sufficient data to draw the whole picture of the relationshp
between complex processes of the micro-organism's metabolism and thermal
energy obtained by these processes. Experimental data shows that this relationship is not random and uslng the thermograms it is possible to control and
optimize the process.
Table 2.

Influence of the microscopic fungi S p . p u L v m m e n t u m culture on
the protein formation. reducing sugars and the rate of substrate
consumption (substrate - cotton husks).

features
studied
-

temperature of
the process
ToC
-

1.

Protein content, %

2.

Reduclng
sugar content, %

3.

Substrate dry
welght loss, %
The feed product obtained on cotton husks contained crude protein up to

-

20% cellulose less than 20% and lignin 26%. The degree of cellulose bioconversion has been 45-48% and lignin - up to 30% (Table 3).

Table 3.

Features of the initial substrate and fodder product obtained by SUP
face producer culture on cotton husks.

Component

content, %
before the
process

1.

crude protein ( N x6, 25)

2.

cellulose

31.45

3.

lignin

30.65

4.

polysaccharides
easily hydrolyzed

3.66

in finished
product

In the product 80% of the nitrogen content was protein. The new fodder
product contain? vitamins, enzymes and lipids (Table a). The presence of cellulolytic enzymes in the product obtained is a positive result as in the utilization
of such feed together with roughage it may be expected that introduction of cellulase will increase the digestibility of the product obtained.
Table 4.

Features of t h e fodder product obtained by surface producer cult u r e on cotton husks.
nitrogen compounds, %

total nitrogen
crude protein (I4 x6.25)
protein nitrogen
ammonia nitrogen
vitamins, mg /kg
riboflavin
tharnin
nicotinic acid
biotin

6.25-7.0
2.5-3.0
34-35
0.5-0.7
enzymes, unit/g

lipids (total), %

2-3.5

The amino acid content of the fodder product obtained on cotton husks is
near to the FA0 standard (Table 5). Toxicological investigations show the product is harmless. Thus the protein product obtained may be recommended for
feed by its quality.
Straw is one of the most widespread agricultural wastes. Untreated straw
has low nutritious and biological value. The conversion of straw would therefore
be worthwh.de. The biological method developed at the research institute "VNIIbiotechmque" led to an increase in the protein content of straw from 2-3% to
10-12%. If the hgestibility of the protein from native wheat straw is 20% its
digestibility is 70% after biological processing.
Utilizing straw fermentative hydrolysis at 55'~ and atmospheric pressure it
is possible to operate the process with standard equipment. The tests of feeding
cattle with straw biologically processed show that utilization of this fodder product increases daily milk-yield, fat content of the milk and decreases the concentrated fodder consumption for each litre of milk obtained.
At the present time this method has been introduced in different regions of
the country and h g h economic efficiency has been obtained according to the
data received from some collective farms.

Table 5.

Amino-acid content of fodder protein product obtained by the surface producer culture on cotton husks.

amino acid
lysine
hstidine
cystine
ar g inine
aspartic acid
t hre mine
glutarnic acid
serine
proline
glycine
alanine
valine
methionine
isoleucine
leucine
tyrosine
p henylalanine
tryptophan

amino acid content, % to protein
protein product
FA0 standard
on cotton husks

wheat

THE PROTEIN PROBLEM AND HIGHER FlTNGI MYCELIUM

Prof. Dr. k Torev
Higher Institute of Agriculture "Vasil Kolarov",
Plovdiv,Bulgaria

1. Introduction
The traditional sources of protein such as meat, milk, eggs, 6sh and plant
proteins are not able to solve the protein problem on our planet, because of the
constant increase of the world's population. Besides the insufficiency of proteins concerning quantity, an effect on man's nutrition is caused by the inadequate amino-acid composition of some proteins manly those of plant origin.
h o t h e r source of proteins is that of microbial origin. These microbial proteins can be from bacteria, yeast, moulds, or the mycelium of hlgher fungi.
Microbial protein is not new to scientists but it has been looked upon upto now
mainly as a protein for animals feeding. However, the protein feed to animals is
only converted to animal protein for man's food with an efficiency of 20-25% the
remaining 75%is used as an energy source or is turned into non-nutrient protein
such as skin, fur, horn, inner inedible parts, etc. Therefore for solving the protein problem on a world scale, we should t U of a more rational method for
using the microbial protein as man's food than using it only for animal feed.
When speakmg of microbial protein as man's food at this stage we should consider mamly the mycelium of hlgher fungi for at least for two reasons:
1. Mushrooms since times immemorial have been used as food and man has
adapted hrmself to t h s h n d of protein.
2. For phsyc hological reasons.
The requirements of fungal mycelium have some things in common with the
rest of the lower organisms although there are also some special aspects. The
basic nutrient media for fungal mycelium is molasses with addition of nitrogen
and phosphorus sources but mycelium can be successfully grown on other carbohydrate sources such is glucose, spirits, whey, etc. Parameters of the
development of fungal mycelium do not differ basically from the rest of the
lower organisms. The development cycle depends on the quantity of growing
material and varies from 7 to 48 hours. It can be developed by interrupted,
semi-uninterrupted or uninterrupted methods. Fungal mycelium is easily
Bltered by all kinds of facilities. It is washed in dr-ng
water and is obtained in
two forms - moulded and dry.
We have obtained mycelium in two forms - moulded and dry because of the
characteristics of its usage. The moulded one is in blocks of 10 kgs containing
dry substance of 26-28%. I t has a white colour with a slightly grayish shade and

flbrous structure with a taste of yeast or more exactly one would say without
any specfic flavour. Dry fungal mycelium contains 93-94% dry substance,
powderlike or slightly flbrous structure depending on the method of drying and
grindmg; of whte to gray colour with a slightly cream-coloured shade and a
mushroom taste or the taste of baked flour.
Our developments have been concerned with industrial applications. The
biochemical aspects fungal mycelium of the strain PS-64 are given in Table 1.

Table 1. General chemical composition of mycelium
Raw protein
Pure protein
Carbohydrates
hpids
Mineral-composition
Nucleic acids
Vitamin B
Vitamin B2
Vitamin BIZ
Digestibility of protein
Medico-biological investigations on fungal mycelium were done in the
course of many years for acute toxicity, carcinogenity, terratogenity, pathomorphological investigations, allergy, etc. The experimental results showed that no
changes or reaction are observed in the test animals.
As a result of the many years of medico-biological investigations at the
Higher Institute of Food in the People's Republic of Bulgaria and the Soviet
Union, a medical conclusion was given that fungal mycelium can be used for
man's food.
Fungal mycelium as we have seen from the biochemical composition is a
rich source of protein, with a well balanced amino-acid composition and h g h
digestability. The question is raised, under what kind of form the fungal
mycelium can be used as a nutrient product, in what ways, in what percentage,
its palatability and appearance.
Numerous experiments were done to investigate these aspects and it was
found that fungal mycelium can be used in the mould or dry state in diflerent
ways, the most important of which are the following:
1. Meat industry - for producing difIerent kinds of sausages and other meat
products.
2. Milk industry - for producing difTerent kinds of melted and smoked cheeses.
3. Producing different kinds of came4 vegetaoles enriched with protein.
4.
An alternative method of using the fungal mycelium for solving the protein
problem is by "self-enrichng" of fodder flours with protein through solidphase fermentation.
A technology has been successfully developed for improving fodder flours
using fungal mycelium. For thls purpose it is necessary to saturate the fodder
flours with nitrogen sources. The prepared nutrient media is then inoculated
with a liquid substratum of fungal mycelium and is placed in a special apparatus
for cultivation. The cultivation lasts about 36 hours.The fodder flours are
enriched by the mycelium with 5-7%pure protein.

Depending on the basic contents of protein in the substratum e.g., maize
flour with about 10 % pure protein, a fodder mixture of 15-17% pure protein is
obtained. Such fodder mixture contains more pure protein than the normal for
feeding p ~ g sand cattle and is adequate for the normal for feeding of poultry.
The experiments with white rats showed that such fodder mixture gives a
better growth than the balanced fodder mixtures with soya flour, fodder yeast,
or other protein sources.
So fungal mycelium can help to solve the protein problem both in our country and on a world scale in two directions - through its direct use as human food
and through using it to obtain protein enriched fodder flours.

Table 2

Comparative data according to the -*acid
mycelium with other protein sources
mycelium
PS-64

Lysine
Threonine
Vahe
Isoleucine
Leucine
Tryptophan
Methonine
Cysteine
Phenylalanine
Tyrosine
Total
Histidine
Arginine
Asparaginic acid
Serine
Glutamic acid
Proline
Glycine
Alanine

beet
meat

casem

composition of fungal

soya
flour

standard
protein FA0
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Sciences.

1. Introduction
Grain crop and meat production play a decisive role in Hungarian agriculture and in the foreign trade of agricultural products. Based on the huge quantity of grain crop produced in the country, a h g h level of output has been
reached in animal husbandry providing the possibility to export live animals,
meat and processed animal products. In order to keep this system functiollmg,
however, large quantities of protein feed has to be imported for hard currency.
Due t o the relatively expensive technologies applied in animal husbandry, the
economics and competitiveness of meat production and exports are threatened
by the high prices of imported protein feed and by relatively depressed export
prices of meat. Recent trends in exports and imports of these products are
shown in Table 1.
Table 1. Feed imports and meat exports (unit: 1000 tons)

Imports
Feed of animal origin
Feed concentrate
Feeds coming from vegetable
oil industry
Fodder cereals
Exports
Flesh
Slaughtered poultry
Sausage products, salami
Beef cattle
plf2
Sheep

1960

1970

1975

1980

2.4
3.2

85.2
20.3

65.8
19.2

60.1
4.8

31.5
53.3

336.4
141.4

505.3
172.6

620.3
100.2

1960
23.8
15.4
3.2
68.2
12.7
4.0

1970
43.4
56.8
7.6
112.9
2.7
23.9

1975
107.6
103.9
8.2
1 05.0
19.7
21.7

1980

,

160.9
135.2
10.8
64.6
56.1
27.0

In connection with the problems mentioned above, we have to take into consideration that:

enormous quantities of by-products and waste materials - containing,
among others, a great amount of valuable protein - are lost in plant production, animal husbandry and the food industry every year:
- the proportion of animal protein consumption in Hungary is far above the
level justified by physiological need.
In order to illustrate these problems, a "traditional" and a "non-traditional"
pattern of production and utilization are outlined in Fig. 1 and 2.
These figures show that there is a need for a twofold change in our attitude:
(i) Social aspects: In Fig. 2 we have a different structure and new paths in the
product flow. I t is well-known that one unit of protein of animal o r ~ g i nfor
human consumption requires approximately seven times more energy than
protein of vegetable origin. The question arises: How the diet structure can
be changed in order to increase the proportion of vegetable and nonconventional protein sources, Thm is going to be a difacult problem,
because it usually takes a long time to change habits and traditions. However, if the lower energy input will be reflected in the prices of nontraditional protein food then this might facilitate these changes.
(ii) Technological aspects: in order t o substitute, a t least a part of the
imported protein feed by waste materials and by-products of plant production, animal husbandry and food industry, it is an urgent task to elaborate
new technologies for processmg these materials into animal feed. Here
again, the problem is, that a great amount of fixed assets have been
invested in the existing technologies and if we reduce the proportion of proteln feed on the one hand and increase the share of by-products and waste
materials on the other, then t h s will result in a slower rate of augmentation
in we~ght,which, in turn, leads to a lower return on investments. Therefore,
in t h s respect, non-traditional feed production technologies should be
invesQated in the complex framework of feeding technologies. (One solution t o t h s problem might be organic agriculture, but we have very little
information on this alternative a t present.) Returning to our Fig. 2. for a
moment, it is obvious, that there exists many other protein sources and
alternatives to utilization. For example: since the by-products are waste
materials of biological origin and have a considerable energy content, they
can be utilized as energy resources as well. Therefore, it is necessary to
investigate the protein problem in the overall framework of biomass production, transformation and utilization.

-

2. Short Summary of the Biomass Project

The Hungarian Academy of Sciences, cooperating with the Ministry of Food
and Agriculture, the State OBce for Technical Development, the Ministry of
Industry and various other relevant bodies, is preparing a national survey on the
complex utilization of materials of biological origin (biomass).
Work was begun in May 1981 and is expected to be completed by spring
1983. A t present 20 working groups consisting of several hundred researchers
and field officers, are studying new ways of utilising the biomass, in the food
industry. for feepurposes, in the timber industry, in the chemical industry
and in many other spheres, including non-conventional protein production and
utilization technologies.
In recent years g r o w q attention has been paid all over the world t o the
need t o take stock of the available natural resources and to develop new ways of
utilising them.

The scope of these surveys is no longer restricted to energy resources and
raw materials, but has been broadened to include renewable resources as well.
The renewable character of the biomass gives it a special place among the
natural resources, since its potential can be increased by rational utilisation.
However, this necessitates a knowledge of the reserves latent in the biomass and
of the possibilities and limits involved in their utilisation. Nor must it be forgotten that, in addition to t h e role played by biological resources in food production and in maintaining the environmental balance, the biomass is becoming
more and more important a s a source of raw materials and energy.
The basis for all t h s is formed by plant production and forestry.
The growth rate achieved in plant production in Hungary over the last two
decades was the second fastest in the world. T h s rapid development was primarily due to the intensukation of agriculture. Less appreciation was given to
the natural resources available t o agriculture, since they were overshadowed by
the techmcal development.
There a r e two possible paths for future development:
- the further intensification of agriculture, requiring an increasing supply of
materials, implements and energy, the majority of which must be imported.
The question arises: Is it w o r t h applying this method, can the natural conditions e n s w e the biblogical backgrmnd required for further development?
- the rational utilisation of the latent possibilities to be found in the natural
environment.
If t h s latter course is to be followed, it is essential to determine the effect
of ecological conditions on plant production, the extent and limitations of the
agroecological potential and ways of overcoming these limitations.
obviously, a knowledge of the agroecological potential is also needed for the
elaboration of an intensive development strategy.
A survey of Hungary's agroecological potential was carried out in the 19781980 period under the supervision of the Hungarian Academy of Sciences.
Several hundred researchers and field officers participated in the work.
Details of the survey will be found in Lang (1981) and Harnos (1982). We
also use some results of t h e Hungarian Agricultural Model (HAM),whch was elaborated in cooperahon with the Food and Agricultural Program a t lIASA (see
Csalu, 1981).
I t is clear from the survey of agroecological potential that plant production
could be significantly increased.
The other course of development would be to find ways of utilising byproducts and waste materials. In addition to the main product, a significant
quantity of by-products and waste materials, with a mass equivalent to twothirds of the main products, is also produced. *
Accordmg to statistics compiled by the Hungarian Central Statistical Ofice,
approximatley 55 million tons of dry matter of vegetable origin was produced in
Hungary in 1900, of which over 20 million tons was written off as by-products or
waste material. Naturally t h s does not mean that a large proportion of thls has
not been utilised up till now. The point is, that if we increase plant production,
there will be a corresponding increase in the mass of by-products and waste
materials awaiting utilisation.
Let us compare the development potential determined on an ecological
basis with the expected trend in domestic cornsumption.

At present 70-75% of the agricultural production is needed to satisfy domestic demands, while the rest is exported.
Since the population of Hungary will not increase by the turn of the century, there will only be structural changes in the consumption. Consequently,
with the developmental potential assumed in the prognosis, half the agricultural
production will be sufficient to cover domestic demands in the year 2000.
The data presented apply first and foremost to the primary biomass production. If the transformation and utilisation of this biomass is also considered,
a certain lack of proportion becomes visible, such as Hungary's protein deficit,
but also new reserves, such as animal carcases, food industry waste materials,
farmyard manure, etc., the utilisation of which would.have a favourable influence
on the agricultural export-import situation, even if the present plant production
and animal husbandry structures were maintained.
The biomass program aims to clarify the internal relationships of the
biomass production-transformation-utihzation system and to determine the
future function and role of this system in connection with the rational use of
renewable and non-renewable resources.
In investigating the system, questions of the following type were chefly
raised:
- how should biomass production be organised in time and space as a function of changes in the external conditions?
- what non-renewable resources could be substituted if the biomass were
fully exploited?
- what economic consequences, leading to a simultaneous improvement in
the environment, could be expected if a complete utilization cham were to
be constructed (e.g. full utilization of by-products and waste materials,
etc)?
- how sensitively will the system respond to changes in the external conditions and how can the detrimental effects of drastic changes be eliminated
or moderated?
- wbch part of the biomass is most suitable for producing food, feed, energy
or other raw materials?
- of the wastes and by-products under the presently used technologies, whch
part has the advantage of economical utilization as a protein source (on the
basis of protein content), as energy resource (on the basis of calorific
value), as raw material in the chemical industry, as fertilizer, etc.?
In order to answer these questions, when elaborating long- term plans for
utilislng the biomass, possibilities for the development of the following sectors
were considered:
- plant production, including forestry,
- anirnal husbandry,
- the food industry,
- the processing and utilisation of industrial raw materials, and the byproducts and waste materials of plant production, animal husbandry and
the food Industry.
- the effect which production and processing have on the environment, and if
tlvs is negabve. how it can be overcome.
It can be seen from this brief outline that the program involves the analysis
of a complex system embracing agriculture, the processing industry (including
the food industry) and environmental protection, and the elaboration of various

ways of developing them.
3. The Logical Structure of the Model System
This paper is not designed to provide a detailed knowledge or analytical
description of the whole problem therefore only the logical structure of the
model is presented below. (See Lang and Harnos, 1982, for the details.)
The description of the problem was divided into two parts: a system of conditions and a p r o d u c t i o n system. This is illustrated schematically in Fig. 3.
The system of conditions gives a formulation of the economic conditions
and goals, while the production system gives a description of the production,
processing and utllisation of the bio=ass.
The production system is described by means of a hierarchical family of
models (Fig. 3), constructed in such a way that the operation of the various levels of biomass production and utilisation can be analysed independently of each
other; it is also possible to link only certain sectors and thus analyze the effects
exerted by their production structures on each other (e.g. plant production,
animal husbandry, etc.).
The hierarchy is manifested in two ways.
(i) The complete process of biomass production and utilization is described in
aggregated form in a control problem. The alternative paths of development formulated in the system of conditions form the limits of the model.
Calculations made using this model specify the conditions for the indidivdual sectors for the whole period under investigation. In the second level
the sectoral models are studied in detail.
(ii) A certain hierarchy is also necessary withn the sectoral models. Due to
their detailed nature, models describ~ngthe individual sectors cannot be
linked up and solved as a single system. The equilibrium between the sectors is ensured by the aggregated model, but the limits t h s implies provide
a fairly large degree of freedom for the sectoral models. The detailed calculations lead to results deviating from the stipulated paths of development. These main links in the system are presented in Fig. 4.
4. Animal Husbandry and the Protein Prnblem
In the system describing problems outlined in the previous section, special
emphasis is given to the flow of materials which have substantial protein content
and/or can be used for energetic purposes. The importance of these materials
is shown in Table 2.
The total amount of these by-products, which are suitable for feeding purposes, is equivalent to:
- bioenergetic content of maize (grainstalk) grown on 406,000 hectares (5.0
tonsihectare yield);
- protein content of maize (grain only) s$own on 336,400 hectares;
- the feed of 400,000 tons of beef cattle kept in stalls
- 2.6 million tons of oil equivalent on the basis of its combustion heat (excluding sugarbeet-top and green pea stalk);
- calorific value of 485,000 tons of oil, when it is used for biogas generation
(plus 70% of its organic matter content can be used as fertilizer);

Table 2.

By-products suitable for feeding purposes.

By-product
Feeding straw
Pea-straw
Corn-s talk
Sugarbeet top
Green pea stalk
Total

-

Potential
Yield

836.6
145.5
10,265.9
419.2
555.6

-

Energy
demand of
gathering
in

Bioenergy
Content

Protein
Content

124.7
22.7
630.6
55.9
80.0

2741.5
549.3
29,846.4
1,066.9
814.3

6.7
4.1
123.2
5.0
5.4

913.9

45,078.4

1 44.4

863,000tons oil equivalent of methanol, when it is used to produce industrral alcohol.
Similar calculations have been made for other by-products of plant producpurposes, and for the by-products and
tion, which are not suitable for feewastes of animal husbandry (manure, animal carcases). Waste materials produced in M e r e n t sectors of food industry are examined in the same way.
In thls section the animal husbandry sector and its connections to other
sectors are discussed, because thls sector is the most important one from the
point of view of protein production (both conventional and non-conventional
technologies) and utilrzation.
Similarly to the other sectoral models, animal husbandry is modelled as a
control problem. As i t is usual, conditions for the operation of the system and
the internal relationships of the sector are described by state variables, whde
the activities in the system are regulated by control variables.
The state variables in the animal husbandry model are as follows:
- variables describing the conditions of plant production
- system of conditions for animal husbandry (breedmg stock, buldmgs,
machinery, etc .)
- feed producing plants.
Control variables describing the control of the system are as follows:
- investment goods (resources);
- import openmgs.
If the scope of investigation is narrowed down to animal husbandry and elements in direct connection with it then the constraints for plant production and
. output from animal husbandry can be handled as controls.
Details of the plant production model wdl not be presented here, but the
structure of the model is shown in Fig. 5.
The structure of the animal husbandry is described by
- varieties, and within these:
= beef cattle

=
=
=

cow (milk)
pig
poultry

=
=

egg
sheep
- the level of intensification (small-scale animal husbandry is treated as
extensive technology).
Within a given variety, the most important differences are described by the
following parameters:
- intensive technologies require a hgher level of investments, a t the same
time
- degrees of feed utilization are hgher in these technologies, that is: a
smaller amount of protein and starch is required to produce the same
amount of meat, milk or eggs. These relationshps are shown in Table 3.

Table 3. Specific nutrient requirements.
SpeciAc demand in gr.
Product
starch value

protein

Degree of
protein
concentr.

Required to produce lkg of milk
2000 litres
3000 litres
4000 litres
5000 litres
6000 litres
Required to produce 1 kg of eggs
100 pieces
150 pieces
200 pieces
250 pieces
Required to produce 1 kg of pork
(live weight, 90 kg)
8 months fattening period
7 months fattening period
6 months fattening period
5 months fattening period
Required to produce 1 kg of broiler
70 days cramming period
60 days cramming period
50 days cramrnlng period
40 days cramming period
The quantity and composition of the feed utilization can be controlled by
changing the proportion of varieties in the meat production sector. Changes in
the proportion of varieties and the level of intensification, however, can only be
induced by different investment activities. . Tlus fact is directly manifested in
the animal husbandry subsystem.

Investments in the activities providing the feed supply are b u l t in other
sectoral models, which are indirectly connected to the animal husbandry model.
These activities are, for example, processing animal carcases and wastes from
food industry for protein feed, processing by-products of dairy industry for feed,
etc. Investigation of these activities cannot be separated from the studies concerned with biomass utilization and the protein problem.
The composition of feed is controlled by the following five parameters:
- starch content
- protein content
- degree of protein concentration
- fibre content
- complements (e.g. lysine)
To produce a given quantity of meat, feed must be supplied in proper quantity and composition (as far as the nutrient content is concerned).
This quantity of feed comes from:
- main products of plant production (cereals, rough fodder, soybean, alfalfa,
etc.)
- by-products and waste materials of plant production, which are treated this
way at present (corn stalk, sugarbeet-top, etc.)
- waste materials of animal husbandry (meat meal, etc.) - processing
requires a certain amount of investments.
Utilization chams, that is, the flow of materials considered in the model are
shown in Fig. 6. Processing sectors of the food industry are represented in the
model in a more d e t d e d way. Utilization alternatives are built into our model
for each phase of processing where sufficient quantity of by-products and wastes
are produced. Our intention is to give more alternatives to each type of byproducts in order to ensure the production of materials which are actually
needed and, a t the same time, economic considerations (profitability, optimal
allocation of investments, etc.) are enforced t h s way.
The schematic representation of these problems is shown in Fig. 7. The
range and level of activities are regulated by control variables (represented by
double headed arrows in Fig. 7). ' h s Q u r e , however, represents static relationshps, but in the model the dynamics of the system will be examined. Another
problem is, that the by-products shown in the figure represent a great quantity,
but a relatively low value and they are scattered in reality. It means that
profitability of processing can be ensured only by careful allocation of processing capacities. In order to tackle this problem, our country was divided into
regions reflecting the ecological conditions to the biomass production on the
one hand, and providing the possibility to investigate regional aspects of the
biomass utilization on the other.

5. Ehpected Results of the S m e y
After this brief summary some in&cation should be given of the expected
results.
The analysis of biological resources and their utilization as a single system
will give a sound basis for comparing them with non-renewable resources and for
e l a b o r a t i a coordinated development strategy for the natural resources of the
country.
The period of examination is 20 - 25 years; however, the results will be used
not only to elaborate long-term paths of development valid for the whole period,
'

but also to study, on the basis of the present situation, what reserves can be
exploited withn the next few years, and in which areas rapid economic results
can be acheved through the more rational use of biological resources.

Csaba, C. (1981). A National Policy Model for the Hungarian Food and Agriculture Sector. IIASA (RR-8 1-23).
Harnos, Z. (1982). The Survey of the Agroecological Potential of Hungary - A
Brief Summary; IIASA, CP-82-21
Lang, I. (1981). A Survey of the Agroecological Potential of Hungarian Agriculture; Agrokemia es Talajtan, Tom 30 Summplementum. 19-28
Lang, I. and Harnos, Z. (1982). Bio-Resources in Hungary: Present and Future
Production and Utilization; Preprint.
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NON-PHOTOSYNTHETIC SOURCES OF SINGLE CELL PRUt'EIiL' THHR SAF'ETY AND NUTRITIONAL VALUE FOR HUMAN CONSIJMITION
Professor N. S. Scrimshaw
International Food and Nutrition Program
Massachusetts Institute of Technology. Cambridge. Massachusetts 02139, USA

1. Introduction

The first use of the name Single-Cell Protein and the first international
conference on this subject was held at Massachusetts Institute of Technology in
October, 1967 (Mateles and Tannenbaun (Eds.), 1968). In 1970 a Working Group
on Single-Cell Protein (SCP) was &st convened in Marseille by the Protein
Advisory Group of the UN System (the PAG). In the subsequent four years t h s
workmg group developed a series of guidelines, (PAG Guideline No. 6, 1983) for
Pre-Clinical Testing of Novel Sources of Protein, (PAG Guideline No. 7, 1983) for
Human Testing of Supplementary Food Mixtures, (PAG Gudeline No. 12, 1983)
on the Production of Single-Cell Protein for Human Consumption, and (PAG
Guideline No. 15, 1983) on Nutritional and Safety Aspects of Novel Protein
Sources for Amma1 Feeding.
These have recently been revised by a joint workmg group of representatives of the International Union of Food Science and Technology (IUFoST), and
the International Union of Pure and Applied Chemistry (IUPAC) convened by the
United Nations University (UNU) and are being reissued in its Food and Nutrition
Bulletin. The modifications of Nos. 6, 12 and 15 are minor, but Guideline 7 is
being completely rewritten because of the frequency with which gastrointestinal
and cutaneous reactions of an apparently allergic nature have been observed
with the feedlng of RNA-reduced yeast and bacteria.
A 1972 symposium held in Aw-en-Provence brought together information on
many of the toxicological, psycho-social, physiological and nutritional factors
associated with the use of SCP materials grown on normal alkanes and gas oil
and provided convincing evidence of the safety and nutritional value of the
material for animal feeding i nd, when properly processed, its possible use for
hurnan feeding (Gouelle de Pontanel, 1972). By the time of a PAG symposium
held in Brussels, Belgium in March. 1976, three European SCP products were
considered ready for human feeding trials: Toprina (British Petroleum, Ltd.),
Pruteen (Imperial Chemical Industries, Ltd.), and Liquipron (hquichimica
Biosintesis).
Each had been tested sucessfully in multiple species of experimental and
farm animals with no evidence of toxicity. It was concluded that there were no
scientiEc grounds for not approving these SCPs for use in animal feeding. However, questions continued to be raised about the safety for human consumption
of the resulting animal products. These were based on the increased quantities

of p a r a f h s and of odd-numbered carbon chain fatty acids found in some of
them.
These issues were resolved by the data presented at a symposium convened
under the auspices of the PAG in Milan, Italy, in 1977 (Garattini, Palgialunga,
Scrimshaw (eds.), 1979). At this meeting, very extensive data were presented to
indicate that odd-numbered carbon chain fatty acids are utilized through normal metabolic pathways and are modified at the same rate as even-carbon chain
fatty acids, even when fed under conditions of fasting or stress. Moreover, tissue
mitochondria of animals fed SCPs containing significant levels of odd-numbered
carbon chain fatty acids responded in the same manner as those of control
animals. The actual level of residual paraffins of chain length C14-C18, found in
some hydrocarbon-grown SCPs, proved lower than that in many common foods
in the U.S. and Europe. Moreover, they were conclusively demonstrated to have
no effect on the viability and respiratory function of cells and they disappeared
from tissues in a normal manner when their ingestion was terminated. Extensive successful nutritional and toxicological studies on both experimental and
farm animals in the USSR were also reported at this meeting by R.S. Rychkov
and G.K. Skryabin (Rycbkov and Skryabin, 1981), together with additional studies in Japan described by M. Fujimaki (1981), and in Europe cited by D.A.
Stringer (1981). Alter this 1977 meeting, there could no longer be any doubt
that a number of SCPs could be safely and eEectively fed to farm animals and
their products consumed by humans.
2. The Significance of Nucleic Acid in SCP
A t the time of the orlginal 1967 Conference a t MIT there was no general
appreciation of the sigrulicance of the relatively h g h nucleic acid content of
SCPs. In our own studies, in which yeast was consumed in addition to t h e usual
diet of the individual a t levels of 45 to 135 grams, we observed Q h l y s i g d c a n t
increases in serum and urine uric acid in subjects consuming the yeast. The
increase occurred because uric acid is the metabolic end-product of the purine
component of nucleic acid and it is relatively insoluble. A t h g h serum levels and
under certain conditions, uric acid crystals precipitate out in the joint, causmg
gouty arthritis, in the skin as t o p h , or in the kidneys to produce urinary calculi.
Among mammals, only man and the lugher apes lack the enzyme uricase that
breaks uric acid to the more soluble metabolic end-product allantoin. Thus, the
nucleic acid content of SCP has no significance for animal feeding.
In order to determine more precisely the effect of the high nucleic acid
content of yeast on serum and uric acid levels, we fed known levels of yeast for
nine days to individuals on a constant formula diet (Edozien, Udo, Young and
Scrimshaw, 1970). The results were a linear increase from 4.5 to 8.9 mg of uric
acid per dl. at levels of intake from 0 to 90 gms of yeast per day corresponding
to about 5.5gms of nucleic acid. Corresponding figures for urine were 510 2 31
to 1853 + i21. Based on these and other data, the PAG at a meeting in Moscow
1971 established a safe practical limit of 2 gms of c dditional nucleic acid per day
from SCP's in addition to that in the u s u h mixed diet. This level was reaffirmed
by a FAG worklng group of distinguished clinicians meeting in Geneva in 1975
(PAG, 1975).
3. Use of Yeast as Food
The use of the yeast Candida utilis for direct animal consumption was first
explored by Delbruck in 1910 (Delbrueck, 1910), and thousands of t o m of t h s
yeast were consumed in Europe and Japan during World Wars I and I1 as meat
substitutes and meat extenders. The term "food yeast" was apparently coined

by the British Royal Society in 1941 to center attention on Candida utilis yeast
grown expressly for human consumption and to set it apart from yeast obtained
as a by-product of the brewing industry (Xedical Res. Council of G.B., 1945). It
has been produced in a number of countries on substrates of both sulfite Liquor
from processing wood pulp and molasses from beets or sugarcane.
Apart from this war-time use, food yeast has not been consumed as more
than a minor ingredient in processed foods for its functional properties or as a
vitamin source. Candida utilis is on the GRAS (Generally Regarded as Safe) List
of the US Food and Drug Administration (FDA),and is used in many processed
foods in North America, Europe, Japan and throughout the world.
Because of the GRAS list status of Candida utilis, we had not hesitated in
1976 to feed 90 grams of Lake States Candida utdis per day for 11' days to 12
subjects. An unexpected m&ng in 8 of these subjects was the development of a
mild papular rash on the palms and soles, followed by peeling of the skin (Young
and Scrimshaw, 1975). Ths was palnless and disappeared spontaneously when
the yeast feeding was discontinued, or even before. In one of the cases, the rash
extended to the dorsum of the hands and the penis.
Different batches of the same material were also fed at levels of 45 grams
and 135 grams for a planned 10-week period. One of the subjects talung 135
grams/day- developed a rash within five days that extended to the arms, back,
chest, abdomen, and thighs. It was neither painful nor pruritic. In thrs case
yeast consumption was discontinued on the seventh day, and after three days
the rash had disappeared. l h s subject was then put back on a dose of 45 grams
per day to complete the study without any recurrence of th-e lesion. Two other
subjects fed 135 grams per day developed rashes on the legs and t b g h s with
some itching a t onset. Their yeast intake was not discontinued and the rash
cleared without treatment on the fourth day. In none of the three was desquamation observed.
The cause of these reactions was never determined because the manufacturer was u n w i h g to cooperate and funds were not available to investgate the
problem further. Since the material was on the commercial market with no
reported problems from its use at lower levels as a food additive, we subsequently fed this yeast at a much lower level as a control in our investigation of
SCPs produced on hydrocarbon substrates with no problems for the next ten
years. In the fall of 1979, therefore, we were very surprised by a group of 28
"control subjects" receiving a commercially available batch of the sulfite-grown
Lake States yeast (Scrimshaw and Dillon, 1981). Two weeks after beginning a
double-blind trial it had to be discontinued because of adverse clinical reactions.
When the code was broken, the principal problem was with the "control"
material. One indvidual had a papular rash on the palrns and soles and five individuals had g a s t r o i n t e s t d symptoms that included some degree of nausea,
vomiting, and diarrhea. The manufacturer was uncooperative in supplying any
helpful miormation, and no follow-up has been possible. It seems clear, however,
that some difference in processing or quality control must h ' - - occurred.
4. Ekperience with Other Yeasts

In 1970 we tested for 90 days an RNA reduced yeast of a different species
grown on ethanol with 50 subjects. None of them developed a syndrome of
nausea, vomiting and diarrhea (NVD) that began about the third week. The
remaining 41 subjects completed the study uneventfully.
In 1973, we observed a similar NVD reaction in 7 of 100 subjects fed 20 gms
daily of Candida tropicalis grown on N-alkanes (Scrimshaw and Udall, 1981). The
remaining 93 consumed the material uneventfully for 60 days. Acid washmg

removed the offending substance in a batch fed to 56 subjects for 14-72 days,
but reactions began to appear when a sscond batch of the material was fed.
Presumably there was a critical difference in the processing of the two batches
that was never identified. Solvent-extrzcted RKA reduced Candida- Lipolytica
grown on gas oil at Lavera, France was fed at a level of 20 gms per day in 50 subjects for 60 days with no adverse clinical reactions.
In 1975 we tested an RNA-reduced -Candida utilis for the first time
(Scrimshaw and Dillon, 1979). The original yeast, produced on beet molasses in
Europe, was and still is in widespread coinmercial food use. Eight subjects fed
50-60 gms per day completed an eleven-d~ybalanced study uneventfully. However, when 13 subjects were fed 35 gms of the material per day, a proposed 30
day trial had to be aborted after 10 days because of s h n rashes in 3 of the subjects. Investigation revealed that to lower the cost the temperature of the RNA
reduction process had been lowered from 140' to 80°c and the treatment time
slightly lengthened. When the trial was repeated in 51 subjects for 30 days with
material processed at 140' to reduce the RNA, no problems were encountered.
Human tolerance to consumption of new single-cell protein from a
methanol-grown yeast of the sub-family Saccharamycoideae as a s i g d c a n t
dietary protein source was tested beginning in 1977. In initial tolerance testing
studies, the whole cell preparation of this SCP caused nausea, vornitmg, and
diarrhea or skin rashes in 17%of the exposed subjects. Both types of adverse
responses appeared to be allergic in origin. Subsequent process variants of this
material proved more acceptable (Scrimshaw and Udall, 1981).
Nearly a dozen other authors have described feeding various quantities of
Candida u t i l i s in amounts up to more than 100 grams per day to human subjects without any adverse gastrointestinal effects, but others have described
difIerent experiences. For example, Goyco, Santiago and Rivera (1959),
reported unacceptable gastrointestinal reactions in subjects receivmg as little
as 15 grams per day of molasses-grown Torula yeast in Puerto Rico. Retrospectively, it was suspected that the defoammg agent employed was the cause, but
t h s has never been confirmed. The subjectsfed a food yeast in an unpublished
U.S. Army field trial during World War I1 experienced no difficulties dur~ngthe
first 30 days, but then developed so much gastrointestinal discomfort, possibly a
result of accidental contamination, that the study had to be terminated.

5. Experience with Bacteria
In 1971 we had our first experience in feedmg bacteria to human subjects,
20 gm per day of an RNA reduced, Acinetobactm coaceticus for 90 days. Eight of
50 subjects developed an NVD syndrome similar to that observed above with the
yeast grown on ethanol. When the same material was acid washed and then fed
to another 51 subjects for 30 days, no adverse reactions were observed. We have
recently begun testing bacteria grown on methanol but the results are not yet
available.
Consumption of other washed. sterihzed bacteria has been reported t cause severe gastrointestinal disturbances in humans. (Waslien, 1975). Ingestion
of 25-50 g of H y d ~ o g e n o m o n a sm t r o p h a cells resulted in diarrhea, headache,
gastric distress, and weakness in five subjects withn 24 hours, and Amobacter
amogenss ingestion caused similar syrnptoms (Waslien. Calloway and Margen,
1969). It is clear that the direct use of microbial cells as food for humans will
require more study and development.

6. FVlamentous Microfungus
In 1977 we fed 20 gm per day of a fillamentous microfungus grown on starch
to 100 subjects for 30 days in a double blind t r i d . Rank-Hovis-McDougall provided identical tasting coohes, with and without the test material. The trial was
uneventful. More recently we have fed 10 grams daily of "Pelulo P r o t e i n , a
fillamentous microfungus (Paecilomyces varioti) grown on sulfite waste liquor to
a total of 50 subjects for 30 days. Half consumed the test material and the other
a placebo for 25 days. The administration was then reversed in a double blind
crossover study. This trail also proceeded uneventfully, and the material proved
acceptable and well tolerated. I was very pleased to learn that Prof. Torev in
Plovdiv has produced a fillamentous-fungal product that is well tolerated and
palatable in human foods.
7. Nutritional Considerations
From our own laboratory we have obtained data from N-balance studies on
several of these single cell protein products. By feeding them a t a level of
approximately 0.4 gms of protein per kg per day, digestibility can be reliably
calculated. For the Candida utilis grown on sulfite (Lakes State Yeast Co.)
digestibility was 78%. For RNA-reduced Candida utilis grown on beet molasses
(Nestle Co.) it was 84%. For the Rank-Hovis-MacDougall fillamentous microfungus mentioned previously it was 75%. Digestibility figures for these and other
SCP's reported in the scientific literature are given in Table 1, (Waslien, Calloway, Margen and Costa. 1970).

Table 1.

Some nutritional value data on single-cell proteins for human subjects.

Material

Digestib ility

Yeast:
Candida u t i l k
Sub-f arnily
saccharomycoideae
Candida utilis

Reference

Waslien et al. (1970)
Scrimshaw & UdaU (1981)
Scrimshaw (unpublished)

Fungi:
Fbsarium graminearum
F b s a k m gramine a r u m
+ 1%Methonine
Paecilomyces varioti

Udall et al. (unpublished)
Udall e t al. (unpublished)
Udall et al. (unpublished)

Algae:

ChloreLla pyrenoidosa
Scenedemus obliquus
Chlmella p y r a o i d o s a
(low level)
Chlorella pyrenoidosa
( h g h level)

Corrected for endogenous N excretion

Lee et al.
(J. Nutr. 92: 281,
Dam et al.
(J. Nutr. 86: 376,
Dam et al.
(J. Nutr. 86: 376,
Dam et al.
(J. Nutr. 86: 376,

1967)
1965)
1965)
1965)

Data on amino acid scores and net protein utilization for many of these are
available but are of Limited value.
Because methonine is limiting in their amino acid pattern compared with
that of the 1972 FAO/WHO reference amino acid pattern, amino acid scores
ranging from 21% to 93% have been reported. When single cell proteins are fed
at the level conventionally used for determination of Net Protein Utilization
(NPU) to human adults (approximately 0.4 gm of protein per kg) or to rats diets
with 10% protein, methonine addition improves N retention and rat growth.
However, when single cell and legume proteins are fed at levels adequate for N
balance, sulphur amino acids are far less limiting and the NPU is greater than
predicted from conventional assays, (Scrimshaw and Young, 1979). This issue
has been reviewed in two recent publications (Pellett and Young, 1980) and
(Bodwell, Adkins and Hopkins (eds), 1981). It is sufficient to say in this review
that nutritional value is not the limiting factor in the utilization of well produced
SCP's in processed foods and mixed diets. The limitation will be due to issues of
palatability, tolerance, functional properties and cost.
8. Preclinical Evaluation of SCP

All of the SCP products we have tested on human subjects have undergone
extensive prechical t e s t ~ n gin experimental animals as indicated in PAG guideline No. 6 and must have also been extensively and successfdly fed to farm
animals, including chicken, swine, and calves. In addition, those grown on
petroleum hydrocarbons must have been produced in accord with PAG Guidehe
No 12. However, with increasing experience we have gradually evolved procedures for clinical testing that are a marked improvement on this in PAG
Guideline 7.
Among the key provisions will be the requirement for a tolerance test conducted on a double-bhd crossover basis with at least 50 subjects. The deslgn
calls for 25 experimental and 25 control subjects for 30 days, a short break and
then reversal of the two groups. A battery of biochemical tests indicative of
liver and kidney function is obtained at the start and at the end of a 30-day
period. The level at whch the test material is fed should be at the upper range
of intended use, at least 15 to 30 grams per day.
Since adverse reactions due to infections and other causes unrelated to the
material fed, are not uncommon in any extended feeding study even of such
accepted foods as milk or soy, the problem is to distinguish those responses
that are due to factors unrelated to the test protein from those that are due to
specific intolerance to it. Without an adequate control group t h s is impossible
when the frequency of adverse reactions is low. Of course, when the frequency is
greater than 10% or the symptoms are as hstinctive as those of the NVD syndrome or the eruptions on the palms of the hand and soles of the feet, described
above, the task is easier.
If successful, tolerance trials should be followed by a N- balance study in 6-8
subjects in order to obtain data on digestibility and an estimate of net protein
utilization. Any adverse reactions call for modification of the processing procedures in an attempt to neutralize or eliminate the substances responsible.
Ideally it would be desirable to determine whether or not t h s has been acheved
without the need to expose additional subjects to this risk of reaction. This is
sometimes possible as described below.

9. In vitro Approaches to SCP Tolerance
It should be stressed that no amount of preclinical testing in experimental
and farm animals can eliminate the possibility of intolerance when an SCP product is fed to human subjects. Animal trials can eliminate true toxicity and
make human trials ethical, but they c a ~ o predict
t
the frequency of allergic
reactions of a gastrointestinal or cutaneous nature at an unacceptably high level
of frequency or severity. Even for subjects who have experienced an allergic
reaction neither skin tests with extracts of the material fed nor the radio
immune test (RIST)for circulating antibodies to the test material have not thus
far yielded consistent or useful results. However, it has proved possible to
screen processing variants by incubating extracts of them with cultures of lymphocytes taken from in&viduals showing such allergic response to the original
material. As mentioned above a Candida utilis grown on beet molasses and RNA
reduced at €30'~ caused a h g h ffequency of s h n reactions of an apparently
allergic nature in human subjects. Not only did an extract of this material
stimulate the replication of lymphocytes from reacting individuals but also it
was possible to fractionate the extract and demonstrate that the response was
due to a protein with a molecular weight of approximately 55,000Daltons. RNA
reduction at 140' eliminated both the in vitro and in. vivo response. One limitation to this technique is that the responsiveness of the lymphocytes is gradually
lost after a few months. Since then in & f r olymphocyte response to the
methanol grown yeast preparation mentioned previously was assessed by the
lymphocyte transformation test (LT). The test gave positive results in sensitive
subjects, which were two or more-fold higher than those in age-matched control
subjects. The effect was specific and reproducible provided the tests were conducted with (i) subjects who were sensitized not more than three months ago
and (ii) control subjects did not have a positive LIT response to Moniha antigen,
in whch case there would be a cross LTT response with the methanol-grown
yeast. Because of its specficity, the L T can be considered a useful aid in diagnosis of human allegic response to consumption of the methanol-grown yeast.
When applied to provide an in viho in&cation of potential allergenicity in
industrially modified preparations of the methanol-grown yeast, the LTT successfully identified heat shock at an acidic pH as a process that could attenuate the
factor(s) responsible for gastrointestinal symptoms. We have since further
refined this method and are applylng it to additional SCP products that have
caused apparently allergic reactions.
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Selected yeasts, bacteria and fillamentous microfungi can be used as
significant protein sources in human diets but processing to reduce their RNA
content is required when they are to be used in the quantities necessary for t h s
purpos- Allergic responses have not been described with fillamentous microfungi but have proved common with yeasts and bacteria. Fortunately t h s problem can usually be overcome by suitable processing. Although thus far experimental animals have proved of no value in detecting potential allergenicity for
humans, lymphocytes of sensitized in&viduals can be used to screen processing
variables for improved tolerance. Human feeding trials must be preceded by
extensive preclinical testing in experimental and farm animals in accord with
the PAG guidelines.
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1. Introduction
World nutrition balances prepared by FA0 permanently show malnutrition
of the population in the developing countries and a simultaneous growth of
satiety in the developed countries. Food consumption estimated in calories per
day m the countries of the Far East and Pacific amounts to less than 2000 kcal
with 2200 kcal the minimum demand, wMe in the developed countries it
exceeds 3100 kcal, i.e. Poland 3500 kcal.
In many developing countries the area under cultivation could be doubled,
and in all the countries there are possibilities for considerable growth of agricultural production and for decreasing losses following the harvest and those whch
occur durlng food processing and storage. Actually, on a world scale, we have
the potential for producing a much greater volume of food per capita than 10
years ago, and an incomparably greater one than 100 years ago. The presentday total food shortage is, primarily, a consequence of the weak economy of
developing countries, irrational dstribution and unfair allocation of food
reserves. 'Ihs results mainly from political and not agricultural and technical
conditions. The way to improve the situation is not hopeless although the essential problem of the actual light against hunger lies in the level of people's
income, which depends on the socio-economic advance of single world regions
(Rutkowski, 1979)

2. Demand for Food Protein
Both in developed and developing countries, the protein deficiency as basic
food element, is a major topic of discussion. Actually, apart from the tropical
belt there is no deficiency of protein in the physiological sense (Mauron, 1978).
Though there is certainly one (kwashorkor), in some regions of the world where
the diet is extremely unbalanced and the economic standard of the population is
particularly low. In developed countries the shortage of edible protein in nutrition of even poor social strata occurs rarely, and the level of its consumption is
determined by prices of food articles of animal origin. Therefore, the
phenomenon of protein shortage can be considered, in general, as:- the direct effect, where plant protein constitutes the basic element of food,
and the energy needs of the body are covered two t h r d s by direct consumption of pulse and grain products. T h ~ ssituation occurs, more or less
intensified, in all developing countries;
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the indirect effect, where plant products (without oils) cover only one-thrd
of the energy demand. An inhabitant of these countries, developed ones as
a rule, consumes, on the average, four times more meat and fats and nearly
six times more milk and eggs than an inhabitant of developing countries.
This is also reflected in the fact that, for example, the population of the USA
and Canada as well as of many European countries consumes directly less
than 10 per cent of grains, since over 90 per cent of grains are used for
fodder in order to produce a n adequate amount of meat, milk and eggs
(Rutkowski & Kozlowski, 1981)
Thus, the problem of protein shortage in developed countries consists, primarily, in lack of fodder protein which is the raw material for animal protein
production. It must be reahzed that the conversion of plant protein into animal
protein is extremely costly, and losses in t h s process are quite substantial. For
example, protein losses in the production of poultry meat protein (broilers)
amount to about 70-80 per cent, whle in beef production they are as large as
90-96 per cent.
Under these circumstances, the consumption of animal protein exceeding
man's physiological demand (about 0.5 g / l kg welght/day) is an extravagance,
which becomes ever more common with the growing incomes of a population.
No less important are customs of the people based on a belief that consumption
of meat dishes is a mark of af3luence.
The problem of protein shortage in developing countries where the consumption of animal products is not as h g h as in developed countries, resolves
itsell into the correlation with food consumption in general. Though in the
future, with the growing living standard of the population, there is to be
expected in those countries also a n increased consumption of animal products.
A higher demand for these products leads to a general increase in the cost of
food, and depends entirely on cheap food deficient in protein. It may be anticipated that this tendency will continue in the future, but we hope that it wdl not
reach such h g h levels as in Europe or in the USA, both for climatic, religious
and custom reasons.
Growing consumption of meat and meat products, observed most markedly
in a number of countries in recent years, expands the disproportion between
plant protein production and the growing demand for animal products. The
point is, how to counteract the increasing shortage of fooder and the growing
consumer demand for bigger production of non ruminant meat and meat products. Of course, the prior task is to increase production of conventional fodder
protein and its optimum use. No less important is the use of a possibly h g h e r
share of the produced animal protein for edible purposes. m s alone will not do,
however. The decreasing area of arable land in developed countries and the
growth of agricultural production costs with the rising output, focus the
interests of science on new methods of obtaining and processing nonconventional proteins products (NCP). The prior ones among these are the following:
- chemical synthesis of protein-like substances and their use as fodder or
food,
- microbial synthesis of protein for fodder concentrate for pig and poultry
from raw materials useless in human nutrition,
- replacing a part of animal proteins by plant proteins in human and animal
nutrition.
Unfortunately, much of t h s NCP exists essentially as inert powders, laclung
any functional properties such as water-binding or the capability of being

texturized. Their only use has been as inert additives to simple materials. SCP,
algal protein, leaf protein and fish protein concentrate have not become-realities. As a general rule, these foods are organoleptically unacceptable, and
therefore studies should be made of ways to preserve the native protein or to
incorporate it functionally into the processed protein (Mark, 1979).
3. Non Conventional Protein
3.1. Synthetic Protein

Protein synthesis has long been a point of scientific interest. The attempts
undertaken by Fischer in the early twentieth century to reproduce the protein
structure from amino-acid substances initiated a systematic research in t b s
field. A certain success was reached in the so-called pansynthesis of aminoacids and their condensation in protein particles. The works of Xiller, and later
those of K. Stewart and S.W. Fox, led to obtaining a protenoid containing arninoacids connected by peptide linkage, the molecular weight of the protenoid
amounting to about 8000. Thus, considerable success was achieved aiming at a
synthesis, and, with the present state of knowledge and technique, it can be
assumed that a synthesis of a protein-like product of adequate amino-acid composition is realistic, similarly to the synthesis of fats - glycerides. From initial
components thus obtained, products corresponding to natural ones can be composed. In t h s way a proverbial "synthetic cutlet" can be made. But why do it?
A synthesis of meat through animal organism is and will be for a long time, after
all, the cheapest means of production, and now it is impossible to say when synthetic products will come up to meat in their sensoric quality (Rutkowski 1979).
Another method for produc~ngnovel biosynthetic food protein products is
the so-called plastein reaction. By this way from low quality proteins full nutritive value protein preparations will probably be obtained soon. However, it is
necessary to t e c b c a l l y master the plastein reaction, a process has been elaborated on a laboratory scale by M. Fumjimaki in Japan. It must be assumed
that obtaining an adequately cheap product, will still require persistent and
arduous work (Rutkowski 1981).
3.2. Single Cell Protein (SCP)
Microbial biosynthesis of proteins is the oldest and widest field of research.
For over 100 years researchers have been fascinated by the possibility of involving micro-organisms in producing from waste substances proteinous biomass
(BMP), or single cell protein (SCP) when the micro-organisms are harvested and
separated from the substrate. The world is frequently thrilled by the successful
results of laboratory research. In studies it is assumed that from 100 g of carbohydrate substrate the maximum practical yield of true protein by bacteria is
35g and by yeast and fungi 25g (Worgan, 1972). By a n other calculation lkg of
barley flour supplemented with an inorganic nitrogen source would give about
500g d.w. of meat-like mycelium containing 150-200g high quality protein. The
same amount of barley used as pig feed would yield only 15-20g of meat protein
(von Hofsten, 1976). However, few of these methods are used on an industrial
scale, either for economic reasons or because of difficult techmcal solutions of
the equipment for processing. Successive achevements in thls field were the
following:
- 80 years ago the industrial production of Torula yeast SCP in Germany,

-

60 years ago the use of waste-sulphite liquor and wood waste in SCP production,
- 20 years ago takmg up of the production of yeast .SCP on n - p a r a 5 s of
crude oil,
- 10 years ago presentation of edible bacteria SCP produced on a techmcal
scale, obtained from methane.
The production of baker's yeast on conventional substrates such as
molasses played only a minor role as a protein source in human nutrition. It
must be recognized that there is a strong tendency for the production of SCP by
cultivat~ngyeast on hydrocarbons and waste. The best-known are Candida cultivated on a hydrocarbon substrate for use as a protein rich component of
animal feeds. As important is research done on recycled whey lactose, and
emuents from potato, cassava, and maize starrch factory into food protein by
yeast. Much attentian is given to converting cellulose by cellulases into glucose,
whlch can be converted to alcohol and yeast protein. In general the crude protein content of yeasts lies between 50 and 65%.
Another route for the production of SCP is the bacterial cultivation on
purified paraftlns, methanol (Pseudomanas) or on ethanol (AcinetobacterNestle) followed by removal of nucleic acid from the product, to give suitable
products for use in human consumption (Mauron, 1978).
The crude protein content in bacteria SCP lies between 67-80% but they
contain twice as much nucleic acid (15%)as yeasts.
From a nutritional viewpoint h g h ribonucleic acid (RNA) content of SCP
constitutes a problem since humans are unable to degrade the breakdown products of purines and pyrimidines. For t h s reason SCP is considered more as a
feed-supplement, The amino-acid profile of SCP also shows some deficiences and
supplementation with cysteine and methionine would be probably necessary
(Rogers, 1978).
Most SCP enterprises have been concerned primarily with the production of
animal feed protein. It is accepted that the animals can, with certain types of
components (potentially toxic to man) serve as a "filter". On the other hand,
some lipid (i.e. branched-chain or odd-numbered fatty acids) and other components (i.e. polynuclear hydrocarbons) in the feed may accumulate in the
animal tissues. Much of the experimental work shows that under suitable production extraction and purification conditions protein feeds can be manufactured whlch pass safety tests (Aylward, 1979).
At present prospects for SCP intended for animal feed appear to be decidedly rosy. The price may be expected to fluctuate rather rapidly and settle
down to lie between that for soya meal and that for 6sh meal. On the contrary
after the &st enthusiasm for the direct use of SCP in human nutrition, it soon
became evident that bacteria, and even, to a somewhat lesser degree, yeasts,
could not be used ~ . sa protein source for human beings unless their content of
nucleic acla was considerably reduced. Nucleic acid highest permissible daily
dose is 2g. Ths intake can be sustained for a long time without elevation of the
uric acid in the blood (Mauron, 1978).
The use of yeast and bacterial protein for human nutrition require complete
removal of substances which lower its nutritive value and to give the product
suitable organoleptic qualities. It is necessary to solve the simple industrial
technology of separating protein from the celi, removing substances such as
nucleic acids (6-18%) and odd fatty acids (fat content 5-10%) and other
unspecified flavour factors.

It is often assumed that small scale SCP production can easily be made
operational. This can be considered a serious underestimation of the problems
involved. Positive results are more likely to be acheved in larger (ca. 100,000
ton SCP/year) industrial scale process.
In so far as considerable success is to be noted in using yeast BMP as
animaI feeding stufI the concepts of further advance in this field are considered
reahstic.

3.3. Algal Protein
From ancient times algae have formed a part of the diet in certain civilizations (Asia - Japan, Africa - Chad, America - Aztec). Simultaneously, with or
without success, research works are continued on economic and technically
realistic use for the production of the biomass of algae (Chlorella,Scendesmw
and Spirulina) which have aroused the world several times as the potential
source of protein (Mauron, 1978).
The great importance of algae is that they possess the advantageol.u property of growing in a strictly inorganic medium. Propagation of algae can be carried out in a closed system (fermenters) or in open ponds or lagoons. Algae contain between 50% and 65% protein and nucleic acid content about 4%. The EEA
content is sirnilar to that of plant protein. The PER-value lies between 2.0 and
2.8; NPU ca. 60 (Priestley, 1976).
I t is true that sophisticated systems for culturing micro-organisms from
inorganic materials, such as those algal systems which depend upon artificial
illumination and rapid pumping of the algal suspension are unlikely t o be used.
Algal systems wbch utilize sunhght as an energy source are in a stronger position, but practical application on a large scale WILI remain dependent upon
reducing the technology required to very simple terms and diminishmg the capital requirements to levels appropriate to developing country economies
(Szczepanik, 1977).
Algae cannot be produced economically on an autothropic basis using conventional SCP production t e c b q u e s due to prohibitive energy costs. Cells must
be fractionated in order to render the proteins avadable for direct human consumption, since the intesbnes do not possess the enzymes to break down the
cell walls. While fractionation is easily achieved in the laboratory, extension to
the production scale is fraught with difficulties and the cost of the final protein
product could increase by at least sevenfold (Priestley, 1976).
3.4. Fungal Protein

Research on lignocellulolytic fungi are concerned with their use for the production of edible protein. ~ n o c e l l u l o l y t i cfungi that cause white-rot and other
forms of decay in dead trees are able to hydrolyse lignocellulose. In Thai isolated fungi (IDRIC, 1981) that grow rapidly and increase the digestibility and
microbial protein content of -l7garcane bagasse, rice straw and other lignocellulosic waste used as fodder (BMP). Fungi are being selected that neither generate toxic materials nor present any hazard to human and animal health. The
idea of use for food protein production in submerged liquid culture of Polypoms
squamosus has been described by Prof. A.Torev from the Plovdiv Agricultural
Academy, and Sporotrichum puiverentum by Dr. v. Hofsten from the University
of Uppsala. The mycelial mass (2% d.w.) obtained can be dried by various conventional methods and used as a protein component (25-40% dew.) in foods
( v . ~ osten,
f
1976). Nutritional and toxicological testing of these products have
still to be completed.

3.5. Plant Proteins
(Rutkowski, 1979; 1981; Rutkowsla & Kozlowska 1981)
The conception of protein brmgs to mind meat, milk and eggs. Meanwhle,
the share of plant protein in diets ranges from 30 per cent in the USA to 87 per
cent in South Asia and West Africa. Difficulties encountered in increasing animal
production, and primarily, the rismg price of meat, called the attention in the
past decade to the concept of replacing animal protein in food and fodder by
adequately prepared vegetable protein. In considering this concept from the
viewpoint of food policy it can be assumed that replacing each kilogram of meat
by a substitute or analog of plant protein increase protein would food reserves
five to tenfold. The essential thmg for the average consumer is that he can purchase meat products of h g h nutritive value for a reasonable price.
The concept of obtaining meat-like products from plant proteins arose
about 100 years ago when Kellog obtained gluten based products resembhng
meat dishes. However, only after World War I1 in view of worldwide economic
difficulties and of the remarkable advance of research on soybean protein carried out over the last 40 years, soybean preparations became available on the
food market. In the late 1950s protein concentrates and isolates were the first
products, the moderate addition of which to meat products has been approved
by consumers. Further progress was the introduction of textured vegetable protein in the 1960s. Although the production of textured products based on spun
proteins has not realized hopes so far, mainly lor economic reasons, the introduction of textured products based on flour and extruded soybean concentrates
fully met the requirements for product substitutes of average quality. Undoubtedly, a further step is the introduction in the market of frozen fibrous protein
isolate. Thls isolate is of a h g h grade and can be introduced in meat products in
considerable amounts without lowering their quality.
The task during the 1970s was then is to master production and use of plant
protein products (mainly of soybean) in human nutrition in the developed countries. Introduction of these products in the market was facilitated by the following :
- rise of meat and milk prices on world markets,
- dwindling hope of acheving considerable amounts of edible protein from
sea resources and by microbial synthesis.
The expansion of the scope of using plant proteins as ingredients in meat
products, baked goods, confectionary products and in beverages was determined by the favourable results of nutrition studies, and by defining their functional features, The issue in 1971 by the U.S.Department of Agriculture of a permit to use textured vegetable proteins as partial substitutes for meat in the
lunch school programme also encouraged production and consumption. The
range of using vegetable protein products, developed so far, includes the following:
- Improvement of functional properties of d u c t s such as achieving better
bread toastmg, better firmness of sausages, etc. For this purpose, small
amounts of proteins of Limited functional mfluence are added to the product (sausages 3-5%,bread 5-10%).
- Partial, up to 50% replacement of the expensive and scarce meat in mass
consumption articles, i.e. minced meat products, pates, hamburgers,
ready-to-serve foods, etc.

-

Enrichmg of food products with cheap vegetable protein in order to improve
diet standard and supply better food to people in some world regions.
- Creating of new food articles such as coffee wbteners, confectionary
creams, frozen desserts, beverages, sauces, meat and bacon analogs, and
other products obtained solely from vegetable proteins.
A t the present development stage of the technology it can be said that
vegetable protein products are winning, step by step, an even stronger position
on the food market. The way is not easy, and many drawbacks need to be overcome. Let us consider some of-them.
Advances in the production of vegetable protein products is llnked primarily with improving their functional and nutritive qualities.
The direction of developing optimum functional qualities depends on the
destination of the preparation. That is why many types of products are available
as, at the present stage of science, we are able to obtain a product adapted, to
the bghest degree, to technical requirements of the article. The best example
are all lands of modifications of vegetable protein isolates.
In order to ensure adequate functional qualities of vegetable protein additives, often more than one preparation has to be used. Such is the- case with
meat products. Roughly speak-, meat products are composed of:
- emulsifying/gell.mg proteins, the properties of whch can be improved by
the use of isolates, and of
- fibrous proteins, for the replacement of whch products are needed of sirnilar qualities to those of muscle tissue such as extruded proteins, frozen
spun and spun protein fibers.
The aim is to improve structure, firmness and chewing properties of the
products, high water-binding capacity (l:4 to 1:5),to maintain good gelling properties and emulsion stability regardless of the temperature and heat treatment
applied, and also to improve the tolerance for medium pH and the presence of
electrolytes present in it (e.g. salt and phosphates). Consequently, in producing
vegetable protein products for the meat industry, the aim is to achieve products
whch give a good, low-viscosity in brine, strong after heatmg, good and smooth
texture, firm binding with meat, good fat emulsification, good water-holding
capacity also in cooked products, and primarily not causing colour deterioration
or an off-flavour in the h a l product.
The problem of the nutritive value of vegetable protein products arouses
discussion. The nutritive value of protein concentrates (PER about 2.2) and isolates (PER about 1.8) is fairly low. I t can be raised in a relatively simple way by
the adcbtion of methionine and lysine or by a more complicated plastein reaction. However, t h s operation seems to be in use only in the case of preparations
that are the sole protein element of the diet as, for example, in case of baby
foods, low-calorie foods or food for cbabetic patients. Our experiments with
addmg 20% and 40% of soybean isolates and concentrates to lov -.grade meat
showed no essential lowenng of the nutitive value of the mixture.
A specific problem is created by anti-nutitive factors present in soybean
such as antitrypsins and hemagglutinins. We found also in this case, however, a
high degree of their deactivation during processing. Thus, in evaluating the
nutritive value of products containing them, their antiproteolytic action was not
found in vivo when tested on rats.
A more complex problem to be solved is obtaining vegetable protein products completely free from the off Ravours (beany grassy, etc.) as well as its reversion after dehydration and heating. Although the occurrence of the beany

flavour, particularly in soybean isolates and isolate by-products, has been
largely eliminated, flavour remains to be the essential factor limiting the volume
of soybean preparations added to food products.
A similar problem is caused by oligosaccharides (stachyose) present in
flours, grits and concentrates whch bring about the discomfort of flatulence.
Many researchers believe that both the difficulties and high cost of eliminating
the beany flavour and the flatulence factor, particularly from flours and concentrates may be a deterrent in their use.
Therefore, intensive research is being carried out to obtain vegetable protein products from seeds of cotton, groundnut, sunflower, rape, pea, triticale,
etc.
Taking into consideration the opinions of food producers using vegetable
protein products, and the results of many consumer surveys, a growing use of
these products is to be expected in the near future for these products in the following fields:
- In meat processing an increased use of extruded flours and concentrates is
expected in the form of meat substitutes in making products such as soyburgers, meat balls and cubes, meat pates, etc. Also the use of isolates as
technological additives to improve the firmness of meat products and
canned ham, to increase the water-retention capacity of the meat mass and
the stabilization of fat-protein emulsions in processed articles s ~ c has
cooked and cured sausages, luncheon meat, etc., is expected to expand.
- In the bakery industry the interest in vegetable protein products will grow
since their addition improves toasting, extends shelf-life and allows the production of various quality types of bread.
A marked advance is expected in elaborating new types of all kinds of adequately modified vegetable protein isolates. They are ever more used in confectionary for producing whlpping agents and whipped toppmgs, pastes, desserts
and frozen desserts.
The possibility of obtainmg, by modillcation of plant protein products of a
high tolerance to water hardness and medium acidity, offers good possibilities
for producing hlgh-quality coffee whiteners, still-and carbonated- beverages.
fruit (citrus, pineapple) and vegetable (tomato, carrot) juices, desserts with
natural fruit flavours, sour candies, acid types of fillings, jams and jellies. In the
group of beverages the use of modilled isolates is feasible for foam stabilization
in beer.
A great future in using all the types of vegetable protein products is foreseen in producing convenience foods, instant and canned soups, sauces, salad
dressings, and cheese spreads. In these the preparations are a factor in enriching protein and giving suitable physical quality to the product, particularly by
thckening .
Protein concentrates and isolates are used especially for protein enrichment or replacement in the production of baby foods, dietetic and geriatnc
foods. Isolates, owmg to their low amount of non-protein calories, are suitable
for production of low-calorie foods.
In the promotion of the use of vegetable protein products very much
depends on the elaboration of new improved production technologies. Further
development requires, primarily, removal of the beany flavour from soybean
products, greyness from sunflower products, and the bitter taste from rapeseed
products, etc. It must also be taken into account that in order to obtain good
vegetable protein raw material, the traditional oil extraction technologies will be
changed and a new type of processing will be introduced such as w e t - m i b q of

oilseeds.
Future studies will expand our knowledge of physical ,and chemical properties of vegetable proteins. This wdl help to develop better technology for obtaining preparations of better and desired qualities. Already now we can ifluence
the properties of the preparations by chemical (e.g. succination) by mechanical
and heat treatments to give them desired functional qualities, and by the plastein reaction we can considerably raise their nutritive value.
3.6. Animal Waste Protein
The best use of animal protein is its direct consumption. Unfortunately
some abattoir products, in several countries determined by food habits, religion
and customs are rejected by human consumers. They are proteinaceus materials, i.e. blood, lungs and intestinal tissues which could be used for food grade
protein products (Swingler).
The plasma fraction of blood is being increasmgly valued as a meat substitute in comminuted meat products. In another method plasma protein for use
in human nutrition is prepared by spinning of the plasma proteins. Plasma
fibers contain 16-20%protein and are comparable to raw meat fibers. The concept of spinnlng is also being applied to proteins extracted from lung and
stomach tissues. The NPU of spun products ranges from 53 for plasma to 77 for
rumen fibers (Swingler).
Recently, solvent extraction processes have been applied for the preparation of fish ( P C ) and meat (MPC) protein concentrates. Ethylene dichloride is
employed as the extractant and the proteinaceous residue may be further
treated with isopropanol to remove traces of fat and undesirable flavours in the
products (Grant, 1976). FPC is produced from headed and eviscerated a h fiesh
(Hansen). MPC is prepared from offal tissues such as liver, lung, spleen, heart,
kidney, stomach, blood and some bone (Grant, 1976). F'PC or MPC preparations
are.expensive and the quality of the products has rather lower functional and
nutritional quality than native fish or meat protein. Therefore its production has
not been developed. The greatest needs for low quality F'PC (drum dried from
catches of small whole fish) are foreseen in certain South-East Asian countries
with large populations of traditional fish consumers (Grant 1976).
Cheese or casein whey can be dried to whey powder. The uses of this
powder includes baked goods, ice cream, processed meat and processed cheese.
Deionised whey powder f h d s use in the production of so-called humanized baby
foods. The Gel filtration, ion exchange or ultraf3ltration aimed at extracting the
protein from whey gives products suitabie for use in the tlour and sugar confectionary industries, in the soft drinks industry and in the preparation of baby
foods of excellent nutritional value (Coton, 1976).
Unfortunately the h g h cost of raw material transportation, investment in
sophsticated technologies, and high hygienic requirements, reduce the interest
in whey protein production. Therefore the simplest means for whey utilisation is
still to feed it directly to pigs.
4. Conclusions

The development of the use in food processing of non-conventional protein
products obtained not only from soybeans but also from other raw materials will
be promoted by the general world economy and changes in food availability. The
development of new technologies can alter the specific functional properties and
competitive position of the protein product obtained from different sources.

The improved nutritional profile and greater consumptional attractiveness
of products will also influence the success of both the existing and future types
of the non-conventional proteins as food ingredients. There are two principal
conditions for good food: enjoyment eating it, and enjoyment of health as a
result of food intake. Both are inseparable.
Actually we are at a stage when, in developed countries, vegetable protein
products are considered to be substitutes, similarly to margarine 80 years ago.
Technological advances in production and economic factors which may mean
increased prices for animal products will soon account for a situation when NCP
products will be regarded as regular elements of our food just as margarine is
regarded now along with butter.
Legal, social and economic aspects - rather than technological ones - are
the important constraints for the development of NCP as food grade products.
They must be taken into account in the appraisal and calculation of any programme based on such products.
There is a strong tendency to conservatism in food habits. I t is therefore
reasonable to suppose that, as far as practicable, non-conventional food proteins
(first of all SCP and BMP) will be used for the production of familiar food items,
and feeding to animals for meat, egg and milk production will no doubt also be a
common application in developed countries (Plaskett, 1976).
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THE WXlTS OF EXTRACTED LEAF PROTEIN
Dr. N.W. Pirie
Rothamsted Experimental Station,
Harpenden. Herts. AI5 2JQ U.K

Potential abundance is the principle merit of protein extracted from leaves
(LP). A paper for the U S A conference in 1981 (Pirie, 1982a) put most emphasis
on protein extracted from by-product leaves whch would otherwise be wasted.
There is little conUict of interest when such material is exploited. Provided the
extraction can be managed economically, any such process is obviously advantageous. When crops are grown primarily as sources of LP, the case for diverting
some land from conventional systems of agricultural needs more detailed attention.
In the U.K. the annual yield of dry, extracted, 100%protein can be 2 t ha'l;
in Inda, with no winter cessation of growth, the yield can be 5 t. It may be
uneconomic to aim a t such large yields because of the amount of fertiliser
needed to attain them - practical ylelds vnll probably be 1.5 t in U.K.and 3 in
India. Nevertheless, such yields are 2 or 3 tirnes the yield of protein from any
other source, e.g. a legume seed.
Fractionation by the method outlined here produces LP, the fibrous residue
of the leaf, and a fluid containing various soluble leaf components. The dry
matter (DM) of the original crop is distributed between these three fractions in
the approximate ratios of 1 to 5 to 1. It could therefore be argued that the fibre
is the main porduct and the LP a by-product. 'Ibs is probably the situation in
wealthy countries where there is no shortage of protein in the human diet, and
where the number of cattle that can be kept depends on the supply of conserved
winter fodder. More than half the protein can be extracted from a young, lush
crop. Because various soluble components of the leaf are also extracted, the
protein content of the residue from which LP has been extracted is not halved.
The residue usually contains 1.5 to 2.0% N (on the DM); it is therefore a better
ruminant feed than the best hay, but not as good as mcst of the "dried grass"
produced commercially. Because juice has bet, pressed out of it, it is friable
and can be dried by blowing air through it in summer even in Britam. When fuel
is used for drying, the saving is considerable. During the past 40 years, t h s
point has repeatedly been stressed: it is only now gettlng adequate recognition.
An example will illustrate the scale of the potential saving. If pressing has been
managed so that the fibre contains 65% water, 1.6 t of water have to be evaporated to get 1 t of "dried grass" containing 10%water. A good quality crop seldom contains less than 85% water and may contain more than 90% if harvested
early in the day, or in wet weather, so as to keep the drying equipment in continuous use. In these circumstances, the weights of water that have to be

evaporated are 5.1 t and more than 8 t.
Cattle eat the product readily and several trials (mainly in the Rowett
Research Institute, Aberdeen, but also in the USA) show that it has better feeding value than a crop with the same N content initially. This is because more of
the N is true protein and the fibre, being from a less mature crop, is less
lignified. Obviously, it contains less protein than the original crops, but a crop
such as grass or lucerne, fertilised and harvested so as to give maximum yield,
contains more protein than a ruminant needs. It is therefore reasonable to
extract the excess for use by people and other non-ruminants. During the
extraction of LP, much of the soluble material is removed from the fibrous residue so that it contains less strongly flavoured or toxlc material than the original
crop. Residues from plants such as water hyacinth and potato, wbch animals
are unwilling to eat in the fresh state, should therefore be acceptable. This is a
point that has stdl to be established by experiment. Nevertheless, one merit of
LP production is that it could increase the supply of cattle fodder.
The effluent from silage is a troublesome pollutant that kills plants near the
silo and fouls streams. There is no effluent from a silo tilled with fibrous residue
moistened with the fluid that is pressed from coagulated LP, so as to prevent
access of air. Where conserved winter feed is important, LP production has
therefore an environmental merit. The fluid contains most of the leaf K,much of
the P, N in the form of amino acids and amides, and sugars. Ultimately, when
there is regular commercial production of LP, it will be used as a culture
medium for microorganisms. Several papers on its merits as a substrate have
already appeared. It is not Likely to be feasible to use the fluid in this way when
LP is made on a domestic or village scale. It should then be used as fertiliser on
an area of land similar to that from whch the crop was taken. Silage efauent is
toxic only because it is too concentrated locally.
With any crop, the annual yleld of useful product depends in part on the
area and duration of photosynthetically active leaf, and on the fraction of the
total material made by photosynthesis that is h a l l y present in the useful part
of the plant. It is well-known that forage crops give larger ylelds than seed crops
because, if harvested skillfully, land covered by them is continuously active photosynthetically with no period during whch, as with seed crops, sunlight merely
ripens and dries material that has already been made. Furthermore, all the
above-ground material is useful. When human food is belng made, these advantages of forage compared to seed crops are then lost because the forage is fed
to an animal that returns in edible form only 10 to 25% of what was eaten.
There is an optimal time for harvesting a forage crop because, although the
amounts of above-ground protein and dry matter increase steadily until maturity, the fraction of the protein that can be readily extracted diminishes as
leaves age. Some examples of this are given elsewhere (Pirie, 1978); the reasons
for it have been studied in some detad (Butler, 1982). Much research is still
needed to find species and varieties that do not have to be harvested with
uneconomic frequency in order to avoid the harmful effect of leaf m ~ + ~ . r i t As
y. a
result of that research, annual yields will probably increase. It is already possible to get a greater yield of edible protein from LP production than from any
other form of husbandry; nevertheless, a technique in its lnfancy is being compared with t e c h q u e s that have already benefitted from a vast amount of
research.
Most of the LP used in human feeding trials is made from lucerne (Medicago
satwa) because it is readily available. This increases the significance of the
results because lucerne LP carries more residual flavour than LP from the
cereals or from other legumes such as berseem ( X f o l i u m alexandrinum) or

cowpea (Rgna unuicdata). When unfavourable comments on the flavour of LP
are made, it should be emphasised that they usually apply to material made
from lucerne by people with questionable skill. There has been little work on
extraction from bush and tree leaves. I have discussed elsewhere (Pirie, 1982b)
the manner in which LP production could be integrated with "energy plantations". A perennial crop has obvious advantages in regions liable to heavy intermittent rainfall.
LP that will be used as human food should be made from crops harvested by
mowing with an old-fashoned unit that collects the leaf on a belt without allowing it to fall on the ground. The leaf should then be washed to remove most of
the surface dust: otherwise t h s will contaminate the LP. Any form of flad harvester is likely to introduce an unacceptable amount of dust into the product.
This requirement may complicate very large-scale production of human food.
However, one of the merits of LP is that it is well-adapted to small-scale production, and small-scale production will probably have a greater effect on the food
supply of those now most in need than an increased supply of industrially produced food would have. Several engineering institutes and companies are working on 'the design of large-scale equipment for extracting juice from leaves.
There is relatively little work on equipment for malung a few kg of LP daily. The
unit that we (Butler & Pirie, 1981) described is being improved at Rothamsted
and by Dr. Joshi in the Department of Botany in the University of Aurangabad. A
still smaller unit for family use is needed.
As soon as possible after juice has been extracted, it should be curdled by
heatlng it quickly. Coagulation is complete in a few seconds at 70'~. Heating to
a hgher temperature is advantageous as a means of decreasing the bacterial
load that is inevitably carried by any agricultural product. Various proposals for
other methods of coagulation have been made because 2 or 3 times as much
energy is needed for heating as was needed for extracting the juice. It should
however be borne in mind that material coagulated in any other manner would
have to be heated later so as to ensure sterility, that with a Little ingenuity in
the use of counter-current flow systems much of the heat can be recovered, and
that sudden heating prevents loss of LP as a result of proteolysis, and the formation of harmful substances such as pheophorbide as a result of other enzyme
actions. All these points are discussed in detail elsewhere (e.g. Pirie, 1976).
Properly coagulated LP can easily be pressed to a cake cont50% dry
matter: with care the dry matter can be increased to 60 to 70%. Material as dry
as that will keep for several days at tropical temperatures; for more prolonged
storage, shelf-life can be increased by mixing it with salt, acetic acid or other
pickling agents (Pirie, 1980). LP should be used in the moist state whenever
possible because there is likely to be nutritionally harmful cross-bonding when a
food containing lipids and carbohydrates as well as protein is dried. However, it
is more convenient to make up diets of carefully controlled composition with dry
material; that was used in all published feeding tllals. Because of dry-, the
results of these feeding trials may under-state the merits of LP.
Skillfully made, dry LP contains 9 to 11% N, almost all of it in the form of
true protein. Differences in amino acid composition between species are small
(Byers, 1971) and there is no evidence that species differences (if any) are
greater than difIerences between preparations from the same species harvested
at dieerent ages or after difIerent systems of husbandry. Similarly, species
differences have been claimed in the composition of the 20 to 25% of lipid that is
present in LP from different species. About half the lipid is doubly or trebly
unsaturated and it is well known that age and climate d e c t the degree of unsaturation of leaf lipids. Unsaturated fatty acids are essential components of the

diet. @ carotene (provitamin A) is an even more important component of the
lipid fraction of LP because vitamin A deficiency is widespread in tropical countries. Freshly made LP contains 1 to 2 mg @ carotene g-l, it is stable if protected from hght and air, but is destroyed in the presence of air at rates that
depend on the species from wbch the LP was made and the agents used for
preservation (Pirie, 1 9 8 2 ~ ) .Because of the value of lipids as a source of energy,
of unsaturated acids as essential fatty acids, and of @ carotene for preventing
the 200,000 to 300.000 new cases of blinding malnutrition that now occur annuaUy, no attempt should be made to decolourise LP. I t is inconceivable that t b s
could be managed without loss of all these valuable components. People with a
euro-american training in food science regard the dark green of chlorophyll, and
its breakdown products, in LP as a demerit: such colours are not so regarded in
most of the rest of the world. Fortunately, the techniques suggested for
decolourisation are beyond the technical capacity of those to whom LP will be of
most use.
Few communities eat dark green leafy vegetables (DGLV) to the extent that
is both desirable and physiologically possible. It could be argued therefore that
effort expended on makmg and popularising LP would be better expended on
promoting DGLV. It is almost always a mistake to formulate such simple contrasts: each activity supports the other. Furthermore, the large annual yields
of edible protein and @ carotene attainable from DGLV have been publicised
more vigorously by some of those concerned with work on LP (e.g. Pirie, 1976;
1981 and elsewhere) than by those whose primary concern is horticulture. LP
and DGLV are allies, not competitors. Nevertheless, LP has the merit that it is
better suited to infant nutrition than DGLV because of its small bulk. It is easy
to supplement an mfant's normal diet with 10 g of protein in the form of LP: it
would be nearly impossible to give a supplement as large as that in the form of
DGLV.
After experiments with chckens, fish, mice, pigs and rats had demonstrated that carefully made LP had the nutritive value expected from its amino
acid composition, human feetrials were started. Nitrogen retention by
lnfants was nearly as good as when half the protein in their diets was LP and half
milk, as when all of it was milk. Boys on a diet supplemented with LP grew more
than those getting the same amount of extra protein (10 g d") in the form of
sesame flour. The signs of kwashiorkor disappeared in a few weeks when infants
were given 10 g of LP daily by their mothers as a supplement to the home diet.
That last trial was in Nigeria and the authors commented particularly on the
improved demeanor of the children witFlln a few weeks of getting the LP supplement. All these trials have been fully published (references in Pirie, 1978). In a
more elaborate trial in Pahstan (Shah et al., 1981), 100 children, 7 to 14 years
old, after getting any necessary medical treatment, were split into three
matched groups and observed for 8 months while eating their normal unsupplemented diet, that &et supplemented with 200 ml of mdk, or supplemented with
LP made from mixed grasses and berseem. The LP supplied the same amount of
N (1.4 g) and energy as the milk. The average increases in weight of the
members of the three groups were 1.1, 2.45 and 2.6 kg, and in height 26, 48 and
53 mm. At the start, all had less than 12 g of hemoglobin in 100 ml of blood, at
the end they hzd 11.7, 12.6 and 12.5. Clearly, in these circumstances, LP is as
good a supplement as milk: it may even be a better one. It is possible that this
unexpected result is the consequence of the @ carotene in LP supplying vitamin
A to a marginally deficient group of cbldren. The LP was incorporated in 10
difIerent dishes; an adult tastmg panel judged all acceptable in appearance, texture, taste and h v o u r : some were judged excellent. That result is similar to
our experience in Rothamsted where, if reasonable skill is used in presentation,

we find no problems with acceptance.
Only fragmentary accounts (e.g. Pirie, 1978; Devadas, 1981) of a similar trial
have so far been published because it still continues. In each of 4 villages near
Coimbatore (India) the midday school meal for about 60 children, 2 to 5 years
old, is supplemented with 1.3 MJ, including 10 g of protein from U e r e n t
sources. In another vlllage the meal is supplemented with tapioca to supply the
same amount of energy but little protein, and a sixth village gets no supplements. AU six get the same medical and educational attention. Because changing populations of children, rather than cohorts, are being studied, the experiment is difacult to score; it is however clear that the energy supplement makes
little difference to growth or health, that mdk is the best of the protein supplements, and that LP (mainly from lucerne) is as good as or even better than protein in legume seeds. Other similar trials have been started in other parts of the
world.
In all these trials there was some coercion, or the food containing LP were
supplied as part of a "package" which contained some desirable components.
So, although those responsible for the trials in Pakistan and Coimbatore comment that within a few months the children given the LP supplement came as
regularly and willingly as those given the other supplements, these trials do not
demonstrate that LP would be eaten if no inducement were coupled with it.
When adult prejudices do not interfere, there is no dficulty m givlng LP to children just after weaning; their diet is changing in any event and they have not
acquired any prejudices. But LP is not as digestible as mdk; nulk,when the supply is limited, should therefore be reserved for the youngest children. It is the
older ones and nurslng mothers, who are more effectively equipped with digestive proteases, who should get the LP.
Results such as these should soon dispel the initial reservations that most
scientists had about the value and practicality of LP as a dietary component.
That is a first small step towards winning acceptance by the public: people, as a
rule, eat what is traditional until their food habits are altered by emulation or
advertis~ng pressure. The common assertion that food habits are hard to
change is false: indeed the readmess with which they change is partly responsible for the present food problem. Communities that used to eat locally grown
yams are now demanding wheat, and mothers who used to suckle their babies
are buying artificial foods for them to a n increasing extent. I give more examples and discuss the reasons for change, and the problems arising from it, elsewhere (Pirie, 1972; 1981; 1982d).
The potential abundance of LP is the main reason for confidence that it will
be used in some form. Though the basic principles of production will remain the
same, differing styles of production are appropriate in an isolated village and a
large commercial farm; or in the humid tropics and a region with a prolonged
winter. Research is therefore needed in several environments, with several
objec'ives, with many existing species and varieties of leaf, and with new
varieties selected for prolonged vegetative growth. There will be little incentive
to undertake such research for as long as there is uncertainty about the merits
of the products and the economic prospects of the process. Quality should
therefore be judged 6rst of all on fresh material made with more care than it
might be possible to deploy in actual practice: the harmtul effects (if any) of
simplifications should then be studied. The costs of growing and collectmg crops
are known from other aspects of agriculture; it is the cost of power, labour and
equipment for processing that are uncertain. Any process can be made to seem
uneconomic if a sufEciently unsuitable system is used to operate it. In principle,
the amount of energy that has to be expended in liberating and expressing leaf

juice is small: so is the pressure needed for extraction. The problem is to find
means for keeping these factors small in practice.
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1. Introduction
The present and future protein source situation throughout the world is
among the most serious problems in hurnan nutrition as well as in the nutrition
of animals. In Czechoslovakia, the consumption of food has shown a gradual
transition from plant sources to animal sources; this is manifested mainly in an
increase in the consumption of meat and meat products, mllk and eggs. Over
the past 20 years (since 1960), the consumption of meat and meat products,
expressed in the values of meat-on-bone, has increased from 56.8
kg/person/year up to 85.6 kg/person/year. A similar increase is recorded in
the consumption of milk (in values of liquid milk) from 173 litres t o 233 litres,
and in the consumption of eggs from 179 to 316 eggs per person annually.
This consumption trend also manifests itself in a n increased consumption of
protein per average inhabitant. The daily total protein consumption has
increased from 86 g to values close to 100 g (96.8 g in 1980). A marked increase
is recorded mainly in animal proteins where an increase from 41.2 g to values
about 57 g has been obtained. This is to say that in 1980 the total consumption
of protein was provided by animal protein at a rate of almost 59%. The h g h
trend of the consumption of animal protein has also another manifestation; the
consumption of lipids has markedly increased together with protein consumption which is, however, an undesired phenomenon. The consumption of lipids
has increased from 102.5 g/person/day to as much as 117.7 g/person/day
whch exceeds the recommended food allowance level by more than 23%.
Besides the adverse health effects of a lugher consumption of animal proteins (in raw material always combined with e larger amount of lipids), the
increasing demand for food of animal origin also has an adverse economic
impact. The production of mdal protein is fairly costly, as compared with
vegetable protein and it is 10 - 14 times more laborious. By Vigner's calculation,
lg of animal protein requires a n average input of 8.2g of feed protein. Under
Czechoslovak condtions, the losses and reserves in production, processing,
marketing and consumption amount to as much as 30 % of the produced amount
of protein.
All these facts call for a maximum effectiveness of the management of
anirnal protein production, for its use a t the highest possible rate directly for
human nutrition, for reducing its loss throughout the food chain, and for seeking
non-traditional sources of raw materials to replace, a t least partly, the animal

protein sources. Such a raw material may be seen in the concentrates of nontraditional protein sources which are not used at present in the Czechoslovak
food industry, or are only used to a minimum extent.
Owing to the fact that the production of slaughter animals is among the
most expensive farming activities, the use of non-traditional protein sources will
be effective everywhere in replacing costly raw materials. First of all, replacers
can be used as additives to crushed meat products and in the commercial production of ready-made foods. Naturally; protein concentrates may also be used
in other fields of food production where they favourably influence the technological properties, improve the organoleptical characteristics and nutritive value,
increase the use value of food products (hgher durability, wider spectrum of
use, time savings in final treatment), and enable wider innovation of new products. However, replacement of part of meat raw material is the main use for
non-traditional protein.
Non-traditional protein concentrates must meet the basic technological
requirements in order to be able to replace part of the meat raw material. These
requirements are water-holding capacity, emulsifiability, good organoleptical
properties, good hygienic characteristics, and reasonable price. If all these
requirements are met, non-traditional protein concentrates can be applied with
success.
What is the expected future demand for protein concentrates in Czechoslovakia? The possibility of using protein concentrates derives from the output of
meat products and commercially produced ready-made meals, and from the
proportions of concentrates in these products.
In the food industry, the annual output of small and soft meat products, i.e.
the best foods t o whch non-traditional protein can be added, is 200 to 250
thousand tons. The currently permitted 3% supplement on non-meat protein,
saving the organoleptical value and technological processing quality, makes it
possible annually to apply 6000 to 7500 tons of protein concentrates to these
products. Boiled products, cans of luncheon meats and pies represent another
possible field of the application of protein concentrates in food industry; however, its importance is lower, as to the volume of output.
However, non-traditional protein concentrates can find a much wider field
of application in the development of the commercial production of foods for
public catering. From the technological point of view of the production of
ready-made foods, it will be necessary mainly to provide homogeneous raw
material: this is possible by the technology of reconstituted meat uslng the
REMA of COMMITROL systems. As Kusiak's data indicate, a 10% proportion of
commercially produced ready-made meals in factory and school catering will
represent 108 thousand tons of these foods in 1985. This is the minimum variant; the optimum proportion of ready-made would be 20%. The minimum proportion of commercially produced meals for the year i990 is expected to be
25%. i.e. 350 thousand tons. whereas 50% (700 thousand tons) would be the
optimum - but unrealistic - level. The meat component of these meals is about
10%;if 15% of non-traditional proteins is assumed to be applied in the form of
concentrates (whch is reahstic from the point of view of technology and
organoleptical characteristics), the requirement for non- traditional protein
concentrates for these purposes would be 1500 tons already in 1985; in 1990 this
amount would increase to 10,000 tons of concentrates at a minimum if the
optimum concentrate level is to be provided. It should be stressed again that
the optimum means only 50% of factory and school catering and that restaurants and other types of catering (hospitals, army and the like) are not taken
into account -'inthese cases the demand for concentrates would certainly be

even &her.
This consideration does not take into account the possibilities of idroducing in the market new innovated products whch might partly replace traditional
meat products in consumption. These new products would naturally be different
in their properties and uses from the tra&tional products; as such, they would
need much publicity at the beginning in order to change the existing food habits
and to develop new ones. The consumption of concentrates for this field is hard
to estimate since such products are not maaufactured at present and even the
experience from abroad is just sporadic or at the research level.
Now let us consider the availability of raw materials for the production of
protein concentrates in Czechoslovakia. It should be borne in mind, first of all,
that the climatic conditions of the CSSR do not allow for a wider use of soybeans
as the most widespread and best-elaborated source of vegetable protein. Soybeans are just a marginal crop in Czechoslovakia; only part of the groats from the
production of soybean oil has some importance for the production of food protein concentrates for which a project is now in preparation which, if accepted,
will be in operation by 1985 (soybean protein concentrate, extruded soybean
flour). Owing to the geographical positon of Czechoslovakia it is also impossible
to use the proteins from sea products, mainly krill.
The widest possibilities of using vegetable protein lie in.the newly developed
and tested technology of the separation of fodder wheat flour in the form of
suspended starch and emulsified proteins. The 6nal product is wheat protein
concentrate contairung 35%of proteins, suitable for meat products as a replacer
for the currently used milk powder; it has good functional properties (supplement of up to 3%) and is able to replace up to a two-fold amount of the
corresponding quantity of the meat used for production. Its drawback is a limited spectrum of use, owing to a low biological value. This problem can be solved
by combhung it with an addition of lysine obtained b y fermentation. Other products of t h s technology include starch and its products (food starch and - after
hydrolysis - also fodder starch) in which an appropriate technological treatment
also suitably increases feeding value.
Extracted rapeseed meals are another important source of vegetable protein; rape is the most widespread oil-bearing crop in Czechoslovaha. What
makes its use for human consumption dif3cult is the h g h content of antinutritive substances whose removal is still very laborious and costly. Breedmg may
help to solve this problem: the requirement for a reduction of the content of
undesired glucosinolates is not unrealistic but for the time bemg it appears to
be a matter of future efforts. Another requirement is to retain the currently
obtained yields of rapeseed.
,
Potato protein is the best from the biological point of view. ~ o w e i e r the
raw material contains a very low amount of protein (2%) whlch is therefore hard
to obtain. The efforts to utilize it have always failed due to the need for removing much water and to the low protein retention. The protein of commercially
processed potatoes cannot be used for human consumption unless th- "tarch
industry is subjected to costly reconstruction and unless new technologies of
potato starch are introduced (which is a lengthy and costly process).
Another source of biologically full-value protein is the protein of slum milk.
Methods of the production of caseinates, coprecipitates and ultrafiltration concentrates have been worked out for food-production purposes. About 36 000
tons of milk protein was fed to animals in 1980. If 10%of this amount were used
as sodium caseinate, about 3300 tons of food concentrate would be obtained and
a great quantity of whey would remain for feedmg purposes. However, the b g h
energy requirement, mainly for whey drymg, has arrested the efforts for making

the project reality, for the time being.
The use of blood protein is a reserve inherent in the meat industry itself.
About 2.2% of extracted blood protein is being used for human nutrition at
present, the total potential of blood protein being about 10,000 tons. For the
time being, wider use of blood is hindered by a lack of equipment for commercial blood collection and by the bad organoleptical properties of untreated
blood. A solution can be seen in the introduction of imported equipment for the
collection and treatment of blood based on plasma separation. This would
secure the utilization of about a third of the protein potential, used in a sensorically (organoleptically) acceptable form. Another possibility is t o use emulsified
food paste consisting of blood, casein and fat. A larger proportion of blood is
still to be fed to animals.
The use of the proteins of monocellular organisms appears to be most
promising from the point of view of commercfal production. 'Rus method of production has the following advantages: quick and industrially well-organized production, a large proportion of protein in dry matter, the use of waste as fermentation raw material, possibility of purpose-oriented selection of suitable strains,
independence of environment, and h g h labour productivity. Health experts
claim that yeast cultures are the best for this purpose: there is already some
habit of their use (in many cases they are natural part of food) and, in comparison with bacterial cultures, there is a lower hazard of undesired biochemical
processes and thereby a lower risk of the rise of abiogenic compounds and of
the production of toxins.
A new technology of yeast protein production for human nutrition has been
developed in Czechoslovakia; it is based on a complete utilization of the yeast
cell. Besides the production of yeast protein concentrate for the meat industry,
this technology enables the production of biochernic als (NAD,NADP, analytic
enzymes, zymosan), drugs (ergosterol, glutathione, RNA), diagnostic media, food
appetizers, growth stimulants, lipid fractions for cosmetics and other products.
Protein concentrate contains 80% of proteins and maximally 1%of nucleic acids.
The problem of suitable and available substrates was solved at the same time.
The use of magnesium sulphte extracts is ready for practical introduction and
the use of available lignocellulose materials (straw, wood waste) is being considered. Research is required for securing continuous production and for reducing the energy requirement for these purposes. Another substrate still not utilized to full effect is milk whey; the procedures of its fermentation for binding
inorganic nitrogen (ruminant feed), for the production of yeast protein, for the
use of lactose and the like are known.
W i t h the complex approach to the food program in Czechoslovakia,-studies are being conducted concerning the most efficient utilization of all available
at reducing the
reserves for the production of food protein concentrates, anational-economic pressure upon animal production and a t introducing new
processes in the food industry with an increased utilization of available raw
materials and with a reduction of losses. However, the practical introduction of
such processes depends on the capital available to the food industry in the near
future.
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Introduction
The basis of mammals nutrition lies in the supply of protein and energy
according to their nutrient requirements. The bio-synthesis of proteins is the
sine qua non of the growth processes in the sense that growth increments to the
body tissues always consist largely of protein (Mitchell 1962). Therefore, protein
nutrition of man and simple stomached animals &hly depends on the biological
value of protein owing to their insufficiency to syntheti.se essential amino acids
in their body in appropriate quantity. For food to be used with maximum
efficiency they must receive the essential amino acids in the correct quantities
and relation. Only the ruminants are almost independent of quality of dietary
protein thanks to microbial activity in the forestomachs.
Beside the intensification of plant production and increasing the yield of
animal protein through the more effective conversion of photosynthetic products in animal husbandry, the uthzation of non-conventional technologies f or
protein production is the other way. Because of the increasing scarcity of some
crucial resources for agricultural production (e.g., land, energy) on the one
hand and the need to secure the nutrition for growing human population on the
other hand the conversion of all available raw materials to food, or feed is desirable.
1. World Demand for Higher Agricultural Output

The major nutritional problem much of the developing world faces today is
the growing imbalance between the rate of population increase on the one hand
and the rate of increase in food production on the other. In developed countries
agricultural technology is much further advanced but, because of other limitations, food production has grown at the same average rate of 2.7% per annurn as
in the developing countries. However, since population growth is much lower in
the developed countries, food production per head has risen (FA0 1969).
It is quite likely that the apparent association between economic wealth and
a high level of agricultural output is important. The increases in wealth are
associated with an increase in the demand for milk and meat. The wealth is also
associated with a considerable degree of industrialization (Blazer, 1970). The
conditions for sustained economic growth usually depend on a h g h level of agricultural productivity and transfer of labor to industry (Rostow, 1960). The food
problems mainly tend to wise in the low income countries where agricultural

technology is at low level (Buntmg, 1970).
According to the FAO, 800 million people sufler from shortage of food. In
spite of the fact that 70% of the world's inhabitants are living in these countries,
only 49% of the world's cereals are harvested there. There is a great difference
in calorie intake in different countries as may be seen from FA0 (1979) data
which appear in Table 1. A great contradiction follows from protein consumption
(Table 2). Especially, consumption of animal protein is substantially higher in
developed countries than in developing ones The lack of protein of high quality,
especially, leads to malnutrition and undernutrition in developing countries.
Accordmg to FA0 statistics a t least half manklnd suflers from protein deficiency,
mostly owing to the lower animal protein consumption and t o the inadequate
composition of protein found in cereals. The situation is most difficult with chddren, who need exceptionally large amounts of essential amino acids for the
growth of tissues. According to the FAO-WHO (1965) report, children 10-12
years of age need approximately 0.7-0.8g protein, adult only 0.5-0.6g protein per
kg of body weight per day. Damage caused by the lack of protein during childhood cannot be cured later, a t least not completely. Protein malnutrition
results in kwashorkor and high infant mortality. Ignorance, apathy and, in general, the lack of activity contribute to the nutritional d a c u l t i e s in the adult.
People suflering from the lack of protein are thus in a witch's cage from which it
is dif5icult to escape (Virtanen, 1968).
Table 1. Calorie intake per capita per day in 19751977 (FAD 1979)

Country

Total

Vegetable
Products

Animal
Products

World
Africa
N.C. America
U.S.A.
S. America
Asia
Europe
Oceania
Developed all
Developing all
Many plans for the removal of the protein deficiency of undernourished people have been made during the last few years. Great attention has been paid to
entirely new methods for protein production. New ways for protein production
are promising under existing conditions of demographic explosion because traditional methods of obtaining feed and food protein are limited by inadequate
energy sources. Natural ecosystems are characterized by essentially complete
,sycling of energy and nutrients. Offtake of plant products usable by humans
or animals usually is in proportion t o the input of energy in the form of human
or animal labor, fuel, fertilizer, pesticides, etc. Thus additional energy is supplied to increase the conversion of solar energy to chemical energy in primary
plant production. Part of the human population which depends only on renewable energy cannot atTord a substantial portion of human food. The protein poor
part of the world which does not use much fossil fuel consumes 9 grams of
animal protein per capita per day as against the world average of 44 grams.
Additional small inputs of coal and petroleum compared to the solar energy are

Table 2.

Protein intake per capita per day in 1975-1977 (FA01979)

Country

Total

(€9

Vegetable
Products (g)

Animal
Products (g)

World
Africa
N.C. America
U.S.A.
S. America
Asia
Europa
Oceania
Developed all
Developing all
significant and have explained the difference in our way of living (Altschul, 1966).
Anunal protein is enjoyed mainly by 400-500 million of the planet's 3 billion
mhabitants. Cereals are the major source of protein for humans. They contribute over 40 million tons of protein annually t o the world's human diet as compared to 25 million tons from animals and 12 mdlion tons from legumes and nuts
(Asltschul, 1966).
In future either increasing the efficiency of the products of photosynthesis
and introducing non-conventional technologies for protein production from raw
materials of agricultural or non-agricultural origin methods must be taken into
consideration to increase protein production.
2. The Contribution of Non-conventional Technologies for Improving Protein
Nutrition of the Human Population
Wide-spread cereal proteins are deficient in several amino acids. Biological
value is increased atter supplying the other protein, especially of animal origin,
or by synthetic amino acids.
There is a world shortage in production of animal proteins which are superior in nutritional quality to plant proteins. Animal production can be expanded
neither easily nor rapidly to overcome the deficit. The magnitude of the imbalance between production and need for animal protein will become worse as
world population increases. The FA0 (1964), suggested that by the year 2000 a
threefold increase in total protein supplies and a fivefold increase in animal protein supplies would be needed in the developing countries.
Table 3 shows that energy and protein conversion to foods for man are most
efRcient via milk and eggs production and lowest in lamb and beef production.
However, in term of proteir production per unit of metabolisable energy, poultry
slightly exceeds ULK production and the pig occupies an intermediate position.
An increase in crop production is undoubtedly the quickest way of improving
world food production. Estimates by Wilcke (1966), indicate that an acre of land
w d l provide a human's protein requirement for only 77 days in form of beef, 236
days as milk, 773 days as corn meal and 2,224 days as soya beans.

Table 3.

F5ciency of conversion feed nutrient to edible product (Wedin et al.
1975).

hvestock

Crude Protein
Z

Broiler
Hens (eggs)
Swine
Dairy cattle
Beef
Lambs

Energy
Z

Gross Edible Products
as % Feed Intake

23
26
14

25
4
3

The degree of direct competition between animals and humans for food
depends, to a certain extent, on the type of livestock production. Beef and mllk
cows fed h g h roughage diets compete less directly with humans for food, as
these animals can convert forages and other feed by products inedible to
humans, into the h ~ g hquality animal products most desired by humans.
Table 4. Annual yields from animals and from crops (Holmes 1970)
Energy (Mcal/ha)

Protein (kglha)

Dairy cows
Dairy and beef cattle
Beef cattle
Sheep
Pigs
Broilers
Eggs
Wheat
Potatoes
2.1. Amino Acids Supplementation of Cereals
For a t least 5,000 years cereals have predominated as the arable crops
grown to provide food for man and animals. The importance of cereals in the
nutrition of people is mcreasing. Caloric yleld 'per unit of arable land is greater
for cereals than for other crops. Their protein content is too low to sustain
optimum growth in simple stomached animals and man. The cereals are being
improved as protein sources by supplementation with animal and protein concentrate. Similarly supplementation of cereals with pure amino acids results in
an increase of the amount of u t i l i ~ - ~ !protein.
e
Protein needs of children or
adults may be supplied by the fortified cereals alone. Among the essential
amino acids, L-lysine and methionine rank &st in order of importance followed
by threonine (rice) and tryptophan (corn). Cereals supplied in amounts adequate to cover caloric needs can be substantially upgraded with the mentioned
amino acids. Industrial production of synthetized amino acids needed for supplernentation of cereals has given a theoretical possibility to improve the nutritional value of flour and diet for prgs and poultry (Ottenheim and J e ~ e s k e n s ,
1970).

2.2. Genetic Improvement of Cereals
An improvement of economic status in developing nations, particularly in
those in the tropical belt around the world, will lead to an improvement in their
diets. The protein deficiency was much more frequent than the caloric
deficiency. Supplies of animal foods are, however, too expensive for those who
most need proteins. One approach is to change the protein of crops genetically
to obtain a more balanced amino acid profile. Maize, deficient in lysine and
tryptophan, is a staple food in many countries. Improvements of its protein
quality could offer hope for millions of people. After analyzing hundreds of
maize varieties in mutant types a strain of maize, Opaque-2 &-asfound by Mertz
et al. (1965) to be exceptionally h g h in lysine and later on in tryptophan, too.
About 300 grams of t h s maize are needed to maintain protein status i . the
~
adult. Unfortunately, maize is rather a demanding plant which is not suitable
for cultivation in wide areas of the globe. Sorghum and rice are subjects of similar research.
2.3. Newer Proteins for Man Nutrition
Oilseeds, particularly soybeans, cotton seeds and peanuts, are the major
low-cost source of protein. Concentrates from oil-cake have good nutritional
value. The usage of non-animal protein as an extender of animal protein is
rapidly increasing. A complete diet for humans without animal products is
readily attainable.
With an increased world wide demand for animal protein total- conversion of
muscle into meat must be most effective. The using of mechanical deboning is
possibly increasing meat yield from a carcass. Levin (1979), described technology of a meat protein concentrate production from internal organs. Blood Prom
slaughtered animals is a potential source of a h g h quality protein. Serum proteins are possible to be spray dried in the presence of lactose. Similarly whey is
spray dried either alone or delactosed (Satterlee, 1975). Dry whey is a very
desirable product for protein fortification, too.
Extraction of plant juice protein from green plants for concentration as a
protein for man and simple stomached animals with residues for ruminants is an
example of green plant fractionation. Koegel et al. (1974), indicate that on a ha.
basis about 1,120 kg of protein concentrate may be produced from alfalfa.
The cultivation of unicellular green algae in a n inorganic nutrient solution
has been the object of very great attention. Although algae contains more than
half of the dry matter as a protein, utilization of protein of a fresh mass is only
25%. After the cell walls are broken and after drying the utilization of the protein obtained markedly increases. Also the separation of algae from the
nutrient solution is not easy. Probably a very cheap protein cannot be produced
by this way (Virtanen, 1969).
The production of yeast protein is the other promising way vnder the condition that a cheap substrate for cultivation is available. Xucleic acid content is
one of the greatest limitation of nutritive value. Thanks to high B-complex and
protein content yeast has been used in human nutrition. Thus in the World War
11 about 15,000 tons of food yeast were used per year in Germany to supplement
human foods (Smith and Palmer, i976).
3. Protein Feeds Produced by Non-Conventional Technologies
The efficiency of the conversion of plant origin feeds to animal protein
depends m d y on the protein availability and balanced content of essential
amino acids. The unbalanced content of essential amino acids leads to lower

animal productivity and decreases livestock commodity production. The
efficiency of feed conversion can be improved if protein supplements are used in
feeding- of animals. There are some non-agricultural technologies for production
of protein supplements. After Milner et al. (1978) these technologies are
classified into photosynthetic and non-photosynthetic single-cell protein production, leaf protein production and the product of chemical synthesis.
Comprehensively speaking agricultural waste and secondary products may be
used either for microbiological synthesis or for direct use in feeding cattle. The
practical exploitation of new t e c h c a l processes is strictly bound to economics.
The demand for bioproteins will be prob,ably affected by the market supply of
soybean meal and fish meal as well as by the total demand for protein rich
feeds.
3.1. Single Cell Proteins
Bioproteins, also called single cell proteins, can be produced by cultivating
bacteria, algae, fungi and yeast on simple energy containing substrates, e.g.,
hydrocarbons and carbohydrates. Based on chemicals (n-paraBns, methanol,
etc.), different carbohydrates and industrial wastes (sulphte liquor), bioproteins
may be potential carriers of toxic elements. Until their use for human consumption is better clarified, they have to contribute to the human food only
indirectly as a feed for animal production (Hanssen, 1981).
The bioproteins are important primarily as protein supplements to cereals.
The various lands of bioproteins are characterized by a hl.gh protein content,
relatively rich in lysine which makes them specially valuable in completing
cereal protein. And moreover, the cereal protein supplements the bioproteins
whch are lower in methionine and cystine.
3.1.1. Algae
These are simple plants able to grow in a pure inorganic culture media and
in suitable conditions they could produce considerable quantities of protein.
Species of algae such as QrlwreUa, Scenedesmus and Spindina can be commercially exploited and fed to p ~ g s(Oswald and Golueke, 1968).

3.1.2. Yeast
For yeast production a great variety of microorganisms including T o d a ,
Candida and Saccharomycetes have been investigated. Also a range of M e r e n t
carbohydrates has been used, cereals, sugars, molasses, waste sulphite liquor,
cheese whey and even sewage. The m i n o acid composition of yeast, (Table 6), is
generally good but relatively low amounts of sulphur amino acids have been
noted (Braude 1976). Some of the early studies on utilization of n-paraffins or
gas oil were successful. However, due to h g h oil prices and partly to possibility
of some hygenic problems production has been limited. Good results were
obtained in the case of the addition of synthetic ethanol to sulphte extracts.
Charatjan and Wolnova (1975), received the best results with the yeast grown on
medium containing ethanol as a sole carbon source. Similarly, the sdpniteethanol yeasts were found to have higher biological value of protein (69.4) than
sulphite yeast (65.8) (SimeEek 1971).
For improving the biological value of bioproteins Smith and Palmer (1976),
recommended the addition of 0.18-0.44% methionine. Microbial cells contain
more non-protein nitrogen in the form of nucleic acid than most conventional
sources do and RNA and DNA comprised about 10% nitrogen in hydrocarbongrown yeast, whereas only 1%was found in fish meal.

3.1.3. Bacteria
Recently some petrochemicals (e.g., acetic acid, methanol, ethanol) have
been used as a source of energy for cultivating bacteria. The continuous fermentation process involved in the production of Pruteen from methanol using
strains of Pseudomonas was reported by MacLennon et al. (1973). The technologies developed by Imperial Chernical Industries Ltd. are using low concentration
of methanol as an energy substrate and ammonia as the nitrogen source for the
protein biosynthesis of the organism classuled as Methylophilzls rnethylotropus.
Bacterial protein isolates may contain as much as 830 grams of crude protein.
However, such a high value may be asleading, because about one quarter of it
can consist of nucleic acids, wbch on present evidence, cannot be utilized by
single stomached animals (Braude, 1976).
The other product Toprina is being produced by cultivation of Candida lipolytica on n - p a r a a s . Mitsubishi Protein Concentrate is being produced by cultivation of Pichia aganobii on methanol in Japan.
9.1.4. Fungi

A process has been developed recently in Finland which involves a continuous cultivation of the filamentious rnicrofungus Paecilomyces varinti on sulptute
spent liquor. Preliminary results indicate that the product named Pekilo protein can satisfactory replace fish meal as a protein supplement in the diets of
growing pigs. Products of t b s type may acquire special importance if one takes
into account that wood is the only available renewable natural resource.

3.1.5. Nutritional Limitations of Using Single Cell Proteins
The nutrient content including several amino acids in case of Pruteen,
Toprina, Pekilo and MPC are presented in Tables 5 and 6. The nitrogen fractions
consist of true protein, nucleic acids and other non-protein nitrogen. Due to the
fast growth of micro-organisms bioproteins have a high nucleic acid content,
mainly RNA. Pruteen, Toprina, Pekilo contain nucleic acids expressed as percentage in crude protein 18.9%,14.3%,and 18.1%,respectively (Hanssen, 1981):
Nucleic acid content in feed for animals is of interest both from health and
nutritional point of view. They consist of purine and pirimidine bases which are
metabolised and broken down in the organisms. After absorption into the body
purines are eventually catabolized to uric acid. .In order to eliminate it the
action of the enzyme urate oxidase is essential to convert it to allantoin which
can be excreted in urine. It is h o r n that primates lack urate oxidase and cannot effectively eliminate large amounts of uric acid (Braude et al., 1977). In
addition in humans the uric acid has bee connected with the formation of renal
stones and developed of hyperuricernic nephropathy. For humans it is therefore
recommended to h i t daily intake of nucleic acid originating from bioproteins
to two grams (PAG 1975). In contrast to t h s allantoin is formed and excreted in
animals, nucleic acids do not represent any health risk to them.

