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INTRODUCTION

Central Europe was for centuries considered to be 

mainly an agricultural area and traditionally exported 

various foodstuffs to the most industrious western countries

As the result of the second World War, considerable changes

have taken place in the arrangement of national boundaries,

population, industries and policies in that part of Europe.

During the last two decades the shortage of food in 

countries like Poland, Rumania, Czechoslovakia, Hungary and 

Eastern Germany was quite serious which means that despite 

fourteen years of post-war struggle the food problem is not 

solved there yet.

In Poland alone today - 1959/1960 - meat is very scarce, 

causing serious disquiet amongst the people. Standard food 

products and feedingstuffs are no longer sufficient and 

scientists and other people concerned are trying to find 

suitable substitutes to fill that gap. Various plant and 

animal products and waste materials are used to increase

the supply of food for the fast growing population.

Considering that every year some 59 million K people

are added to the World’s total population or in other words

that tomorrow there will be at the table some 160,000 more

people having their food than today, and Central Europe is 

taking its full share in it, it may be of considerable 

importance to all countries, even comparatively wealthy 

Great Britain, to watch the progress in utilising various 

by-products for the cheaper production of foods like meat, 

fat, butter, cheese, eggs etc.

Central European countries grow a great number of acres 

of/
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of potatoes (see table on page B4) and apart from using 

them in great quantities for human consumption, a 

considerable amount is used for various industrial 

processes such as the production of alcohol, starch,

drying, etc.

During these processes, various by-products are obtained,

which together with other waste materials are being utilised

for the feeding of domestic animals and thus for the increase

of food production .

As potatoes and their by-products are poor in proteins, 

it was necessary to introduce materials rich in protein.

For that purpose, apart from leguminous plants etc.,

the small fish and fish industry by-products are used, which

together with potatoes and their by-products properly pro-

cessed provide a very promising diet for most of the

domestic animals .

As about three quarters of the Earth’s surface is 

covered by water with a limitless amount of fish ava-n- 

able to any country, they are now being utilised in 

various forms for the increase of foodstuffs in Central 
Europe.

Even the dead organic matter from the bottom of lakes 

etc. is being investigated and its suitability as food 

material tested.

My investigation deals with these problems and for 

that purpose I have studied a considerable number of hooka 

and publications from central European countries in the 

original languages or translated into Russian, Polish or 

English.

Quite/
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Quite a number of those publications were not easily 

available in this country and I had to use various ways 

and means to obtain them. The relevant bibliography 

is given at the end.



Survey of attempts of various workers in Central and this cHAfiT^A. is 
Eastern Europe on the improvement of food supply. RSPLActfO By

Countries mainly concerned here are Germany (both) 

Czechoslovakia, Poland and Russia.

In those countries hundreds of qualified workers are 

involved in solving the problems of improved food supply. 

My survey will deal with those aspects of supply of food 

which I considered more interesting and rather new to me, 

even if some of them appear to be unrealistic and relative

ly unimportant and may still be far from the satisfactory

stage of investigation. They are ^ing mentioned here as

an illustration of diversity of abroach and multiplicity

of problems involved. This n^y help to form a more com
plete picture of the wholp problem under investigation and

compare them with simiSAr works in this country and other
K

parts of the world. ’ They will be mentioned irrespective

of the countries concerned, some being given to show the

stage they have reached at the present time in various

countries. Wherever possible a reference of source is

given, but in many cases, where a more complete picture is 

required, it would be necessary to obtain a detailed works 

from countries concerned. Some results may need some 

checking by experts, but without much doubt, workers in 

these parts of the world are now working hard on those 

problems and are solving various difficulties with great

determination and a considerable luck.

The steady and increasing demand for food for the

rapidly /



rapidly growing human population and the new achievements

in technology and science is forcing us to alter the 

approaches and to change our appraisals of our common food

stuffs from static into a dynamic one. This was clearly 

presented by K. Tanfel. According to this author

nutrients ought to be judged not only 

position, but also on their action on

on^heir chemical com- 

the metabolic changes

foodstuffs in Central and Easter]

of the organisms consuming them. Çhe production of usual 

urope is no longer suf-

ficient and biologists and biochemists are urgently search- 

ing for the new answers. v

Considering here only one farm product, which is so

widely grown and used as a food equally for human and ani-

mals, i.e. potato, it is estimated that some 10 - 20% of

the total tonnage grown is wasted during harvesting and

storing periods. This amounts to many millions of metric

tons of potatoes annually. Figures given by the United

Nations Production Yearbook for 1957 are:-

Poland 35,104,000 metric tons of potatoes
E. Germany 14,529,000 metric tons of potatoes
W. Germany 26,289,000 metric tons of potatoes
Czechoslovakia 8,756,000 metric tons of potatoes
United Kingdom 5,782,000 metric tons of potatoes
U.S.S.R. - roughly three to four times that 

of Poland, judging by acreage, 
as figures are not supplied.

Figures for the United Kingdom are quoted here for 

comparison purposes only. They differ from figures obtain-

ed from the Department of Agriculture for Scotland, Economic 

and Statistic Unit and from the Potato Marketing Board by 

about /



about 800,000 tons. Here I would like to express my thanks 

to the Department of Agriculture for Scotland and to the 

Potato Marketing Board for their kind co-operation in this 

matter.

Partial reduction of wastage of this cron alone can 
0

provide extra millions of tons of potatoes. Is it possible
Vto reduce the wastage of potatoes? Without any doubt, yes. 

Better protection at the field, better harvesting methods 

and better storing conditions w^ll save a lot. Can pot

atoes be utilised in a shorter period of time and thus sav- 
£

ing storage waste? Potatoes being living organs must main- 
V

tain also during storag^period their basic living functions 

like respiration and other biochemical changes, during which 
1/processes mainly starch is used up. This starch could be 

used otherwise. Therefore any technologist will endeavour 

to reduce the loss of starch to minimum by creating the best 

storage conditions. Once living tissues are damaged or dead, 

the raw material may change considerably, the properties are 

altered and usually invasion of micro-organisms will do the 

final damage. By lowering the temperature to the safe 

level, the rapid growth of micro-organisms is prevented and 

the increase of COg in the atmosphere to 8 - 10% by volume 

will decisevely slow down the respiration processes and 

lengthen the period of safe storage. Here one can see 

clearly the superiority of storing sheds or other enclosed 

spaces over the field pits. Some people think that fer

menting potatoes is a much better way of storing them than 

by /
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by conventional method. This however has yet to be proved. 

According to German data the value of foods wasted in 

Germany just before the second World War was about 1500 

million marks per annum or about 20 marks per person. These 

losses were mainly due to the action of micro-organisms.

One must remember that these losses were caused during the 
' V

period when economy for the war purpose reached its maximum.
1 V

If some micro-organisms can cause ^uch losses, can we find 

other micro-organisms which can work for us. Since Pasteur 
U

the answer is yes. The question is which organisms, how to 

use them and for what. Enzymes provide another important
Vsource. Regulating processes caused by these two media by 

the temperature alone can do much good. Freezing processes 

are becoming more important. There are also other ways by 

which actions of micro-organisms and enzymes can be regulat

ed. For centuries it was known that starch of potatoes or 

any other plant together with enzymes of germinated grain 

plus yeasts can be changed into alcohol. One must however 

watch the purity of chemical reactions which can so easily 

be disturbed in all branches of food production, as harmful 

micro-organisms also find all they need for their growth in 

such media.

For the optimal fermenting processes, starch enzymes 

and yeasts alone are not sufficient. In any microbiologic

al fermenting process it is of great importance to have not 

only all necessary substances present in the medium, but to 

have them in the easily acquired form e.g. in yeast 

fermentation /



fermentation in molasses medium sugar is not sufficient, 

usually ammonium sulphate is added to supply nitrogen for 

the protoplasm structure. The same applies to the addition 

of phosphorus and potassium. In the case of lactic acid 

production, to obtain its maximum, calcium carbonate is 

added to molasses, which neutralises produced lactic acid 
by combining with it and thus prevent se^f-poisoning of 

bacteria.
V

Is it possible that some siloes are not successful 

because farmers grow crops on fields not properly manured?u
Clostridium acetylobutylicum bacteria in neutralised medium 

produce in effect more butyric acid, while in the non- 

neutralised medium butylic alcohol and aceton would be 

produced. (y

Aspergillus niger may produce various quantities of 

citric, formic or gluconic acid according to the quantities 

of nitrogen, phosphorus or potassium present in the medium. 

The smaller amount of nitrogen in the medium causes greater 

production of citric acid. Reduction of nitrogen and 

phosphorus increases production of gluconic acid which may 

amount to 90% of sugar content and if the percentage of 

nitrogen and phosphorus is increased with the small amount 

of potassium added, sugar is changed into a considerable 

amount of foimic acid. Thus by changing the conditions in

the medium we can regulate biochemical reactions. Therefore 

it seems very important to know exactly what any given 

medium is made of including the trace elements, before we 

can /



can fully control any microbiological process. Molasses 

are frequently used for fermentation but it is usually not 

fully known what they contain so far as organic and inorgan

ic trace elements are concerned, which all have an important 

role to play in the metabolism of micro-organisms. There- 
$

fore technological processes in the sugar factories, the 

condition of the soil, its manuring and tillage, should be
V

fully considered. One must not think that all microbiolog- 
V

ical processes are fully under our ^ontrol. Many bacteria

like acetic acid bacteria are still difficult to study owing 

to their great ability to change morphologically and physio- 

logically even within one strain and still a lot of work must 

be done to solve these oroblems. There are also cases of 

pure cultures produced in the laboratories but when applied 

industrially lose their characteristics, which confuses the 

whole work. Discussing employment of micro-organisms and 

enzymes for the production of useful materials, one must 

look around for the cheaper raw materials than e.g. potatoes. 

Among commonly used by-products the following are considered 

as more important. Lixiviation residue obtained in the 

production of cellulose, potato spent-being liquids in the 

production of starch, molasses residue, butanol-derivative resi 

due, sewage from sugar factories and dairies, wastes from 

yeast factories, fruit pulp in wine and beverage production, 

wastes in textile industries and all agricultural by-products 

like straws and husks of farm cultivated plants. Among the 

new materials wood fibre, turf, chestnuts and other nuts, 

acorns /
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acorns etc. are included. In several cases good results

were already obtained, in others, new methods are being intro

duced e.g. in conversion of cellulose into sugar by using 

acid hydrolysis is used nowadays but this method is consider

ed to be too radical and not very economical. New biochem

ical and microbiologically enzymatic methoc^s were tried but 

problems have not been fully solved yet. VFurther investig- 
Vations in this field must be undertaken. Up to now mostly 

V
barley is being used for the production of malt. Aspergillus 

niger could produce on a specially selected medium amylolytic 
b

enzymes which can be used as a replacement of malt. This

is one of the most important problems which, when fully

solved, will allow the reorganisation of the whole alcohol
b

producing industry. Application of amylolytic preparations

will much improve the purity of processing and thus increase 

productivity of alcohol and save barley for food. In last 

year’s German literature results were published of the exper- 

iment carried out by Deckenbrook, whose object was to compare 

the efficiency of alcohol production from rye and potatoes,

using dried malt and extracts of moulds amylase. It was 

shown that by using moulds amylase much better results were 

obtained. Specht and Rothenbach were using Aspeigillus niger 

on maize, rye and potato extracts as a medium, adding some 

ammonium sulphate (0.2^) and 0.4% of lime. Results proved

that Aspergillus niger produced on such medium converted

starch of various plants into sugar and finally production

of alcohol was considerably increased.

Storage /
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Storage and technology of the milling industry may also 

need checking. The same applies to other fields. Instead 

of potatoes and other starchy farm products, wood fibre, saw

dust, berries, wild fruits, couch-grass, reeds and cane, 
$ 

mosses, seaweeds and algae are used in Russia on a large 

scale to produce alcohol for such uses as motor spirit, in 

the production of synthetic rubber, exulosives, drugs etc., 
V 

therefore saving farm crops for uses. This industry 

is of particular importance during the war and in under-
1/

developed areas. Every million litres of alcohol produced 

from such raw materials saves about 10,000 tons of potatoes
V

or about 3,000 tons of grain for food. Could Scottish High

land area be developed in this way? There seems to be plenty

of turf, mosses, couch grass etc. to supply food for yeasts. 

Some plants richer in carbohydrates could be grown specially 

for the purpose. These are only a few examples of the prob

lems facing us to-day. The proper solution, when found, 

may basically alter the utilization of agricultural products 

and thus release many foodstuffs for other uses. There is 

a sufficient number of publications available, dealing fully

with those matters.

Many industrial by-products could also be used for the 

production of yeasts which may contain as much as 60% of 

protein in the dry matter üich is about 90% digestible.

This is an important point, particularly from the feeding 

point of view, where starchy potatoes etc. are or could be 

used as a main food. Yeasts also supply a considerable 

amount /
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amount of fat and vitamins and together with potatoes are 

particularly economical in pig feeding. This industry is 

very popular in both parts of Germany. Also, very inter

esting works are being carried out by the Czech workers. 

Dr. Jonosz investigates the utilization ^f sewage from 

sugar factories and dairies by growing yeasts in them. The 
V

sugar factories at Liban and Klobuki and the dairy at 
V

Drevenice are fully equipped for ^hat work. Organisms 

used there are: Oidium lactis, Fusarium or Manilla candida.
+

According to Czech’s results from 1,000 LI. (-220 gals.) of 

sugar factory sewage, 200 - 300 kg. of dry nowder is obtain- 

ed which consists of 30 - 4.0% of CaCOq, and 55 - 70% of 
Is 

organic substances containing 10 - 15% of protein substances. 

Similarly from 100 LI. of whey properly diluted they get 600 

kg. of foodstuffs containing in the dry matter 30 - 45% of 

calcium salts and 55 - 70% of organic substances including 

15 - 30% of protein. Similarly residues of citric acid 

production, butanol production and antibiotic production are 

being used for the production of yeast and Torulopsis utilis 

grow very well on wastes in the production of aureomycin 

and 1,000 1. of antibiotic sewage yields 4-8 kg. of dry 

matter of yeasts. The Soviet Union uses yeasts as a pre

serving factor. Cultures of Torulopsis were tried success

fully in the production of butter and its durability was 

improved due to antibiotic action of yeasts which were 

antagonistic towards bacteria and moulds. The action of 

yeast in this case was due to lowering oxyreductive potential, 

wi ich /
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which checks the growth of some moulds. The experiment 

proved that 10 tons of butter inoculated with yeasts 

retained proper aroma and appearance for 20 months, while 

the control specimen was covered with the layer of moulds 

10 mm. deep. This method was also successfully used in 
$ 

Czechoslovakia and is now to be tried in Poland.

The literature dealing with these aspects is very 

scarce. It is referred to, briefly, by Vogel. More
V

interesting research is described b^ A.M. Skorodunova of 

the Soviet Union who claims that yeasts fermenting lactose 
Is

had antibiotic properties and influences growth of Myco-
V 

bacterium tuberculosis, Mycobacterium album, M. luteum, 
b

and M. perrugosum and also Bacterium fluorescens, B. prodi- 

gosum, B. aerogens and some strains of B. coli commune and 

B. coli citrovorum. This being the case, one can see 

easily the beneficial influence of yeast on the durability 

of silages. It is interesting to mention that while yeasts 

are grown on sewage for the production of proteins, fats anc. 

vitamins, they also, at the same time, purify that sewage 

and therefore reduce the harmful and polluting effects of 

sewage on water vhich in turn may be beneficial to other 

living organisms in water.

In Russia "fitoncydes” were used to conserve fruit 

berries with good results. Russia is also working on the 

improvement of food nutrients and succeeded in increasing 

the amount of vitamins by 100, 200 and even 1,000% by the 

application of new agrobiological methods. This recalculated 

for /
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for the average yields of grain crops or potato crops gives

us thousands of extra tons of nutrients for feeding pur-

poses. Thus one can improve the supply of food by:

a) new agrotechnical methods,

b)

c)

by the reduction of losses,
A 

artificial increase of nutrients ^ainly 
vitamins in used foods.

V
In Germany Drs. Renn and Wolf found that lifting 

V
potatoes 4-6 weeks earlier, before their full maturity 

V
gives increase of dry matter or other related substances 

¡7
by 15 - 20%. This could begone by ensilage of potato

tubers together with green haulms during summer months.
VThe usual tonnage of haulms of potatoes is 60% of the

I/'potato yield. Toxic action of yeasts was investigated 

and it was found that animals fed continuously with yeast, 

after four weeks failed to increase live weight. The 

initial trials showed that there exists a certain cycle 

of toxic action of yeasts. If however after six weeks of 

using yeasts it was stopped for 2-3 weeks, it was safe to

start using yeast again. This still needs further investi-

gation.

The importance of water in feeding of animals was 

also studied. Out of 1500 analyses, in 60% cases the 

cause of illnesses or improper utilization of food was due 

to water. It was also proved that it is cheaper to warm 

up the place by coal than to waste food to warm up animal 

bodies during cold weather. It is also suggested that 

animals /



animals fed by green foods, milk by-products, sugar beet 

pulps etc. produce watery meat which is liable to increase 

losses during the storage periods. Recent Danish investig

ations show that reduced water absorbing power of meat is 

obtained from highly advanced breeds due to handicapped 

action of some parts of brain. From the other side it was
J

proved that primitive animals produce meat with higher water 

absorbing power. This may completely justify complaints of 

experienced tradesmen regarding inferiority of products of 

certain animals.

It appears proper to suggest here that further studies 

should be done by responsible bodies to ascertain all as- 
v

pects of watery meat. It is mentioned that the addition 

of polyphosphates to meat diminishes the results of watery 

meat and reduces by half the jelly content in tinned meat. 

More is being done to solve the problem of the effect of low 

temperatures and speed of freezing on the quality, durabilit 

and amount of glycogen in meat and its by-products.

The action of enzymes and micro-organisms in slaughter

ed animals is being fully kept in mind. Particular atten

tion is given to the problems of using ultra-violet rays for 

sterilization purposes. The possibilities of converting 

unsaturated fatty acids in poultry particularly in geese, 

into saturated ones is being considered in order to lengthen

the storage period which has rather seasonal character, 

during which it is accumulated and then has to be stored 

and distributed during the rest of the year. During this 

storage /



storage period considerable losses in quantity and quality 

occur, which could be avoided. The application of plant 

enzymes like papain and bromelin is being tried to speed up 

the maturing process of meat.
In Czechoslovakia and Hungary surfaces oPmeat products 

£
e.g. skin of sausages - are covered by moulds to prevent

V 
bacteria getting in. Other micro-biological processes have 

the similar action and seasoning of meat is designed to help 

to bring these micro-organisms into action together with the 

improvement of the taste and sm^ll of meat products.

Changes taking place during the seasoning of meat 

depend on hydrogen ion concentration. Maturity of meat 
1/ 

used for seasoning may influence greatly the pH of the 

solution. It is important to define the criteria of matur

ity of meat intended for seasoning and to follow changes 

taking place during the seasoning in order to stop the 

process at the right time. There is no doubt that seasonec 

meat undergoes changes also during its transport.

New approaches to the utilisation of blood and bones 

are under investigation. Freezing them and then using as 

a food for animals is one aspect of the problem. Conserv

ation of blood by chemical methods seems to be the simplest 

one, but up to now, no perfect conserving substance is 

available on the market and therefore mainly drying and 

cooling is still largely used.

Improved production and utilisation of vegetables and 

fruits was up to now rather neglected. A very thorough 

examination and revision of the whole problem is under 

consideration /



consideration. The same applies to production of eggs.

It is suggested that urea could cover up to 25% of 

protein requirements of animals without any ill effect on 

the animals' health and on the composition a^dUitilisation 

of milk.
y

World total tonnage of fish caughtzis about 25 million 
£

tons. As the area of any country cannot normally be 
& 

increased, one can see clearly where the reserves of our

food are to be found. Countries like Russia, Poland, etc. 

take the greatest effort to increase the tonnage of such 

food and therefore the storage of fish during the voyage is

becoming more important as the distance of voyage increases.

Antiseptics and freezing methods are used to keep fish fresh

on the boat. Sodium nitrate was added to ice, which 

lengthens the storage period of cod by about three days, 

but it causes change of colour of the flesh, particularly at 

the back of the fish, into pink. Investigations are being 

made to find out the effect of such chemicals on the human 

body and fish as a food. This involves the problems of 

finding all changes of protein of fish during the storage 

period.

During the last few years the Polish Marine Institute 

in Gdynia worked out the methods of conservation of fish by 

adding 0.03% of sulphuric acid and 0.25% of formic acid into 

fish. The formic acid applied in that quantity maintains 

fish in fresh condition for about a month. This period 

will be sufficiently long to transport and store any amount 

of landed fish at any British port and use it for silage at 

the /



the farm. This also enable the fish industry to deal with 

the surplus fish at any season without the usual losses 

during the sea voyage and on the land.

More thought is being given to the possibilities of 

using micro-organisms for the production'of proteins, fats 

and eventual ly carbohydrates, which could be employed on
V any limited area and which, sooner or later, will have to

V
be widely used as the human population further increases. 

The importance of protein hydrolysis in pepper has been 

mentioned as a supplement of yeast’s protein, being rich 

in cystine. Poultry feathers represent another sourse of 
cystine which could be utilised by yeast.

&
Vagh in Germany introduced a classical method of 

converting yeast into other products. Prom 100 kg. of dry 

yeast (10% water) he produced 15 kg. of higher carbohydrates, 

48 kg. of protein mass, 7 kg. of raw nucleic acid, 200-300 g.

of ergosterol and 300 g. glutathione and some amino acids.

Prom yeast, Goetsch in Austria, produced supervitamine 

or factor T, which contains a mixture of vitamin B complex.

It has a very beneficial and stimulating effect of humans

and animals and is used as a growth factor. This product is 

now increasingly used in Austria, Switzerland and U. S. A.

The use of algae of Chlorella kind for the production of

fat, proteins and carbohydrates is seriously considered also,

but this country has a considerable knowledge in this field

already, therefore there is no need to mention it here any

further.

It was proved that animal tissue is more resistant to

putrifying/ 
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petrifying bacteria when it contains more lactic acid as a 

result of glycogenolysis which is taking place in the 

muscles after the death of the animal. Investigations are 

taking place to find the influence of carbohydrate food 

on the content of glycogen in the animal’s muscles. Some 
$ 

experiments of adding sugar to foodstuffs fed to cattle 

and pigs shortly before slaughter are promising. Research 
V

on the addition of bio-preparations to increase bacterio- 
V

static properties of muscles should also be kept in mind.

In using antibiotics of any kind care is needed,

because people consuming meat from such animals may be 

affected by such antibiotic^ This problem needs further 

investigation.

It is thought that various troubles of the alimentary 

canal and liver are due to improper food, which lacks certain 

substances, which were destroyed during faulty storage or by 

sterilisation of food. Now as the main remedy for these 

troubles yeast is recommended.

Investigations are undertaken now to study antibiotics 

which control fungi and moulds. The main representative of 

those antibiotics is aktidion which is produced on the mass 

scale. When applied, it stops fermentation completely.

The number of fungistatic antibiotics is already

considerable . Aktidion was tested extensively and no 

harmful effect was noticed.

Present knowledge fully shows the influence of food

stuffs on physico-chemical properties Of animal fat. This

aspect, however, needs further investigation.

In/



In the Soviet Union work is going on to find out 

exactly the differences of enzymatic action in fresh and

previously frozen meat, which affects the pro perties of

meat particularly during further processes. Solving this

problem may have a considerable effect on t^ meat, 

poultry and fish industries. Another aspect is to find

the best maturing state of meat before its conservation.

Recently the influence of ultrasonics on the con

servation of foodstuffs is being investigated in Poland.
&

Study of rancid fat is being undertaken and a search for
V 

suitable antioxidising substances is going on in order to 

improve the storage of fats and meat and thus reduce losses.

Biochemical changes taking place in muscles and other tissues

during the storage period and also during transporting of 

meat and meat products cause change in colour due to

oxidation of haemoglobin, myoglobin and their compounds. 

The successful control of these processes would reduce

losses and would increase the prices of such products.

In Russia and in East Germany the use of so-called 

"biological gas" is being investigated. Farm manure, 

compost, and other organic substances during fermentation 

processes produce gases, mainly methane and carbon dioxide.

By fermenting such substances in a hermetically sealed space 

the gases produced - called biological gas - will contain 

55 - 60% methane the rest being mainly C02 and hydrogen. 

The gas collected in this way does not diminish the value 

of manure but rather acts beneficially, because fermentation

takes place in a space poor in oxygen and this reduces the

nitrification processes.

Russian/



Russian experiments are showing that the byre with

200 medium milking cows can produce enough biological gas

to run an 80 kilowatt generator, which is sufficient for

the lighting purposes of such a farm. Any organic by-products

could be used here. Research is going on^o eliminate the 
best kind of micro-organisms which will ^ive the best 

percentage of biological gas of maximum calorific value.
VThis could be applied on a large scale in countries such 

as India, Africa and other parts or the British Commonwealth 
b 

with a limited capital, before atomic energy is provided on 

a national scale. t

Sawmill yards waste many tons of sawdust. Investigation 

is going on regarding the possibilities of biocatalytic 

conversion of wood fibre into sugar - which is taking 

place in nature on a very wide scale. All fungi which are 

destroying our trees, and termites use wood cellulose as a

source of energy. The research is going on also in this 

field to make a kind of symbiosis of such fungi with other 

organisms (fungi, moulds, yeasts etc.) to produce from wooc 

a useful product like alcohol, lactic acid or fatty acids.

It is a fact that in regions where alcohol from potatoes 

is produced, the soil is much more fertile and the yield of 

farm crops, particularly of potatoes, is some 80% higher 

than elsewhere. It is thought that this is probably due to 

the action of natural manure, which gets into the soil, 

produced by animals fed on distillery pulp. It is suggested 

that yeast produces some amino-acids which activate soil

microflora and thus increases soil fertility. Similar 

action/



action, in a way, is produced by silage. It was shown by 

a Russian worker that lactic acid bacteria present in the 

silage produce antibiotics which increase digestibility 

of plant protein . Probably they produce so called 

’’animal protein factor” and it is certain that a synthesis 

of amino acids takes place in the animal’s%ody, which are 

important in nutrition.
Fermentation of foods by certai^ bacteria enriches 

such food in vitamin B12 and antibiotics,which in turn,
A ‘

increase digestibility of pla^t protein and improve 

such food by about 30$.

This is an important factor in feeding young animals, 

particularly where the supply of vitamins and amino acids 

such as lysine, methionine etc is short in plant protein.
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The Review of Microbiological studies on the fodder silage

(This is basically a translation from Acta. Microb. Pol.
Vol. Ill, No. 1, 1954» 47-61 by A. Szember with the observations 
of the writer of this thesis-)-^ .

Conservation of food products by its ensliage was

known for centuries. According to Lohnis (1935) (48)

ancient Greeks and Romans knew this method of conservation 

of fodder and were making special containers for them.

Zubrilin (1947) (102) states in his work that silage was 

known not only to Mediterranean countries but also to

people in Asia and to northern Slovenians.

The importance of silage is particularly obvious in 

parts of the world where the animal population is high 

and where periods of plant vegetation are short. As 

Virtanen (1947) (97) states ’’only small parts of the 

World provide green pasture for the animals throughout 

the year, the remainder must store the food.*' In 

northern countries, the shortage of food is noticeable 

already in the second half of the summer, which has its 

influence on the production of milk. Having food reserves 

during that period in the form of silage, is of consider

able economical importance and is a great help to the 

farmer, in his animal feeding (Zachariev 1952) (104).

Comparing the calorific value of various foodstuffs 

it was found that silage is a very valuable fodder. For 

example silage from clover took the first place, and hay 

from lucerne was eighth out of eleven fodders tested by 

Christensen & Hopper in 1938 (9).

Appreciating the great value of silage in animal 

feeding, on farms of the Soviet Union, rations of si 1 age 

for/



for milking cows for many months are, according to 

Bnelianow (1951) (16), within 38 - 48% of the total 

ration. In Germany trials of feeding laying hens with 

potato silage were made and no harmful effect was 

noticed, either on the hens or on the quality of the 

layed eggs (Liebscher 1938) (47).

Besides using silage for fodder, silage for human 

consumption is prepared widely in forms of sour-crout, 

cucumber etc. In some countries meat products are also 

acidified, using lactic acid for that purpose (Tittsler 

and co-workers, 1952) (95).

The oldest method, and still a widely used one, is 

making silage in special trenches. Various towers etc 

for that purpose started to be erected at the beginning 

of the last century. Now various devices are employed 

to speed up and improve silage-making. The oldest, 

however, and still most widely used method of conserv

ation of fodder is drying. This method is uneconomical 

for succulent fodder and losses of dry matter are high • 

When stored in special cellars etc., in the case of potatoe 

losses are about 16% of dry matter and 55% of crude protein 

(Ulvesli, 1938) (96),(Orla-Jensen, 1947) (59)»(Malarski & 

Szymanski, 1933) (52).

According to Zubrilin (1947) (162) losses of vitamins 

A and C, during drying periods, may be between 1, 4 - 

2.8% per hour according to drying temperatures. In silage 

on the other hand, vitamins are not destroyed. In spite 

of the long history of silage the rational ways of its

preparation^7
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preparation were possible only since the establishment 

of proper understanding of microbiology and biochemistry. 

^As British literature is sufficiently wide on that 

matter, therefore further elaboration on it appears to 

me to be unnecessary her^

Methods of making sil ape

Good silage depends on many factors e.g. type of plants 

used, condition of soil and growth, time of cutting and 

depending on the chemical composition of the plant and 

its water content, technique of its make, i.e. size of 

cutting, compression, weather conditions, etc. It has 

been found that the early appearance of juice in high protein 

fodder, with the addition of sugar or, as some suggest, 

common salt causes the development of the correct 

strains of micro-organisms which in turn secure right 

fermentation and proper conservation. It is mentioned 

here that the amount of juice produced by tissues is not 

in direct proportion of the silage (Buschmann & Bartram 

1940) (74).

According to Zubrilin and others. pH of silage varies

according to the size of crumbles. For example during

ensilage of variously cut fodder jîH will be as follows-
Oats crumbled 5.47 4.34 4.20 3.94 3.87
Oats uncut 5.47 5.02 4.73 4.56 4.28
Days of fermentation 1 3 10 15 20

Feedingstuffs containing a lot of easily fermented carbo-

hydrates like potatoes will ferment very well. Usually

potatoes are steamed before fermenting. Etchells & Jones 

(1949) (17) proved that in well steamed potatoes all 
lactic/



lactic fermentation bacteria are killed. Silage from 

such prepared potatoes however will still be very good, 

because fermentation is carried out by heat-resisting 

spores of rod shapes found in potatoes.

According to Kirsch and Jantzon (1940 (36) silage 

made of steamed potatoes and leguminous plants in the 

proportion of 7 : 3 reduces the digestibility of silage 

by about 20%. Silage made of steamed potatoes and broad 

beans in the proportion of 5 : 1 makes the product 90% 

digestible, (digestibility of potatoes = 95%.) These 

products, Kirsch claims, are not suitable for the 

intensive fattening of pigs. Silage made from steamed 

potatoes without any additions were very good. (Scharrer 

& Schreiber, 1941a) (82). Trials of enriching silage 

with nitrogen by adding ammonia or ammonium salts to it 

were not successful (Windheuser 1935,1935) (98, 99).

When adding molasses to silage made of leguminous 

plants and inoculating silage with lactic fermentation 

bacteria (Buschmann, Zubrilin) (73,102)using succulent 

plants it is necessary to add much more molasses than to 

dry foodstuffs in order to obtain the necessary concentrat

ion of sugar (sugar minimum) and to reach pH 4.2. By 

adding 5% of steamed potatoes and already fermented potatoes 

to leguminous silage a very good silage was obtained 

(Gneist 1940) (24). Different results were obtained 

Scharrer and Scharrer, 1942 (84), who added 10% of steamed 

and fermented potatoes to lucerne. Their silage was graded 

"bad".

Positive/
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Positive results were obtained by the preparation 

and spreading of boiled potato suspension in water (1 part 

of potatoes for 0.7 - 1 part of water) over plants used 

for silage (Bieriezowski 1951b) (5).

According to Virtanen (1947) (97) plant protein may 

be decomposed during fermentation into many amino-acids 

e.g. alanin, valine, leucine, fenilalarine, etc. and other 

related compounds. There may also be loss of nitrogen 

when this decomposition goes as far as ammonia. This is 

the reason why this investigator recommends using mineral 

acids (a mixture of H^SO^ and HC1) before ensilage. The 

amount of acid added should be such as to bring pH directly 

below 4.2. At pH 3.27 there is a complete stoppage of 

tissue respiration and also a limited decomposition of 

proteins into ammonia. By acidifying silage with inorganic 

acids, organic acids are released from their salts. 

According to Virtanen, by using this method in making a 

silage, there are only organic acids left in a free state. 

Usage of mineral acids is criticised by many farmers 

because it is thdught they have a harmful effect on the 

health of the animals and is a danger to workers and 

their clothing. Orla-Jensen et al, (1947a)(59) proved 

that silage prepared in this way causes acidity in 

animals. On the other hand Zubrilin et al (1950) (103) 

on the basis of their research carried out in U.S.S.R. 

and also German investigators (KLieg 1940)(19),(Wohlbier 

& Siebert 1940)(100), (Keil 1941)(38) claim that 

leguminous feedingstuffs acidified artificially by mineral 

acids/
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acids have no harmful effects of animals. It is necessary- 

only to add some chalk and not to exceed the daily ration. 

Some workers used phosphoric acid instead or other sub

stances like "Alfasil" which is a solution of formic acid. 

Jari used an addition of whey and formic acid but his 

results were poor. By reducing the amount of whey and 

increasing the percentage of formic acid ¡he obtained a 

very good silage.

Using lactic acid fermentation vaccine ("G.F.S."), 

plus 1.5% of sugar and 1.5% of "Amasil" (formic acid) the 

silage produced in this way was poor. The use of formic 

acid ("Amasil") for acidification of silage was criticised 

by Buschmann (1941b) (77), claiming that such silage is 

harmful to animals.

This criticism has been answered by Speer (1942) (89) 

who recommended just formic acid for silage preparation. 

Towards the end of last century, particularly in Switzerland 

a "hot" silage method was recommended. Investigations 

carried out in Russia in 1948 have shown that in silage 

where the temperature reaches 70°, plants get brown due 

to production of dark staining substances - melanoids 

which are produced by the union of amino-acids with pentoses 

Feedingstuffs prepared in this way may smell like honey. 

Due to hydrolysis of easily digestible proteins, there is 

a considerable reduction of digestibility (Zubrilin et al 

1950) (103). It has been thought that fodder prepared in 

this way - commonly known as "sweet" - will be very valuable 

and that the high temperature will stop the development of 

rods/



rods ranging butyric fermentation and as a result, will 

not be infected by these bacteria and therefore such milk 

will be very suitable for cheese production. After care

ful investigation, however, it was found that such fodder 

contains a great number of Clostridium and therefore lowers 

the value of milk (Oral-Jensen et al, 1947) (59). Securing 

"sweet” fodder against the harmful action of butyric 

fermentation rods, it was inoculated with heat resisting 

spores, similar to Bac.subtilis, Such rods can produce 

up to 0.5% of lactic acid which, according to Jensen, will 

slow down development of Clostridium. The "hot" method 

causes enormous losses of dry matter (up to 50%) and also 

vitamins A and C and therefore was abandoned (Lohnis 1935) 

(48).

"Cold" fermentation also causes certain losses of 

dry matter. This depends on many factors. According to 

King (Lohnis 1935)(48), losses of fermenting clover depends 

on the percentage of water content which are as follows - 

The amount of dry matter in silage % 32 30 22

Losses of dry matter % 10 16 21

Therefore the more water the fodder contains the greater 

are the losses of dry matter. These results are in agree

ment with similar investigations carried out by Jari (1951a) 

(32). According to other workers in silages maturing in 

optimal conditions losses are quite considerable. In 

silage made of sainfoin, losses are 24% (Weiske), in 

silage of maize 23% (Kirschner), in silage made of potatoes 

20% (Fittboger and Foerster), and in silage of clover 10% 

(Konig - Lohnis, 1935) (48). Grouven fermenting beet 
leaves/



leaves in a container made of permeable materials found 

3% loss of dry matter during four months. Kellner, 

using the same material but in hermetically sealed 

containers reduced losses of dry matter to 20% (Lohnis 

1935) (48). Virtanen thinks that by stopping respiration 

of plants and preventing decomposition of proteins, it 

is possible to reduce losses up to 5%. At the same time 

acidity within pH 4.2 and below will protect silage from 

development of butyric fermentation rods. (Ruschmann & 

Harder, 1931)(70), (Virtanen,1947)(97), (Richard, 1947)(80) 

Chemical Composition of Silage

Silage of high value must be easily digested, possess 

a good aroma and consist of the proper amount of lactic 

acid (1.8 - 2.0%), very little acetic acid (up to 0.63%) 

and should contain no butyric acid. (Kolowca,1947)(39) and 

(Zubrilin,1947)(102). The quality of silage depends, as 

already mentioned, on the time of cutting the plants. 

Clover contains most carotene before its flowering stage 

which, according to Virtanen, amounts to about 0.2 mg/g 

of dry matter of the plant. After flowering, the amount 

of carotene rapidly falls to 0.05 mg/g dry matter. 

Reduction of carotene is also great during the drying 

process but, according to Zubrilin and co-workers, in 

silage its amount increases, probably at the expense of ' 

xantophyll. Quackenbush and his co-workers proved 

increases of carotene in silage from lucerne which was 

prepared using the A.I.V. method. Also five unknown 

pigments, similar to carotene were found, which were 

absent in fresh material. These pigments were call ed 
A,B,C,E and F/



A. B. C. D and F and later it has been proved that A. B 

and E are produced by the action of acid on lutein but 

the origin of the other pigments was not explained. In 

this experiment it has been found that from pigments A and 

B vitamin A may be produced. Other investigations 

proved that in lucerne there is quite a lot of vitamin 

D, and leaves contain six times more of it than stems 

(Wallis, 1938(101)). Many publications proved the great 

value of silage prepared from fish alone, acidified by 

the A.I.V. method. In such silage a great quantity of 

vitamin D has been found, which did not suffer from acid 

reaction of the silage. Such silages were successfully 

used for the feeding of chickens (Olsson, 1942) (58). 

Other investigators proved that fresh water fish contain 

a substance which is closely related to vitamin A, but 

differs from it in absorption of ultra-violet rays. This 

substance was named Ag and it has been proved that roaches 

and perches have the ability to synthesise it from carotene 

(Morton and Creed, 1940)(56). Schneider and co-workers 

found in fish a lot of vitamin B$ which is so scarce in 

green plants. From these data it appears that silage 

prepared from plants with the addition of some fish may 

prove to be a very valuable fodder, not only because it 

will be rich in proteins, but also rich in vitamins A, 

B and D.

^It appears to me proper to suggest here that the 

Scottish Fish Marketing Board and the Potato Marketing 

Board should fully co-operate in this matter, and provide 

a valuable fodder for the production of more and cheaper 

meat/



meat, eggs etc. There are seasons when surplus potatoes, 

and fish are wasted in this country. This would be of 

considerable importance as far as fodder resources are 

concerned, particularly in adverse periods of this 

country^

Microflora of Fresh Plants

According to ALajev and Czestiakov (1945)(1) the 

number of bacteria on 1 cm area of leaves vary in the 

order of 3.782 to 74*373, which depends on place and 

condition of soil and the age and type of plant. In 

general, on fresh plants there are not many lactic acid 

bacteria. Most numerous are Bac. mesentericus and 

Pseudomonas fluorescens which are ammonifying bacteria. 

In spite of that, in normal silage the lactic acid bacteria 

multiply rapidly and usually it is enough to compress 

properly the plant material to prevent air getting in 

and the silage should be good. This is proved over and 

over again by usually successful fermentation of sour- 

crout, gherkins and even potato shaws. It should be 

mentioned that, before ensilage, it is advisable to test 

plants for the presence of harmful bacteria. According 

to Rinkleben and Bartram (1941)(79) such analysis 

prevented illness in animals.

Microflora of Silage

Methods using "hot” fermentation and A.I.V. exclude 

almost completely the work of lactic acid bacteria.

Bacteria converting sugars into acid can grow only in 

conditions of^cold” conservation. Owing to the small number 

of/



of lactic acid bacteria in green plants, fermenting 

produce at first is started by unwanted bacteria such as 

Aerobacter aerogenes, Tetracoccus and others. Soon, 

however they are replaced by stronger acidifying bacteria 

of lactic fermentation which in turn make room for 

slower acting but more acid producing rods (Orla-Jensen, 

1947)(60). The number of acidifying bacteria and bacteria 

belonging to other groups in silage are as follows: 

according to Miszustin (Zubrilin, 1947)(102).

NUMBER of BACTERIA in THOUSANDS in 1 g. of FRESH MASS of 
SILAGE (Sunflower)

Group of 
Bacteria

Initial
No.

After 12 
hours

After 8 
days

After
20 days

Souring Little ’1,300,000 180,000 2,000

Coli-aero genes 0,250 0,250 0 0,05

Clostridium 0,250 0,250 0 0

Total No. 6000 2,200,000 200,000 2,000

pH of Silage
1 6.3 4.3 4.0

The increase of acidity in silage stimulates the 

development of yeast and with access of air also moulds 

(Orla-Jensen, 1947)(60). According to Jensen, formation 

of lactates stimulate the development of propionic bacteria 

and also butyric and betabacteria. As a rule propionic 

bacteria do not grow in pH below 5 and aenording to 

Virtanen rods of butyric acid do not grow at pH 4.2 or 

below. Out of the above mentioned micro-organisms the 

most resistant against the action of low pH have proved 

to be bacteria, which can grow in sour wine even at pH 

2.75 and may withstand concentration of alcohol of 20% 

Orla/



(Orla-Jensen, 1947)(6o), (Ewasnikov,195a)(43),(Tittsler, 

1952) (95). Betabacteria finish fermentation of green fodder 

and bring pH to about 4.0 and contribute to formation of 

aroma in silage. According to Tittsler, the main aroma 

producing bacteria in silage are strains of lactic bacteria 

producing acetoin being responsible for that aroma* In 

silage made of green plants in which prevailed strepto- 

bacterium, there were also bacteria of betacoccus type, 

betabacterium caucasicum fermenting arabinose which probably 

is identical with lactobacillus pentoaceticium discovered 

by Fred and Paterson in the maize silage.

Dynamics of Development of Acidifying Mero -organisms 
in Silage.

The process of development of acidifying bacteria in 

silage may be varied. Esten and Mason proved the biggest 

increase in number of acidifying bacteria already after 

the first day of fermentation. After the third day of 

fermentation they noted another increase, and then again 

a very rapid decrease. The third maximum, considerably 

smaller than the previous two, appeared after seven days. 

From this moment there is a steady decrease in number of 

acidifying microflora in the silage (Lohnis,1935)(48).

In the similar raw material Paterson, Hastings and 

Fred proved another process of changes of these bacteria. 

The curve line representing the changes in number of 

acidifying bacteria investigated by the above-mentioned 

workers differs from the first one. The first maximum 

appears also during the first day of fexmentation but is 

lower from the second one which comes after five days of 

fermentation. These maxima are divided by the very deep 
depression.



depression. Starting from the sixth day of fermentation

this curve steadily falls down.

Similar results were obtained by Formalska,1951 (20). 

In silage made by her from potatoes with the addition of 

40% of clover, maximum number of acidifying bacteria 

appeared after seven days of fermentation. In the research 

carried out by Szember, 1952 (92), 1956 (91) investigating 

the development of acidifying micro-organisms in silage

made of potatoes with the additions of various amounts of

clover and in silage of potatoes plus so called "fish weeds"

he showed that the maximum number of acidifying bacteria 

appeared always after 2-3 days of fermentation. These

different results obtained by various workers suggest that

the dynamics of the development of acidifying micro

organisms may be influenced in the silage by many factors 

(Zubrilin,1947)(102).

YEAST

Very interesting figures describing the development 

of yeast in silage are given by Paterson and co-workers 

(1925) and Zubrilin (1947)(102). According to these two

authors most yeast is at the moment of starting silage,

after which the number gradually falls down. Zubrilin gives 

a table illustrating decrease of yeast during the fermentation 

of maize silage. At the same time he gives just opposite 

results obtained during silage of potatoes. In silages 

of potatoes and clover, investigated by Szember» and in 

silage from potatoes with the addition of "fish weeds" the

steady increase of yeast is observed as fermentation pro

ceeds, (Szember, 1952 (90), 1956 (91). These changes in 

numbers/



ambers of yeast during fermentation processes depend then 

on the material used for silage.

Ruschmamand Graf (1932)* (71) describing the presence 

of yeasts in silage claim that these organisms contribute 

to the improvement of aroma of these products. Besides that, 

yeasts have a positive influence on vitality of lactic 

fermentation bacteria. On the other hand, these bacteria 

have an antagonistic effect on yeast.

A different view on this aspect is taken by Zubrilin 

and co-workers (1953) (103) who, investigating the causes 

of the reduction of yeast in silage, came to the conclusion 

that there cannot be any antagonisms, because yeasts very 

frequently are in close relationship with bacteria of lactic 

fermentation in various milk drinks like koumiss (mare’s 

milk) or kefir. They think that the decrease in the 

development of yeast in sliage is rather due to the re

duction of osy-reducing potential, which is lower during 

lactic fermentation than during alcoholic fermentation. Too 

strong development of yeast in silage and fermentation 

caused by them (alcoholic fermentation) will reduce the 

value of silage.

The work of Hjanowska and Wb j tar ska (1951) (66) about 

presentation of cabbage by fermentation into which some

small amount of benzoic acid was added show how much it is

possible to regulate the biological processes with the help of this

inhibitor. In this experiment benzoic acid slowed down excessive 

development of yeasts, which brought about a saving of sugar and 

this increased the calorific value of the silage. It had been

established also that benzoic acid has a beneficial effect on 

the/



the durability of vitamin G in sour cabbage.

Small amounts of yeasts are useful in silage because 

they cental n va1 liable vitamin B complex and other growth 

factors.

CHANGES of pH

According to Zubrilin (1947) (102) the properly 

fermenting silage develops the following changes in pH

I don’t think any comment is necessary here.

RAW MATERIAL 
in SILAGE

Initial 
pH

---------------- --------------------------- -— 
pH Value After

3 8 15 30 45 days

Maize 5.9 4.4 4.0 4.0 4.0 ■m

Vetch & Oats 5.8 — 4.5 4.2 4.2 4.2
Steamed Potatoes 6.1 3.8 3.6 3.6 I

BUTYRIC FERMENTATION BACTERIA

The dangerous enemy of silage is butyric fermentation 

bacteria. To protect the silage against the development of 

this bacteria we should endeavour to lower the pH in the silage 

as quickly as possible. With self-fermentation and particularly 

with high protein material this may be difficult to achieve 

at times. Ruschmann(1941)(76 ) is for self-fermentation of silage 

and criticises the method of artificial acidifying. Investigating 

the development of Clostridium in silage, he states that this 

bacteria develops in silage only when there is not enough easily 

fermenting carbohydrates. He counted the number of rods of

butyric fermentation on the grass from irrigated meadows, which 

was considerable reaching 10 million cells per 1 g. of grass. 

Buschmannclaims that by adding some sugar, even such fodder 

could be protected against butyric fermentation, creating 

favourable/
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favourable conditions for growth of lactic fermentation

bacteria.

Interesting notes about endurance of Clostridium

butyricum in acidified silage recorded by Richard (194?)(SO)»

He proved that uncut clover after completion of fermenting 

processes had pH 4» 5-4» 6 and 0.8% of lactic acid. In spite

of rather mild souring, there was no increase of Clostridium in it

Isolated from this silage four groups of rods of butyric ferment

ation were growing successfully at lower pH value which the author 

obtained by the addition of mineral acids. With subsequent trials 

in vitro, it was found that the addition of 2.5% of lactic acid 

into a silage of high pH i.e. about 6.0 did not stop the growth

of Clostridium. In the medium of increased hydrogen ion concen

tration however, the growth of these bacteria was cut down by a

much smaller addition of lactic add. For example at pH 5.0, 

their growth was stopped already by the addition of 0.5% of 

lactic acid. Interesting observations were also made by 

Mattick (1947) (54), Grossowics and co-workers (1947) (25) and 

by Polonska (1952) (67). These authors have proved that lactic 

bacteria secrete special substances inhibiting the growth of 

other bacteria including Clostridium. This could serve as an 

explanation that, in spite of the small number of lactic bacteria 

in raw material, they are able, due to a spedal faculty, to 

control very quickly their environment and protect the fermenting 

product against the growth of undesired groups of microflora.

W manuscript deals more fully 'with these problems.

Literature will be given in an appendix.
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DISCUSSION

In spite of many years of practice of silage making, 

which according to Russian sources extends to over 150 years 

in Russia and about 80 years in this country, there are still 

conflicting statements to be found in the literature of both 

countries.

In the Ministry of Agriculture and Fisheries Bulletin 

No.48 published by H.M.S.O. in 1952 and prepared by H.E. 

Woodman, School of Agriculture, Cambridge University, on 

page 16 we read “The ensilage of young grass is, of course, 

a wasteful process compared with grass-drying, the normal 

losses from fermentation and drainage amounting to about 

one-fifth of the nutriment in the herbage. To this un

avoidable loss must be added those resulting from spoilage 

by mould action, and this type of preventable loss is 

frequently very high“.

James A.S. Watson and James A. More in their 

"Agriculture" state that "Silage cannot be made without 

loss, but when care is taken, the wastage is likely to be 

less than that occasioned in the making of hay".

A. Zubrilin, E. Miszustin, W. Charchenko (103) in 

their book “Silos" state that their calculations regarding 

losses of silage based on the careful laboratory tests and 

theoretical calculations amount to 4 - 5% of dry matter, 

which are due to the loss of carbohydrates.

When ensiling in towers, the loss of dry matter 

reaches 10% and in pits with concrete walls, up to 15%. 

They are of the opinion that the higher percentage of losses 

(20 - 25%)' is accounted for by the improper cutting and 

compressing /
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compressing of the material. In haymaking and ensilage, 

losses could be due to mechanical, biochemical and micro

biological factors. Under mechanical losses one could 

understand the loss of parts of material as a result of 

mechanical handling like cutting, raking, turning, rolling, 

stacking, transporting etc. which affects quantity and 

quality of the material. This results in the hay contain

ing less dry matter per acre than in fresh cut plants from 
■ 

which it is made. In favourable haymaking conditions 

losses of dry matter are due to respiration of cells and 

biochemical processes taking place in cut plants after their 

death. In this case products of partial oxidation of 

carbohydrates and disamination of amino-acids and their 

oxidation is mainly taking place. Here carotene also 

rapidly decomposes and new chemical changes of amino acids 

and sugars take place. This loss alone, according to 

Zubrilin et al, amounts to 10%. During ensilage, the 

mechanical losses are cut to the minimum. Under biochem

ical and microbiological losses we include the loss of 

nutrients as a result of physiological, biochemical and 

microbiological processes during changes and formation of 

the new substances, frequently valueless from the nutrition 

point of view, like COg, hydrogen, methane, ammonia etc. 

These losses will depend mainly on the microflora involved.

Once proper mechanical processes are adopted and care 

is taken in handling the material; with the right knowledge 

and attitude of the silage maker, I have no doubt that 

silage could be the most economical fodder on the farm and 

there /
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there is a great future before it.

Another point worth mentioning is this - Why there 

must be drainage from the silo provided and waterlogging of 

silage avoided or butyric fermentation feared in the silage 

making, while during the sour-crout conservation appearance 

of juice on the surface is essential if similar lactic 

fermentation is to take place properly? Further experiments 

will no doubt find the answer in this matter also.



The Silage from Potatoes and the Microflora involved 

(This is basically a translation from Acta Microb. Polonica 
Vol. I, No.4, 1952, p. 339-359 by A. Szember, with the -
observations of the writer of this thesis added^)-^

The problem of rational silage of potatoes and in 

connection with this the knowledge of acidity and of acidi

fying micro-organisms and biochemical changes taking place 

during fermentation has not been up to now fully investigated. 

In connection with this the author decided to carry out 

investigations regarding development of microflora in 

potatoes fermented with the addition of plants rich in pro

teins. The general aim was to find out the amount of plant 

material to be safely added to potatoes in order to obtain a 

fully nutritious and tasty silage.

^The full description of the research work can be found 

in my manuscript. Here I will mention only the most inter

esting points of that work^

For this experiment potatoes used were mainly nDARn 

variety, which contains yellow flesh, being of average 

starch content immune (cancer) very fertile and late maturing. 

Trials of fermentations were carried out in the laboratory. 

Before setting, potatoes were steamed in autoclave in temp, 
o100 till they were soft, which took about an hour. In 

order to inoculate these potatoes with the natural groups of 

microflora and to enrich at the same time nutrients content, 

fresh or dried clover was added, and for canparison purposes, 

sour milk was also used. Glover used was of red kind, 

gathered at the beginning of flowering stage, vhich according 

to /



to Kellner (34) contains 3.4% of crude protein. In the 

case of hay which had been cut, it was not gathered until 

after three days of fine weather in order to ensure that the 

microflora washed off by rain had been restored. The 

clover was cut into 1-2 cm. pieces. Sour milk used here 

was skimmed milk, left to sour at room temperature for 24 

hours. Used milk had a clot of rational structure. Such 

milk, according to Pijanowski (62) contained on average 3»1% 

of protein.

Another experiment set on, was made of steamed potatoes 

and clover which were acidified to about pH 4 according to 

the A.I.V. chemical method (Virtanen (97), using a mixture 

of gN.Hcl + 2N.H2S0^ - chemically pure.

All experiments were prepared in four repetitions. 

Steamed potatoes after cooling to 40° were mixed with 

clover in a definite proportion by weight. In case of sour 

nnik 15% of it was poured into partly cooled potatoes.

After compressing that material in containers, 2 cm. 

layer of paraffin was added to seal it from the air.

To make this investigation fully convincing, seven 

experimental silages were carried out.

After setting silages on, they were kept in a tempera

ture of 16-18°G. for 7-42 days, according to the type of 

experiment. During these days, silage was tested for the 

acidity and type of microflora at various intervals. The 

pH value was found using paper indicator "hyphen1' or by 

potentiometric method using chinhydrone electrode. The 

total /
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total acidity was found, titrating silage specimens with 

0,1.N, NaOH, using phenolphthalein as an indicator and cal

culating the percentage of lactic acid in the silage.

Lepper’s method was used to establish the proportion of 

lactic acid to acetic acid and butyric acid.

Microbiological investigations included: -

1. Finding the amount of lactic fermentation bacteria.
2. n n ti « non-acidifying bacteria.
3. n n n tt thermophilic bacteria.
4. n n ti tt proteolytic bacteria.
5. n n if tt bacteria of coli-aerogenes group.
6. tt it fl ti bacteria producing gas.
7. ti ti n tt yeasts.

Qualitatively, only acidifying bacteria were tested.

For testing lactic fermentation bacteria, non-acidifying 

bacteria and thermophilic bacteria, the same agar media were 

used which are given by Gilther (22) with the addition of 

1% lactose, 1% glucose, 0.5% peptone and 200 mis. of yeast 

water in 1,000 mis. of tap water. One per cent of bromo

cresol purple prepared according to Tanner (94) was used.

For counting bacteria, most frequent dilutions were

1 : 100,000, 1 i 1,000,000, 1 : 10,000,000 and 1 : 100,000,000

Inoculated dishes with lactic fermentation and non-acidifying 

bacteria were kept in a temperature of 28°0. for 4^ hours.

Petri dishes with medium for thermophilic bacteria were

kept in a temperature of 50°G. for 24 hours. Coli-aerogenes

group bacteria were grown on medium used by Holt, Harris and 

Teague, modified by Levin (Prescott et al (68). Inoculated 

dishes were put into a temperature of 37°C. for 24 hours.

On these media colonies of coli-aerogenes bacteria were 

recognised /



recognised by their greenish-golden glitter. least was 

tested on 10° Ball substance with agar (Fred and Waksman (21). 

It was kept at a temperature of 28-30°C. for 36 hours.

Proteolytic bacteria were sown on broth with gelatine and 

kept at a temperature of 18-20°0. for 36 hours. The gas 

producing bacteria were tested in test tubes with the high 

column of media of agar and glucose with the surface covered 

by liquid paraffin. Isolations and purifications of groups, 

preparations of specimens and microscopic examinations were 

based on recommendations of Claus (10) and Tanner (94). For 

testing specimens of silage from respective jars, every com

bination had 48 dishes for each group of micro-organisms. 

In tables average results were given.

In order to examine in detail the kind of bacteria 

growing in silage during fermentation processes, strains of 

bacteria were isolated during the experiments. These were 

purified and sorted out on Petri dishes with the addition 

of nutrients for lactic fermentation bacteria. After 

receiving pure strains they were then classified according 

to Bergey’s key (3) and Krasilnikov (42). For diagnostic 

trials young cultures (24 hours) were used, after feeding 

them specially and re-inoculating them three times every 24 

hours on a fresh medium. To identify the kinds and strains

of acidifying bacteria growing in silage, the following trials

and media were used:-

1. To establish fermenting ability of various sugars and 

alcohols, Sacharose, maltose, lactose, rafinose, 

arabinose /
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arabinose, starch, mannitol (mannite) and glycerine 

liquid media were used with addition of 1% of tested 

carbohydrate and an indicator. The intensity of 

fermentation was observed after 24 hours and after 43 

hours. The test was carried out in a temperature of 

28°.

2. To establish tolerance in 2%, 4%, 6.5%, 7.5% NaCl, in 

liquid medium with an indicator, 7.5% addition of NaCl 

was applied in accordance with Pederson and Albury (61).

3. Trial for reductase: liquid medium was used in tall test 

tubes with addition of 0.01%, 0.1% and 0.3% of methylene 

blue.

4. Peptonization and souring of milk in a temperature of 

28-30°. Changes were observed after 24 and 48 hours 

(Fred (21).

5. Dissolving of columnar gelatine in a temperature of 

18-20°, the growth of a colony was observed along the 

whole length of a stab.

6. Growth on potato.

7. Growth of tested strains on liquid medium with an 

indicator at the temperature of 35°, 40°, 45° and 50°C. 

In order to find out the critical temperature for 

respective strains, they were grown several times in that 

temperature, checking afterwards vitality of culture. 

Simultaneously with growing tested cultures in higher 

temperature, a control culture was kept of the same strain 

in a temperature of 28°.

All diagnostic trials were carried out in two parallel 

repetitions.

RESULTS OF TRIALS /



RESULTS OF TRIALS

In all, seven laboratory experiments on potato silage 

were carried out. Results are collected in Tables I - VIII 

and on Diagram 1.

Experiment No. 1 was carried out to orientate oneself 

about the number of micro-organisms to be expected in the 

silage during fermentation processes. Results of this 

experiment are given in Table I, below:

TABLE I
IEXPERIMENT 1

The number of acidifying bacteria (in thousand) 
per 1 g. of silage.

No. Combination No. of days of fermentation

0 pH 3 pH 18 pH

I Control -
Steamed potatoes only 0 6.8 1.770 6.6 2.000 4.9 ;

II Steamed potatoes
+ 5% clover 2.300 6.1 217.000 5.8 2.000 4,0

III ( " + 10% clover
( + mineral acid

2.320 3.9 135.000 3.8 600 3.8

IV ( " + 10% clover
( +15% sour milk

IO.4OO 5.8 25I.9OO 5.5 100 3.9

V « + 15% w n 12.000 5.8 98.000 5.6 60 4.1

From the table we can see that the sour silk introduced

more acidifying bacteria than clover.

After three days of fermentation these bacteria multi-

plied most in combinations inoculated with clover (Comb . II

and IV) indicating good conditions present in these media.

Microflora of sour milk also multiplied well, but 

poorer than in Comb. II and IV - (Comb. V).

Mineral /



Mineral acids, lowering pH at the beginning to 3.9 

reduced intensity of growth of acidifying microflora.

In Experiment 2, Table II, no experiment with sour 

milk was prepared. Two variants were set instead with 

various proportions of clover (Comb. II and III). The aim 

here was to establish the best proportion of clover to 

steamed potatoes. In Table II one can see an enormous 

increase of acidifying bacteria in all combinations after 

three days of fermentation. In the case of potatoes plus 

clover (Comb. II and III) their number reached over two 

thousand millions for 1 g. of fresh mass of silage, which 

however, does not last long. The result of the activities 

of these bacteria is a very rapid increase of hydrogen ion 

concentration, which efficaciously checks the growth of 

proteolytic bacteria. Mineral acids (Comb. IV) check the 

growth of all bacteria, but on the other hand beneficially 

influence growth of yeasts.

The increased addition of clover (Comb. Ill) resulted 

in rapid fall of pH as a result of energetic action of acid

ifying microflora. The increase of acidity of silage not 

only stopped the growth of proteolytic bacteria but after 

21 days of fermentation limited also the growth of acidifyin 

bacteria. In this silage the process of fermentation was 

completed earlier. Still greater increase of clover 

(Comb. IV) did not influence the increase of acidifying

microflora.

TABLE II /
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TABLE II

Combinations: I. Steamed potatoes alone.

II. Steamed potatoes + 10% clover.

III. Steamed potatoes + 17.5% clover.

IV. Steamed potatoes + 25% clover + mineral acids.

In /



In Experiment 3 there were the same combinations prepared as in Experiment 2 

with the exception of small change in amount of clover in Comb. Ill and IV. Having 

the same amount of clover in combinations III and IV, it was possible to observe 

the influence of mineral acids on the growth of microflora. The results of these 

experiments are collected in Table III.

TABLE III.

The number of micro-organisms in potato silage (in thousand per 1.0 g.)

Combi
nation

Kind of
Micro-organisms

Number of days of fermentation

0 PH 3 pH 7 pH

I 
II 
III 
IV

Acidifying 
bacteria

41
1.600
1.590
1.740

6.1
5.8
5.8
4.1

800
653.000

1.370.000
3.000

5.8
4.3
4.3
3.9

392.000
420.000
480.000

1.500

5.4
4.3
4.1
3.9

I
II 
III
IV

Non-acidifying 
bacteria

50 
525 
700 
445

2.000
45.000
2.000
2.000

800 
< 1.000 
4 1.000

I
II 
III
IV

Proteolytic 
bacteria

10
68

270
90

4 10
15
50

4 10

41
41
<1

I
II 
III
IV

Bacteria of 
Coli-aerogenes group

4 0.1
0.9
2.9
1.6

4 0.1
5.3 
8

4 0.1

0.1
0.1
0.1
0.1

I
II 
III
IV

Thermophilic 
organisms fermenting 

sugar

4 10
8
6
5

140
630
640

9

6.4
8

41
<1

I
II
III

1 17
Yeasts

< 1
2.2
4.8
3.3

4 1 
0.3 
1
6.5

44
1
1.2

103

! , t

1

Combinations: I. Steamed potatoes alone.

II. Steamed potatoes + 10% clover.

III. Steamed potatoes + 20% clover.

IV. Steamed potatoes + 20% clover + mineral acids.

In /
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in Experiment 3 changes in quantity of acidifying 

bacteria and.acidity are similar to experiment 2. In this 

experiment beside acidifying, non-acidifying and proteolytic 

bacteria, also thermophilic bacteria fermenting sugars and 

bacteria of coli-aerogenes group were found. The increase 

in number of the last mentioned bacteria, after initial, 

amounting to quite a strong growth was checked completely 

after three days of fermentation (Table III). Also non

acidifying bacteria of rtsubtilis”, Bfluorescensn and other 

types, which made up a major part of the micro-organisms at 

the initial stage of setting on silage, disappeared com

pletely after a few days of fermentation. From these 

experiments it follows that with a 20% addition of clover 

a good silage is obtained, properly fermented, durable and 

with other positive features.

The trials carried out after 21 months of storage of 

this silage for the presence of various acids, using 

Lepper’s method (46) have shown that there was: lactic 

acid 2.75%, acetic acid 1.12% and butyric acid 0.09% which 

scored 31 points (Flieg’s key) vhich is equal to '’good" 

mark.

In Experiment 4 besides combination II (steamed potatoes 

+ 20% clover) a combination of artificial acidifying accord

ing to "A.I.V.” method was also tried out, also with addition 

of 20% clover (Comb. III). However these combinations 

although tried out already in Experiment 3 were set again in 

order to find with more detail the influence of mineral acids 

on /
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on the growth of silage microflora. In Experiment 4 there was also introduced 

a combination of steamed potatoes with the addition of sour milk, similarly as 

in Experiment 1 not fresh but dried clover was used. The results of this experi

ment are collected in Table IV.

TABLE IV.

The number of micro-organisms in potato-silage (in thousand per 1 g• )

Combi- Kind of Number of days of fermentation
nation micro— 

organisms 0 pH 3 pH 7 pH 21 pH 42 pH

I 1 6.2 47.800 6.2 364.000 5.8 626.000 4.8 197.000 4.1

II Acidifying 15 6.2 991.000 4.9 424.000 4.2 584.OOO 4.1 67.000 4.1

III bacteria 15 4.1 5.200 3.9 100 3.9 2.500 4.0 7.000 4.0

IV 41.500 - 800.000 — 710.000 — 269.000 — -

I
Non-

66 90 < 1 < 1 -

II
acidifying

293 237 <1 <1 osa

III
bacteria

200 11 1 <1 «a

IV - - - -

I 0.5 1 1 1.3 70

II
Yeasts

0.5 1 31 960 2.500
III 0.3 4.8 216 1.000 3.000
IV 0.1 1.4 203 410 ••

Combinations? I. Steamed potatoes alone.

II. Steamed potatoes + 20% clover.

III. Steamed potatoes + 20% clover + mineral acids.

IV. Steamed potatoes + 20% clover + 15% of skim. milk.

In /
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In this Experiment 4 we can observe in Comb. II 

two maxima of growth of lactic fermentation bacteria: 

first after three days and second, considerably lower, after 

21 days. In Comb. Ill, with mineral acids, initial check

ing of acidifying bacteria lasted till the twenty first day 

of fermentation. From that day until the end of the 

experiment, the number of bacteria was increasing. 

Combination IV (with sour milk) shows at the beginning a 

great number of acidifying bacteria. Fluctuations in 

numbers of non-acidifying micro-organisms were in this 

experiment similar to previous experiments. The yeasts 

were gradually and steadily increasing as in Experiment 3 

reaching several millions per 1 g. of fresh silage after 

six weeks of fermentation. In this experiment the percent

age of acids was determined also by titration using NaOH. 

After 42 days of fermentation the following quantities of 

free acids, as compared with lactic acid were present:

Combination I -2.3^ 
Combination II - 2.5% 
Combination III - 1.3%

From these results we can see that in Comb. I and II, 

about twice as much organic acid is formed as in Comb. III. 

The proper growth of acidifying microflora in these combin

ations and other positive features show that the silage is 

of high quality.

Two more experiments using potatoes and clover were 

carried out in order to study in detail the changes in 

number of micro-organisms in silage during its fermentation.

Each /



Each experiment had two combinations only:

I. control, without any additions.

II. with addition of fresh clover.

The more important results are collected in Table V.

TABLE V.

The number of micro-organisms in thousand per 1 g. of silage

steamed potatoes + 10% green clover

Kind of Number of days of fermentation
micro

organisms 0 1 2 4 6 8 21

Acidifying 
bacteria 230 105.700 5.300.000 2.900.000 2.800.000 1.600.000 190.000

Bacteria 
of coli- 
aerogenes 
group

<0.1 1.2 20 1.6 4 0.1 4 0.1 —

Proteolytic 
bacteria 103 30 50 4 0.1 4 0.1 —

Yeast <0.1 <0.1 1.3 6 70 132

As can be seen on Table V the number of lactic fermentation bacteria 

reached its maximum after two days of fermentation and then there is a 

gradual fall in their number. Bacteria from coli-aerogenes group reached 

their maximum also after two days of fermentation and then quickly dis

appeared. Similarly proteolytic bacteria are limited in their growth and 

their number decreases as acidity increases. leasts increased their 

number steadily during eight days of fermentation.

In Experiment 6 (Diagram 1) similarly as in Experiment 5 there are 

only two combinations:

I - potatoes, for control purposes.

II - potatoes with addition of 20% of fresh clover.

The /



The aim of this experiment was to find the exact daily 

changes in the number of bacteria in silage during a ten day 

period. Studying the growth of acidifying bacteria, with 

the help of this diagram, we can see how rapidly their number 

increases during the first few days, reaching its maximum 

just after the third day of fermentation.

DIAGRAM No. 1

The number of acidifying bacteria during the 
fermentation of potato silage.

Exp. 6. Silage mixture: steamed potato-mash 
+ 20% of green clover.

Taking the maximum number of acidifying bacteria as 

100, after four days we see a very rapid fall of bacteria to 

45. In the following days however, we can see a secondary 

increase of bacteria by about 20%, which after seven days of 

fermentation gives the second maximum of bacterial growth of 

the /
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the value of 60. From this stage, there is then a gradual but steady 

fall of acidifying bacteria in the silage. Similar changes in growth 

of acidifying micro-organisms are observed in Experiments 1-5» In 

all experiments the maximum of lactic fermentation bacteria was found 

after two - three days of fermentation.

Experiment No. 7 was carried out in two combinationsi 

I - control - steamed potatoes only 

II - potatoes with addition of of green clover.

Microbiological examinations of this experiment covered - a) acid

ifying bacteria, b) gas producing bacteria, c) bacteria of coli-aerogenes 

group, d) proteolytic bacteria, e) yeasts. The total amount of lactic, 

acetic and butyric acid was found using Lepper’s method.

The results of this experiment are given in Table VI.

TABLE VI.

The number of micro-organisms in potato silage (in thousand per 1 g.) 

steamed potatoes + 40% of green clover

Number of 
days of 
ferment
ation

Kind of micro-organisms

Lactic ferment
ation bacteria

Bact. of 
coli-aero- 
genes gp.

Proteolytic 
bacteria

Gas 
producing 
bacteria

leasts

0
1
2
3
4
5
6
7
8
9

10
14
21
42

10
775.000

2.590.000
1.690.000

828.000
574.000

2.030.000
1.230.000
1.230.000
1.200.000
1.170.000

990.000
747.000
38.000

< 0.1
4 0.1
4 0.1
4 0.1
4 0.1
4 0.1
4 0.1
4 0.1
4 0.1
4 0.1

4 0.1
4 0.1

0.5 
8

10 
10

4 10 
Z 1
4 1
4 1
4 1
4 1

41 
<1

<• 0.1 
4 0.1 
107

20 
20 
18

<10
4 1
4 1
4 1

4 1
4 1

4 0.1 
< 0.1 
4 0.1 
< 0.1

0.7
2.4
8.3

35.9
40.6

130
160

1720

In /
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In this experiment the strongest growth of acidifying 

microflora takes place after two days of fermentation. 

After a transitory decrease of the number of acidifying 

bacteria during the first few days, their number again 

increases and after six days of fermentation there is a 

second maximum, somewhat lower, however, than the first one. 

Dnyi ng the next few days the number of lactic fermentation 

bacteria stays almost at the same level, and then after ten 

days of fermentation, we can see a steady decrease in their 

number. In this experiment no bacteria of the coli-aero- 

genes group were found. On the other hand proteolytic and 

gas producing bacteria were growing quite strongly at the 

beginning, but after seven days their number fell below 

1000 per gram of fresh mass of silage. leasts were growing 

very well. They were found in silage after three days of 

fermentation, their number then steadily increased and after 

42 days of fermentation reached about two millions per 1 g. 

of silage. Examinations carried out according to Lepper’s 

method have shown that such silage contains: 

lactic acid 2.58%
acetic acid 0.56%
butyric acid 0.09%

These are very rational quantities of organic acids in 

the silage. pH after 42 days was 4*2. When graded accord

ing to Flieg’s key it received 34 points which is ’’very good”. 

This silage had a pleasant aroma and high feeding value i.e. 

crude protein was 2.31%» while potatoes contain 1.95% and 

clover 3«43% of crude protein. Comparing the percentage of 

crude /



crude protein in the mixture before and after fermentation, 

it was found that during the fermentation processes, there 

was a reduction of its quantity by about 9%. On the basis 

of results obtained it is possible to state that the addition 

of about 40% of green fresh clover to steamed potatoes makes 

it possible to obtain a good quality silage. Studying 

growth of acidifying microflora in the silages we can see 

that the initial stage in all combinations (with the excep

tion of one inoculated with sour milk) non-acidifying micro

flora prevailed. After a few days, however, there was a 

very rapid, even violent growth of acidifying bacteria. In 

the table below is given in percentages the number of various 

groups of micro-organisms found in crude material at the 

moment of setting silage.

TABLE VII.

Relative quantities of various groups of microflora at the 
time of setting on potato-silage in Exp.No.2 in percentages.

Combination Acidifying 
bacteria

Non-acidify
ing bacteria

Proteolytic 
bacteria

leasts

I 0 94 6 0

III 9 73 9 9

IV 18 42 18 22

After three days of fermentation of silage, acidifying 

bacteria mastered the medium to such an extent, that the 

total sum of all other micro-organisms found in the silage 

did not exceed 0.002% of all microflora. Only yeasts 

increased their number and in Combination IV their number 

after three days of fermentation was 0.2% of the total 

number /



number of micro-organisms in the silage.

Acidifying strains were isolated only in the combination 

of steamed potatoes with the addition of green clover. The 

diagnostic features are given in Tables VIII and IX. Out 

of 44 isolated strains, only eight were able to acidify the 

medium for lactic bacteria to pH below 5 in a temperature of 
o28 during three days. The fastest acidifying strains 

belonged to granular bacteria (Nos. 6, 34» 32, 33, 31, 21). 

Two strains of rods (Nos. 42 and 35) were also quick to 

acidify. The order in which strains were put is according 

to their ability to acidify, starting with No.6 which 

acidified up to pH 4»04 and finishing with strain No.35 

which acidified up to pH 4*99.

Strains which were able to acidify quickest have 

shown their peculiar ability; for example, the quickest 

acidifying strain No.6 ferments only two out of tested 

diagnostic sugars (maltose and lactose). Second strain in 

order of ability to ferment (No.34) fermented also only two 

sugars (maltose and saccharose). On the other hand, strains 

which acidified more slowly (Nos. 31 and 32) fermented four 

sugars each, and the strains with the slowest acidifying 

ability (Nos. 21 and 35) fermented five sugars each i.e. all 

sugars used for the diagnosis.
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GENERAL CONCLUSIONS

It was proved, that from potatoes it is fairly easy to

obtain proper

potatoes some

excite in

and very nutritious silage, adding to steamed 

30 - 50% of fresh mass of leguminous plants 

them acidifying biological processes

Application of chemical method ”A.I.V." for acidifying 

a mixture of potatoes and clover did not give good results 

in our experiments; silage so obtained had sharp odour and 

was liable to rapid growth of mould.

Silages from potatoes with sour milk were less durable 

than silage from potatoes with an addition of clover and had 

an odour of sour milk.

Author thinks, that from the nutritious point of view 

it would be proper to make silage from potatoes with an 

addition of 20 - W of green clover, which however must be 

fully proved by further feeding experiments.



DISCUSSION

In experiments described in this chapter, results 

obtained with the addition of sour milk to steamed potatoes

not very encouraging. Table I of exp. 1 on page six7S 

provides some details for analysis. To me the possible

could be, that the majority of bacteria developed

the sour milk are able to convert into lactic acid from

disacchorides only lactose found in milk. When these 

bacteria are added to the material consisting of plants 

which contain mainly cane sugar and maltose, one can under

stand their partial failure. It would seem proper to use 

is starters for silages made of plants rich in protein^ 

specially selected cultures of lactic acid bacteria, able

ferment material used in silage. These starters could

prepared by the bacteriological departments in co-oper

ation with the Department of Agriculture and the Farmers’

Union and

times

materials

supplied to silage makers in quantities, qualities 

required. These would prevent losses of plant 

and make silage making more successful. Cultures 

selected should be of homofermentative type and able to

ferment energetically sugars typical of plant material used.

When starters are used, it is possible to make good silage

even from clover alone.

Very thorough experiments carried out in U.S.S.R. by

Garder and Markova show that there is much less ammonia

present in silage made of clover with the right starter used.!

They claim that when proper starters are used in silage 

making /
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making, bad results are never obtained. Uses of starters 

however is connected with several additional functions 

which complicate the process of the silage. For that

the use of starters should be recommended only in

ases where they will bring good results. Starters should 

contain a mixture of cultures which, when applied, will

active mainly these strains which will be 

fitted to conditions provided.
L. Dorosinskiv^$commends using culture of 

bacteria being able to ferment pentoses also.

the most

lactic acid

Dry starters

more convenient than liquid ones during transporting

are able to be more active for the longer storage period.

the amount of accumulated acids in the silage depend on

(a) the amount of carbohydrates available for fermenting 

processes and (b) buffer qualities of the material, while 

using for fermentation material with limited amount of 

sugars, it should be remembered that the improper use of 

these sugars may lead to wastage of fodder. It is very 

important to make sure that the fermentation Uich is to take 

place will be the right one from the very beginning and in 

cases like this use of right starters only is recommended. 

Plants containing considerable amount of carbohydrates will 

in normal conditions ferment well without any addition of 

cultures and it should be made clear that starters are 

required only for silage made of plants which ferment with 

difficulty.



Summary of A. Szember’s work on:

"THE INFLUENCE OF THE ADMIXTURE OF FISH MEAT ON

THE MICROFLORA OF POTATO SILAGES"

carried out at the Establishment of Agricultural 

Microbiology of the Higher School of Agriculture at 

Lublin and published in ACTA MICROBIOLOGICA POLONICA, 

1956, Volume V, 385 - 400.
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The constant development of farm animal husbandry in 

Poland demands a considerable widening of the base of food

stuffs. It is therefore of imperative importance to work 

out the rational methods of conservation of such foods, and 

other by-products, still frequently wasted.

The best method of conservation of foods is their 

ensilage by biological processes. It is not however always 

possible to do so with foods rich in protein. In such cases 

materials rich in carbohydrates are used, and rich in protein 

materials are added to them. Such food mixtures could be 

ensiled admirably thus providing a product of high quality 

(Herzig 1946 ( 30), Bieriezowski 1951 ( 5 ), Lysogorow, 

Soltykow and Werbicz 1951 ( 49), Szember 1952(90.))

It is possible to acidify foods rich in protein directly 

using mineral acids, according to A.I.V. method (Virtanen, 

1947)( 97) and food products of animal origin i.e. fish liver 

was ensiled in this way providing food which was willingly 

eaten by hens (Olson 1942) ( 58).

In order to obtain silages from potatoes, highly enriched 

in protein, fish meat was added to steamed potatoes (Kirsch, 

Jantzon, Sieden, 1943)( 37).

These trials were also carried out in Poland by the Department 

of Animal Feeding, University of Lublin (Kolowca 1953) ( 40) 

and by A. Szember. In these trials a much higher percentage 

of fish was added'by Germans.

The addition of fresh water fish in the raw state 

enriched steamed potatoes not only in protein but in vitamins 

as well - vitemins A2 and B6. (Morton and Creed 1939 ( 56), 

Schneider, Ascham, Platz, Steenbock 1940 ( 87), Dieviatin 1948( 13))» 

A/



A wider description of microbiological investigations on 

silage can be found in my manuscripts and earlier treatise 

of this work^

The author of this work concentrated particularly on 

the microbiological processes taking place during the fermentation 

of steamed potatoes enriched with various amounts of fish.

In general, four experiments were carried out. In all 

these experiments steamed potatoes were used, usually ’DAR” 

variety, adding to them various quantities of finely cut 

small fish (’’fish weeds”) mainly roach and bream. Potatoes 

were steamed in 100° for about 1£ hours, then mixed while 

hot with fish and after cooling they were put into containers 

and strongly compressed.

As containers 40 1. (9 galls.) of earthen vessels and 

3 1. glass jars were used. These containers were provided 

in the upper part with a special collar filled with salt 

water into which a wax cover was fixed. This prevented 

contamination from air and other sources. In some experiments 

scalded fish and 1% of fresh clover was used as well. Fish 

were scalded by a single pouring of boiling water. The addition 

of one per cent of cut clover was considered as a possible 

starter of micro-organisms.

The quantity of microflora was defined daily during 

the first ten days and then after 14, 23 and 120 days of 

fermentation carried out in a temperature of about 16-18°C. 

Experiments were also carried out with the object of finding 

out the maximum amount of fish which could be added to 

potatoes without spoiling the silage. This experiment lasted 

140 days in room temperature 16-18° - Exp. III.

Exp.Ill/
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Exp. Ill consisted of steamed potatoes plus 20% of 

raw fish. In this experiment counting of microflora was not 

carried out but the kind of microflora was examined instead. 

For that purpose every 2-3 days micro-organisms were isolated 

which were then purified by sowing them on Petri dishes using 

medium for lactic bacteria. Pure strains thus obtained were 

then identified.

The object of the fourth experiment was to check whether 

it is possible to make a good silage from potatoes with the 

addition of a large amount of fish. In this experiment also 

fish was used which was kept previously for seven days in a 

temperature of about 20°, which caused some putrification. 

The total time here was 60 days. Sowings of microflora were 

carried out daily for 10 days and then after 14, 21 and 60 

days of fermentation. Isolated strains of bacteria of lactic 

acid fermentation were purified similarly as in previous 

experiments and pure cultures of those strains were then 

diagnosed. Their acidifying ability was also found, using 

a liquid medium, which consisted of 20 g. lactose, 20 g. 

glucose, 5 g. pepton, 200 mis. of yeast water and 1000 mis. 

of tap water. The ability of producing acetoin by these 

strains was also investigated. Voges-Proscauer reagent was 

used and strains were cultivated on Clark’s medium.

The microbiological Investigations of silages carried 

out in all experiments included the following groups :

a) Bacteria: acidifying, proteolytic, coli-aerogenes group, 

and butyric fermentation

b) Yeasts.

Counting of micro-organisms was carried out by using the 

_dish/
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dish method, while butyric fermentation bacteria were carried 

out by the dilution method. In these trials, similar dilutions 

and similar media were used for every group, like in Szember’s 

earlier investigations.

Comparisons were also made among individual combinations 

regarding the quantity of acidifying bacteria. In particular, 

a number of colonies grown out on dishes with a dilution of 

1:10 million were compared, using student’s ”t” test. 

Potentiometer was used to define pH in the first three 

experiments using cinchonine electrode, while in experiment 

IV glass electrode was used. The total amount of lactic acid 

and acetic and butyric acids were defined using Lepper’s method 

(1938)(46). The silages were graded according to Flieg’s key 

(1938) (18), and according to the quantity of ammoniacal-N 

in them. Chemical analyses and feeding trials of the first 

two silages were carried out by Kolowca (1953) (40) at the 

Animal Feeding Establishment of Lubin University and of the 

remain^ng experiments by the author of this work himself.

Results of Experiment I are given in table I where one 

can see a distinct difference in the number of acidifying 

microflora in respective combination. Combinations 2 and 3, 

which consist of 1% of clover addition, in spite of different 

treatment of fish in these combinations (in comb. 3 fish was 

scalded) after the first day of fermentation they both 

contained almost the same number of acidifying bacteria. In 

combination four, which contained scalded fish and potatoes 

only, one can observe the smallest number of acidifying 

bacteria. The poorest growth of microflora is in combination 

one. The greatest number of acidifying bacteria are found in 

all combinations after three days of fermentation. After 

23/
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TABLE I

THE EFFECT OF THE ADMIXTURE OF 7-5^ OF PISH MEAT TO STEAMED POTTOES ON THE DEVELOPMENT OF MICRO-ORGANISMS IN THE SILAGE 

NUMBER OF MICRO-ORGANISMS IN TIOUSANDS PER 1 GRAM

Kind of Comh in- DAYS 0 F F E M E N.T A T I 0 N
Micro-organisms ation 1 2 3 4 5 6 7 8 9 10 14 23 120

1 1430,000 2850,000 8950,000 2380,000 1190,000 8350, 00 1160,000 990,000 660,000 110,000 50,000 450,000 50,000
ACIDIFYING 2 2180,000 7130,000 13210,000 4670,000 1210,000 930, 00 990,000 1810,000 320,000 110,000 50,000 610,000 200,000

BACTERIA 3 2050,000 4540,000 11250,000 3340,000 870,000 1730, 00 1620,000 1360,000 170,000 140,000 390,000 660,000 40,000
4 1010,000 6040,000 11900,000 5120,000 1960,000 4340, 00 2650,000 2900,000 820,000 480,000 80,000 740,000 30,000
1 . 1.430 10 23 4 1 <0.1 - - — — <0.1 4 0.1 4 1

PROTEOLYTIC 2 790 - <10 4 10 <1 <0.1
1

— - — — <0.1 4 0.1 4 1
BACTERIA 3 3.810 <10 4 10 4 1 4 0.1 - - — <0.1 < 0^1 < 1

4 2.200 36 4 10 < 1 < 0.1 - u /V - - — <0.1 4 0.1 4 1
1 3.8 0.9 0.3 4 0.1 0.5 < 0. 4 0.1 < 0.1 — — < 0.1 4 0.1 < 0.1

COLI-AEROGENES 2 7.4 14.6 15.3 4.3 2.2 1.. < 0.1 4 0.1 — — <0.1 4 0.1 4 0.1
GROUP 3 11.5 23.3 93.0 4 10 2.6 O.i <0.1 4 0.1 — — <0.1 40.1 4 0.1

4 10.8 38.0 206.0 73.0 0.6 1J 40.1 40.1 — — <0.1 < 0.1 4 0.1
1 — < 1 < 1 < 0.1 < 0.1 — — — — — — —

BUTYRIC ACID 2 — 1.5 1.2 4 1 4 0.1 — — — — — — —
BACTERIA 3 — 60.0 61.0 4 10 4 0.1 — — — — — — —

4 — 55.0 56.0 70.0 4 0.1 - — — — — — — —
1 — — — - — - - - - 86 33 5,680

YEASTS 2 — — — — — - — — - — 280 496 6,020
3 — — 1 — — - - - - - — 153 126 5 j 740
4 — — — — — ; - - — — 252 56 5,810

COMBINATIONS: 1. Steamed Potatoes +7.5^ Raw Fish
2. " " + 7 »5^ " " + 1/i Clover
3. +7*5^ Steamed Fish + 1$ clover
4. " " + 7.5% ” "
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23 days the number of acidifying bacteria levels out in all 

combinations and after 120 days it is about 30-50 millions 

of cells 1 g. of fresh silage, except in combination two 

where the number is several times greater.

On the basis of these results and their statistical 

analysis one can assume that the dispersion of colonies of 

acidifying bacteria in the dishes is within the limit of an 

experimental error.

For the comparison of the average number of colonies of 

acidifying bacteria in respective combinations of silages 

students "t” test was used. These results are in table II.

TABLE II/
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As we can see in almost the whole period of experiment!ig, 

ntn values obtained are above 2,288 (for six repetitions with 

10 degrees of freedom and 5% level of essentiality.) One can 

deduct from this, that differences between the number of 

acidifying microflora in respective combinations of silage 

are real.

In these combinations we were finding various quantities 

of proteolytic bacteria, bacteria of coli-aerogenes group and 

butyris acid fermentation. The greatest number of unwanted 

microflora was found in combinations in which scalded fish were 

used (combinations 3 and 4)»

Contrary to our expectation, partial sterilisation of 

fish stimulated growth of unwanted bacteria. The speedy 

development of acidifying bacteria caused however the 

disappearance from all combinations of detrimental microflora. 

First, after three days were vanishing proteolytic bacteria, 

then bacteria of butyric fermentation and the last to go were 

bacteria from coli-aerogenes group, which were not found in 

silage after seven days of fermentation. Yeasts were found 

in this experiment for the first time after 14 days of 

fermentation of the silage. The number of these micro

organisms were increasing with the progress of fermentation 

and after 120 days of storage of silage in all combinations 

several millions of cells were found per 1 g. of fresh silage.

Changes of pH values in respective combinations were more of 

less the same. Already after 4 days of fermentation, pH in all 

combinations was between 4.2 - 4*3

Chemical analyses of silages after 120 days have shown 

about 3*5% of lactic acid, about 0.5% of ecetic acid and about

CL. 02%/
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0.02% of butyric acid without marked differences in respective

combinations. Their pH at that time was 3.8 (Kolowca 1953)

The size of a container in which silage was fermented

no influence on the intensity of growth of acidifying

microflora. The aim of experiment II was to establish the

highest permissible addition of small fish to potatoes. In

this experiment, in view of the fact that scalded fish had

beneficial effect on the development of microflora only

fish was used.

The results of this experiment are given in table III

TABLE III/
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From this table (ill) it appears that the growth of 

acidifying bacteria in this experiment was considerably 

weaker than in the previous experiment (table I). The 

greatest number of micro-organisms were found with the 

addition of 10-20% of fish, (Comb. 1, 2 and 3), after two 

days of ensilage. The number of bacteria was about 700- 

900 million cells in 1 g. of fresh silage, while at the same 

stage, silage in experiment I contained few thousand millions 

for 1 g. The poorest growth of acidifting bacteria was 

observed in the silage with the addition of 25% of fish 

(Comb. 4), where already after the second day of fermentation 

the total number, instead of increasing, actually decreased 

and was smaller than with the addition of 10-20% of fish.

In sijages 10 days old and older, the numbers of acidifying 

bacteria were in the first three combinations roughly the same, 

but in Combination 4, the number was lower. Contrary to the 

number of acidifying bacteria, the number of proteolytic 

bacteria was increasing in respective combinations in direct 

proportion to the addition,of fish. The greatest number was 

found in all combinations after the first day of fermentation. 

After two days however, the number of them was decreasing. The 

growth of these bacteria was checked earliest in combination 1, 

while in the remaining combinations they were still found after 

10 days of fermentation. Where the addition of fish was 25% 

they were found even after a few months, however in small 

numbers. Similarly behaved bacteria from coli-aero genes groups. 

Their number also increased proportionately with the increase 

of fish percentage in all combinations. The maximum number was 

absorbed in all combinations after two days of fermentation. 

Bacteria/



Bacteria belonging to this group were vam' phi ng almost

completely in combination 1 after 4 days and, with the

addition of fish, after 6 days of fermentation (table III)

Bacteria of butyric acid fermentation were found in this

experiment in small numbers and the greatest number of them

reached 600 cells per gram of fresh mass of silage-

after the seventh day of fermentation their numbers dropped

In experiment II after 140 days of fermentation a great

number of yeasts were found reaching about 50 million cells

per gram of fresh mass of silage. This proves to be about

50% of acidifying bacteria present (table III). The total

number of yeasts had no relation to the amount of fish added

to the silage

The increase of acidity was slower in silages with a

greater amount of fish. In combinations 1 and 2, pH was only

5.2 after 10 days of fermentation, while in combination 3

pH was 5.4 and in combination

of fermentation. The amounts

appeared to be quite correct

4, pH was 5.8 at this stage

of acids in these silages

They contained, after 80 days

of fermentation, about 2.0% of lactic acid, about 0.5% of acetic

acid and small quantities of butyric acid (about 0,04%). The

feeding trials were also successful

The slow process of lactic fermentation in the second

experiment was most probably due to the low room temperature

which, during the first stage of fermentation, was about 0°

and for a few days even fell to -6°C

In experiment III large quantities of fish were used.

perature was maintained between 16-18° . The combination

nsisted/

The
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combination consisted of potatoes and 20% of raw fish and 

the experiment lasted for five months. The number of micro

organisms were not counted but investigations concerned only 

the quality of microflora (table VIII). After 3-4 days, 

only very few harmful micro-organisms were found (less than

10 cells/g.). The finished product had a very pleasant

aroma. After five months of storage there were still about 

125 millions of acidifying bacteria in 1 g. of silage. 

Proteolytic bacteria and bacteria of coli-aero genes group 

were absent. The results of chemical analyses of these sila 

are given in table IV below.

TABLE IV

EXP. III. GHEtiECAL ANALYSES OF SILAGE AFTER FIVE MONTHS OF 
STORAGE.

COMBINATION: STEAMED POTATOES + 20% OF RAW FISH

ges

AMOUNT OF ORGANIC ACIDS %

PH
N-TOTAL

%

f -»

LACTIC ACID ACETIC

ACID

BUTYRIC

ACIDTotal Free

3.12 0.67 0 .48 0.04 4*4 0.83 0.04

Using Flieg’s key, that silage scored 36 points which

qualified it as a very good one. The results of this 

experiment verify our assumption that it is possible to obtain 

a very good silage from potatoes with 20% of raw fish. 

Experiment IV had the aim to establish the highest percentage 

of fish addition to potatoes for silage. The period of this 

experiment was 60 days. The temperature was 16-18°. The 

results of this experiment are assembled in Table V below

TABLE V/



TABLE

EXP. IV. THE EFFECT OF ADMIXTURE OF RAW FISH TO STEAMED

MICRO-ORGANISMS IN THOUSANDS OF

(-) not investigated.

MICRO-ORGANISMS Combin- 
ations

DAYS OF FERM

1 2 3 4 5

1 1518,000 3780,000 1540,000 2950,000 2020,000 2410
ACIDIFYING 2 2540,000 3900,000 1590,000 2350,000 1840,000 2510

bAUTKtilA
3. 3030,000 11900,000 3400,000 2200,000 2270,000 1760
1 67.O 2.3 < 0.02 0.3 4 0.02

PROTEOLYTIC 2 I58.O 4.5 5.1 1.0 <0.02 •
BACTERIA

3 311.0 440.0 260,0 259.0 103.0

1 1.0 1.5 0.3 <0.02 —.
COLI-AEROGENES 2 1.4 1.1 0.8 <0.02

GROUP
3 17.0 41.0 2 32.0 12.0 7.0 < 0

1 3.8 0.5 <0.02 <0.02 — • ■

BUTYRIC ACID 2 4.5 0,6 0.06 <0.02
BACTERIA 3 4 0.1 <0.1 4 0.01 <0.1 - <0

1 - - - -

YEASTS 2 — — - — -

3 — - - — -

COMBINATIONS: 1. Steamed Potatoes + 20% Raw Fish

2. n ” + 30% '» "

3. it " + 8% Rather putrified Raw Fish

■ E

THE DEVELOPMENT OF. MICRO-ORGANISMS IN THE SILAGE

R 1 GRAN OF SILAGE

N T A T I 0 N

V- i I 8 9 10 .14 21_________60
—f-
)0 ■ 1850,000 430,000 2250,000 1450,000 1200,000 650,000 170,000

1760,000 460,000 2550,000 730,000 1440,000 890,000 150,000

c 1670,000 3020,000 3870,000 2220,000 1320,000 84,000

— — — — < 0.1 <0.1 <0.1

— — — — 4 0.1 <0.1 <0.1

23.0 — — — < 0.1 <0.1 <0.1

— -- “ <0.1 <0.1 <0.1
A

— — — — <0.1 <0.1 <0.1

<0.1 — — — < 0.1 <0.1 <0.1

— — — — < 0.1 <0.1 <0.1

— — — 4 0.1 <0.1 <0.1

— — — — <0.1 : <0.1 < 0.1

— 440 55O 2.880 7.000 59.000 37.000

7 i — 470 565 2.930 6.000 70.000 30.000
'•A j

— — — — — 16.000



In this experiment the greatest number of ani di fyi ng 

bacteria were found after two days of fermentation, and 

their numbers were approximately the same for 20% and 30% 

of fish addition. Particularly high numbers of acidifying 

bacteria were found in silage with puterfied fish (11,000,000,000 

per gram of silage.)

The growth of proteolytic bacteria in combination one 

(20% of fish) was strongly checked already after three days 

of fermentation and in the second combination (30% of fish) 

after five days of fermentation. In the combination with 

putrefied fish, proteolytic bacteria were found much longer 

and only after 14 days of fermentation, their growth was 

highly checked. Butyric acid bacteria and bacteria of coli- 

aerogenes group were in silage less numerous than proteolytic 

bacteria and their growth was checked after the first few 

days of fermentation. The greatest number of yeasts were 

found after three weeks, and after two months their numbers 

fell to one half.

The results of experiment IV show that it is safe to add 

a high percentage of fish to potato silage. The development 

of acidifying microflora in such silages is gerenally con

sidered to be good. The higher percentage of fish however 

reduces the number of acidifying bacteria.

The results of chemical analyses of experiment IV are 

given in table VI.

TABLE VI/
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TABLE VI.

EXP. IV. ANALYSES OF THE SILAGE AFTER. 60 DAYS OF STORAGE.

Combin- 
ations

Amount of Organic Acids % N-TOTAL

%

N-NH
4

%

DRY 
MATTER

%
Lactic 

Acid 
Total

Acetic
Acid

Butyric
Acid

1 2.33 0.35 0.020 0.91 0.06? 22.5

2 1.90 0.25 । 0.020 1.27 0.078 20.0

3 1.78 
.............

0.20 0.005 0.72 0.084 27.0 |

As can be seen from table VI, in all combinations of 

experiment IV, silages contained the proper quantities of 

organic acids. Grading them according to Flieg’s key each of 

them scored 38 points, which means they were very good. They 

all had a pleasant aroma. The silage with 8% of rather rotten 

fish had no bad aroma but smelled rather like Tylza cheese.

According to Flieg (1938) ( 18 ) a “very good” silage may 

not contain more than 8% of ammoniac al nitrogen (N-NH^) of 

the total nitrogen present in the silage. Those containing 

8 JL4% of N-NH^ may be good or bad, but silages containing 

above 14% of are always "bad".

The decomposition of proteins into ammonia was not big 

particularly in combinations 1 and 2, where ammoniacal 

nitrogen was only 6-7.5% of the total nitrogen. Silages of 

this experiment contained the least dry matter, which con

tained the highest percentage of fish. Too much fish (30%) 

added to potatoes causes slimy silage.

The acidity of silages was tested after 1, 5, 8 and 60 

days by using a potentiometer with a glass electrode. The 

results of these tests are collected in table VII.

TABLE VII/
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TABLE VII

EXP. IV. pH FLUCTUATIONS DURING STORAGE OF SILAGE

COMBINATION
BAYS OF STORAGE

1 5 8 60

1 5.50 4.80 4.60 4.05

2 5.50 4.80 4.66 4.05

3 — - 4.90 4.22

After sixty days of storage the acidity of silage in 

exp. IV was sufficiently low to secure it against putrefaction. 

In this experiment we can observe a very slow increase in 

acidity of silages. Taking all experiments into consideration 

it appears that the addition of more than 20% of fish causes 

slimy silage and a slowing down of fall of pH. The develop

ment of acidifying microflora was relatively good but rather 

delayed, which after all produced useful quantities of 

organic acids.

A particularly slow fall could be observed in silage 

with an addition of rotten fish. In this silage, for a very 

long period undesirable micro-orbanisms could be found. 

These findings do not encourage the use of rotten fish as 

an addition to silage.

In all 57 strains of acidifying bacteria were isolated 

from silages made of potatoes and fish. Twentynine strains 

were isolated from silages in experiment III and twenty

eight from silages in experiment IV. Results of diagnoses 

of isolated strains of cocci and rods are given in table VII 

None/
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None of those isolated strains of cocci and rods liquefied 

gelatine or fermented glicerine. All strains were Gram 

positive.

In table IX some results of diagnoses of 28 strains 

of acidifying bacteria are given which were eliminated 

from silages in experiment IV. In that table, below, data 

are given regarding their ability to acidify the medium 

and to produce acetein.

TABLE VIII/
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CHARACTERISTICS OF STRlj^nff ACIDIFYING BACTERIA ISOLATED FROM SILAGESEXPERIMENT III
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Explanation of Symbols 
Columns 3-11

No growth
+ Poor growth
++ Strong growth
+++ Very strong growth

Columns 12 - 14!

+

+++

No reductio1 
Slight redu 
Strong redu 
Very strong

1 of methylene blue 
lion of methylene blue 
■tion of methylene blue 
reduction of methylene blue

Columns 15 - 29s
No fermentation

+ Slight fermentation
+4 Strong fermentation
+++ Very strong fermentation

Column 30s
- No production of acetoin
+ Slight production of acetoin
++ Strong production of acetoin
+++ Very strong production of 

acetoin.
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TABLE IX

EXP. IV. SOME CHARACTERISTICS OF STRAINS OF ACIDIFYING BACTERIA
ISOLATED FROM SILAGE

ST
RA

IN
S'

 NO

COCCI COCCI

19 0.4 x 0*4 — 3.88 34 0.4 x 0.5 - 3.95

20 0.6 x 0.8 •* 3.95 35 0.4 x 0.5 — 3.90

21 0.6 x 0.8 — 4.00 36 0.4 x 0.5 - 3.90

22 0.5 x 0.6 —• 3.85 37 0.4 x 0.6 3.95

23 0.6 x 0.8 - 3.95 | 38 0.7 x 0.7 - 3.85 J

24 0.4 x 0.6 - 3.90 ! 39 
s 0.7 x 0.8 — 3.87 ;

25 0.5 x 0.6 — 3.95 40 0.6 x 0.8 — 3.80 ;

26 0.6 x 0.7 + 3.65 ROD s
I

27 0.6 x 0.8 + 3.72 52 0.4x1.2-1.5 +++ 4.24

28 0.6 x 0.8 — 3.95 . 53 0.4x1.3-1.5 ++ 5.20

29 0.5 x 0.6 — 3.86 54 0.6x1.5-2.3 - 4.32

30 0.6 x 0.7 + 3.74 55 0.5x2.3-3 — 4.00

31 0.5 x 0.7 — 3.95 56 0.6x1.5-3 - 4.28

32 0.5 x 0.6 ++ 3.90 57 0.6x0.8-2.3 - 4.22

33 0.6 x 0.8 3.78
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DISCUSSION of RESULTS and GENERAL CONCLUSIONS

From the experiments carried out, it appears that the 

steamed potatoes could be enriched in proteins of animal 

origin by adding to them small fish. Scalding of fish 

seems to be unnecessary judging by results of experiment I 

(table I combinations 2 and 3).

By adding to potatoes various quantities of fish, it 

was found that the addition may be as high as 20%. With 

the addition of 25 - 30% of fish, good silage, with the proper 

amount of organic acids could be obtained . Such silage, 

however, matures more slowly and is too sHmy (tables III 

and V). There is also a danger of the accumulation of unwanted 

formations, which needs further investigation. Making silage 

by using putrefied fish should be avoided as it prolongs the 

growth of proteolytic bacteria (table V). Studying the 

development of microflora in silages with the smaller amounts 

of fish (7.5 - 20%), it was found that the proper development 

of acidifying bacteria took place (tables I, III and V).

Harmful micro-organisms of coli—aero genes group and 

proteolytic died after 5-6 days, allowing acidifying bacteria 

to take the lead whenever the room temperature was between 

16 - 18°C (exp. II and IV). The influence of temperature on 

the growth of various groups of micro-organisms heeds further 

investigation. Silages with 20% of fish contained over 5% 

of crude protein, about 2.3% of lactic acid, 0.3% of acetic 

acid and about 0.02% of butyric acid. They were characterised 

by a pleasant aroma, slightly like a fish paste.

The/
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The rational use of small fish which is not suitable 

for human consumption as an addition to silage may be of great 

importance, particularly on big farms combined with the 

fish industry.



DISCUSSION

To improve the nutritional value of potatoes, any 

material rich in protein could be added to it and then ensiled.

Introduction of fish is a fortunate idea, enabling enormous 

ocean resources to be utilised in the improvement of the 

supply of fodder. New fishing methods can greatly improve 

the volume of landed fish. Potatoes, being of low buffer 

value and rich in carbohydrates, provide a very suitable 

material for the admixture of rich in protein plants or 

animals with the high buffer value. Steamed potatoes and 

fish were used in experiments described in this chapter, 

but raw potatoes mixed with other root or leafy crops plus 

hay leaves or a very delicate hay or even seasonally appear

ing insects are now used in the new experiments in U.S.S.R. 

and Poland. Pierov and Zefren of U.S.S.R. have worked out 

a new method of making high protein concentrated food in 

the form of a paste from various farm products. Experi

ments with such pastes gave very promising results with 

young cattle, pigs and very high milking cows. There was 

and perhaps still is some reluctance in this country to use 

fermented fodder for certain groups of farm animals. 

According to A. Jemielianov (1948) good quality silage 

could safely be used for cows up to the last day before 

calving and also during the first days after calving. 

Silage is also recommended for all farm animals including 

pigs and horses providing a good silage is used and animals 

are accustomed to use it gradually from a very early age.

Good /
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Good silage should contain no butyric acid bacteria. When 

such silage is used on dairy farms there is no need to worry 

about the milk being unsuitable for good quality cheeses. 

To avoid absorption of silage odour by milk it is essential 

that silage should be fed after milking and unconsumed 

parts of silage removed from the byre. Before starting 

feeding any new silage it should be tested and found suit

able for the particular group of animals. As silage could 

be prepared at any time throughout the warmer part of the 

year from various materials available, either separately or 

mixed together, it is possible to prepare silages best 

suited for all kinds and groups of animals. With the 

present knowledge of processes involved during ensilage 

there is no need to be empiric about it. Apart from the 

other obvious factors in silage making the "sugar minimum" 

has proved to be of great help. Sugar minimum is defined 

as the percentage of sugar which is necessary for the 

accumulation of lactic acid in the silage to lower its pH 

to 4.2 having full consideration for the buffer value of the 

material. As the technique of defining sugar minimum in 

any medium is quite simple, by using formula:

X = K . H . 100 where X = percentage of lactic acid, 
M

K = amount of lactic acid in 1 cm^ of the medium, H = number 

of cubic cm. of lactic acid used in titration, and M = weigh 

of a sample, it should be possible to advise farmers on the 

selection of material used for silage and thus make even 

those more reluctant ones fully successful silage makers and

users.
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The Effect of Nettle Meal on Egg Production 
and Hatchability of Hens.

The addition of meal from dried green plants to the 

poultry food is widely used in Eastern Europe during the 

winter months in order to supply vitamin A or rather pre

vitamin carotene to poultry. Such meal is usually made of 

lucerne, clover or nettle which contain a fairly high 

percentage of protein and this also improves the protein 

content of the poultry food. In the Soviet Union and also 

in Poland, nettle (Urtica dioica L. and Urtica urens L.) 

is preferred, which is mixed with poultry meals either in a 

green fresh form or as a dried meal.

The chemical analysis supports the practice in select

ing that particular plant for that purpose as the nettle is 

rather superior to leguminous plants as far as protein con

tent is concerned. Several authors are giving the chemical 

composition of nettle and lucerne which is as follows: -

TABLE I.

Author Plant

Malarski Nettle 82.44 5.50 0.67 7.13 1.96 2.3
Lehman ti 81.3 3.8 1.6 8.2 2.3 ü.ö
Nikitin 11

Lucerne
84.7 3.4 0.3 3.4 5.1 2.7

n Early Flower
ing stage

• 76.0 4.5 0.8 9.6 6.8 2.8

Lehman it 76.0 3.4 0.8 8.7 8.0 3.1

S. J. Watson n 86.0 4.1 0.4 9.9 7.2 2.4

According to Bukraba (9) the dry matter of nettle 

contains 50% of crude protein, 4.5% fat, 14.2% carbohydrates 

and 14.2% of mineral salts.

According /
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According to the Institute of Pig Breeding in Poltava 

(Russia) dry nettle has similar composition to dry lucerne 

i.e.

TABLE 2.

Plant Stage
-----£------

Crude 
Protein

True 
Protein Fat Fibre Soluble

Carbohyd Ash

Dry 
nettle Early 18.8 16.4 2.0 28.9 31.3 19.0

Dry 
lucerne

Flower
ing

} 19.7 17.6 2.5 26.2 41.4 10.0

According to Malarski the feeding value of the nettle 

equals 0.143 oats units and 0.123 Scandinavian units and 

1 kg. of that food contains 3° g« of* crude protein and 13*0 g. 

true protein.

Leaves and stem of nettle are covered with hairs 

containing formic acid (H.COOH) which is supposed to be 

responsible for spots on human skin after touching that 

plant. According to Swiejkowski (93) this action is due to 

certain ferment or alkaloid or glycoside. With that 

’’burning” property of the nettle is associated the beneficia.. 

warming up action on the poultry alimentary canal and it is 

recommended to use this plant for poultry, particularly the 

young ones. According to Bukraba, small amounts of formic 

acid contained by nettle (up to 20 cm. in height) has a 

stimulating action on growth of chickens, but old plants 

have detrimental effect.

According to Gzajkowska (11) nettle is particularly 

valuable as a source of carotene, which when collected before 

flowering, and dried in shade, contain 180 micrograms of 

vitamin /
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vitamin A per gram.

Maslijeva is quoting figures of the Central Institute 

of Plant Breeding in U.S.S.R. according to which 1 g. of 

dried nettle contains 14^.1 gammas, when in a hay of clover 

there are 57.8 - 62.5 and in lucerne 130.5 gammas of 

carotene. Several feeding experiments have proved the 

usefulness of nettle as a food for other animals, particular

ly for pigs.

In Kiev Zootechnical Research Station the value of 

nettle was investigated by feeding it to pigs. Weaned pigs 

were getting 15 - 20% of the total food value of their 

ration and those getting nettle produced 15% greater 

increase in weight than piglets getting the same amount 

of green lucerne. Bukraba investigated the value of 

nettle for chicken. The batch of chicks getting young 

cut nettle, after the first month gained an average weight 

of 164 g. The control batch, getting green onion gained 

only 135.2 g. in the same time and when 1% of cod liver oil 

was added, 139.6 g. Chickens from the group fed with 

nettle were feathered better and were more even as far as 

growth is concerned and had more conspicuous secondary sex 

characteristics. To compare with lucerne fed ad lib. until 

the fourth week, the nettle gave better results in weight 

gain. Chickens kept in batteries and getting finely cut 

nettle, twice daily ad lib., weighed on average 189.1 g., 

while those eating lucerne weighed only 155.4 g.

According to the same author, cockerels reared in 

batteries and fed with an addition of dried nettle, reached 

better killing weight than cockerels of control group. 

Feeding /
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Feeding nettle to laying hens gave good results also.

Maslijeva in her research on the influence of vitamin A
I 
present in yolk, on hatchability of eggs, was using nettle 

as a source of carotene and obtained high percentage of 

hatchability.

The object of the experiment carried out at the 

Experimental Station, Pavlovice, Poland, was to ascertain 

the influence of feeding dried nettle on the production of 

eggs and their hatchability. The value of nettle was 

obtained by comparison with dried lucerne. (Detailed data 

is available in my manuscript. Here I shall point out the 

most important facts and comment on the whole experiment

1. The average number of eggs laid by one hen throughout 

the period is:

In group A (lucerne) 49.59%

In group B (nettle) 53*02%

2. The average number of eggs was calculated, dividing the 

total number of eggs laid by the particular group of hens 

by the number of hens days during the period of the experiment.

The average weight of eggs was:

In group A (lucerne) 56.85 g. with margin of 5.38 g.

In group B (nettle) 55.67 g. with margin of 4*45 g*

3. The average weight of laying hens was as follows:

TABLE 3.

Group
Age _ _____

Gain5th Jan. 12th Apr.

A - (lucerne)

B - (nettle)

1705.0 g.

1678.4 g*

1737*7 g.

1764.9 g.

32.7 g.

88.5 g.

Both /
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Both groups increased their liveweight during the 

period of experiment, which indicates that both groups 

retained the proper condition, in spite of intensive laying, 

particularly during the last weeks of observation. Group B, 

slightly lighter at the beginning of the experiment, has 

better gains in liveweight than group A, and at the end of 

the period exceeds group A in liveweight, which indicates 

that the addition of dry nettle influenced positively the 

increase in liveweight of laying hens in comparison with 

the group receiving dry lucerne.

The number that died, killed due to necessity or 

eliminated otherwise due to illness were 5 hens and 3 

cockerels from the group receiving dry lucerne and 4 hens 

and 1 cockerel from the nettle group. The losses therefore 

were almost the same in both groups.

Eggs laid between 28th January and 11th April were 
Iput into an incubator, i.e. one hatching every week, and 

eggs from both groups were put at the same time into the 

same incubator. More details are provided in Tables 4 and 

5 vhich follow.

The percentage of eggs suitable for hatching is very 

much the same in both groups. It is noticeable that 

group B (nettle) had slightly higher percentage of small 

eggs and lower percentage of too heavy eggs.

The total result of hatching is influenced by two 

major factors (which are analysed independently in my 

manuscript) i.e. percentage of fertilised eggs and 

percentage /



percentage of hatched chicks from fertilised eggs.

As far as fertilization is concerned, both groups are 

quite close to each other. The average percentage of 

fertilised eggs is slightly higher in the group receiving 

dry nettle, but individual hatching lots were characterized 

differently in this respect.

The average percentage of healthy chicks hatched from 

fertilised eggs is markedly higher for the group receiving 

nettle.

There was no difference in fertilised eggs between 

groups, whether they received nettle or lucerne, but the 

percentage of hatching was influenced markedly by the 

addition of dry nettle.

The addition of nettle to the diet of laying hens 

appeared to be suitable and can be recommended in feeding 

practice, particularly in the Highlands of Scotland where 

weather conditions are unsuitable for lucerne but quite good 

for nettle.
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DISCUSSION

The value of using nettle is particularly important 

in areas where lucerne, clover or other plants, rich in 

protein, could not be grown, either due to soil or climatic 

conditions. Nettle grows very fast and several cuts could 

be made in one season. Unutilised parts of the ground could 

usefully be exploited and the growth of nettle encouraged. 

The material so produced is very cheap. Nettle could be 
■ 

used in a fresh cut state and mixed with other foods, or 

ensiled with potatoes or other materials. Having high 

buffer value it is very suitable for ensiling with potatoes. 

Once silage was made it could be used throughout the year 

and thus supply the necessary nutrients and vitamins to 

animals during the winter time, when these are short in 

other foodstuffs. It could also be dried and kept over 

winter and then added in ground form to any kind of food 

used for poultry or pigs. The writer of these words has 

personal experience in using nettle in Poland on a private 

farm and on the school experimental farm. As far as could 

be remembered, results obtained then with feeding nettle to 

poultry and pigs could favourably be compared with any green 

fodder grown on the farm. I see no reason why crofters in 

particular in this country could not use nettle and other 

wild growing plants from woodlands, marshes etc. for feeding 

their pigs and poultry and thus improve their standard of 

living.
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Dehydrated potato pulp as a feed for fattening pigs.

To provide enough food for the constantly growing 

population, the number of domestic animals must be increased 

This however also requires an increase of production of 

common foodstuffs or an introduction of a new one or used 

very little.

One of such feeds is dehydrated potato pulp, which is 

a by-product obtained during production of starch from 

potatoes. It consists of cell-walls and small unwashed 

particles of starch. Having under consideration that the 

fresh pulp makes about 75% of matter used to make starch, its 

introduction into pig feeding may be of considerable 

importance in the balance of foodstuffs. Fresh potato 

pulp contains a high quantity of water, reaching 93%. 

The main items of dry matter are nitrogen-free nutrients 

like crude fibre. Ash and nitrogen containing nutrients 

are not more than 2% of pulp weight. This high water 

content diminishes its feeding value so much that using it 

as a food in the liquid form, even after precipitation of 

suspension, when the dry matter increases up to 30%, 

becomes a problem, and could be considered only by farmers 

in the vicinity of a factory. By drying it to the stage 

of 86% of dry matter, very wide possibilities of its applic

ation in animal feeding are opened.

Observations carried out by various research workers 

on the feeding value of dried pulp confirms the suitability 

of it in animal feeding. Popov (63) states that pigs 

eat /
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eat this feed very willingly when fresh and cooked (8 - 10 

kg. daily). Equally well, they make use of dried pulp. 

This view is in agreement with N. Hanson (29). According 

to Ehringer (15) and also Richter (69) and Klein, they state 

that dried pulp may be fed to pigs, but on condition of being 
Mcooked, which according to Luhder’s experiment, causes crude 

fibre to spread and thus make starch more available to 

digestive juices. Richter points out that in fattening 

pigs, up to 500 g. per day of dried pulp may be used without 

the danger of reducing the daily liveweight gain or 

digestibility of feed. Due to poor and limited mineral 

content, the supplement of these minerals becomes very 

important however. The practical value of application of 

pulp in pig feeding makes it necessary to repeat the 

expATimanta in order to establish not only the influence it 

has on the liveweight gains but also its influence on the 

quality of meat. This point is so much more important, 

that in the case of positive results, the pulp may replace 

potato flakes in commercial meals.

In this case investigations concerned the feeding 

value of dry pulp, applying it as a part of concentrate 

meal in meat fattening. Observations were carried out on 

two groups of growing pigs during the period of their 40 - 

90 kg. liveweight stage. Both groups were fed identically 

and kept in identical conditions. Each group consisted of I
five castrated males, each group had pigs from the same lot 

and the same mother. Both lots had the same father.

Feeding /
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Feeding was automatic and not restricted. In order 

to ensure a proper protein relation for various weight 

classes (feeding according to fundamentals for meat produc

tion) the period of fattening was divided into three sub

periods: (a) up to 50 kg. liveweight (105 g. digestible 

protein per one oat unit); (b) 50 - 70 kg. liveweight 

(94 g. digestible protein per one oat unit); and (c) above 

70 kg. liveweight (90 g. digestible protein per one oat unit) 

The feed mixture consisted of barley, wheat bran, fodder 

yeast, fish meal, lucerne hay (ground), potato flakes and 

dehydrated pulp. The content of dehydrated pulp in the 

mixture was increased in the sub-periods from 15 to 20 and 

lastly to 25%. Simultaneously the content of potato flakes 

was decreased from 10 to 5 and in the last sub—period to 0%. 

The results of fattening in the period of 40 - 90 kg. show 

that with feed mixtures containing around 21% of dehydrated 

potato pulp, the average daily weight gains reached: in 
I group one — 556 g., in group two — 607 g. The amount of 

feed used per kilogram of liveweight in group one was 5.51 

oat units, 4453 g. of dry matter, 3481 g. digestible 

nutritional substances and 514 g* of digestible protein. 

In group two, 4.91 oat units, 3964 g. of dry matter, 3100 g. 

digestible nutritional substances and 454 g. digestible 

protein. It should be noted that the course of fattening 

and fattening results in group one were negatively affected 
I
by the sickness of one animal (pneumonia). The results 

reached led to the conclusion, that introducing dehydrated 

potato /
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potato pulp into feed mixtures in amounts around 21% gave

results that do not

type of fattening.

finished fattening

deviate from accepted averages for this

Carcass analyses carried out after

(according to basis accepted for bacon

pigs) showed that out of nine slaughtered animals, seven 

■ere classified to class II and two to class III. The

results allow for the following conclusions: dehydrated 

potato pulp can be successfully applied in the feeding of 

jigs for bacon as an addition to concentrated foodstuffs.

daily amount of this feed can reach 350 g. in the

liveweight class of

fattening period to

40 kg., increasing towards the end of 

around 800 g. per day per head. These

amounts constitute around 20% of the total feed consumed

during the period of fattening, which can be a major

position in the balance of foodstuffs.

More detailed data is provided in my manuscript.
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DISCUSSION

Potato pulp in a dehydrated form is a very useful 

material in feeding of farm animals. Dehydrating processes 

however require a considerable amount of heat for the evap

oration of water from the fresh pulp. This makes it rather 

expensive, considering present sources of heat available and 

therefore limits its use. The fresh potato pulp in a 

liquid state is cheap, but could be used only in the area 

where it is being produced. Other methods which could be 

adopted in order to save this material from waste are : 

1. As a basic material, alone or mixed with other by

products e.g. molasses in the production of alcohol, 

or yeast, which can then be used in feeding farm animals.

2. As a basic material in the production of various 

cultures, which could then be used as starters in ferment

ing processes, among them, for potato silage when mixed 

with other materials.

3. For spreading as a liquid fermented pulp on farm fields 

which enriches in this way microbiological life of the 

soil and makes it therefore more fertile. The last 

mentioned use limits its application to the area of 

production, due to transport problems.

It has been proved by many experiments in Poland and 

elsewhere that the soil treated in this way responds very 

favourably by producing much higher yields of most farm cro 

grown there, and therefore enables more farm produce to be 

made available for feeding of farm animals or human beings.
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APPENDIX III.

From the Report on the fisheries of Scotland for the 

year 1958 we learn that “landings of herring and white fish 

taken together decreased in quantity by 0.5 per cent in 1958 

but increased in value by 7.9 per cent.

The total landings of herring by British vessels in 

Scotland in 1958 amounted to 1,639,091 cwt. valued at 

£1,806,619 compared with 1,648,720 cwt. valued at £1,640,291 

in 1957. These landings represent 76 per cent of the total

U.K. herring catch compared with 71 per cent in the year 

before. In addition, direct landings by foreign vessels at 

Scottish ports totalled 26,319 cwt. valued at £45,158 as 

against 29,396 cwt. valued at £45,935 in 1957.

The total quantity of white fish landed by British 

vessels at Scottish ports in 1958 amounting to 4,°74,722 cwt., 

showed a decrease of 1.0 per cent over the 1957 figure. The 

total value of the catch at £11,954,162 was 7.4 per cent

higher than in 1957. (The total quantity of white fish 

landed at English and Welsh ports was 10,633,224 cwt. valuec 

at £35,044,238, compared with 10,612,838 cwt. in 1957 

valued at £33,422,286).

The landings of shell fish in Scotland in 1958 yielded 

a total of £665,643 compared with £583,186 in 1957.

The production of fishery by-products in Scotland in 

1958 was at a rather lower level than in the previous year. 

Complete information about the operations of Scottish 

factories engaged in the manufacture of fishery by-products 

is not available but the following tables include approximat 

figures of the quantity of raw materials used and the quantity 
and value of the principal products:
TITO T____L_:-
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TABLE I. Raw materials used in the production of
fishery by-products. Tons.

1938 1957 1958

Total 63,533 113,891 103,645

Herring, Mackerel and Sprats)

Herring offal )
9,531

22,250

8,682

12,587

7,712

White fish

White fish offal
) 
)

51,759
3,484

77,151

1,

79,

722

374

Livers 1,401 1,814 1,695

Oil 842 510 555

TABLE II, Production of Fishery by-products. Tons.

1938 1957 1958

Total 15,011 25,794 24,771

Guano 478 «sa -

White fish meal 11,914 16,998 17,307

Herring meal 597 4,485 4,042

Herring compound — 578 580

Herring oil )

Industrial oil )
945

2,413

581

1,679

595

Cod liver oil 105

Cattle feeding oil 964 i
739 568

Halibut oil 8

In /
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In addition, fish glue and crab and lobster meal to 

the value of approximately £33,000 were produced during the 

year. Twelve Scottish firms were engaged in the production 

of fishery by-products during the year. Of these, four 

were principally engaged in the conversion of herring, 

mackerel, sprat and herring offal into herring oil and meal, 

four in the manufacture of white fish meal mainly from white 

fish offal and two on rendering fish livers and the refining 

of crude fish oils. One factory, which is an ancillary of 

a quick-freezing concern, handled white fish offal in 

addition to processing crab and lobster shells and another 

factory produced fish glue.

The demand for fish meal remained fairly firm through

out the year and once again no difficulty was experienced in 

disposing of domestic production. The average price per 

ton realised for white fish meal and herring meal was £67 

and £63 respectively. There was a further recession in 

oil prices in world markets during 1958 and the prices of 

most types of oils fell by £10 - £15 per ton. Herring oil 

realised only £60 per ton on an average compared with £70 

in 1957. Edible fish liver oils made from £65 - £80 per 

ton as against £75 - £95 per ton, while industrial fish oils 

were marketed at £50 - £60 per ton compared with £60 - £75 

per ton in the previous year.

The catch of salmon, grilse and sea trout by all 

methods in 1958 was 1,623 (1,601 tons).

CANNING /
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CANNING

The quantities of herring purchased for canning in Scot

land in 1958 fell by 21 per cent in comparison with 1957. 

The fall was due partly to the closure of the canning factory 

at Fraserburgh, one of the largest in Scotland and partly to 

shortages of herring on the north-east coast during the main 

summer fishing and at Inverness in the winter and autumn. 

FREEZING 
■

The rapid expansion in the demand for herring for quick

freezing was continued in 1958 when purchases for this pur

pose rose by a further 66 per cent. The Herring Industry 

Board and a number of commercial processors propose to 

expand their quick-freezing and cold storage capacity. 

PET FOODS

Purchases of herring for manufacture into pet foods 

rose by 3 per cent as compared with 1957. The rise could 

probably have been greater if the total quantities of 

herring landed had been higher.

As we can see from the above information provided by 

H.M.S.O. publication (Fisheries of Scotland, Report for 1958) 

there is room for more herring and white fish to be landed at 

the Scottish ports. Decline in quantity of landed fish is 

rather due to the shortage of fish at the usual catching area 

From the press we learn that scores of fishing vessels belong 

ing to various countries are almost constantly engaged in 

catching fish round the British coast. Is it possible for 

this country to land more fish at British ports, so that some 

may be available for silage with surplus potatoes, thus pro

viding more cheap and nutritious fodder for animal feeding?
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originally presented on July I960, in a revised form as 

requested by the Sénatus Academicus, I have studied a 
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attempts of various workers in Central and Eastern Europe 

on the improvement of food supply.

The survey of this work is presented in a rewritten 
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Survey of attempts of various workers in Central and 
Eastern Europe on the improvement of food supply.

Countries mainly concerned here are Germany (both) 

Czechoslovakia, Poland and Russia.

In those countries hundreds of qualified workers are 

involved in solving the problems of improved food supply, l^y 

survey will deal with those aspects of supply of food which 

I considered more interesting and rather new to me, even if 

some of them appear to be unrealistic and relatively 

unimportant and may still be far from the satisfactory stage 

of investigation. They are being mentioned here as an 

illustration of diversity of approach and multiplicity of 

froblems involved. This may help to form a more complete 

icture of the whole problem under investigation and compare 

them with similar works in this country and other parts of 

the world. They will be mentioned irrespective of the 

countries concerned, some being given to show the stage they 

have reached at the present time in various countries 

concerned. Some results may need some checking by experts, 

but without much doubt, workers in these parts of the world 

are now working hard on those problems and are solving 

various difficulties with great determination and a 

considerable luck.

The steady and increasing demand for food and for the 

rapidly growing human population and the new achievements 
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in technology and science is forcing us to alter the 

approaches and to change our appraisals of our common 

foodstuffs from static into a dynamic one. This was 

clearly presented by K. Taufei in "Ernahrunsforschung und 

zukünftige Lebensmittelchemie" Berlin-Potsdam, 1950, Akad. 

Verlag. (T/3)

According to this author, nutrients ought to be judged 

not only on their chemical composition but also on their 

action on the metabolic changes of the organisms consuming 

them.

Foodstuffs were once living things in which usual 

processes of assimilation and all other metabolic changes 

were taking place in a definite order and intensity. These 

processes were helped by various enzymes which play a 

dominant part in the création and maintenance of life. Some 

products like fruit seeds, potatoes etc. form a certain 

"whole life unit", others, like leaves of lettuce are only- 

parts or components of an organism. In the first case from 

disaccharoses many simpler products are produced like glyoxal 

compounds, dioxyacetone, glycerine aldehyde, lactic acid, 

acetic acid diacetyl etc. which are products of normal 

changes of carbohydrates. When sugars are heated in alkaline 

medium lactic acid is obtained similarly like in glycogenolysis. 

Warming up of fats produce also number of compounds which are 

produced in a living organism. In defined laboratory 

conditions, from glut;a mis acid proline could be produced. 

This shows that in the non-physiological conditions, 

physiological compounds could be produced.

More /
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More frequently however, compounds formed in this way 

are foreign to living organisms.

As examples of such combinations are compounds of 

proteins or amino-acids and sugars of Maillard type, which 

are not affected by digestive engines.

It could be added here that as long as the structures 

of cells are maintained and their components which can 

react with each other are kept separate, and as long as 

factors regulating their order and sphere of chemical 

activity are active, the formation of non-physiological 

compounds are made very difficult. Whenever tissue 

boundaries are ruined, these breaks are no longer existing, 

therefore number of uncontrolled and wild reactions take 

place, particularly when surrounding conditions are suitable 

(temperature, humidity, light etc.).

These facts have important practical significance 

equally in the technology of food production and physiology 

of feeding.

The production of usual foodstuffs in Central and 

Eastern Europe is no longer sufficient and biologists and 

biochemists are urgently searching for the new answers.

Considering here only one farm product, which is so 

widely grown and used as a food equally for human and 

animals, i.e. potato, it is estimated that some 10 - 20^ of 

the total tonnage grown is wasted during harvesting and 

storing periods. (D/l). This amounts to many millions of 

metric tons of potatoes annually. Figures given by the 

United /
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United Nations Production Yearbook for 1957 are:-

Poland 35,104,000 metric tons of potatoes
E. Germany 14,529,000 metric tons of potatoes
W. Gennany 26,289,000 metric tons of potatoes
Czechoslovakia 8,756,000 metric tons of potatoes
United Kingdom 5,782,000 metric tons of potatoes
U.S.S.H. - roughly three to four times that

of Poland, judging by acreage, as 
figures are not supplied.

Figures for the United Kingdom are quoted here for 

comparison purposes only. They differfrom figures obtained 

from the Department of Agriculture and Fisheries for

Scotland, Economic and Statistic Unit and from the Potato

Marketing Board by about 800,000 tons. Here I would like 

to express my thanks to the Department of Agriculture and 

Fisheries for Scotland and to the Potato Marketing Board 

for their kind co-operation in this matter.

Partial reduction of wastage of this crop alone can 

provide extra millions of tons of potatoes. Is it possible 

to reduce the wastage of potatoes? Without any doubt, yes. 

Better protection at the field, better harvesting methods 

and better storing conditions will save a lot. Can potatoes 

be utilised in a shorter period of time and thus saving 

storage waste? Potatoes being living organs must maintain 

also during storage period their basic living functions like 

respiration and other biochemical changes, during which 

processes mainly starch is used up. This starch could be 

used otherwise. Therefore any technologist will endeavour 

to reduce the loss of starch to a minimum by creating the 

best storage conditions. Once living tissues are damaged 

or dead, the raw material may change considerably, the

Properties / 
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properties are altered and usually invasion of micro

organisms will do the final damage. By lowering the 

temperature to the safe level, the rapid growth of micro

organisms is prevented and the increase of GO^ in the 

atmosphere to 8 - 10% by volume will decisevely slow down 

the respiration processes and lengthen the period of safe 

storage. (N/5).

(Here one can see clearly the superiority of storing 

sheds or other enclosed spaces over the field pits.)

Some people such as A. Szember (90) F. Kolowca (39)

M. Potowicz - Additional bibliography (P/18), think that 

fermenting potatoes is a much better way of storing them 

than by conventional method. This however, has yet to be 

proved.

According to German data (D. Diemair: "Die Haltbarmuchung

der Lebensmittel" Stuttgart, 1941, Enke Verlag) (D/7), the 

value of foods wasted in Germany just before the second

World War was about 1500 million marks per annum or about 

20 marks per person. These losses were mainly due to the 

action of micro-organisms. One must remember that these 

losses were caused during the period when economy for the

war

can

can

purpose reached its maximum. If some micro-organisms 

cause such losses, can we find other micro-organisms whi 

work for us. Since Pasteur, the answer is yes. The 

question is which organisms, how to use them and for what.

Enzymes provide another important source. Regulating 

processes caused by these two media by the temperature alone 

can/
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can do much good. Freezing processes are becoming more 

important. There are also other ways by which actions of 

micro-organisms and enzymes can be regulated. For centuries 

it was known that starch of potatoes or any other plant 

together with enzymes of germinated grain plus yeasts can 

be changed into alcohol. One must however, watch the purity 

of chemical reactions which can so easily be disturbed in 

all branches of food production, as harmful micro-organisms 

also find all they need for their growth in such media.

For the optimal fermenting processes, starch enzymes 

and yeasts alone are not sufficient. In any microbiological 

fermenting process it is of great importance to have not 

only all necessary substances present in the medium, but to 

have them in the easily acquired form e.g. in yeast ferment

ation in molasses medium sugar is not sufficient, usually 

ammonium sulphate is added to supply nitrogen for the 

protoplasm structure. The same applied to the addition of 

phosphorus and potassium .In the case of lactic acid production, 

to obtain its maximum, calcium carbonate is added to molasses, 

which neutralises produced lactic acid by combining with it 

and thus prevent self-poisoning of bacteria.

(Is it possible that some silages are not successful 

because farmers grow crops on fields not properly manured?).

According to F. Nowothy, Polish Academy of Science, 

Biochemia a baza Wyzywienia, Warsaw, 1955 (N/5), Clostridium 

acetylobutylicum bacteria in a neutralised medium produce 

in effect more butyric acid, while in the non-neutralised 

medium /



medium, more butylic alcohol and aceton would be produced. 

Introduction of sodium bisulphite into the medium of 

alcoholic fermentation changes that biochemical process.

Obtained in this way complex compound of acetic

aldehyde (-CH^ CHO) with sodium bisulphite, when losing its 

aldehyde properties will not combine with hydrogen, but 

this hydrogen will reduce dioxy ace ton into glycerin, thus

changing alcoholic fermentation into fermentation of 

glycerin.

According to the same source (N/5) and (B/6) (p/19) 

(p/22) and (S/25) Aspergillus niger may produce various

quantities of citric, formic or gluconic acid according to 

the quantities of nitrogen, phosphorus or potassium present 

in the medium. The smaller amount of nitrogen in the medium 

causes greater production of citric acid. Reduction of 

nitrogen and phosphorus increases production of gluconic 

acid which may amount id 90% of sugar content and if the 

percentage of nitrogen and phosphorus is increased with the 

sma 11 amount of potassium added, sugar is changed into a 

considerable amount of formic acid. Thus by changing the 

conditions in the medium we can regulate biochemical 

reactions. Therefore it seems very important to know exactly 

what any given medium is made of, including the trace 

elements, before we can fully control any microbiological 

process. Molasses are frequently used for fermentation but 

it is usually not fully known what they contain so far as 

organic and inorganic trace elements are concerned, which 
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al1 have an important role to play in the metabolism of 

micro-organisms. Thesefore technological processes in the 

sugar factories, the condition of the soil, its manuring 

and tillage, should be fully considered. (N/5). One must 

not think that all microbiological processes are fully 

11 ndar our control. Many bacteria e.g. acetic acid bacteria 

are still difficult to study owing to their great ability 

to change morphologically and physiologically even within 

one strain and still a lot of work must be done to solve 

these problems. There are also cases of pure cultures 

produced in the laboratories but when applied industrially 

lose their characteristics, which confuses the whole work. 

Discussing employment of micro-organisms and enzymes for 

the production of useful materials, one must look around for 

the cheaper raw materials than e.g. potatoes. Among 

commonly used by-products the following are considered as 

more important. Lixiviation residue obtained in the 

production of cellulose, slump-being liquids in the produc

tion of starch, molasses residue, butanol-derivative residue,

sewage from sugar factories and dairies, wastes from yeast

factories, fruit pulp in wine and beverage production, wastes

in textile industries and all agricultural by-products like

straws and husks of farm cultivated plants. Among the new

materials wood fibre, turf, chestnuts and other nuts, acorns 

etc. are included. In several cases (H/5), (B/3), (F/6), 

(P/ll), (N/5), Sood results were already obtained, in others, 

new methods are being introduced. According to B. Bachman 

(B/3) and (f/6) and (P/ll) it is possible to obtain up to

50 1. of 100% alcohol from 100 kg. of sugar using a 
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continuous fermentation of fruit mash. Various berries and 

fruits are used which contain glucose, fructose, invert-sugar, 

and in some cases saccharose, apart from cellulose and water.

Most of them contain also various amounts of pectins 

(0.2 - 1.1%) and gum substances plus organic acids (0.4 - 3%) 

like malic, tartaric, citric acid etc. and essential oils. 

Some plants like rowan (Sorbus group) contain unsaturated 

compounds like lactone, which complicate fermentation (B/3).

Fruits and berries are considered to be the basic raw 

materials in the spirit industry for the production of alcohols 

with the specific medical properties. Yeasts used here are 

either natural wild ones, or specially grown for the purpose.

In regions and years when there is an excess of fruit 

and berries production, they are utilised for the production 

of usual alcohol. Sometimes evaporating is practiced with 

a considerable reduced pressure.

In U.S.S.R. (B/3) more and more alcohols are produced 

from fruits and cellulose, thus saving starchy materials for 

other purposes.

According to G. Foth, (F/6) horse chestnuts contain about 

50% of dry matter when fresh and about 85% of dry matter when 

dried, of which 48% is starch and sugars. Because of these 

starch and sugars, horse chestnuts are considered to be very 

valuable raw material in the production of alcohol. The 

considerable amount of tannin, however (up to 2.5%) and 

glucosides make the conversion of starch into sugars difficult 

and the mashes obtained from such materials ferment rather 

badly /
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badly. When we compare the amount of starch and sugars 

in the horse-chestnut and in potatoes, it should be possible 

to obtain about 18 1. of alcohol from 100 kg. of horse

chestnut. In practice, however, this amount of alcohol was 

not possible to obtain.

Klimovsk!j and Stabnikov (K/10), Fuks (F/9) used 

various methods to increase the production of alcohol from 

horse chestnuts, but the best results were obtained when 

this material was mixed with other starchy raw materials. 

With the application of chemical and thermal processes, the 

amount of alcohol obtained was about 20 1. per 100 kg. of 

horse-chestnut.

These are considered to be quite satisfactory results.

In U.S.S.R. acorns were also used for the production of 

alcohol. According to G. Foth (F/6) their chemical 

composition is as follows:

Water - 43.52%; Crude protein - 3.67%; Carbohydrate N- 

free extractives - 43.35%; Fat - 2.58%; Fibre - 5.89%; 

Ash - 0.99%.

A. Fuks (F/9) states that the method used was as follows 

To 100 kg. of acorn flour, 39® 1« of water was added plus 3.3 

kg, cone. H„S0.. This mixture was steamed under 2 - 2.5 atm. * 4 
for 2g- - 3 hours. After that, this mixture was neutralised 

using limestone and finally chalk. (These two compounds are 

mentioned as being two different substances - W.F.) Yeasts 

were prepared on the medium using a mixture of acorn and 

grain meal. The amount of alcohol obtained by this method 

reached 24 - 25.5 1. per 100 kg. of acorn. B. Bachman (B/3) 

thinks/
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thinks that this result should be considered with certain 

criticism as it appears to him to be too good, as other 

data of this process were not fully supplied. He (B/3) 

thinks that 1G 1. per 100 kg. of acorn is a more realistic 

result. When acorns are soaked in water before their 

utilisation, better results are obtained. (F/9).

Reed mace (Typha latifolia and angustifolia) growing 

along rivers, lakes etc. possesses rhizomes up to 4 metres 

long and 12 cm. in diameter. They consist of grains of 

starch among other substances, and according to Bachman (B/3) 

their composition is as follows:

Fresh Rhizomes In the D.M. of 
Rhizomes

Water 66.50%
Protein 5.92% 16.67%
Fat 0.29% 0.89%
Fibre 7.26% 21.68%
Carbohydrates N-free Extr. 17.49% 52.21%
(of this starch 15.43) (46.06)

Ash 2.54% 7.58%

H. Thomas (F/6) found in the dry matter of reed mace only 

27.03% of starch.

Klimovskij and Stabnikov (K/10) point out a considerabl« 

water content in the fresh plant, reaching 90% and they 

think that up to 3.5 1. of alcohol could be obtained from 

100 kg. of this plant. The Russian Institute of Scientific 

Research described this raw material in 1943 as unsuitable 

for the production of alcohol in its fresh state (B/3).

B. Bachman (B/3) claims, that much better results could 

be obtained using reed mace flour. The process then is 

carried /
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carried out quite normally and from 100 kg. of dry flour 

up to 24 1. of alcohol could be obtained. Reed (Phragmites 

commonis) contains very little starch but is richer in 

saccharose. According to(B/3) it contains about 25.5% of 

saccharose in its dry matter. During the first World War 

it was of considerable interest in certain German circles. 

The particular initiative in that respect showed Vernertung 

Inländischer Produkte G.M.b.H, and Rohs toff-Studien und 

Verwertungsgesellschaft (F/6). Several experiments carried 

out in the Berlin Institute of Fermentation, proved that

from the selected offshoots, about 8 1. of alcohol could be 

obtained per 100 kg. of dry mass of reed. The addition of 

small amount of malt improves the productivity. This could

be explained by the introduction of the small amount of 

starch or a similar carbohydrate which is affected by malt 

amylase. According to Sabalitschka (F/6) the dry matter of 

reed consists of sugars (direct reducing) - 1.1%, saccharose 

5.3% and dextrin 0.5%. When fresh offshoots were used

(84% water) only 0.68 1. of alcohol was obtained from 100 kg.

of raw material. At that time the production of alcohol from

reed was uneconomical and the whole idea was neglected. The

difficulty in harvesting this plant as well as reed mace,

makes both these plants unpopular for the production of

alcohol.

Couch grass (Triticum repens) the common and unwanted 

weed contains in its stolons carbohydrate-triticin and some 

other sugars. As a result of acid hydrolysis, fructose is 

obtained from it (M/8). Tamm (F/6) in his first trials used

washed / 
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washed cut stolons, which he steamed and then converted to 

sugars using malt, but this method produced only 0.48 1. of 

alcohol per 100 kg. of stolons. Kaminska and Polak (K/l) 

applied in their investigations a mild hydrolysis in temp. 

6$ - 70°G. and obtained 15 - 18 1. of alcohol from 100 kg. 

of dry (6.5% of water) grounded couch grass.

Mosses and lichens may play certain role in the 

production of alcohol. Moss (Cladonia rangiferina) contains 

Water - 9.5%; protein - 2.6%; fat - 1.4%; cellulose - 13.4%; 

starch and amyloses - 72.1% and ash - 1.0%.

According to G. Foth (F/6) the moss contains lichenin, 

which is incorporated mainly in a cell membrances and storage 

organs. Lichenin is soluble in hot water, forming with it 

a colloidal suspension (glue). Lichenin could be converted 

by acidic or enzymatic hydrolysis into glucose. This moss 

was used for the production of alcohol in Russia in the last 

century.

According to Mielnikov (K/lo), by acid hydrolysis, from 

100 kg. of dry moss about 32 1. of alcohol was obtained which 

equals 82.5% its theoretical productivity.

Production of spirit from cellulose raw materials.

Since the pioneering work of Braconnot in 1819 (H/6), 
v - (

(B/3), (H/5), on the saccharification of cellulose using 

mineral acids, achievements of scientists and technicians 

brought about methods of the great industrial importance. The 

methods of saccharification of cellulose like Bergius, 

Scholler, Gordiani, Szarkov and others, are now the basic 

methods in the production of wood sugar and its conversion 

into /
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into spirit.

The most important raw materials here are:

a) wood, b) agricultural by-products like husk, straw etc.

c) turf.

B. Bachman (B/3) states that according to Trendelenburg, 

the chemical composition of wood is as follows:

Carbon - 49.6%; oxygen 43.8%; hydrogen - 6.1%; nitrogen 

- o.l%; other minerals - 0.4% and the main components 

of wood are: cellulose; lignin; starch; fat; protein; 

tannin; free acids; pigments and oils, and the average 

content of these compounds is:

Kind Resin
of and

Wood Cellulose Lignin Pentosans Fats Agh
% % % %

Spruce 53.84 28.29 II.30 2.3 0.77
Pine 54-25 26.35 11.02 3.45 0.39
Beech 53.46 22.46 24.86 1.78 1.17
Birch 45.30 19.56 27.07 1.80 0.39
Ash 47.11 18.24 23.75 3.16 0.32

The general characteristics of chemical composition of 

wood are: The content of lignin in conifers is always 

higher than in leafed trees. A considerable difference 

exists in the content of hemicelluloses: leafed trees 

contain more than conf|ers. Hemicelluloses of conifers

consist mainly of hexoses, but of leafed trees, of pentoses. 

As a result of hydrolysis of hemicelluloses of the spruce 

wood, the following sugars are obtained.

Pentoses (xylose, arabinose) 17% (utilised by yeast)
Mannose 42.7% (utilised and fermented by y sas
Galactose 4.2% ( « " " It «
Galacturonic acid 3.2% ( " « « It »
Fructose 4.0% ( " « ’• It «
Glucose 28.9% ( " " " n «

From /
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From the beech wood, the following substances are 

obtained: Pentoses (xylose) - 73*9%; glucose - 20.1%; 

galactose - 0.1%; mannose - 3»3%> The presence of fructose 

was not identified.

During the process of saccharification of wood, acid 

hydrolysis of cellulose takes place, which when combined 

with water, breaks into glucose. Similarly from hemicellulose 

appropriate sugars are produced i.e. glucose, mannose, 

galactose, fructose, xylose and arabinose. Lignin does not 

break in this process and remains as a by-product. 

Saccharification of wood with the use of dilute acids is not 

complete. By using coneentratedhydrochloric acid, this 

process is almost complete and sugars obtained not only be 

in the solution but also in the solid form.

The most important methods of saccharification of wood 

used presently are:

1. Scholler method, where dilute H^SO^ (0.5%) at 175° 1 atm. 

is used, 100 kg. of dry wood yields 50 - 55 kg. of sugar, 

which after fermentation produces 22-24 1» of alcohol. The 

advantages of this method are that any kind of wood can be 

used, particularly wastes, being unsuitable for the production 

of cellulose, and fresh non dried wood as well.

2. Bergins method - based on concentrated HOI.

In actual practice wood used here is dried (6 - 10% of 

water) and acid used is 40% HC1 - cold, pressure normal. 

Addition of sawdust up to 25%' is practiced. Syrup obtained 

contains 55 - 65% of sugar. From 100 kg. of coniferous wood 

about 66 kg. of sugar is obtained, which after fermentation 

yields /
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yields 32 1. of alcohol.

The following table gives the amount of sugar and 

alcohol obtainable from various kinds of wood.

Kind of Wood Sugar Total Alcohol
kg. 1.

Spruce 51.8 24.2
Spruce branches 49.9 17.9
Beech 50.1 19.8
Beech bark 42.4 12.6
Fir 41.2 14.8
Pine 50.2 17.3

Besides these methods several other are known e.g. 

Gordiam's, Hoch and Bohonek’s, Szarkov and worked out in 

U.S.A, after the last war Madison’s method (H/5).

Agricultural by-products which contain cellulose are 

becoming more important in its production. Parts of plants 

concerned here are: stems and heads of annual plants e.g. 
■ 

com plants, potatoes, poppy, sunflower, maize, etc. All 

these plants contain a considerable amount of hemicellulose 

which after hydrolysis are used for the production of sugars, 

alcohol and yeasts. The methods available are very good and 

utilisation of those by-products of agriculture brings no 

difficulty. (B/3).

The problem which needs to be solved is the economical 

collection and transportation of these materials in suitable 

quantities to the control points.

The above mentioned raw material may be utilised in a 

similalar way to the hydrolysis of wood, described above, 

but more recent methods are also in use.

The annual plants contain various non-uniform compounds 

which break with different rates, e.g. according to Schulz 

and Huseman (B/3), xylem decomposes 1500 times faster than 

cellulose /
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cellulose, therefore initial hydrolysis is employed to 

break cellulose first, and then the whole material is 

treated as required.

According to H. Weihe and M. Phillips (B/3) hydrolysis 

of wheat straw provides a mixture of xylose, arabinose and 

glycuronic acid in the proportion of 23:0.9:1. Oats husk 

provide xylose, mannose and uronic acid. Yeasts used are

Torulopsis type at pH 5. For neutralisation limestone is 

used, however more rational is the use of ions exchange.

For separation centrifuges are used. Furthertdescription of 

methods used in the utilisation of agricultural by-products 

could be found in F. Dunning and E. Lathrop (D/ll) and

W. Szarkov (S/28). Szarkov (S/28) outlining prospectives 

of the developments of this industry in U.S.S.R. suggests 

five kinds of establishments in a combined conversion of 

agricultural residues by hydrolysis. They are to be 

establishments specialising in the production of:

1) cellulose and spirit; 2) spirit and yeasts; 3) spirit 

and glucose; 4) xylose and spirit; 5) furfurs. 1 and spirit.

This schematic outline suggest the great role these 

agricultural by-products are to play in the future of U.S.S.R.

Turf. Its chemical composition depends on the 

botanical collection of the flora and conditions of humification, 

which may vary considerably. Szarkov (S/29) provides detailed

chemical composition of various kinds of turf and the history

of the development of this industry. In the recent years 

in the Turf Institute in Moscow (S/27) various trials were 

taking place. As a result of these trials, the yield of 

sugars /



sugars from turf is about 30% of the dry matter of turf, 

of which 50 - 60% are fermenting sugars.

For the utilisation of agricultural residues arid by

products of various industries such as sugar, starch, 

milling, fruit and vegetable, brewery, baking, herb, milk 

etc. details could be found in the following books and 

publications: (S/27), (B/10), (B/ll), (B/26), (S/29), (MM 

(F/6), (K/10), (S/2), (L/5).

Up to now mostly barley is being used for the productioi 

of malt. Aspergillus niger could produce on a specially 

selected medium amylolytic enzymes which can be used as a 

replacement of malt. (B/6), (p/19), (P/22). This is one 

of the most important problems which, when fully solved, 

will allow the reorganisation of the whole alcohol producing 

industry. Application of amylolytic preparations will much 

improve the purity of processing and thus increase product

ivity of alcohol and save barley for food. (B/6), (N/5), 

(P/19), (P/22). In German literature results were published 

of the experiment carried out by Deckenbrook, (N/5), whose 

object was to compare the efficiency of alcohol production 

from rye and potatoes, using dried malt and extracts of 

moulds amylase. It was shown that by using moulds amylase, 

much better results were obtained. Specht and Rothenbach 

(B/14 p.179) were using Aspergillus niger on maize, rye and 

potato extracts as a medium, adding some ammonium sulphate 

(0.2%) and 0.4% of lime. Results proved that Aspergillus 

niger produced on such medium converted starch of various 

plants into sugar and finally production of alcohol was 

considerably /
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considerably increased.

Storage and technology of the milling industry may also 

need checking. The same applies to other fields. Instead 

of potatoes and other starchy farm products, wood fibre, 

sawdust, berries, wild fruits, couch-grass, reeds and cane, 

mosses, seaweeds and algae are used in Russia on a large 

scale to produce alcohol for such uses as motor spirit, in 

the production of synthetic rubber, explosives, drugs etc., 

therefore saving farm crops for other uses. (B/3), (B/26), 

(D/ll), (F/l),(F/6), (F/9), (H/5), (H/6), (j/2), (K/l), (Vio), 

(L/5), (K/17), (F/ll), (S/13), (S/28), (S/29).

This industry is of particular importance during the 

war and in under-developed areas. Every million litres of 

alcohol produced from such raw materials saves about 10,000 

tons of potatoes or about 3,000 tons of grain for food.

(Gould the Scottish Highland area be developed in this 

way?)

(There seems to be plenty of turf, mosses, couch grass 

etc. to supply food for yeasts. Some plants richer in 

carbohydrates could be grown specially for the purpose. 

These are only a few examples of the problems facing us 

to-day. The proper solution, when found, may basically alter 

the utilization of agricultural products and thus release 

many foodstuffs for other uses. There is a sufficient number 

of publications available, dealing fully with those maters.)

The Soviet Union uses yeasts as a preserving factor 

(B/19), (S/12), (A/4), (V/3). Cultures of Torulopsis were 

tried successfully in the production of butter and its 

durability /
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durability was improved due to antibiotic action of yeasts 

which were antagonistic towards bacteria and moulds. The 

action of yeast in this case was due to lowering oxyreductive 

potential which checks the growth of some moulds. The 

experiment proved that 10 tons of butter inoculated with 

yeasts retained proper aroma and appearance for 20 months» 

while the control specimen was covered with the layer of 

moulds 10 mm. deep. This method was also successfully used 

in Czechoslovakia and is now to be tried in Poland.

The literature dealing with these aspects is very 

scarce. It is referred to, briefly, by Vogel (V/3). More 

interesting research is described by A.M. Skorodunova', (S/12) 

of the Soviet Union who claims that yeasts fermenting 

lactose had antibiotic properties and influences growth of 

Mycobacterium tuberculosis, Mycobacterium album, M. luteum, 

and M. perrugosum and also Bacterium fluorescens, B. prodi™ 

gosum, B. aerogens and some strains of B. coli commune and 

B. coli citrovorum. (This being the case, one can see 

easily the beneficial influence of yeast on the durability 

of silages.)

It is interesting to mention that while yeasts are 

grown on sewage for the production of proteins, fats and 

vitamins, they also, at the same time, purify that sewage 

and therefore reduce the harmful and polluting effects of 

sewage on water which in turn may be beneficial to other 

living organisms in water. (K/4).

In Russia "fitoncydes" (B/14 p. 82) were used to 

conserve fruit berries with good results. The use of 

fitoncydes in the conservation of food is mentioned in 

the /
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the Polish Academy of Science publication (B/14 p. 82).

E. Kocwowa mentioned their uses in her work published 

in Acta Microbiologica Polonica IV.1.1955 p.12. There is 

a publication about "Fitoncydes1* by B.P. Tokin, Academy of 

Science, U.S.S.R., 1951 which however, was unavailable here 

M. Szymona writes about them in Acta Micro-biologica

Polonica I. 5» 1952, an extractoof which is given below.

Wide investigations on antibiotic properties of higher 

plants initiated by the Russian biologist Tokin in 1928, 

pointed out the possibility of using plant antibiotics (so 

called fitoncydes) for the control of harmful micro-organisms.

Amongst them Filatowa and Tebiakina (1931-33) have shown 

the presence of a powerful antibacterial substances in 

onion and garlic. Lipecka (1946) observed inhibitory 

influence of these antibiotics on Ustilago hordei - a 

parasitic mould on barley.

Janowicz (1947) described antibacterial action of garlic 

on germs, causing cholera and croup. Toropcew (1944) used 

garlic and onion to cure inflammed wounds. Fitoncydes of 

garlic proved to be very effective in infectious diseases 

caused by Trichomonas vaginalis. Erdtman and Gripenberg (1945) 

discovered in thuya (Thuja plicata) an antimould substance.

Southam, (1946) published his work about antibiotic 

properties of a cedar tree.

Atkinson and Kainsford (1946) examined 450 higher plants 

and 38 of them had antibacterial properties. Cardoso, Pirro 

and Santos, found on the surface of stems and green fruit of 

carica papaya a presence of non-volatile antibiotic substance.

Pratt and Daniels investigated antiseptic properties 

of /
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of chorella vulgaris.

Grosjean (in 1950) studied anti-mould action of 

extracts from Populus condidia, Ulmus americana and

Catalpa speciosa, which explains the unusual resistance of 

some trees on the damaging influence of moulds and bacteria. 

Osborn (1945) investigated some 2,000 plants of which 63 

produced antibiotics.

Robert Ma and Fontain (1948) investigated an antibiotic 

action of tomatin on Candidia albicans.

Michener studied the anti-mould properties of the 

hop oils. Sherman and Dick (1940) investigated an effect of 

extracts of cabbage, turnip, onion, and barbery on the 

growth of E. coli and B. sub tills.

Lately a very interesting antibiotic was isolated from 

an algae Cetravia islándica, which is usninov acid, which 

checks the growth of many bacteria including T.B. and 

Trichophyton mentagrophytes (Bustinza 1951). The particular 

position among plants producing fitoncydes occupies Cruciferas 

family. These plants were used for the very long time in 

"peoples medicine", but only recently they were scientificially 

studied. Patiala (1946) proved that the mould killing 

properties of mustard (Sinapsio nigra) come from allyl, which 

is produced from glucoside of sinigrin under the influence of 

an enzyme nigrosine.

Ivanovics and Horvath (194'7) proved in Rhodanus sativus 

thè presence of an antibiotic rafanina. Cavallito and Bailey 

(1946) isolated from Asarum canadense two unidentified 

antibiotic compounds.

According /
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According to M. Szymona, garlic (Allium sativum) was 

known to have medical properties in ancient Egypt and India 

Hipokrates applied garlic in cases of inflammed wounds and 

pneumonia.

Paracelsus used it in troubles of alimentary canal.

In 1758 Codex Medicatorius recommended garlic solution 

as a cure against cholera and other diseases of alimentary 

canal.

In 1930 Lehman proved by experiments the antibacterial 

properties of garlic on S. typhösa and E. coli.

According to Taropcev, the active part of fitoncydes is 

due to combined power of ether oils and some glucone. The 

earlier works of Toropcev, Kammer and Okuncev (1942-43) 

prove, that fitoncydes of garlic are of non-protein nature 

and are able to pass through a semi-permeable membrane .

There were isolated two fractions of which one was volatile.

In Secant years Kamniev obtained an active compound 

which was applied in practice under the name of ’’defenzonat”.

A similar substance obtained another Russian worker, Janowicz.

This substance in concentration of 1:1000 kills germs of 

cholera typhoid fever and croup. In 1944» Cavallita and 

Bailey isolated from garlic an unstable oil C6H10 OS^ called 

allicin, which had a very powerful antibiotic action on

Gram positive and Gram negative bacteria in concentration of 

1:125.000. One mg. of this substance is equal to 15 units 

of penicillin. Unfortunately, application of this substance 

is limited due to its instability and certain toxic properties.

Stoll and Seebeck (1951), isolated from garlic alliin, 

the basic / 
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the basic compound of allicin, in a crystal 1 i seH and stable 

form, which later on was produced synthetically. Alliin 

decomposes under the action of enzyme alliinaze. Von 

Euler (1949) tried alliin experimentally in cancer cases. 

Fitoncydes have not been fully investigated yet. Drabkin 

(1951) explained an action of fitoncydes of a bird cherry 

(Prunus padus) as the paralysis of enzymes containing iron, 

and when this fitoncyde decomposes, hydrocyanic acid is 

produced.

Winokursov, Broncha and Korsak (1947) proved a 

diminished action of peroxidase in the blood due to action 

of fitoncydes of garlic and onion. The experimental 

procedure and other details including the bibliography 

dealing with this subject could be found in Acta Microbiologica

Polonica Vol. L No. 1. 1952 p. 5.

Apart from those publications about fitoncydes listed 

above, there are numerous other treatises dealing with that 

subject published in Poland and Russia, which could be found 

in the Bibliography of the Polish Agricultural Literature 

1945-1953. Warsaw 1954.

Russia is also working on the improvement of food 

nutrients and succeeded in increasing the amount of vitamins 

by 100 , 200 and even 1,000% by the application of new 

agrobiological methods. (B./14 p. 199). This recalculated 

for tjje average yields of grain crops or potato crops gives 

us thousands of extra tons of nutrients for feeding purposes. 

Thus one can improve the supply of food by:

a) new agrotechnical methods,

b) by the reduction of losses,

c) /
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c) artificial increase of nutrients mainly 
vitamins in used foods.

In Germany Drs. Rem and Wolf (B/14 p. 199) W/7) found 

that lifting potatoes 4-6 weeks earlier, before their 

full maturity gives increase of dry matter or other 

related substances by 15 - 20%. This could be done by 

ensilage of potato tubers together with green haulms during 

summer months. (P/18) The usual tonnage of haulms of 

potatoes is 60% of the potato yield. (B/14 p. 199) (W/7). 

Toxic action of yeasts was investigated (B/14, p.200) and 

it was found that animals fed continuously with yeast, after 

four weeks failed to increase liveweight. The initial trials 

showed that there exists a certain cycle of toxic action of 

yeasts. If however after six weeks of using yeasts it was 

stopped for 2-3 weeks, it was safe to start using yeast 

again. This still needs further investigation.

The importance of water in feeding of animals was also 

studied. (B/14 p.200). Out of 1,500 analyses, in 60% cases 

the cause of illnesses or improper utilization of food was 

due to water. It was also proved that it is cheaper to 

warm up the place by coal than to waste food to warm up 

animal bodies during cold weather. It is also suggested 

that animals fed by green foods, milk by-products, sugar 

beet pulps etc. produce watery meat which is liable to 

increase losses during the storage periods. Recent Danish 

investigations (B/14 p.200) show that reduced water 

absorbing power of meat is obtained from highly advanced 

breeds due to handicapped action of some parts of brain. 

From the other side it was proved that primitive animals 

produce meat with higher water absorbing power. This may 

completely /
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completely justify complaints of experienced tradesmen 

regarding inferiority of products of certain animals.

The water binding ability of meat depends on the water 

absorbing power of its colloidal proteins and on the 

relationship of water absorbing phosphatides e.g. lecithin 

to cholesterol. This relationship regulates the water 

content in cells and other physico-chemical processes related 

to it, e.g. osmosis of various substances particularly 

crystalloids. All these changes in the ability of meat to 

absorb and combine with water are very closely related to 

its biochemical changes after slaughtering. The results of 

Russian and Hungarian investigations carried out recently 

dealing with these aspects are outlined by W. Pezacki (P/7, 

p. 127).

It appears proper to suggest here that further studies 

should be done by responsible bodies to ascertain all aspects 

of watery meat. It is mentioned (P/7) that the addition of 

polyphosphates to meat diminishes the results of watery 

meat and reduces by half the jelly content in tinned meat. 

More is being done to solve the problem of the effect of low 

temperatures and speed of freezing on the quality, durability 

and amount of glycogen in meat and its by-products.

The action of enzymes and micro-organisms in slaughter

ed animals is being fully kept in mind. In Russia, Poland 

and Hungary particular attention is given to the problems of 

using ultra-violet rays for sterilization purposes. (P/7). 

The possibilities of converting unsaturated fatty acids in 

poultry particularly in geese, into saturated on^es is being 

considered (B/14 p.205) (S/30) in order to lengthen the 

storage /
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storage period which has rather seasonal character, during

which it is accumulated and then has to be stored and 

distributed during the rest of the year. During this storage 

period considerable losses in quantity and quality occur, 

which could be avoided. The application of plant enzymes 

like papain and bromelin is being tried to speed up the 

maturing process of meat.

In Czechoslovakia and Hungary (B/14 P-213) surfaces of 

meat products e.g. skin of sausages - are covered by moulds 

to prevent bacteria getting in. Other micro-biological 

processes have the similar action and seasoning of meat is 

designed to help to bring these micro-organisms into action

together with the improvement of the taste and smell of meat 

products.

Changes taking place during the seasoning of meat depend 

on hydrogen ion concentration. (B/14 P-213) (B/2), (C/4), (D/4), 

(D/9), (D/10), (G/4), (J/5), (K/32), (L/l), (L/6), (P/7), (P/9). 

Maturity of meat used for seasoning may influence greatly the 

pH of the solution. It is important to define the criteria 

of maturity of meat intended for seasoning and to follow 

changes taking place during the seasoning in order to stop 

the process at the right time. There is no doubt that 

seasoned meat undergoes changes also during its transport.

New approaches to the utilisation of blood and bones 

are under investigation. (B/14 p. 214) (B/2), (C/4), (D/4), 

(D/9), (D/10), (G/4), (J/5), (K/32), (L/l), (L/6), (P/7), (P/9).

Freezing them and then using as a food for animals is one 

aspect /
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aspect of the problem. Conservation of blood by chemical 

methods seems to be the simplest one, but up to now, no 

perfect conserving substance is available on the market and 

therefore mainly drying and cooling is still largely used.

Improved production and utilisation of vegetables and 

fruits was up to now rather neglected. A very thorough 

examination and revision of the whole problem is under 

consideration. The same applies to production of eggs.

It is suggested that urea could cover up to 25% of 

protein requirements of animals without any ill effects on 

the animals’ health and on the composition and utilisation 

of milk. (B/14).

World total tonnage of fish caught is about 25 million 

tons. (B/14). As the area of any country cannot normally be 

increased, one can see clearly where the reserves of our 

food are to be found. Countries like Russia, Poland etc. 

(B/22), (S/22), (K/8), take the greatest effort to increase 

the tonnage of such food and therefore the storage of fish 

during the voyage is becoming more important as the distance 

of voyage increases. Antiseptics and freezing methods are 

used to keep fish fresh on the boat. Sodium nitrate was

added to ice, which lengthens the storage period 

about three days, but it causes change of colour 

particularly at the back of the fish, into pink, 

gations are being made to find out the effect of 

of cod by

of the flesh

Investi-

such chemicals

on the human body and fish as a food. This involves the 

problems of finding all changes of protein of fish during 

the storage period.

During /
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During the last few years the Polish Marine Institute 

in Gdynia worked out the methods of conservation of fish by 

adding 0.0j% of sulphuric acid and 0.25% of formic acid into 

fish. (B/14 p.204). This method differs from A.I.V. method, 

where sulphuric and hydrochloric acid has been used only. On 

page 59of the next chapter the A.I.V. method has been more 

fully described. The formic acid applied here in that 

quantity maintains fish in fresh condition for about a month.

(This period will be sufficiently long to transport and 

store any amount of landed fish at any British port and use 

it for silage at the farm. This also enable the fish 

industry to deal with the surplus fish at any season without 

the usual losses during the sea voyage and on the land.)

Losses of fish are mainly due to; (1) a considerable 

amount of remains during initial handling and sorting out 

after catch, (b) the sudden increase of landed fish of 

non-marketable standard, (c) the sub-standard storing 

facilities and poor technological method of handling and 

utilisation of fish.

Statistics of the best equipped ports show that some 

5 - 8% of the total tonnage of landed fish is graded as 

unsuitable for food by the sanitary authorities.

In the poorer equipped parts these losses are between 

10 - 40% of landed fish (B/22).

According to Turpajev, by salting herrings, 13 kg. of 

protein is lost per ton of fish - which usually goes to a 

gutter. (B/22). In Germany in the gutters of fish industry, 

10 /
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10 - 14% of proteins and 4% of fat was found. Additionally 

a considerable amount of amino-acids and vitamins B-, and -1.
was lost in this way.

The total losses of the Polish Fish Industry are 

calculated to be in the region of 5 million kg. of proteins 

and 2 million tag. of fat per annum, which is about % of the 

whole protein content present in landed fish and ^th of the 

total fat. (B/22). Steps are taken to cut these losses to 

the minimum by: (1) extraction of fat, (2) dehydration (3) 

hydrolysis of flesh , (4) separation of various substances 

obtained during hydrolysis. Poor quality fish could be 

easily converted into a new protein product in form of 

polypeptides. First experiments of this kind were made over 

20 years ago in U.S.S.R. (B/22 p. 156) by Jonin and Dolinov, 

who in 1936 treated fish tissue with an alkali. In 

Scandinavia and in Germany 0.5% of acetic acid was used first, 

then an alkali was applied and finally lactic acid was used 

to bring the material to neutrality.

In 1944 in Germany some 50 thousand tons of poor quality 

fish was converted into 5 million kg. of concentrated protein, 

This product, called "Viking’s Protein” (Wiking Eiweiss) was 

used nationally instead of dried egg power. It consists of 

93.9% of polypeptides, 0.75% of phosphoric compounds, 3»° mgm 

of iodic compounds, 0.42% of calcium and the remaining 4*65% 

is water. Technological details of this process were 

published by the British Authorities after the last war (C/2)

The more recent Russian improvements of this method are 

(j/8)widely used now in U.S.S.R. and the protein food so 

obtained /
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obtained is used throughout the country.

The analysis of this product shows that it is even more 

valuable than the dried egg product, particularly as far as 

amino-acids contents are concerned. The table below shows 

this more clearly:

Compound Present Fish Product Dried Eggs

Arginine 12.68 - 13.24% 11.4%
Histidine 3.07 - 4.75% 3.2%
Lysine 12.69 - 14.86% 7.5%

The presence of tryptophane, tyrosine and cystine is 

about the same in both products. (B/22).

Equally attractive is the conservation of fish by silage, 

which was first tried in Sweden in 1936. In 1940 it was 

already used on the large scale throughout Scandinavia, then 

in this country and by 1952 Denmark used some 15,000 tons of 

poor quality fish for silage (P/4), (P/5) . Acids used here 

are mainly formic, acetic and lactic acids, plus about 20% of 

molasses. The best results were obtained by using 90% of 

23.5 N of formic acid or 85% of 22 N. (B/22 p.157), and such 

silage need not be neutralised before feeding.

Recently two Danish workers, Carl and Rieman, patented 

their method of conservation of fish by using lactic acid 

obtained by fermentation using Streptococcus plantarm (B/22). 

The amount of acid used depends on the biochemical nature of 

the product to be conserved e.g. when using 100 kg. of 

herring during the winter catch, 5 litres of acid is needed 

and for the same amount of cod, landed in summer, 9 litres of 

the same acid is required. One kg. of such fish food is 

equal in nutritive value to 4 litres of skimmed milk. 

Considering /
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Considering the biological value of fish proteins, Beveridge 

(B/9) has shown that having the same basic diet, animals 

used for the experiment utilised their food better when 

protein fed to them was in form of fish, than in other forms.

More thought is being given to the possibilities of 

using micro-organisms for the production of proteins, fats 

and eventually carbohydrates, which could be employed on any 

limited area and which, sooner or later, will have to be 

widely used as the human population further increases. The 

importance of protein hydrolysis in pepper has been mentioned 

as a supplement of yeast’s protein, being rich in cystine. 

Poultry feathers represent another source of cystine which 

could be utilised by yeast.

leasts are becoming more and more important as a food 

rich in protein, vitamins and fats, and yeast industry is 

growing rapidly in countries surveyed here. Its basic 

materials are:

1) Molasses from sugar beet and sugar cane.
2) Liquor waste sulphite.
3) Lixiviation residue obtained in the production of cellulose.
4) Slump.
5) Molasses residue.
6) Sewage from sugar factories, dairies, breweries, distileries etc. 
7) Wastes from yeast factories, fruit pulp in wine and 

beverage production, in textile industry etc.

By suitable dosing of ammonium salts, it is possible to 

obtain about 60^ of protein in a mass of Torulopsis. The 

coefficient of digestibility of this protein is about 9O.(K/4$. 

The methods and organisms used in various countries differ, 

and there is a very numerous literature dealing with that 

subject e.g. (P/19), (F/3), (P/23), (J/3), (V/2), (S/28), (K/27), 

(K/5), (K/17), (B/16), (D/3), (H/l). Interesting results 

were /
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were obtained by the German workers on enrichment of yeast 

with ergosterol by airing them in various conditions (K/12).

In Poland fruit water was added to slump in the production 

of yeasts using Torulopsis utilis, and the effect of fruit 

water was found to be "phenomenal” (K/4 p. 6) and (K/5).

Yeasts so produced were used for feeding pigs on the experi

mental farm of S.G.G.W. - Warsaw, and results obtained were 

"good" (K/4). The utilisation of fibre in slump however, has

not been solved yet and further experiments are being carried 

out. (K/4). In Czechoslovakia, very interesting works are 

being carried out by Dr. Jonas (J/6), (J/7).

Using sewage from sugar factories, (Liban and Klobuki) 

and sewage from dairies (Drevenice) he innoculated these

waters with oidium lactis, Fusarium or Monilia candida, and 

after fermentation period, the liquid was treated with a 

slaked lime until the pH was 9 - 11. From 1,000 hl*  of 

sewage water from sugar factory, he obtained 200 - 300 kg. 

of a dry powder containing 30 - 40% of GaG03 and 55 - 70% of 

organic substances with 10 - 15% of protein substance.

* 1 hl. (hectolitre) = 100 litres = 22 gallons (approx.)

Similarly sewage water from dairy plus whey was diluted and 

then fermented. From 100 hl. of whey 600 kg. of fodder was 

produced which contained 30 - 45% of its dry matter of 

calcium salts, 55 - 70% of organic substances, including 

15 - 30% of protein.

Vogel in Germany introduced a classical method of 

converting yeast into other products. From 100 kg. of dry 

yeast (10% water) he produced 15 kg. of higher carbohydrates,
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48 kg. of protein mass, 7 kg. of raw nucleic acid, 200 - 3OO g.

of ergosterol and 300 g. glutathione and some amino acids.

From yeast, Goetsch in Austria, produced supervitamine 

or factor T, which contains a mixture of vitamin B complex. 

It has a very beneficial and stimulating effect on humans anc 

animals and is used as a growth factor. This product is now 

increasingly used in Austria, Switzerland and U.S.A. The use

of algae of Chlorella kind, for the production of fat, 

proteins and carbohydrates is seriously considered also, but 

this country has a considerable knowledge in this field already, 

therefore there is no need to mention it here any further.

It was proved that animal tissue is more resistant to

putrifying bacteria when it contains more lactic acid as a 

result of glycogenolysis which is taking place in the

muscles after the death of the animal. Investigations are 

taking place to find the influence of carbohydrate food on 

the content of glycogen in the animal's muscles. Some 

experiments of adding sugar to foodstuffs fed to cattle and 

pigs shortly before slaughter are promising. (P/7), (B/14). 

Research on the addition of bio-preparations to increase 

bacteriostatic properties of muscles should also be kept in 

mind.

In using antibiotics of any kind care is needed, because 

people consuming meat from such animals may be affected by 

such antibiotics. This problem needs further investigation. 

(B/14).

It is thought, states I. Lewandowska B/14 p. 198, that 

various troubles of the alimentary canal and liver are due 

to a sterilised and improper food, which lacks certain 

substances /
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substances, which were destroyed during faulty storage or 

by sterilisation of food. Now as the main remedy for these 

troubles yeast is recommended.

Investigations are undertaken now to study antibiotics 

which controlfungi and moulds. The main representative of 

those antibiotics is actidion which is produced on the mass 

scale. When applied, it stops fermentation completely.

The number of fungistatic antibiotics is already 

considerable. Actidion was tested extensively and no 

harmful effect was noticed. (B/14 p. 198).

According to W. Rzedowski, B/14 p, 198, more than 10 

such antibiotics are known which are now being tested on 

various products. In the Journal of Bacteriology Vol. 60 

p. 104 some more details could be found about this substance 

The main points of that work are mentioned below:

The prevention of the growth of yeasts and moulds is often 

desirable and sometimes a crucial necessity. Effective 

control of these contaminants has been obtained by the addition 

of actidione (an antibiotic obtained from streptomyces griseus) 

in a concentration of 0.1 mg. per ml. Whiffen (F. Bact. 56, 

283, 1948) tested the action of actidione against 12 repres

entative species of bacteria by the broth tube method and 

found that none of the bacteria tested were inhibited by 

concentrations of actidione up to 1.0 mg. per ml.

In this investigation the growth of 27 species (42 

strains) of bacteria was tested by the surface plate count 

method on agar containing actidione in the concentration of 

0.1 mg. per ml. of medium.

Actidione /
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Actidione was found to be non-inhibitory in the 

concentration used. Also actidione did not inhibit 

Escherichia coli T3 bacteriophage.

The antifungal action of actidione was tested against 

1 strain of yeast and 7 genera (12 species) of mold that were 

isolated from contaminated agar plates. All were found to 

be inhibited completely by 0.1 mg. of actidione per ml. of 

medium.

These molds and yeast were Alternaria (3 species) 

Aspergillus Fusarium (2 species) Hormodendrum Neurospora, 

Penicillium (3 species) Rhizopus and Saccharomyces. Broth 

cultures of pathogenic bacteria were artificially contaminated 

with mixtures of mold spores and then the isolation of the 

bacterium was attempted on agar plates with and without 

actidione.

Profuse overgrowth of the molds on plain agar plates 

obscured all bacterial growth, whereas, on the actidione 

plates, there was no growth on the molds and all of the 

bacteria could be recovered.

Actidione served equally well as a mold inhibitor when 

used in the presence of such selective inhibitors as brilliant 

green dye, polymyxin, and penicillin and when used on 11 

different media of varying pH. Sterile stock solutions of 

actidione (10 mg. per ml.) were prepared in distilled water, 

stored at 5 0 and added to the medium after sterilization.

It is suggested that actidione be included in media 

used for the isolation of bacteria from specimens that are 

likely to be contaminated with molds.

Present /
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Present knowledge fully shows the influence of food

stuffs on physico-chemical properties of animal fat. This 

aspect, however, needs further investigation.

In the Soviet Union work is going on to find out 

exactly the differences of enzymatic action in fresh and 

previously frozen meat, which affects the properties of meat 

particularly during further processes. (P/25), (S/15), (S/16), 

(S/17), (S/18). Solving this problem may have a considerable 

effect on the meat, poultry and fish industries. Another aspect

is to find the best maturing state of meat before its 

conservation.

Recently the influence of ultrasonics on the conser

vation of foodstuffs is being investigated in Poland. (B/14 

p. 207). Study of rancid fat is being undertaken and a 

search for suitable antioxidising substances is going on in

order to improve the storage of fats and meat and thus reduce 

losses. Biochemical changes taking place in muscles and

other tissues during the storage period and also during 

transporting of meat and meat products cause change in 

colour due to oxidation of haemoglobin, myoglobin and their 

compounds. The successful control of these processes would

reduce losses and would increase the prices of such products. 

(B/14).

In Russia and in East Germany the use of so-called 

"biological gas" is being investigated. (B/14 P» 188). Farm 

manure, compost, and other organic substances during ferment

ation processes produce gases, mainly methane and carbon 

dioxide. By fermenting such substances in a hermetically 

sealed /
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sealed space the gases produced - called biological gas - 

will contain 55 - 60^ methane the rest being mainly COg and 

hydrogen. The gas collected in this way does not diminish 

the value of manure but rather acts beneficially, because 

fermentation takes place in a space poor in oxygen »nd 

this reduces the nitrification processes.

Russian experiments are showing that the byre with 

200 medium milking cows can produce enough biological gas 

to run an 80 kilowatt generator, which is sufficient for the 

lighting purposes of such a farm. Any organic by-products 

could be used here. (B/14 p. 188). Research is going on to 

eliminate the best kind of micro-organisms which will give 

the best percentage of biological gas of maximum calorific 

value.

(This could be applied on a large scale in countires 

such as India, Africa and other parts of the British 

Commonwealth with a limited capital, before atomic energy is 

provided on a national scale.)

Sawmill yards waste many tons of sawdust. According to 

E. Pijanowski (B/14 p. 189) investigation is going on regarding 

the possibilities of biocatalytic conversion of wood fibre 

into sugar - which is taking place in nature on a very wide 

scale. All fungi which are destroying our trees, and ' 

termites use wood cellulose as a source of energy. The 

research is going on also in this field to make a kind of 

symbiosis of such fungi with other organisms (fungi, moulds, 

yeasts etc.) to produce from wood a useful product like 

alcohol /



alcohol, lactic acid or. fatty acids.

It is a fact that in regions where alcohol from 

potatoes is produced, the soil is much more fertile and the 

yield of farm crops, particularly of potatoes, is some 80% 

higher than elsewhere. (B/14). It is thought that this is 

probably due to the action of natural manure, which gets 

into the soil, produced by animals fed on distillery pulp. 

It is suggested that yeast produces some amino acids which 

activate soil microflora and thus increases soil fertility. 

Similar action, in a way, is produced by silage. It was 

shown by a Russian worker that lactic acid bacteria present 

in the silage produce antibiotics which increase digestibilit 

of plant protein. (B/14 ) (IO3). Probably they produce so 

called "animal protein factor" and it is certain that a 

synthesis of amino acids takes place in the animal’s body 

which are important in nutrition.

Fermentation of foods by certain bacteria enriches 

such food in vitamin B12 and antibiotics, which in turn, 

increase digestibility of plant protein and improve such 

food by about 30%. (B/14).

This is an important factor in feeding young animals, 

particularly where the supply of vitamins and amino acids 

such as lysine, methionine etc. is short in plant protein.
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