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The main subject of the Seminar in Havana, Cuba, from 2-9 July 1979 is the industrial

application of microbiology in the pharmaceutical industry. It deals in particular with the produc-
tion of antibiotics. | have no personal experience in this field and my knowledge on the subject is

limited to information taken from textbooks.

The reason that | have been asked to prepare a ‘paper’ can therefore only be attributed to the
fact that | am the inventor of the submerged vinegar fermentation process (Annex 1) and have some
experience as to how an invention made in a laboratory (Annex 2) was gradually adapted for practical
use and the process of submerged fermentation then introduced into the vinegar industry, which
formerly only had an empirical knowledge of surface fermentation either by the Orleans-process

or the quick vinegar process.

The vinegar industry is chiefly a small-scale industry, a cross between a business and an industry,
which lacks the many advantages of trained staff and modern equipment enjoyed by the large-scale
pharmaceutical industry. It also deals with the manufacture of a cheap product for every-day use,
edible vinegar, to which no development costs can be added as was, and sometimes still is, the case

with new antibiotics.

It should also perhaps be mentioned that, shortly after its adaptation for industrial use, the

submerged acetous fermentation process was also introduced into the ‘developing countries’ (Annex 3).

For these reasons the equipment and the development process had to be kept as simple and

‘fool-proof’ as possible.

Some of the techniques originally developed for the technology of submerged acetous fermen-
tation and some aspects which were considered when factory-works were established throughout the
world could also be applied to a discussion on the production of pharmaceuticals by means of sub-

merged fermentation.

Vinegar fermentation differs from all other submerged fermentations in that the alcoholic
substrate and tke final product, the vinegar as a watery solution of 10—14% acetic acid, show high
osmotic pressure such as a 40% glucose solution, a milieu which makes the survival of life and, in
particular, the increase of microorganisms, extremely difficult. Our research work also showed that
the production of vinegar of a standard concentration by means of the submerged fermentation
process could only succeed if the vinegar bacteria were aired thoroughly in all parts of the mash and
if there are no areas in the contents of the vessel left unaired. If the aeration is interrupted for even

a few seconds, most of the bacterial culture will die.




Sufficient aeration can be easily achieved by means of glass frits at the lower end of the
fermenting pipe through which the air is pressed. The aerators formerly used proved to be inadequate
for practical use and a new, self-aspirating aerator had to be specially manufactured. This model,

a specially constructed hollow agitator surrounded by a stator, was further developed by the
machine-factory Heinrich Frings in Germany (Annex 4) and the largest types can now aspirate

1800 and 2400 m3/h against a 4 m liquid flow. Driven by a flange-mounted electromotor (Annex 5),

the rotor turns at a rate of 1450 or 1750 rpm, aspirates the air after overcoming the hydrostatic

pressure of the liquid flow in the fermenter and forms small bubbles of almost equal size.

In this research work it was particularly important to carefully observe the way in which the
oxygen was passed to the air bubbles in the liquid. Oxygen is hardly soluble at all in water. With
atmospheric pressure and at a temperature of 30°C only 4-5 ml O, /I are dissolved in nutritive
solutions, whereas the oxygen requirements for microbial processes |ie between 500 and 5000 ml
O2/1,h. By measuring the oxygen concentration in the liquid, either by using a simple, chemical
sulphite method or by means of the more expensive paramagnetic, polarographic or galvanic
measuring devices, it was found that there was often no parallel to metabolism or increase of the
microorganisms. Measuring the size of the air bubbles in many areas of the fermenter proved to
be very helpful for the method of submerged fermentation and for the construction of a suitable
aerator. The method proved by E.K. Todtenhaupt, Chem. Eng. Techn. 43, 336 (1971) consists in
aspirating the aired liquid through a capillary tube, sending a ray of light directed ontu a photo-
transistor to a certain point on the capillary tube and converting the different refraction of the light
from the air and water through the phototransistor into an electric signal which is proportional
after altering the length of the air bubble. The test is made with ‘normal bubbles’ rising from a
nozzle. Dr. Ebner at Frings has taken up this principle and developed a device for measuring
bubbles with which the aeration in different areas of the fermentation contents can be measured

fairly easily. - H. Ebner in H. Dellwig (publisher): 3. Symposium on Techn. Microbiology,
Berlin 1973.

As a result of extensive experiments, special calculations and by controlling the bubble-
measuring device, aerators could be constructed. The largest mode! is now Type 12000 which, in
a giant fermenter containing 80 m® of liquid, provides an aeration resulting in the formation of the
same size and number of bubbles, calculated at the same pressure and measured at different radii
and heights in the fermenter. The average diameter of air bubble 1s about 1 mm and there is very

little variation from this size. No other aeration system today can produce such even and thorough




aeration which is a prerequisite for the manufacture of vinegar of up to 14% acetic acid content,
although it must be admitted that vinegar »f a lower concentration can also be produced using

other modern aeration s /stems.

I the effect of the even distribution of fine air bubbles in the fermenter-substrate is a factor
of prime importance, the power requirements for this distribution of air is naturally another point
which should be included in discussions about profitability, particularly in the manufacture of a
cheap product like vinegar. In modern development methods the figures are 0.8—0.9 kW h for the
distribution of 10 m3 of air under normal conditions. | will later come back to the point that the
method of thorough aeration specially developed for the submerged vinegar fermentation processes

can be equally well applied to other aerobic submerged fermentation processes and has led to

—

unexpectedly good results.

For the moment, however, we are talking about vinegar fermentation. It was noticed that in
some natural raw materials used for the production of vinegar such as malt mash etc. there is a
heavy foam formation. This was also the case when parts of the bacterial flora died due to irregulari-
ties during the fermentation process, such as sudden changes in concentration or a disturbance in
the aeration. The chemical foam-removers formerly used in the manufacture of antibiotics were not
allowed in the production of edible vinegar A mechanical foam-removing device was therefore
developed which can also be used for processes other than vinegar fermentation wherever foam

problems occur, such as in cellulose decomposition and in numerous other cases.

Vinegar fermentation is a semi-continuous process by which as much ready vinegar is taken
froir the contents o* the fermenter with a remaining alcoholic content of 0.2—0.3"% and enough
alcoholic mash added to ensure that the amount does not exceed the 5.5% ethanol which is toxic

for the bacteria.

The process of removing the finished product and adding new mash can be automised if it is
controlled by the ‘alcograph’, an alcohol-measuring device, which, in two samples of continually
refilled boiling liquid measures the difference in temperature between the gas-phase and the non-
alcoholic liquid phase with thermoelements and converts them into impulses for the control. The
alcograph can naturally not only be used as a measuring and controlling device in the production of
vinegar but also in all cases where the concentration of substances with greater volatility than water
is to be measured. The example of alcoholic analysis in the production of yeast will be dealt with

later on.




The continuous process of measuring the alcohol content with the alcograph also greatly

facilitates the process of continuous subme rged vinegar fermentation. |t was proved that the
increase of the vinegar bacteria in more than 10% acetic acid concentration was not adequate for
continuous operation. The continuous process is therefore at present limited to the processing of
mashes with a lower alcoholic content (8—10%). The addition of mash is so arranged that an
alcohol content of 0.5—0.3 vol.% is maintained in the fermenter. If an alcograph is used, it is

still possible to operate at 0.3% (Annex 6).

With regard to the microorganisms themselves used in submerged acetous fermentation, the
Genus Acitobacter belonging to the pseudomonoaceae, there is certain scepticism today concerning
the classification attempts of past decades — T. Asai, Acetic Acid Bacteria, University of Tokyo
Press, Tokyo 1968 and Shimwell, Atonie von Lesswenholk, 7. Microbiol. Serol. 25,49 (1959). In
practice it is not as important to use a particular species as to ensure that the existing acetobacterial
cultures are kept in the high-grade mash with few natural substances necessary for practical use, so
that they can be re-bred and selected. It is doubtful whether previous mutations are important. At
least the application of chemical or physical mutagens have brought no improvement in the adjustment
to the necessary milieu. Even a temporary reduction in the concentration of the mashes can

permanently impair the qualities of the cultures.

The problem of the initial inoculation in newly-established works, particularly in developing
countries where there is a lack of microbiologically trained staff, is a difficult one. We overcame
this problem by sending large amounts of :he products of a submerged fermentation process con-
taining app. 10% acid and 2% ethanol to be used as an initial inoculum solution in recently
established fermentation equipment. Naturally most of the bacteria died due to the long-term lack
of oxygen but a small amount survived with the remaining air and, after the aeration had been

switched on they could breed within days or weeks.

Another method was to dip large strips of cloth coated with agar in high-grade mash, to
inoculate them and to breed a thick surface flora in a sterilised, aired thermostat. These agar plates
could then be rolled and packed sterile, but with air holes, and sent by airmail to newly-established
factories throughout the world. With the necessary adjustments, this method could also be used for
the inoculation of fermenters for the production of pharmaceuticals. The use of lyophilised cultures
of acetobacteria is not impossible but usually presents great difficulties because of the deterioration
in the practical performance of the culture and this could only be overcome after a long process '

of selection.



In comparing submerged vinegar fermentation with other microbiological industries it should

be stressed that the main difference lies in the fact that in vinegar fermentation the aeration of the
cultures — also that of the inoculum — is of major importance, whereas the infection from out-
side microorganisms is unlikely considering the high concentration of the mash. In other submerged
technical processes the aeration of the inoculum solution is less important but in a neutral milieu
infection from outside constitutes a serious problem. The production of yeasts for breeding and for

baking which is done in an acidified milieu of pH 3—4, lies roughly between these two extremes.

| do not wish to go into detail about the problem of nutrients, which is not only important in
the production of vinegar from ethanol but also in the case of some complex, natural mashes where
supplementation through certain, missing components is required. Every submerged fermentation
process has this problem. It is ,however, particularly critical in the manufacture of vinegar from
pure ethanol, firstly, since only a certain, limited amount of nutrients can be added so as to produce
the normal, colourless, crystal-clear spirit vinegar and, secondly, because the low cost of spirit
vinegar does not permit the addition of expensive supplementary nutrients. In the submerged pro-
duction of pharmaceuticals neither factor is of particular importance. However, a scarcity and rise ‘
in price of the good, standard nutrient mixture of corn steep liquor and yeast autolysate used up ‘
till now could also make a more careful selection of essential organic natural substances and trace

quantities of elements necessary.

Under specific economic conditions it also proved an interesting experiment to manufacture
glacial acetic acid for chemical purposes from alcoholic liquids by means of our newly developed
vinegar fermentation process and the ensuing continuous extraction of the vinegar by solvents which
boil at a lower temperature such as ethyl acetate and finally fractioned distillation of the extracts.

The technology of the extraction and distillation process was already known.

Whereas glacial acetic acid can be produced on a large scale by the catalytic oxidation of alkanes
or by the catalytic oxidation of ethanol through acetaldehyde or, eventually, if an outdated process
is used, through acetylene or acetaldehyde, the factory costs are too high to justify the production of
only 1-5 tons per day of glacial acetic acid. In countries with cheap carbohydrates the production of
alcohol by means of acetous fermentation may be interesting from the economic noint of view. In
conjunction with the firms H. Frings and Zahn & Co., Hamlin, plants with a capacity for 1-5 tons

of glacial acetic acid per day were set up in Formose, the Philippines, Turkey and Spain.

The great experience gained by us — and | am referring here not only to the inventors but

also to the manufacturer H. Frings — through submerged vinegar fermentation naturally prompted




us to apply this knowledge to other submerged fermentation processes. Theoretically, we believed
it possible to apply this knowledge to every process in which bacteria is used. Even for large
concentrations of bacteria which should, technically speaking, be adequate for a quick sequence
of reactions, due to its small size the bacterial mash remains of a similar viscosity to water and it
could safely be assumed that in such a milieu the thorough ventilation system has the same effect
as in the submerged vinegar fermentation process. An earlier known example was the oxidative

fermentation of glucose to gluconic acid by means of submerged acetobacter stock cultures.

We were, however, afraid that all the advantages of the thorough ventilation system would be
rendered useless by the coalescing of the fine gas bubbles if in the submerged phase of the production
of yeast for baking or for fodder purposes such large concentrations of cells much bigger than the
bacteria were to appear — such as saccharomyces, candida and torulopsis — that in the final stage
of the fermentation, whether in batch or in continuous process, a thick pulp is formed. The same
thing could occur with streptomyces, aspillerges and penicillin types and here there was the added
danger of mechanical damage to the cells as a result of the shearing action of the rapidly turning

rotor and the adjoining stabiliser ring.

But particularly when dealing with biotechnology there should be no preconceived ideas which
can hinder progress; it is much better to rely entirely on the experiment itself — in this case for

production purposes.

Ventilation experiments in the praduction of baker’s yeast which were carried out in a German
yeast factory showed the great advantages of thorough aeration with our self-aspirating aerator. All
previously known processes and devices for yeast production had in common the fact that the
aeration devices in the fermenters required compressed air. This is either pumped in through distri-
bution pipes (steel tubes) perforated in several places or through rotating bodies of varying construc-
tions. It is difficult to achieve thorough aeration through a steel pipe as the holes cannot be kept
very small. In the case of non-aspirating rotating bodies, which let in the air to only a very limited
part of the fermenter, violent shaking movements of the water must be made to ensure that the
oxygen admitted is distributed as evenly as possible over the whole contents in the fermenter. Itis
very important to ensure even and thorough ventilation as this has the undisputed advantage of making
maximum use of the yeast fermenter. In 1969 a series of tests was therefore made with a Frings- )
aerator driven by a 90 kW motor and rotating at a rate of 1.450 rpm which continuously aspirated
1000 N m? of air through the air passage and a Delbag-filter and distributed it evenly and thoroughly '

in the contents of a fermenting vat measuring 3.65 m in diameter, 5.60 m in height and with a




capacity of 59000. At the end of a charge the container is about 2/3 full. In this particular case
a secondary cycle was enough to eliminate the reaction heat and to keep the temperature in the
fermenting-room at 30°C. Using a self-timing pump, fermenting liquid is taken from the bottom of

the fermenter, conducted over a plate-cooler of 55 m? and led back into the tank again.

An automatic fermentation oil device keeps the foam at a steady level. The pH is measured
constantly and by means of the alcograph the volatile components (mainly ethanol) in the fermenting
solution are continuously and automatically registered. Molasses, which had been diluted to a
35—-37% concentration, acidified with sulphuric acid to pH 4.5 and sterilised at 95-97"%, was used
as a raw inaterial. 25% ammonia — or ammonium sulphate — and monoammonium phosphate

were used as nutrients.

The molasses intake is programmised and allows for the H-value — a log-phase — the

logarithmic increase of the yeast until it is limited by the aeration and the ensuing linear phase.

The opinion of the experts differs over the value of a small sugar surplus which results in
the formation of volatile matter, mainly ethanol. Depending on the amount of volatile substances
from 0.03—0.05%, the supply of molasses can be controlled by the alcograph in the last 2/3 of the
charge and this has the advantage over the programmed method that the individual differences
during the fermentation process can be allowed for to a great extent. Four series of tests of at least
75 charges each were carried out under different testing conditions and using different yeasts.
2.2-2.4 Nm? of air per kg of yeast was needed. An average of 10— 12% of oxygen was found in

the waste air expelled from the fermenter.

Annex 7 shows from another series of tests the differences in the aeration system. Since then,
as can be seen from Annex 8, 27 industrial plants have been set up which have confirmed the
experience gained irom the firsi experirvental plant and have served to prove the advantages. It is
desirable to aim at maximum cell conce ntration in microbial breeding, e.g., 35—40 g dry matter
per liter of fermenting liquid. This can Le achieved by ensuring a thorough passage of air with an
optimal use of oxygen. The high cell concentration not only leads to a better utilisation of the
fermenter volume. It has the added advantage that only small amounts of sewage appear the
removal of which is the main headache of the fermentation industry. The finished yeast product

has excellent qualities.

While on the subject of “‘sewage’’, it should be mentioned that a self-priming, air-aspirating
aerator which has the excellent qualities indispensable for the production of high-grade vinegar,
can also naturally be used for many processes apart from that of manufacturing yeast, in which

the importance of the passage of matter from the gas phase to the liquid phase is stressed. Such




problen.s occur all over the world in biological sewage purification systems in which organic-
chemical pollution can be reduced by aerobic microorganisms. The better the aeration, the greater
the cell concentration will be and the purification of the sewage will then also be possible in an
even smaller area. Aswe are dealing here with processes which, in general, operate at a lower con-
centration and neutral solution, high-grade, acid-proof special steels can be avoided. The so-called
“submersible aerators” as shown in Annex 9 are available in the models shown in Annex 10.

Annex 11 gives a summary of the submersible aerators which are available today.

By no means all of them are used for sewage treatment in towns etc. Several serve the biological
purification of factory-sewage. In such cases the sewage should be kept separate as far as possible
asit is then more likely that a microorganism cult.re can be formed which can reduce certain water

impurities or at least similar substances.

Some of them are used in water-conditioning. The introduction of oxygen containing ozone

plays @ major part in the purification of water for drinking and for bathing purposes.

i hope that my lecture has shown that, based on the necessity for a special kind of fermentation
process, we must develop another process for our requirements — that of thoiough aeration —
and then apply this as far as possible to the problem of the transition from the gas phase to the

liquid phase, which is so important both in fermentation and in chemical processes.

| also hope, however — and this seems to me to be more important still — to have proved
that we must always aim at simple solutions. Particularly in the case of the desired industrialisation
of the developing countries, processes and equipment which are as simple and ‘fool-proof’ as possible

will have to be selected.

As concerns more complicated fermentation processes — and the production of pharma-
ceuticals by microorganisms belongs to this category — the first step will probably be to set up a
special microbiology centre which will be responsible for the procurement and upkeep of cultures
and which can sometimes offer assistance regarding the process of cell-increase from the lyophilised
or agar-sample of the cell-culture to production fermenter or when outside infections other
disturbances occur. Without using too complicated equipment we must ensure smooth operation
even with workers who are only semi-skilled and, at least at the beginning, still inexperienced. The
introduction of the submerged vinegar fermentation process was often confronted with such problems
and it was precisely in the lesser developer’ ~ountries that the most modern plants were established,
whereas in the fully industrialised countries it is taking much longer to replace the surface fermenting

equipment which is still in use today.




ANNEX 1

Hromatka and Ebner:
Research into vinegar fermentation I. Surface fermentation and ventilation systems,
Enzymologia X111, 369—87 (1949).

Hromatka and Ebner:

Research into vinegar fermentation 1. Oxygen deficiency in surface fermentation,
Enzymologia X1V, 96—106 (1950).

i Hromatka and Ebner:

Research into vinegar fermentation I11. The influence of aeration on submerged fermentation,
Enzymologia XV, 57—69 (1951).

- Hromatka, Ebner and Csoklich:
Research into vinegar fermentation 1V. The influence of the complete interruption in the aeration
on submerged fermentation,
Enzymologia XV, 134-53 (1951).

Hromatka:
Submerged vinegar fermentation,
Chemiker-2tg. (Chemists’ Journal) (Heidelberg) 76, 77679 (1952).

Hromatka
Submerged vinegar fermentation,
Chemiker-Ztg. (Chemists’ Journal) (Heidelberg) 76, 815—17 (1952).

Hromatka:
Submerged vinegar fermentation. Some remarks on new publications, The Spirits Industry
{published by the Inst. f. Girungsgewerbe, Berlin) 74, 406—-08 and 413—15 (1952).

Hromatka, Kastner and Ebner:

Research into vinegar fermentation V. The influence of the temperature on submerged fermentation,
Enzymologia XV, 33750 (1953).

Hromatka:

Methods of research into submerou vinegar fermentation,
Lecture report by the Congrds International du Vinaigre, The Hague, Holland, May 1957,

Hromatka and Ebner:
Vinegar by submerged oxidative fermentation,
, Ind. Eng. Chem. 51, 127980 (1959).

Hromatka and Stainer:

Critical selection of a method for analysing glycerine in vinegar mashes and vinegar,
The Spirits Industry 102, 507 (1962).
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Hromatka and Polesofsky-

Research into vinegar fermentation VI. Oxidation of monohydric primary alcohols and glycols,
Enzymologia XXIV, 372—-84 (1962).

Hromatka and Exner:
Research into vinegar fermentation VIII. Further findings on the interruption of the aeration, ’
Enzymologia XXV, 3751 (1962).

Hromatka, Kastner, Gsur and Gruber:
Research into vinegar fermentation I1X. The influence of CO, on submerged vinegar fermentation,
Enzymologia XXV, 52-64 (1962).

Hromatka, Kastner, Gruber and Gsur:

Research into vinegar fermentation X. Organic compounds as sources of CO, on submerged
vinegar fermentation,

Enzymologia XXV, 52-64 (1962).

Hromatka, Kastner, Gruber and Gsur:
Research into vinegar fermentation X. Organic compounds as sources of CO,,

Enzymologia XXV, 65—-72 (1962).

Hromatka and Gsur:

Research into vinegar fermentation XI. Gevelopment of equipment for tests with *CO,,
Enzymologia XXV, 73—-92 (1962).

Hromatka and Stainer:

Changes in the glycerine content during submerged vinegar fermentation,
The Spirits Industry 102, 608--10 (1962).

Hromatka and Gsur:

Research into vinegar fermentation XiI. The effect of radioactive '*CO, on vinegar bacteria,
Enzymologia XXV, 81-86 (1962).

Hromatka and Stainer:

The chromatographic paper analysis of glycerin and dihydroxyacetone in vinegar mashes and vinegar,
The Spirits Industry 102, 703—04 (1962).

Hromatka and Leutner:
The antagonistic effect of two acetobacter cultures,
The Spirits Industry 103, 114--15 (1963).

Hromatka and Leutner:
Research into bacterial flora in submerged vinegar fermentation. |I. Notification,
The Spirits Industry 103, 174 -76 (1963).

Hromatka and Stainer:

Research into vinegar fermentation X111. Methods of reduction of 1-'*C-glycerine in submerged
vinegar fermentation,

Enzymologia XXV, 317-29 (1963)
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Patents by the wine-vinegar factory A. Enenkel and the successor firm H. Enenkel, Austria.
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ANNEX 2

(1)

(2)

(3)

(4)

(5)

Production of carboxylic acids,
first need for submerged vinegar fermentation.
Prior. from 3.5.1949

Argentina Pat. No. 74.847 Australia
Austria Pat. No. 179.283 Belgium
Brazil Pat. No. 42.707 Canada
Denmark Pat. No. 80.147 Finland
France Pat. No. 999.750 Germany
England Pat. No. 686.849 ireland

Italy Pai. No. 473.916 Norway
Portugal Pat. No. 27.844 South Africa

Spain Pat. No. 191.519 Sweden
Switzerland Pat. No. 279.616

Fermentation process
Prior. from 3.5.1949
France Pat. No. 1, 004.999

Combined submerged and surface fermentation
Prior. from 13.12.1949

Equipment
Prior. from 2.2.1952

Austria Pat. No. 189.148 and other countries

Foam-remover
Prior. from 31.12.1952

Austria Pat.No. 189.149 and other countries

Pat,
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.
Pat.

No
No
No

No.

No

No.
No.
No.

No

. 151.162
.493.100
.510.417
26.761
. 929.543
19.543
85.666

9.763
. 158.002
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Patents by the firm H. Frings, Fed. Rep. of Germany

(1) Germany Pat. No. 898.134 Prior. from 25.11.1949
(2) Germany Pat. No. 949.224 Prior. from 18.8.1950

(3) Automisation of vinegar fermentation
Gerimany Pat. No. 1,063.561 Prior. 1957

(4) Alcograph
Germany Pat. No. 1,264.108 (1965)

(5) Semicortin, fermentation through 12% vineger
Germany Pat. No. 1,617.879 (1966)

(6) Aerator
Germany Pat. No. 1,667.042 (1967)
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ANNEX 4

The FRINGS-Aerator is a specially constructed agitator surrounded by a stator (Fig.1) (46) (47).
It consists of a hollow body with six radially arranged air vents open against the direction of
rotation. In front of these, vertical blades are arranged in the direction of rotation.

FIG.1. FRINGS-Aerator.

a. Hollow body f. Lower rotor ring
b. Air vents g. Upper stator ring
¢. Working surfaces h. Lower stator ring
d. Stator i. Stator blades

e. Upper rotating ring
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ANNEX 5
-%y.p o A[Biabuhrve-ih:;‘. T Gasmenge 2 Motorleistung 3
type model series ¢ gas flow 5 motor ¢
type série 7 quantité de gaz ® moteur *
tipo serie de modelos*? cantidad de gas ' motor 12
mh cl/min. kw HP
25 N 4— 10 2 — 6 0,75
75 N 8— 25 4—- 14 2,2
150 N T 16 — 50 9—- 29 3,0
300 N T S 40 — 100 23 — 58 55 7,5
600 N T 80 — 200 47 — 117 1) 15
1200 N T S 150 — 350 88 — 208 22 30
2000 N T 250 — 600 147 — 353 40 55
3000 N T 400 — 800 235 — 470 60 80
5C00 N 800 — 1500 470 — 880 100 130
7000 N 1100 — 2000 647 — 1180 140 208
8 000 N 1400 — 22400 820 — 1400 180 240
12 C00 N 1800 — 3000 i 1060 — 1760 240 320
i

1 Werkstoft 571 oder KunsistoH tir alle mit der Flussigxait in Berdhrung kommenden Teile. 2 Angesaugte Gasmenge abhiingig von FGlindhe,
Oberflachenspannung und Viskositat der Flussigkeit. Regalung der Gasmengs Gber einen groBeran Bareich durch Verwendung polumschaltbarer
Motoren mogl.cn 3 Eftektiver Energiabedar! 0.4 bis 0.3 k\Wh j2 10 m? Cas bai Tauchtia’en von 2 bis 4 mWS,

4 A parts in contact with liquid in stainless stesi or pi2sie 5 Cuancity of gas aspirated capendent on filling height, surface tension and
viscosity of ligu 4. Control of guantity over a wide ranga p:ssidls using multispaed motors. 6 Etfective power requirements 0.4 to 0.8 kWh for
every 10 m} of gas at 2—4 meters submergence, or 1 H? - br lor avary 700—330 cit.

T Matdre 4571 ou plastique pour les éléments en contict avac e liguide B Quantité aspiréa de gaz en fonction de la hauteur de remplissage,
tension supe:c.olie et viscosite du liquide. L'utilisation de rm3teurs 2 nombra ca pdlas varlable facilite le réglage de |a quantité de gaz
pour un raycn ce grande dimension. 9 Damande d’'énergie alfactiva 0.4 4 0.9 kWh par 10 m* de gaz 4 des prolundeurs de 2 &4 4 m de CE.

10 Materia 4571 o plastico para todas las piezas que llegan en contacio con el liquido. Y1 Cantidad de gas aspirada en funcién de la altura de
relleno, tens:2n superficial y viscosidad del liquido. Por la uiilizacion de motaras de polos invertibles se pusede regular la cantidad de gas sobre
un aicance mas jrande. 12 Energia necesaria efectivarmen's C 4 a 0.3 k\Wh por 10 m? de gas con profundidades de inmarsidn de 2a 4 m ce CA.

!
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ANNEX 6

Continuous process fermenter

Table 1. Yield (average values)

Alcohol processing converted to ready vinegar with 5% acid
Acetator per day per day
(liter) (liter)
Continve 150 150 2750~ 3250
Continuvo 300 300 5500- 6500
Continvo 600 600 1100013000
Continuo 1200 1200 22000-26 000

Table 2. Consumption figures (average values)

Power consumption Consumption of cgo.mg water at a fermenting
Acetator per day temperature of 30" C at a water temperature of
(KW/h) 12°C 24°C
(I/h) (I1/h)
Continue 150 70 1000 <M
Continuvo 300 130 2000 7000
Continuo 600 240 4000 14000
Continuo 1200 460 8000 28000
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ANNEX 7

Table 1. Characteristic data of two batches of baker's yeast production obtained in two

fermenters equipped with different aeration systems

Fermenter1 Fermenter2
(non (Frings-
aspirating)  Aerator)

Total fermenter capacity

in galions 15,000 15,000

Diameter of fermenter in feet 12 12

Filled to %o of capacity at

time of measurement 60 67

Air flow in cbm/hr 1,400 1,050

Aeration rate in v/v/min 0.69 0.4

Duration of batch in hrs 15 14

Dry cell matter in kg

produced per batch 1,540 1.930
» Yield expressed in g dry

cell matter per kg of molasses 252 268

Cell concentration at time
of measurement in g/Itr of

dry cell matter 28 43
C inatmospheres 0.003 0.001
C'in atmospheres 0.163 0127
Rate of oxygen absorption

in mi 02/100 mi/hr 192 22
Oxygen absorption coefficient

in mi 0100 mi/hr/atm 1,200 1,740
Oxygen utilization

efficiency in % 22 39
Aeration efficiency E, in

liter Ox/watthr 1.0 1.0
Power input in

watt/liter fermenting vol. 21 23

Power consumption exprassed
b as watthours/g dry celis 0.6 0.58
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LIST OF REFERENCES FOR YEAST AERATORS

ANNEX 8

Lincenmeyer, Germany

StanZard Brands, Inc.,

Usa

Ferma2ntaticn Industries
Australia

Py,
Fnchor Yeast,

Prepan,

Phodasia

Portugal

ca de Levadura,

Anheuser-2usch, USA

Salico, CSSRKR
Bucdazestar Alkohol-
iﬁdu§trie, Hungacy
UrZe, HZchst, Germany
Fleser, Germany
"ossul, Iraq

Traoisov, CSSR

Polimax, Warschau

RSU MATERTAL

Beat Molaszes

Cane Molassges

Camne Molessas
Cane Molassses

Bea*/Cans
Mulasses

Beeat Molasses
Canea Molasses
Eret Mclasses
Bazet Molagses

Hydrocarbon
tset Molaases

Cana
Beet

Various

PROOUCT

Baker's Yeost

Baker's Yecst

Baker's Yeast

Baker's Yeost

Baker's Ysast

Baker's Yeoast
Fesd Yeast

Baxer's Yeast
Baker's Yezast

Feed Yeast
Bakar's Yeasat

Bake;'s Yeast
Baker's Yeast

Baker's, feed
Yeast :
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ANNEX 9
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Tauchbellifiter

fir Abwasserreinigung
und Wasserkonditionierung

SUBMERSIBLE AERATOR
for sewage purification
and water-conditioning
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ANNEX 10

-pansasas siybiam pue sainseaw ‘uoNONNSUOD U1 sAbuey)

. 7 _
O\ T : 003 | otz |ocenn | ces oo |osk | LO%2
— - e ! a *
| Pl =51 0oL Cst , ez €ig €z | ozt L coet
H N s -

31 | sgs cst | oss c:s 2 | 0s6 1 ooet
13—t !
o b ozg szi | 089 v | cez | oes 1006
e sie oc: i o czr | €S2 | osL 1 oce
HSJ szz 08 655 cor o6l obL 1 0ce
AT @u a oL oS ces uoe o8t | ssz 10st
] 2
]
(o}] W wi e ww wuw
adA )
wbop N 4 2 a 0
614 MN
Zzoqel
o8 oS czL 08 ot g 0sz <s 1 0552
09 ce 06 9 +1 c'c 0ss 28 1 002t
(84 44 €9 oy cl < Cst Pl A 1 00zt
1:54 St 0s ce L c'y (0}574 G'sL 1 008
(474 ot rA 0c (4] 8 o't oet Lt 1 G038
ot S el oL 8 gt | 05 S's 106
S 1°X4 6 S 9 X4 oS € 1 05t
u/6 u/6x u/6x L/6y w W LEEN | MY
YO uum €0 yum YO yum €O yum
suiseq ul . suiseq Ui suiseq Ul | suiseq ul €0 \70) ny Jolon adA )
153} Jalem aund saye uoilepixc auydins 1ai4e
uoippe uabAxo

L @qey



— 25—

ANNEX 11

HEINRICH FRINGS - 53 BONN 1 - Joncs-Cahn-Str. 9 - Tel. (0 22 21) 631571

Client Kunde Stick

drennacraigenassenschaft Schénsas
"essrs. SayeT, Leveckusen

lfessrs. Alliance, Singapore

Ceweinde Hin:e
Srennereicengssarschaft Klessing
Stzdt Gur3 2.7, -

Geveincda Kecehdzr?
Cer~einde Moo-T2cl2and
“essre. Dakbmen

Ceneinda Jade

Teray Ergineacirg, Tokyo
Kurita Industcizs,  Tokyo

Patterszn Candy

LFE Cerscraticn

- -l N e e

€tz3t Norda-s=z=:z:

Mm2ssts. Lipge-Uesas-Zuckso, Lage

m2ssIs. PV2if=st % Langan, Titz-aAmeln
if25srs. Ho2z2hsi, F-a2mcu-t

255cs. Unilavz-s, Noede-landa .

gsscs. iiontanasi, Itelia
fesscs. France R., France
Cemzince Usstoverledingen
Csreince Uangercland

Schlesuig-Holstzinische Zucker AG, Schleswig

Units

10

O = s R NP HENRHRNGRN R G 2N

N = N = = o

Type

300 T
1200 7
130 7T

500
300
€Ca
ce
1538
1253
€dC

1203

303
ek

330

(Jols!
300
1250
6Ga
6CG
6GQ

-

- -

VG

Va .

VG
VG
VG

[ el
Fil
w

<3
b e
ui

Ve

VG

5
e
va

VG

SO

SO
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HEINRICH FRINGS - 53 BONN 1 - Jonas-Cahn-Str. 9 - Tel. (022 21) 63 1571

Cliasnt Kunde Stick Units Type
ii2ss-s. P. Dubislay, Neadaerlande 6 1200 T - vG
inzssrs. P. Dubislzv, Neaderlands 6 1200 T - vG
Mess-s, Feldmihlz, DiUsselidorf 1~ 8GO0 T - VG
T2ssrs. Lang, Itzlia 2 9CO0 T - VG
“essrs. Dechesrnr2, Selgium 2 1200 T - vG
Messzs, Steinmann & Ittig, Minden . C 2 6CC T - VG
Zuzkacfabroik Frankan, Ochsenfuct 2 4200 T - VG
M2esrs, fMontanazi, Itelia 2 S00 T - VG
i2escs, ficrntanzci, Itelia 2 6G0 T - g
Fesscs. Mcontzareri, Iialia -2 “300 T - vG
"285rs5. ficntanzoi, Tielia 4 1S9 T - vG
m2ssts., GIC-Exzps-i-I-port, Zugsslavia S 30C T - vG
Mzssrs. Leybold lJa2z2n 1 3CO T - \G
"essrs, Toyo Zas=2i Co., Japan 2 360 T - vG
M2ssrs. Toyo Gzs2i Cc., Jzzan 1 €00 T - VG
Messrs. Sanei Rezulatcr, Shizuskz 1 1SC T -~ VG
i“essrs. San2i Ragulator, Shiz_cka 2 300 T - VvG
fiessts, Mitsusishi Kakeki C~., Lid., Jacan 1l 300 7 - VG-
F2esrs Mitsukan-Su Nagoya Japan 1 300 T - VG
M2sscs. Toys Cas K2gaku Co. Li<Z., Miicata Pref. 1 600 T - VG
Fessrs. Mitsubishi Kokaki Kais=a Lid., Japan 2 660 T - VG-
1 900 T - VG
Mzsscs. Dai Nishzn Plastics Ceo. 1 300 T - VG
ss5:2s5. L=yt=ld, Zszzz2n 1 300 T - VG
Mzsscs. Toyo C2s K2zaxu Coa., Ja2pan 3 300 T - VG
fz=ssrs. acyc‘:as Kzzzku Co., J2-2n 1 600 T - VG
Messcs, ting, Gsscher 2 Q°09 T—VG
m2ssr3. Rasselstain, Neuwied, Ue-k Ande:nach .6 600 T - UG.
fizssrs, DOubislay, Kiedaclanca 1 .900 T - VG
FMessts, Uiltmannm, Varsneld 3 300 T - VG
Messrs. Michalecwski, Vechta 1'_ 900 T - VG
Gzt Uinterstettenstadt 1 300 T - VG
Gemeindz Wallenherst ; 1l 900 T - VG
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HEINRICH FRINGS - 53 BONN 1 - Jonas-Cahn-Str. 9 - Tel. (02221)631571

Messrs. Montanari, Italien

Messrs. Purator, fsterreich

Massrs. Montanari, Italien

Messrs, Rira, Szhueden S
Messrs. Meredizh, Grossbritannien
Messrs, Sidd. Zu=zkar AG, Offstein

3itfes & Langen, Titz-Ameln .

W
(]
(7}
r)
(7}
L ]
T

Mess-s. Jasges CotM, Wuppertal
i2s3Ts. Lippe-Wasa--Zucker, Lage
M=sssrs. ZuckesTzs-ik franken, Cchsenfurt

Messrs, Steinbeis & Cn.,.Gemmrigheim

Messcs, Rich.Bauns/Jul.Soach:
Sorgholzhausan

Massrs, Gfeviga, G-evenbroich

Messrs. Allgduer Alpanmilch, Minchen

Messcs. 2oshringsr Mannhain,
W2-% Fanzberg

Messcs. Merck, Ca-nshein
Messrs. Riltschi, Schwaiz
Massrs. Purata>, Esterreich

Czn2inde Ellecawu

l)

Messcos. Lucx=-’a::ik Frankan
La:k Gzhsenfur

[}

Mezssrs. Ccndea2, Hzxbu=g
ffesscs. Mono-Pum-s, Neusaeland

Messrs. Rima, Sc-uadan

HUNNUNUHHFI’-‘NNNNFH

. 7 N« N N

—

'™
N

L I R R R - IV Y VI e

150
200
600
1200
150
330
620
960
90G
600

T~-VG
T~ Vg
T - V3
VG

-t
'

-VG
- VG
VG

- -l = -
'

-
4
=
o3

-4
|
<
[

- 1
| |
= <
[ 2 I o]

~4
!

-

()

- VG

- vg/van
- UG/v2Aa

-) =

-f
!

VG

- VG /V2A
VG/v2A

- VG

- - -
'

VA - SO

-
'

- VG
\'G
- VG

- \'G
- VG

VA
- VG

- - -
'

ree
- [~ ]

VG
- \G

Q-
2

~H - - -
'

-t 4 -
’ '
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HEINRICH FRINGS - 53 BONN 1 - Jonas-Cahn-Str. 9 + Tel. (022 21) 63 15 7]

Messrs. Claus Holzer KG, Lockwailer 4 930 T- - VG
M2ssrs. Rira, Schueden 1 600 T ~ VG
M2ssrs. Hoechst, Frankfurt-Hoechst 6 1200 7 - VG :
Mezsrs. Degremcnt, Frankreich 1 600 T - vG
Ruhcverband, Essen 2 800 T -~ VG -‘SU
iiessrs. Gekr. S:zhmidt, Mainbernhein 2 800 T - VG
Fziadrich Ebert Stiftung ) 1 150 T - VG ~ S0
C2n2ind2 Eda2wusacht ' 4 800 T - VG .
ARY Untere Ragelfzaller Aach 2 .900 T - VG
h figsscs. Rima, Izoweden 2 360 T - VG
Sted: Aalzn 1 300 T - VG
Massrs. Sihi, Fraakrcezich 1 600 T - VG
Stadt Bramstedt 2 960 T -~ VG
Kreisgstadt Siegburg ) 600 T - \G
} Gen2inde Hilter . 2 600 T - VG -.SU
Moss-s, Dure-Pests, S57dafrika 1 . 300 T - VG
.Messrs. Montanarc:i, Italian . -2 1200-T.-.VG_
flessrs. Smed=zzacd, Dinemarck 2 120ﬂ T - VG:
Cemzinde Ilshzfen 1 600 T - \G
Mssscs. Schweiizer, Murchard | . 1 300 T - VG
mess:s..Soeh;in;er, Tutzing 1 300 T - VG
M=2s3srs,. Rima, Schwadan 2 1200 T - VG
Messis. Ffeiffar & Langen, Uszwvalinghoven 2 1203 T - VG
Mzssc-s. Franmce assaninissent, Frankraich 1 900 T - VG
itessrs. Duzislzy, Niedaclanmde 4 1200 T - vg
M2ss-s. Sgeyar, vezn dac Vijer
& Zuanmenbucg, NKisdaslande 3 1200 T - vG/v2A
L Ruatverbard, fsss=n ' 4 800 T - VG -~ SO
Mzssrs. ZanZer, Ssrg.-Ciadbash 8 18G0 T -~ vG/v2A
Messrs,. Duro-Z2nts, Sicdafrika 1 300 T -~ vG
vizssos. Ualirade AG, S:zhueicz i L2 600 T - VG
i"2ssrs. Degremont, Frankreich v 1200 T - veG
1 153 T - \gC
Messcs. Lehrter Zucker, Lehrte 3 120 T - vG )
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HEINRICH FRINGS - 53 BONN 1 - Jonos—‘Cohn-Str. 9 - Tel. (022 21)631571

Messrs. Horntach Kliranlagen, Hagenbach
S:tzdt Cexnlndan

Messrs. Puratar, Osterreich
fggervertand, Gummarsbach

Rhuassertechnische Ges.m.b.H. Gummersbach

Messrs. Hercnbach Kld-anlagzan, Hagenbach

Messrs. Montanazi, Ttalien

Lippe~Uezac-Zuckes, Llage

M2sscs. Dynari‘ vuzzel, Lidlsdacf
Massrs. Assaninissanant, Frankraich
Messrs. Baimler Z=nz, Stuttgar:
fizssts. ndtschi, Scnuaiz
Mannesaannréhren YWarka, Oiligs2ldaxf

M=2ssrs., H. Veicht, Arnstzscf

Zuckerfebrik Na:dsiemman

M2s33rs. Mcag Fumzses, hew Z=2zliand
m2csTs, Our=-CPanza, Sidaf-iks
fizzzrcs. Rima, Szmu2d2n

“=sscs. Puratss, 8stecceizh

Me2sscs. Dubislav, Nizdarlanda
fizs=sc-s. Smedegaacd, DZnamark
M=zescs. Lind2 23, H3llzisoeolskoauth

2, Hsrau

1

N = 8 NN O O = N G R H RN R H (2 4 B (4 HeREGD - QW N -

360
3C0
650
12C0

180
300
300
153
329
€30
12co
230

520

3306

1239

Kjsh)

“t = = =t

e

- -

-

-t

- -l -

bt}

-t

-

Yy

(=]

[
(4]

VG
VG

ye/V2A
Vo /y2a

VG
VG
G
V3
VG

VG

VG/v2a

VG
Ve

VG

LG

\'G

VG

(3
v

- SO

- SO
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HZiNRICH FRINGS - 53 BONN 1 - Jonas-Cahn-Str. 9 « Tel. (022 21) 63 15 71

Messrsz. Cheailite, Johannesburg

"zsscs. LFC Ccocpzratiaon, Hamden
hessrs. Saha Kim fiotors, Bangkok

ir, San francisco

Tzsscs. Levosld, Tokyo
fesscs. LFZ Ccopczation, Hamden
Massrs., Levy>-cld, Tokyo
nessrs. LevihalZ, Tokyo

C2r2inda Kirchbarg
Ca2n2inde Botanhaim-Roxhsin
Niersvackband, Viersan
M2ssrs. Siki, Fremkreizn

'£537s. Sm2desz2acc, DEne-ack

ZuckerfesTic 3-IR '
Me2sscs. mace=dith, Zngland

ffosszs,. mcne Pumps, N2usasland

-------

M23srs. Dubislav, leaderlande
M2ssrs. Artland-Dorffler, Badbergen

fessrs, Mon-tznari, Italia

[
N N O N = e O

[

e T - R 7 R A o Y I N I X R O R O L e I e T o I %

150
156
150
150
130
300

2C0

T
T

e T T B

—4

e T T T D™ [PSY G [

VG

\'G

V5
VG
VAS
VG
VG
VA

VAS
WG-35n
Vi

VG

VG

VG

UG
VG

VG
VG
VG
VG
Vo
VG
VG
VG
VG
VG
e
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HEINRICH FRINGS - 53 BONN 1 - JAGERSTRASSE 9 - TEL. (022 21) 6517 51

Messrs.

Messrs.

Messrs.

Gemeindes Oberer Kraichbach

Messrs.

Messrs. Manrssmannrihren Werke, Disseldorf

‘Sihi, Frankreich

Feldnihle, Diisseldorf
Werk Baienfurth

Fichtel & Sachs, Schuweinfurt

Sihi, Frankreich

tadt Freiburg im Breisgau

Messrs.,
Massrs.,
Messrs.

8sSrs.
Messrs.
MMassrs.

Messrs.

Messrs.
Massrs.
Messrs,

Massrs.

VEBA-Cha2mis, Brunsbiittel Sulzer,
Maurar & Sihne, Minchsn
?Kugsliischer, Wuppertal
Neynhatez-Cheamie GmbH, Loxstedt
Montanari, Italia

Stahluarks SCduastfalen, Hagen

Dt. Zindholzfabrik, Baiasrsbronn

Bleihiitts 2arzelius, Stollberg
US-0zonair, San Francisco
LFE, Hamdan

Gabr. Herrmann, K&ln

VKW, Obsrhausen

6
3

Ziblin, Stuttgart 4

N - N L G - N - s N

150

900
150
900

+ 900

600
-300
1200
600
300
800
600
300

S00
- 1200

25
25
1200
300

B s . T T L R R I P P R

VG

VG/V2A
VG

VG

VG
V4A-S
VG
VG/V2A
VG

VG

VG
VAS

VG
VG

VG-F
VG
VG
VAS
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