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It is known thal ccrtaln kinds of moulds of
the specles Aspergillus, Citromyces, Mucor and
Penleillium are eapable of converting sugar from
its solutions into eltrie acid., Purther it is known,
that 1t 15 possible to use as the fermentation so-
lution diluted sugar making molasses (Gcrman
Patent No. 461356) whose content of nourishing
materials may be cnhanced, if necessary, by the
additlon of mineral nourishing substances, par-
ticularly phosphates, which usually are present in
the molasses In an insufficient proportion. The
fermentation is effected by inoculating a sterile
nourishing solution of molasses with spores of
suitably selected and cultivated moulds of the
above mentioned specles. These spores germi-
nate rapidly on the surface of the nourishing so-
lution at a suitable temperature, e. g. 30 degrees
Centlgrade, and form there a continuous mould
mycellum in which the biochemical process of
conversion of the sugar Into cliric acld takes
place. During such a blochemlcal process a part
only of the sugar is converted into eciiric acid
while a part of the same is spent for bullding the
organic substance of the mould mycelilum and
another part of the sugar is burnt to carbon di-
oxide by respiration whereby the energy nheces-
sary for the process is provided. For the com-
mercial success of the whole process It 1s neces-
sary to have the largest possible proportion of

the sugar converted into eltric acid ms rapidly :

as possible. Therefore, the amount of sugar
which is converted into mould substance and
that amount which Is lost as carbon dioxide by
respiration should be as small as possible. For
this reason it has been proposed to reduce the
respiration of the moulds by the addition of pol-
sons in order to increase the yield of citric acid
{German Patent No. 544.589), or to restriet the
development of the mould mycelium heyond the
necessary limit by destruction of the growth-
producing substances. Since, however, the re-
gion where the process of producing citric acid
from sugar takes place is the mould mycelium
on the surface of the fermentation solution, it is
necessaty for the mould mycelium to be formed
rapldly, in a sufflcient amount and with a cor-
rect and intense functioning capacity. Sound
mould mycelium of high efficlency 1s not too
thick, forms a continuous crack-free resistant
film having a dry surface which is strongly un-
dulated, and shows a highly articulated growth
in depth and an otherwise smooth inner surface
which is in contact with the nourishing solution.

Upon Inoculation of molasses solutions, or also
of other nourishing solutions, with spores of the
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before mentioned moulds it may be observed in
many cases that although the spores germinate
well a very thin mould film is formed which be-
comes wetted through and then drops below the
level of the solution, or no continuous mould
film is formed at all but only separate spots of
moulds. If such an ‘“unhealthy” mould mycel-
ium becomes welted through or broken, or drops
bhelow the level, 1t 1s necessary to eflect a new
inoculation whereupon generally a contlnuous
new mould mycellum is formed. However, the
duration of the fermentation perlod is thus in-
creased due, on the one hand, to the increase of
the time necessary for the mycelium to be formed
and, on the other hand, to the fact that the wet-
ted mycelium, which has sunk deep, impedes the
free diffusion of the nourishing solution into the
new sound mycelium. Such wetting through of
the mould mycelium also increases the danger
of infection, since the moist surface of the mould
film may be infected much more easily by bac-
teria and other micro-organisms. Further it has
been found that & mould film which shows an in-
clination for becoming wetted through, or forms
a continuous fllm at a slow speed only, is rough
on its Inner surface, Instead of being smooth,
and shows a bad permeability for the nourlshing
solution into the cells.

Now it has been found that this “unhealthy”
formation of mould mycellum on molasses solu-
tions 1s the result of superficially active sub-
stances, which accumulate on the surface of the
nourishing selution without separating from the
same as a new surface phase. These substances
modify the surface tension and impart to the
solution a tendency to foaming. It has been as-
certained that this unfavourable phenomenon
may be eliminated by removing the said sub-
stances Influencing the surface tension of the
solution, 1. e. the strongly superficlally actlve sub-
stances. The provisions permitting to remove
these substances and to elimlnate the above men-
tioned unfavourable effects of the same may be
of varioug character. Sometimes it is sufficient
merely to strip off the surface. However, far
more efficient are such steps which permit an
adjustable removal of the superficially active
substances. Among such steps belongs first of all
the production of foam in the nourishing solu-
tion by blowing In finely divided air or other
gases. The =active substances are discharged
from the surface of the nourishing solution with
the foam produced, and It is possible to regulate
such removal by altering the amount and pres-
sure of the air blown, or the duration of the
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foaming period. By varying these faclors the
most favourable conditions for the growth and
fermentation may be ascertalned by the ald of
a series of experiments on laboratory scale be-
fore undertaking the actual fermentation process
on commercial scale.

Another intervention permitting to remove
completely or partially the superficially active
substanhces eonsists in the application of adsorp-
tion during the preparation of the nourishing so-
lution. In such a case the working method may
be carried out by admixing with the nourishing
solution preformed insoluble adsorbing bodles
which after a predetermined period of action are
removed from the solution by decantation or fil-
tration. As such bodies, charcoal or activated
coal, clays (bleaching clays), sllica gel or alumina
gel may be conveniently employed.

According to another method precipitation is
effected, in the nourishing solution, of bodies
which have a conslderable adsorption effect.
This method covers for Instance the production
of precipitates of barlum sulphate, insoluble sul-
phides, hydroxides or carbonates or of other in-
soluble compounds of the heavy metals or of the
alkaline earths, the precipitant being added to
the mnourishing solution. By modifying the
amount of the adsorbing bodies added, or of the
kind and amount of the precipitant, of the cource
and speed of the formation of the precipitate,
it is possible to ascertain by prellminary experi-
ments the most favourable condltlons and extent
of the removal of the superficlally active sub-
stances and thus the best working conditions for
the preparation of nourishing solutions.

It is obvious that the described methods for
preparing the nourishing solution may be com-
bined one with another to obtain the most fa-
vourable effect.

The following description refers to several ex-
amples, which facilitate the understanding of the
working process and explain the influence of the
described provisiens.

To carry out the process according to this in-
vention on laboratory scale enamelled vessels are
used having a diameter of 20 c¢m. (fermentation
surface 315 sq. em) and a depth of 10 cm, These
vessels are fllled with two liters of a nourishing
solution which has heen prepared by diluting 600
grams of sugar molasses. The nourishing solu-
tion is acidified with about 20 cubic em. of bi-
normal (2n) sulphuric acid and about 4 cubic
cm. of a 10% phosphorie acid solution are added.
The solution is sterilized by boiling and iniro-
duced into the experimental vessels in a sterile
space. The solution cooled down to about 35
degrees Centigrade is inoculated in a manner
known per se with speclally eultivated spores of
appropriate moulds. After a twelve-day fermen-
tation at a temperature of about 30 degrees Centi-
grade the well fermented solutions contain only
about 2 to 5% of unfermented sugar, calculated
on the origlhal amount. The fermentation is
then interrupted, and the mycelium is removed,
pressed and extracted. The liquid extract is add-
ed to the fermented solution, and by the addition
of lime under bolling conditions calcium eitrate
is precipitated. The analytically determined
citric acid in the same, calculated on 100 parts of
the sugar present, represents the fermentatlon
yield.

In each of the following examples flve similar
experiments are carrled out under uniform condi-
tions in order to obtain a good average. Each
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vessel has been charged with 600 grams of molas-
ses, that is 300 grams of sugar,

Comparative example

In the first group of experiments the above
mentioned fermentation sclution of molasses was
treated without any further provision. After in-
oculation & very moist mould mycelium was ob-
tained upon expiration of 24 hours, and in three
amongst the flve vessels the mycelium dropped
into the solutlon so that it was necessary to in-
oculate these vessels anew, In two other vessels
the mould mycelium recovered after 24 hours.
In two vessels a rather strong infection was ascer-
tained; these two vessels had a soft uneasily
pressable mould Alm. After a twelve-day fer-
mentation 993 grams of dry lime citrate contain-
ing 705 grams of citric acid were obtained from
the 1500 grams of sugar, so that the yield
amounted to 47 grams of citric acid per 100 grams
of sugar.

Example 1

The same moiasses as in the comparative ex-
ample were used and a similar fermentation so-
lution was prepared. However, after sterllization
the total amount of 10.5 liters of nourishing solu-
tion was caused to foam by blowing in air which
was distributed by means of a porous ceramic
slab under g pressure of 100 millimeters of mer-
cury during a perlod of 10 minutes. From the
10.5 liters of nourishing solution half a liter was
removed by the foaming operation, The re-
maining 10 liters were distributed to five fermen-
tation vessels and subjected to fermentation.
The growth of the mould mycellum and the en-
tire fermentation were perfect. A strong and
sound mould film free from Infection was ob-
tained. After a twelve-day period of fermenta-
tlon 1345 grams of dried lime citrate contalning
976 grams of citric acid were obtained from the
1500 grams of sugar, so that the fermentation
was effected with a yield of 656 grams of cltrlc actd
per 100 grams of the sugar present,

Example 2

The same molasses as In the comparative ex-
ample were used and the fermentation solution
was obtained in a similar manner. ‘The differ-
ence consisted in that, for the total charge of 10
liters, 26 grams of activated coal were added
during the sterilization. After agitation for half
an hour of the bolling solution the latter was fil-
tered and after cooling the inoculation wag ef-
fected ms in the preceding example. A sound
mould mycelium was obtalned and the entire
fermentation was effected without infection.
After a twelve-day fermentation 1280 grams of
dried lme citrate were obtained in total, with a
content of 952 grams of citric acid, from the
1500 grams of sugar, so thai the yield amounted
to 63.5 grams of citric acid per 100 grams of the
sugar present,

Ezxamuple 3

WIth the molasses of the preceding examples
a similar nourishing solution was obtained. 5
grams of zinc sulphate were added to the solu-
tion and during sterilisation of the same an ad-
dition of a sodium sulphide solution in smajl ex-
cess was made to form a strongly adsorbing pre-
cipitate of zinc sulphide which was separated by
filtratlon. After inoculation a strong and sound
mould mycellum was obtalned. The fermenta-
tion process was very uniform. After twelve
days 1408 grams of lime citrate having a content
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of 1038 grams of citric acld were obtained from
the 1500 grams of sugar. Thus the yleld in this
case was 69.2 parts of citric acid per 100 parts
of sugar present in the molasses.

'The present invention is not limited to the
application of any predetermined working meth-
od, or of predetermined hodles for removing from
the nourishing solution the superficlally active
substances, which modify the surface tension of
the same, and on the contrary covers all suitable
working methods and the utilization of any de-
sired bodies by means of which at least a partial
removal of the superficially more strongly active
substances from the nourlshing solution is se-
cured. The expression “strongly superficially
active substances” is used In this specification
and in the claims to denote such substances
which even in small amounts modify substan-
tlally the surface tension of the nourishing solu-
tion at the level of the same, that is lead to an
increase of such tension, but incidentally may
also lead to a reduction of the surface tension.

In addition to molasses other carbohydrate
contalning mashes, such as sugar solutions hav-
ing varlous degrees of purity, pressed julces or
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sugared starch contalning mashes which subse-
quently are fermented to citric acld, may be
treated by the process of the present invention
in & similar manner,

The provisions referred to hereinbefore, by
means of which the superficially active sub-
stanceg are removed, have been used already in
the fermentation art, but for a purpose quite dis-
tinct from the fermentation of carbohydrate
containing mashes, such as meolasses, to cltric
acid. ‘Thus with yeast eharges for alcoholic fer-
mentation, which by itself i connected with
heavy foam formation due to the production of
gases, the foam which is formed during hoiling
of the yeast charge 1s removed by a stripping-oft
operation. Also fermentation products, such as
beer or wine, may bhe improved and made more
durable by the addition of preformed clarifying
agents or by precipitation of such agents from
added salt solutions. However, all these provi-
slons have a distinct purpose and are effected in
a manner different from that which is applied in

the present process. .
EK KANHAUSER.
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