
4                                         1,059,886       product the major
part of the continuous a purified micro-organism or a product derived
aqueous phase is first separated; preferably  therefrom or to improve the
process in respect      this is carried out by centrifuging, or decant- of
the production of the unmetabolised hydro-      ing. The separated aqueous
phase will usually  carbon fraction are described in the following   5
contain a greater concentration of non-nutritive  applications; the use of
any process condi-  70      ions than can be tolerated in the recycle
tions therein described lies within the scope      stream and when this is
so, only a proportion  of the present invention.      of the recovered
aqueous phase can be re-     Preferred methods for use in the cultiva-
cycled. Thus it will usually be possible to  tion of the microorganism and
for the re-  10 separate ca. 96% by wt. of the aqueous phase  covery of the
product are described in British  75      which is present in the product,
of which on  Patent Specification No. 914567, 1021697      the same
percentage basis, ca. 20%  by wt. and 1021698-also in British Patent Appli-
will be discarded. The recycle stream is sup-  cation Nos:-      plied with
make-up quantities of the necessary  15 nutrients and is returned to the
fermenter; if                     Serial Nos.      desired the make-up
materials may be fed to         49049/62   1,059,881            80      the
fermenter as a separate steam.                     49050/62   1,059,882
By centrifuging the product from   the              49052/62  1,059,883
growth stage (preferably after decanting as         49055/62  1,059,884  20
described) three fractions are recovered. These      49056/62  1,059,885
are in order of increasing density: -                  49060/62  1,059,887
85        (1) an oil phase containing micro-organism        49061/62
1,059,888            cells
49063/62   1,059,889        (ii) an aqueous phase containing traces of
2234/63   1,059,890  25       oil and micro-organism, and
25210/63   1,049,065.        (iii) a micro-organism "cream" consistng
of micro-organism, having a quantity    The stages of the process may be
carried out 90            of oil fixed on to the cells, together  entirely
batchwise. However, if desired, any            with aqueous phase.
one or more stages herein described may be  30    Fraction (iii) will then
be mixed with an  carried out in continuous manner.      aqueous nutrient
medium, which may be the    The invention is illustrated but not limited
same as or different from the aqueous nutrient with reference to the
following examples.    95      medium employed in the growth stage, and
Throughout these examples cellular density is 



is maintained in admixture with a gas con-  expressed as dry weight of
yeast per litre of  35  taining free oxygen whereby the hydrocarbon
culture.      contaminating the micro-organism is reduced
EXAMPLE 1      in quantity or is eliminated.                 40 litres of
an aqueous mineral nutrient 100        Again, preferably, the major part of
the  medium having the composition given below      continuous aqueous
phase is separated with  were introduced in a stainless steel fermenter  40
recycle of a proportion of the recovered  having an effective capacity of
60 litres,      aqueous phase, as hereinbefore described; re-   In order to
keep the temperature in the      cycle may be to either the growth stage or
fermenter constant at 30[err]C, water was Cir- 105      purification stage
as desired.              culated in an annulus constituted by the        By
centrifuging the product from the puri-  space between two concentrical
cylinders, the  45 fication stage, preferably after separating the  smaller
one being the fermenter itself;      major part of the aqueous phase by
decant-      ing), there are obtained                      The aqueous
nutrient medium  had the        (i) an aqueous phase containing traces of
composition:-            micro-organism
grams  50   (ii) a micro-organism cream.                 Diammonium
phosphate   -   2        If necessary this cream  may be further
Potassium chlorate -      treated for the removal of traces of oil
Magnesium sulphate, 7H[err]O[err] -      which may be held to the cells. To
this    Zinc sulphate        -  -   0.17    115      end, the microorganism
cream may be washed    Manganese sulphate, 1H[err]O  -    0.045  55  with
an aqueous solution of a surfactant and    Ferrous sulphate, 7H[err]O    -
0.068      thereafter with water.                        Yeast extract  -
-  -  -    0.025        Finally the yeast may be dried under con-   Tap
water   -  -  -  -  200      ditions suitable for its subsequent use as a
Distilled water add. 1000 ml.      foodstuff.
120  60    When operating continuously it will usu-    20 litres of a 24
hour inoculum of Candida      ally be necessary to provide separate fermen-
lipolytica on mixed C[err]-C[err] normal hydro-      ters or separate zones
in the same fermenter  carbons were then added, such that the cellu-
for the operation of the growth and puri-  lar density was about 1 gm of
dry matter      fication stages.                            per litre.
125  65    Other steps which may be taken to obtain    1.03 litres of heavy
gas-oil, that is 15         



grams/litre, were then added, this quantity     medium plus gas-oil per
litre of culture in                       being sufficient to take the
cellular density to  the fermenter.                  2 grams/litre.
The operating conditions having been fixed                    The
temperature of the culture was kept  (in particular temperatue at 30[err]C
and pH              5   at 30[err]1[err]C, pH at 4 and aeration and agita-
at 4), they yeast was removed from part of 65                  tion giving
3 millimoles of O[err] per litre of  the culture by centrifugation at
+5[err]C After                  medium per minute. 1ON ammonia was admit-
washing it was put into a 20 litre fermenter                  ted by an
automatic pH controller.         containing 15 litres of the mineral medium
When the flow of ammonia reached 20 ml.  given in Example 1, to give a
cellular den-              10  the addition of gas-oil was begun assuming
sity of 20 grams/litre.                   70
dry yeast produced   The pH was regulated automatically to 4,
a yield on gas-oil of [err]                the temperature to 30C and the
air flow                                              and agitation so as
to give 3 millimoles of                  of 10%  by weight and a cell
division time  oxygen per litre of culture per minute. The
of 3 hours. This addition was carried out  treatment was applied for 10
hours. The  75                  every hour until 200 grams/litre, i.e. 13.8
cellular density remained at 20 grams/litre 15  litres had been added.
throughout the experiment. The yeasts were                    Starting with
a cellular density of 2 grams/  analysed for their fat content at the
begin-                  litre at 25 hours at the end of the exponen-  ning
and end of the process. A marked fall                  tial growth phase, a
density of 15 grams/  in at content was observed, from 15 to 5%   80
litre was obtained. This value remained con-  by wt. on dry matter.
20  stant during the stationary phase from  25                  to 40
hours. During this period the          WHAT WE CLAIM  IS:-
were lacking in carbon feedstock, other ele-     1. A process which
comprises, in a growth                  ments being present in excess. It
acted as  stage, cultivating a micro-organism capable                  a
phase of starvation.                     of growth in the presence of a
hydrocarbon  85             25    The yeasts were recovered at 25 hours and
feedstock consisting wholly or in part of                  at 40 hours by
centrifuging and washing at  straight chain hydrocarbons, wherein said
+5C  They were then dried by lyophilisa-  micro-organism is cultivated in
the presence                  tion and analysed. Their total lipid content
of said feedstock, in the presence of an aque-        (fraction soluble in
hexane) was 18% when  ous nutrient medium; and in the presence of 90
30  recovered after 25 hours and 3%  when re- agas containing free oxygen
and  subse-                 covered after 40 hours.
quently, if necessary, separating the micro-      organism from the bulk of
the unconsumed
hydrocarbon whereby there is obtained  a
EXAMPLE 2                   micro-organism free of a substantial amount 95
A similar experiment was carried out to  of hydrocarbon but containing a
small amount                 that described in Example 1 except that the of
hydrocarbon as contaminant, and there-             35  yeast was recovered
from the culture liquor  after in a purification stage maintaining said 



at 25 hours and then placed in 60 litres of micro-organism with an aqueous
nutrient                 fresh mineral medium, without hydrocarbon, medium
and a gas containing free oxygen, 100                 in the same
fermenter. The mixture was then  whereby the hydrocarbon contaminating the
stirred for 10 hours under the same culture   micro-organism is reduced in
quantity or is             40  conditions (temperature 30[err]C, pH at 4
and  eliminated.                 aeration at3 millimoles O[err] per litre
per hour).    2. A  process according to claim  1 in                 The
cellular density was of the order of  which the growth stage and the
purification  105                 15 grams/litre at the start, and remained
stage are carried out continuously and in                 constant
throughout the process. Even though                         which the
growth stage and the purification             45  the yeast contained 20%
of total lipids (based  stage are carried out in seprate fermenters
on dry weight of yeast) at the moment of or in different zones of the same
fermen-                 introduction into the new medium, after the
starvation treatment it did not contain more    3. A process according to
either of the                 than 8%  by weight.
preceding claims in which the microorganism             50
EXAMPLE 3                     which is cultivated is a yeast.
4. A  process according to claim  3 in                   A similar
experiment to that described in  which the yeast is of the family Crypto-
115                 Examples 1 and 2 was carried out on yeasts  coccaceae.
from  continuous fermentation, but in this   5. A  process according to
claim  4 in                 case it was necessary to work with washed
which the yeast is of the sub-family Crypto-             55  yeasts in a
fresh medium, as in the con-  coccoideae.                 tinuous process
one cannot obtain a racking-    6. A  process according to claim  5 in  120
off liquor entirely free of assimilable carbon  which the yeast is of the
genus Torulopsis.                 substrate.
7. A process according to claim 4 in which                   The culture in
the 60 litre fermenter was  the yeast is of the genus Candida.
60  stabilised at 0.1 litres/hour of total mineral    8. A  process
according to claim  7 in                                    1,059,886
5           grams/litre were then added, this quantity  medium plus gas-oil
per litre of culture in          being sufficient to take the cellular
density to  the fermenter.
The operating conditions having been fixed            The temperature of
the culture was kept  (in paticular temperatue at 30[err]C and pH 



5  at 301[err]C, pH at 4 and aeration and agita-  at 4), the yeast was
removed from part of 65     tion giving 3 millimoles of O[err] per litre of
the culture by centrifugation at +5[err]C. After     medium per minute. 10N
ammonia was admit-         washing it was put into a 20 litre fermenter
ted by an automatic pH contoller.        contains in 15 litres of the
mineral medium       When the flow of ammonia reached 20 ml.  given in
Example 1, to give a cellular den- 10  the addition of gas-oil was begun
assuming  sity of 20 grams/litre.                    70
dry yeast produced         The pH was regulated automatically to 4,     a
yield on gas-oil of [err]                the temperature to 30[err]C and
the air flow                                 and agitation so as to give 3
millimoles of     of 10% by weight and a cell division time  oxygen per
litre of culture per minute. The     of 3 hours This addition was carried
out            treatment was applied for 10 hours. The  75     every hour
until 200 grams/litre, i.e. 13.8  cellular density remained at 20
grams/litre 15  litres had been added.                      throughout the
experiment. The yeasts were       Starting with a cellular density of 2
grams/  analysed for their fat content at the begin-     litre at 25 hours
at the end of the exponen-  ning and end of the process. A marked fall
tial growth phase, a density of 15 grams/  in fat content was observed,
from 15 to 5%  80     litre was obtained. This value remained con-  by wt.
on dry matter. 20  stant during the stationary phase from  25     to 40
hours. During this period the yeasts   WHAT WE CLAIM  IS:-     were lacking
in carbon feedstock, other ele-    1. A process which comprises,in a growth
ments being present in excess. It acted as  stage, cultivating a
mico-organism capable     a phase of starvation.                     of
growth in the presence of a hydrocarbon  85 25    The yeasts were recovered
at 25 hours and  feedstock consisting wholly or in part of     at 40 hours
by centrifuging and washing at  straight chain hydrocarbons, wherein said
+5[err]C. They were then dried by lyopilisa-  micro-organism is cultivated
in the presence     tion and analysed. Their total lipid content of said
feedstock, in the presence of an aque-     (fraction soluble in hexane) was
18% when  ous nutrient medium; and in the presence of 90 30  recovered
after 25 hours and 3%  when re-  a gas containing free oxygen and  subse-
covered after 40 hours.                    quently, if necessary,
separating the micro-
organism from the bulk of the unconsumed
hydrocarbon whereby there is obtained  a                    EXAMPLE 2
micro-organism free of a substantial amount 95       A similar experiment
was carried out to of hydrocarbon but containing a small amount     that
described in Example 1 except that the             of  hydrocarbon as
contaminant, and there- 35  yeast was recovered from the culture liquor
after in a purification stage maintaining said     at 25 hours and then
placed in 60 litres of  micro-organism with an aqueous nutrient     fresh
mineral medium without hydrocarbon, medium and a gas containing free
oxygen, 100     in the same fermenter. The mixture was then  whereby the
hydrocarbon contaminating the     stirred for 10 hours under the same
culture  micro-organism is reduced in quantity or is 



40  conditions (temperature 30[err]C, pH at 4 and      eliminated.
aeration at 3 millimoles O[err] per litre per hour).    2. A  process
according to claim  1 in     The cellular density was of the order of which
the growth stage and the purification 105     15 grams/litre at the start,
and remained stage are carried out continuously and in     constant
throughout the process. Even though  which the growth stage and the
purification 45  the yeast contained 20% of total lipids (based  stage are
carried out in separate fermenters     on dry weight of yeast) at the
moment of   or in different zones of the same fermen-     introduction into
the new medium, after the  ter.            110   starvation treatment it
did not contain more 3. A process according to either of the       than 8%
by weight.                      preceding claims in which the
micro-organism                                                 which is
cultivated is a yeast. 50                 EXAMPLE 3                      4.
A  process according to claim  3 in       A similar experiment to that
described in  which the yeast is of the family Crypto-  115     Examples 1
and 2 was carried out on yeasts  coccaceae.     from  continuous
fermentation, but in this   5. A  process according to claim  4 in     case
it was necessary to work with washed  which the yeast is of the sub-family
Crypto- 55  yeasts in a fresh medium, as in the con-  coccoideae.
tinuous process one cannot obtain a racking-    6. A  process according to
claim  5 in  120     off liquor entirely free of assimilable carbon  which
the yeast is of the genus Torulopsis.     substrate.
7. A process according to claim 4 in which       The culture in the 60
litre fermenter was  the yeast is of the genus Candida. 60   stabilised at
0.1 litres/hour of total mineral    8. A  process according to claim  7 in
6                                          1,059,886        which the yeast
is Candida lipolytica.    tion of straight chain hydrocarbons or which
9. A process according to either of claims is free of said straight chain
hydrocarbons.       1 or 2 in which the micro-organism is a  13. A process
according to claim 12 for the       bacterium.
removal, wholly or in part, of waxes from  25   5    10. A process
according to any one of  a wax-containing petroleum gas oil, wherein
the preceding claims in which the feedstock  the feedstock is a
wax-containing petroleum       contains at least one straight chain hydro-
gas oil and wherein there is recovered, from 



carbon having at least 10 carbon atoms per  the product of the growth of
the micro-       molecule.                                    organism, a
gas oil of reduced content of 30   10    11. A process according to claim
10 in  wax.       which the feedstock is a petroleum fraction.  14. A
process substantially as hereinbefore         12. A process according to
any one of the  described with reference to any one of the       preceding
claims in which straight chain  foregoing Examples.       hydrocarbons are
removed from a petroleum    15. A micro-organism whenever produced  35   15
fraction with production of a mico-organism,  by a process as claimed in
any one of the       wherein the feedstock employed for the growth
preceding claims.       of the micro-organism is a petroleum fraction
consisting in part of straight chain hydro-               J. WOOLARD,
carbons, wherein there is recovered from the       Agent for the
Applicants,  20  product of the growth of the micro-organism
Chartered Patent Agent      a petroleum fraction having a reduced propor-
Leamington Spa: Printed for Her Majesty's Stationery Office by the Courier
Press.-1967. Published at The Patent Office, 25, Southampton Buildings,
London, W.C.2, from which copies may be obtained
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