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(57) ABSTRACT 

The present invention discloses a microbial polyunsaturated 
fatty acid(PUFA)-containing oil With a high triglyceride 
content and a high oXidative stability. In addition, a method 
is described for the recovery of such oil from a microbial 
biomass derived from a pasteurized fermentation broth, 
Wherein the microbial biomass is subjected to extrusion to 
form granular particles, dried and the oil then extracted from 
the dried granules using an appropriate solvent. 
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PREPARATION OF MICROBIAL 
POLYUNSATURATED FATTY ACID CONTAINING 

OIL FROM PASTEURISED BIOMASS 

FIELD OF THE INVENTION 

[0001] The present invention relates to a polyunsaturated 
fatty acid-(PUFA) containing oil, especially to a pure and 
stable microbial oil containing at least one polyunsaturated 
fatty acid. This oil can be obtained from a biomass or 
fermentation broth that has been subjected to pasteuriZation. 

BACKGROUND OF THE INVENTION 

[0002] There has been a growing tendency to include lipid 
products containing polyunsaturated fatty acids derived 
from fermentation processes in various foodstuffs. Of impor 
tance is the recently established need to incorporate poly 
unsaturated fatty acids in infant formula. 

[0003] Various processes have been described for the 
fermentative production of lipid or oil containing polyun 
saturated fatty acids. Examples are EP-A-0155420 for the 
production of y-linolenic acid-(GLA) containing lipid from 
Mortierella; EP-A-0223960, EP-A-0276541 and WO-A-92/ 
13086 for the production of arachidonic acid-(ARA) con 
taining oil from Mortierella and/or Pythium; WO-A-91/ 
07498 and WO-A-91/11918 for the production of 
docosahexaenoic acid-(DHA) containing oil from Czypth 
ecodinium cohnii or Thraustochytrium, and WO-A-91/ 
14427 for the production of eicosapentaenoic acid-(EPA) 
containing oil from NitZschia; and US. Pat. No. 5,539,133 
for production of ARA and EPA from microalgae. 

[0004] Typically, a microbial species producing a lipid 
containing the desired polyunsaturated fatty acid(s) is cul 
tured in a suitable medium, the biomass is then harvested 
and pretreated to enable subsequent extraction of lipid from 
the microbial biomass With a suitable solvent. The thus 
extracted lipid is in a crude form and so is often subjected 
to several re?ning steps. 

[0005] The pretreatment of the Wet biomass cake is usu 
ally by drying, such as spray drying or lyophiliZation and/or 
by mechanical disintegration, such as homogenisation or 
milling. Drying of the biomass is desirable in order to reduce 
the amount of solvent and to prevent troublesome emul 
sions. If an oxidation- and thermo-sensitive lipid, such as a 
polyunsaturated la fatty acid-containing lipid, needs to be 
isolated, special care needs to be taken to ensure that 
exposure to unfavourable conditions, Which stimulate oxy 
gen-induced degradation, is avoided as much as possible. 
HoWever, the biomass pretreatment methods used in the art 
do not avoid such unfavourable is conditions. 

[0006] Yamada et al, Industrial applications of single cell 
oils, Eds. Kyle and Ratledge, 118-138 (1992) describe an 
arachidonic acid-containing oil puri?ed from Mortierella 
alpina With a triglyceride content of 90%. In the recovery 
process, the harvested biomass is dried and crushed by a ball 
mill prior to hexane extraction. This method also does not 
minimise exposure to unfavourable conditions. 

[0007] Thus, polyunsaturated fatty-acid-containing lipids 
isolated from microbial biomass according to methods 
knoWn in the art are exposed to oxidation-stimulating con 
ditions Which negatively affect the quality of the oil. 
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DESCRIPTION OF THE INVENTION 

[0008] According to a ?rst aspect of the present invention 
there is provided a microbial oil, comprising at least one 
polyunsaturated fatty acid (PUFA), Which has a triglyceride 
content of greater than 90%. This oil has been found to be 
particularly stable in comparison With prior art PUFA 
containing oils. The PUFA is produced by one or more 
microorganisms, suitably in a fermentation process. The 
PUFA is recovered by various process steps, from the 
biomass, Which is essentially the material resulting from the 
fermentation process in Which the PUFA is produced. 

[0009] Since the oil of the present invention can be 
microbially derived, it Will be appreciated that this oil does 
not cover synthetic oils. Although not Wishing to be bound 
by theory, the applicant believes that there may be a number 
of explanations as to Why the oil of the present invention is 
more stable than those described before the present inven 
tion. 

[0010] The oil may contain one or more compounds that 
Were present in the biomass. While more of these com 
pounds may act as an anti-oxidant. Alternatively or in 
addition, one or more of the compounds may inactivate 
(partially, or at least inhibit) one or more oxidising (or 
pro-oxidant) substances present in the oil. 

[0011] A number of substances may be responsible for 
degradation of PUFA containing oils. These include metals, 
that may act as catalysts, for example copper, iron and/or 
Zinc. Other, similar metals, may act as radical initiators. 
Other degrading in?uences are light and heat. There may be 
one or more substances that may, for example, may be able 
to complex With one of these metals, or they may act as a 
radical scavenger. 

[0012] Alternatively, the process for obtaining the oil of 
the invention may remove one or more oxidative or oxida 

tion-causing substances that may have originally been 
present in the biomass. 

[0013] It is believed that degradation is particularly high 
When the PUFA is ARA, and therefore a substance in the oil 
may inhibit or prevent degradation of this PUFA. 

[0014] The process of obtaining the oil of the invention, 
Which Will be described in more detail later, can involve the 
formation of a granular particulate form, or even dried 
granules, Which may render the PUFA inside the granules or 
granular forms less accessible to the atmosphere, and in 
particular oxygen, thereby reducing the chances of oxida 
tion. 

[0015] In the process of the invention the sterol content 
maybe reduced, so that the maximum amount of sterols 
(such as 5-desmosterol) is 1.5% by Weight. 

[0016] The oil may therefore contain one or more radical 
inhibitors, radical scavengers and/or antioxidants. 

[0017] The present invention thus relates to a microbial 
polyunsaturated fatty acid(PUFA)-containing oil With a high 
triglyceride content (eg at least 90%), and a high Pancimat 
induction time (eg at least 5 hours at 80° C.). The poly 
unsaturated fatty acid can be a C18, C20 or C22 00-3 and 
C18, C20, or C22 00-6 polyunsaturated fatty acid. Preferably 
it is a C20 or C22 00-3, or a C20 00-6 polyunsaturated fatty 
acids. In particular the PUFA is arachidonic acid (PUFA), 
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eicosapentaenoic acid (EPA) docosahexaenoic acid (DHA). 
Examples of such oils are arachidonic acid-containing oil 
from Mortierella or a docosahexaenoic acid-containing oil 
from CZypthecodinium. 

[0018] The oil of the invention can advantageously be 
used in foods, foods stuffs or food compositions or serve as 
a nutritional supplement, for humans as Well as for animals. 
In addition, the oil of the invention can be used in cosmetics. 
The granular particles or granules may ?nd use as a food or 
feed composition or supplement. 

[0019] The oil of the present invention contains one or 
more polyunsaturated fatty acids and can have a high 
triglyceride content. This oil has a much higher oxidative 
stability than the microbial polyunsaturated fatty acid-con 
taining oils described in the art. 

[0020] The oil of the invention preferably has the folloW 
ing characteristics. It has a triglyceride content >90%, 
preferably a triglyceride content 293%. HoWever, suitably 
the triglyceride content is 295%, optionally a triglyceride 
content 297%. It may further have a Rancimat induction 

time Which is 25 hours at 80° C., preferably an induction 
time of 5-16 hours at 80° C. More suitably it can have an 
induction time of 7-16 hours at 80° C., optionally an 
induction time of 10-16 hours at 80° C. The Rancimat 
induction times are measured at a temperature of 80° C., 
since this temperature is better suited for oils containing 
polyunsaturated fatty acids. When measured at 100° C., the 
oil of the invention may have an induction time of from 3 to 
5 hours. 

[0021] It should be noted that the Rancimat induction time 
of the oil of the invention is measured Without the presence 
of exogenously added stabiliZing compounds, such as anti 
oxidants. Obviously, the presence of stabiliZing additives in 
an oil Will increase its Rancimat induction time. Stabilizing 
additives, such as antioxidants, may originate from additions 
to certain steps of the oil recovery process, for instance to the 
medium Wherein the microorganism is cultured, or from 
additions to the oil itself. The Rancimat test involves heating 
the substance, While air is bloWn over it. If the substance 
oxidises, then its Weight increases, and usually oxidation 
occurs relatively rapidly after a particular time. This time 
therefore can give an indication of the stability, against 
oxidation, of the substance. 

[0022] Additional characteristics of the oil of the invention 
may include a loW diglyceride content, preferably beloW 
2%, and/or a loW monoglyceride content, preferably beloW 
0.1%. It may have a light colour, a loW level of off-?avours 
and/or a loW anisidine value (anisidine is a test for alde 
hydes, a product of degradation by oxidation). 

[0023] The anisidine value typically varies from 0.1 to 5, 
preferably from 0.1 to 2, more preferably from 0.1 to 1. The 
colour of the oil of the invention is typically yelloW to light 
yelloW. 

[0024] The microbial oil of the invention is typically one 
Which predominantly (or only) contains one particular poly 
unsaturated fatty acid, but Which may additionally contain 
lesser amounts of other polyunsaturated fatty acids. The 
present invention also contemplates microbial oils in Which 
more than one polyunsaturated fatty acid is present. 
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[0025] The polyunsaturated fatty acids that maybe present 
in the microbial oil of the invention are C20 00-3 and C18, 
C20 and C22 00-6 polyunsaturated fatty acids. In particular 
they include y-linolenic acid (GLA) dihomo-y-linolenic acid 
(DLA) arachidonic acid (ARA), eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA). 

[0026] The microbial biomass from Which the oil of the 
invention can comprise, or originate from, any type of 
microorganism able to produce a PUFA-containing oil, for 
example a bacterium, a yeast, a fungus or an algae (or a 
mixture thereof). 

[0027] For example, oil of the invention can comprise 
docosahexaenoic acid (DHA) preferably obtained from 
algae or fungi. Algae include dino?agellates (eg those of 
the genus) Cxypthecodiniun. The fungus can be of the genus 
Mucorales, e.g. Thraustochytrium, y-liZolenic acid(GLA), 
dihomo-y-linolenic or arachidonic acid preferably 
obtained from fungi, such as Mortierella, Pythium or Ento 
mophthora, or an eicosapentaenoic acid(EPA)-containing 
oil, preferably isolated from algae, such as Poxphyridium or 
NitZschia. Typically, the oils obtained from these organisms 
predominantly contain one particular polyunsaturated fatty 
acid. HoWever, they can additionally contain other polyun 
saturated fatty acids in lesser amounts. 

[0028] The present invention also relates to a method of 
isolating the polyunsaturated fatty acid-containing oil of the 
?rst aspect of the invention from microbial biomass; here the 
microbial biomass can be pretreated before extraction of the 
oil. Due to the relatively mild conditions of the pretreatment 
process, the thermo- and oxidation-sensitive polyunsatu 
rated fatty acids present in the oil may not be exposed to 
conditions causing degradation. 

[0029] Thus, according to a second aspect of the present 
invention, a process is provided for obtaining an oil com 
prising at least one polyunsaturated fatty acid (PUPA) from 
a microbial biomass (comprising organisms that have pro 
duced the PUFA), the process comprising: 

[0030] a) providing, or obtaining, a biomass With a 
dry matter content of from 25 to 80%; 

[0031] b) granulating the biomass into granular par 
ticles; 

[0032] c) drying the granular particles to give dried 
granules; and 

[0033] d) extracting or isolating the oil from the dried 
granules. 

[0034] Preferably, the particulate granular form has an 
average dry matter content of from 30 to 70%. The dried 
granules resulting from (c) suitably have an average dry 
matter content of at least 80%. 

[0035] In a third aspect of the present invention there is 
provided a process for the isolation of one or more com 

pounds from a microbial biomass, the process comprising: 

[0036] a) culturing microorganisms in a fermentation 
broth under conditions Whereby the compound is 
produced (by the microorganisms); 

[0037] b) pasteurising either the fermentation broth 
or a microbial biomass derived from the broth; and 

[0038] c) extracting, isolating or recovering the com 
pound from the microbial biomass. 
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[0039] The pasteurisation in (b) is intended to at least 
partially inactivate one or more compound degrading sub 
stance(s) that may be present in the biomass or broth. Such 
substances can include proteins, such as enZymes (e.g. 
proteases). In particular, one is seeking to at least partially 
inactivate lipases, phospholipases and/or lipoxygenases. 

[0040] The compound preferably comprises a triglyceride, 
such as one of the PUFAs previously mentioned. 

[0041] The pasteurisation Will usually ?nish the fermen 
tation. Preferably, this pasteurisation takes place before any 
granulating (or crumbling or kneading). Suitably, pasteuri 
sation is performed on the fermentation broth, although it 
can be performed on the microbial biomass obtained from 
the broth. 

[0042] By pasteurisation it is thought that at least some of 
the substances that can cause degradation of the compound 
(such as a PUFA) can be avoided. This pasteurisation may 
at least contribute to the high quality PUFAs that can be 
obtained by the present invention. 

[0043] Thus, pasteurisation can be advantageous because 
not only may it kill the microorganism, but more importantly 
it can inactivate one or more enZymes that can adversely 

affect the compound. For example, pasteurisation may inac 
tivate various lipases, and these may cleave fatty acids off a 
triglyceride backbone. This is disadvantageous for PUFAs 
Where a high triglyceride content is preferred. 

[0044] After pasteurisation, but before extraction in (c), 
one may perform granulating ( to give granular particles) 
and drying the granular particles as described above in 
stages (b) and (c) in the second aspect of the invention. 
Preferred features of one aspect of the invention are equally 
applicable, Where appropriate, to other aspects. 

[0045] In the process of the invention, the microorganism 
is ?rst fermentated under conditions that alloWs production 
of the polyunsaturated fatty acid or acids to be produced. 
Such fermentation processes are Well knoWn in the art: the 
micro organism is usually fed With a carbon and nitrogen 
source, along With a number of additional chemicals or 
substances that alloW groWth of the micro organism and/or 
production of the PUFA. Suitable fermentation conditions 
are presented in Example 22. 

[0046] The resulting material from fermentation (Which is 
often called the broth) can then be ?ltered, or otherWise 
treated to remove at least part of the aqueous component. 
Suitably a large proportion of the Water is removed, in order 
to obtain a biomass cake. The biomass at this stage prefer 
ably has a dry matter content of from 25 to 80%. The 
biomass can then be granulated into granular particles. This 
is preferably achieved by extrusion. HoWever, Whichever 
technique for granulation is chosen, Which is preferable that 
cell disruption is either prevented or minimised. The granu 
lar particles can then be dried. The granules can signi?cantly 
increases the ef?ciency of the subsequent drying step. The 
resulting (dried) granules are then particularly suitable for 
immersion or percolation extraction. The particle siZes of the 
granules can be adjusted for optimal drying and extraction 
additions. 

[0047] The granulation conditions (such as those of an 
extrusion process) are preferably selected so that they mini 
mise disruption of the microbial cell. This can increase 
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resistance to degradation since the undisrupted cell is often 
the best form of protection against oxidative degradation of 
the intracellularly located polyunsaturated fatty acid. 

[0048] Preferably, the PUFA is extracted from the dried 
granules using a solvent. Any suitable solvent knoWn to a 
person skilled in the art can be employed. HoWever, suitably 
a non-polar solvent is used, for example a C1_6 alkane, for 
example hexane. It is also possible to use solvents in a super 
critical state, for example liquid carbon dioxide. 

[0049] The process of the invention can enable a cost 
effective and ef?cient extraction of the PUFA oil, and 
provide an oil of a particularly high quality. For example, the 
dried granular form (of the biomass) alloWs one to use the 
percolation extraction process, Which is particularly ef? 
cient. In addition, the granules alloW the use of a relatively 
loW temperature for extraction, Which does not necessarily 
decrease the yield of the PUPA. Furthermore, the dried 
granules may require reduced amounts of solvent for the 
extraction process. An additional advantage is that the 
release of the used solvent from the biomass can be achieved 
more ef?ciently (this process is often referred to as desol 
ventising toasting). 

[0050] The residue resulting after (solvent) extraction (and 
even after desolventising toasting) can be used as a feed stuff 
or a feed component (such as for animals). 

[0051] The PUFA (oil) Which has been extracted can be 
used in that state Without further processing, or it can be 
subjected to one or more further re?ning steps. Since the 
PUFA oil that is extracted from the dried granules is of a 
relatively high quality, any subsequent re?ning that is nec 
essary is not only made easier, but can be minimised. 
Re?ning of the oil can be performed using standard tech 
niques. For example, the oil can be subjected to degumming, 
deacidi?cation, bleaching and/or deodorising. The PUFA 
containing oil of the present invention may have a high 
triglyceride content and/or high oxidative stability. It is 
particularly suitable for nutritional purposes. It can therefore 
be added to foods (either to the ?nal foodstuff or added 
during the preparation of the foodstuff). It may serve as a 
nutritional supplement, for example if encapsulated in a 
suitable capsule, for example a gelatine capsule. The PUFA 
oil can be therefore used in food compositions either for 
humans or animals. Examples include milk, health drinks, 
and bread. The oils of the invention are particularly suitable 
for inclusion in infant formula. Furthermore, the oils can be 
used in cosmetics. 

[0052] A third aspect of the invention therefore relates to 
a composition Which comprises the microbial oil of the ?rst 
aspect. This composition may be a food or feed stuff or a 
nutritional supplement, either for humans and/or animals. 
Such a composition, if a food composition, is preferably an 
infant formula. Alternatively, it may be a cosmetic compo 
sition. 

[0053] By using dried granules of the biomass a higher 
yield than expected of the compound to be isolated can be 
achieved. This is thought to be due to the structure of the 
granules Which can maximise access of the solvent to be 
used for the extraction. Of course, if the particles are too 
large, then the surface area may be loWer, resulting in a 
correspondingly loWer yield. HoWever, the particles should 
not be too small otherWise they may clog the ?lter that is 
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used during extraction. For this reason, the process of the 
invention does not include a milling, ?aking or comminuting 
step or stages. 

[0054] The Water content at various stages can also in?u 
ence yields. Too high a dry matter content, and the biomass 
Will crumble and may form ?nes or dust, Which is disad 
vantageous if a ?ltration extraction method is employed. 
HoWever, too high a Water content and one obtains a slurry 
that is too Wet to be made into granules. 

[0055] Processes for granulating matter are knoWn in the 
art. HoWever, they are often combined With milling or 
?aking at some stage, Which gives the disadvantages as 
discussed above. In the present invention, it is the dried 
granules that are used for extraction of the compound, and 
not a milled or ?aked form. In addition, by granulation, 
damage to the cells in the biomass may be minimiZed, Which 
again can help increase yields of the compound. In US. Pat. 
No. 5,340,594 extrusion of a biomass is disclosed, but here 
the extruded form is used as an animal feed: there Was no 
appreciation that the granular form Would give high yields 
on extraction of a particular compound from that granular 
form. 

[0056] By processing the biomass into granular particles, 
one can assist the drying process. Drying can be consider 
ably easier and more ef?cient after the biomass has been 
processed into a granular form. 

[0057] In addition, the dried granules have been found to 
be particularly stable, especially at ambient or room tem 
peratures. The biomass can be stored for a considerable 
length of time in this form, Without degradation. Although 
not Wishing to be bound by theory, it is suspected that this 
occurs because the compound is located inside the granules 
and therefore at least partially protected from the environ 
ment, Which can, for certain compounds, cause degradation 
by oxidation. 

[0058] The dried granules have been found to be a par 
ticularly stable form of biomass. They can be stored for 
Weeks, if not years (eg at room temperature), With little or 
no degradation or changes in its properties. This means that 
the compound(s) it contains can also be stably stored (or 
even transported). Furthermore, it can be stored at room 
temperature, Which avoids the need to freeZe, or store at 
particularly loW temperatures, Which is the case for prior art 
biomass materials. Clearly, such stability is advantageous as 
the storage conditions are considerably cheaper. 

[0059] The preferred method of granulating the biomass is 
by extrusion. This can minimise destruction of the cells. The 
stability of the biomass has been found to be better With 
minimum disruption of the cells, in other Words the process 
of the invention can be adapted to optimiZe the number of 
cells that remain intact. This is in contrast to many prior art 
extractions, Where the cells are disrupted in order to isolate 
the compound. 

[0060] The present invention also relates to a process for 
the isolation of one or more PUFAs from granules of 
biomass, the process comprising: 

[0061] a) providing dried granules having a dry mat 
ter content of at least 80%, the granules having been 
derived from a microbal biomass comprising micro 
organisms that have produced a PUFA; and 
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[0062] b) extracting or isolating the or each PUPA 
from the dried granules by solvent extraction. 

[0063] The preferred extraction method is to employ a 
solvent, in Which suitably the compound is soluble. The 
preferred extraction method is to use percolation: here the 
solvent can be passed over a bed of the granules. For this 
technique it Will be appreciated that the particles should not 
be too small (for example they should not be milled or 
comminuted) otherWise one Will obtain too much “dust” (or 
?nes) Which Will clog the ?lter. Large particles are also to be 
avoided, but in betWeen these tWo extremes one can obtain 
an optimal surface area, so that preferably the granules are 
larger than the pores of the ?lter. The particles are preferably 
highly porous to alloW easy access of the solvent to the 
compound to be extracted. 

[0064] The pretreatment of microbial biomass cake to 
form granular particles can signi?cantly improve the sub 
sequent drying process. The resulting dried granulated bio 
mass can be particularly suitable for either immersion or 
percolation extraction. The particle siZe can be speci?cally 
adjusted for optimal drying and extraction conditions. By 
using biomass pretreated according to the invention, the 
desired compound is advantageously extracted Without the 
need to disrupt the cells prior to extraction. 

[0065] The process of the invention can be used to prepare 
granular particles or dried granules from almost any type of 
microorganism. The microorganism can be in a ?lamentous 
form, like fungi or certain bacteria, or as single cells, like 
yeasts, algae and bacteria. Thus, the biomass may comprise 
microorganisms that are yeasts, fungae, bacteria or algae. 
Preferred fungae are of the order Mucorales. For example, 
the fungus may be of the genus Mortierela, Phycomyces, 
Blakeslea, or Aspergillus. Preferred fungae are of the species 
Mortierella alpina, Blakealea trispora and Aspergillue ter 
reus. 

[0066] As far as yeasts are concerned, these are preferably 
of the genus Pichia, such as of the species Pichia ciferrii. 

[0067] Bacteria can be of the qenus Propionibacterium. 

[0068] If the biomass comprises an algae, this is prefer 
ably a dino?agellate and/or belongs to the genus Crypth 
ecodinium. Preferred algae are of the species Crypthecod 
inium cohnii. 

[0069] The compound to be isolated from the microbial 
biomass prepared according to the invention may be located 
intracellularly, associated With the cell membrane or cell 
Wall, or produced extracellularly (it may then be insoluble in 
Water). 
[0070] The compound to be isolated can be either hydro 
philic or hydrophobic (e.g. lipophilic). Examples of such 
compounds are intracellular proteins or enZymes, lipids, 
secondary metabolites like vitamins (e.g. vitamin B12), 
macrolide or polyene antibiotics, ?avour providing sub 
stances or carotenoids. Preferably, the compound to be 
isolated from microbial biomass is a lipophilic compound. 

[0071] The compound extracted from the biomass treated 
according to the invention can be of high quality since it has 
been subjected to little, if any, deterioration due to the mild 
conditions used in the treatment process. Therefore, the 
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invention is particularly suitable for the preparation of 
microbial biomass from Which heat- and/or oxidation-sen 
sitive compound(s) need to be isolated. 

[0072] The second aspect of the invention is suitable for 
preparing microbial biomass for the isolation of compounds 
having a high degree of unsaturation, such as lipids con 
taining polyunsaturated fatty acids (PUPA). Preferably the 
PUFA is a C18, C20 or C22 00-3 or 00-6 polyunsaturated fatty 
acid. For instance the compound can be docosahexaenoic 
acid-(DRA) (from algae or fungi, such as the dino?agellate 
Cxypthecodinium or the fungus Thraustochytrium), y-(lino 
lenic acid-(GLA), dihomo-y-linolenic- or arachidonic acid 
(ARA) (from fungi, such as Mortierella, Pythium or Znto 
mophthora), or eicosapentaenoic acid-(EPA) (from algae, 
such as PoZphyridium or NitZuchia) . Any of these PUFAs 
may be isolated either on their oWn or, more usually, in the 
form of a lipid. 

[0073] Additional examples of compounds Which can be 
isolated according to the (fourth aspect of the) invention 
include [3-carotene, such as from fungal genera eg from the 
order Mucorales, e. g. Phycomyces or Blakeslea, astaxanthin 
from the yeast Pha?ia rhodozyma, tetraacetylphytosphin 
goeine (TA-us) from the yeast Pichia ciferrii, and/or vitamin 
B12 from propionic bacteria. 

[0074] Other compounds that can be extracted include 
lipophilic/non polar ones such as lovastatin, cyclobporin and 
laidlomycin. Of these, the ?rst tWo are either produced 
extracellularly or attached to the cell Wall. Suitable solvents, 
therefore, include heptane, hexane, acetone, methanol and 
toluene, and ethanol. HoWever, for the later tWo compounds, 
one can use isopropyl alcohol or butyl acetate for 
cyclosporin, and ethanol or methanol for laidlomycin. Gen 
erally speaking, hexane is suitable for soluble antibiotics, 
such as those produced by the organisms of the genus 
Streptomyces. 

[0075] Other compounds include polyketides, or metabo 
lites derived from polyketides, Which includes many anti 
biotics. Preferred polyketides are those that do not contain 
nitrogen, and may be aromatic, preferably containing at least 
one 6 membered ring, Preferred polyketides are statins, 
Which includes lovastatin, simvastatin, pravastatin and com 
pactin. Other preferred compounds are HMO-CoA reductase 
inhibitors. These can reduce cholesterol levels in the blood. 

[0076] Another class of compounds that can be extracted 
include steroids and sterols such as ergosterol. These are 
produced by yeasts and moulds. 

[0077] The compounds isolated according to the pro 
cess(es) compositions, of the invention are suitable for use 
in human or animal foods (e.g. infant formula) or other 
edible compositions and in cosmetics, healthcare composi 
tions or supplements, or pharmaceutical compositions. 

[0078] In the process of the invention, the microorganism 
of choice can ?rst be fermented to obtain a sufficient amount 
of biomass for subsequent extraction of the compound. The 
fermentation conditions Will depend on the organism used, 
and may be optimiZed for a high content of the compound 
in the resulting biomass. 

[0079] After the fermentation process has ?nished, the 
fermentation broth, depending on the type of compound to 
be isolated, may be pasteuriZed to kill the production organ 
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ism and to inactivate any undesirable enZymes. If desired, 
?occulation agents and/or other processing aids may be 
added to the broth to improve its ?lterability. 

[0080] Suitable ?occulating agents include CaCl2, 
Al2(SO4)3 and polar cationic polyamides. These may be 
present at from 0.1 to 2% by Weight. 

[0081] Preferably the biomass (or broth) is pasteurised. 
After fermentation pasteurisation may be necessary to obtain 
a slurry that can be processed in a hygienic Way. The 
pasteurisation of biomass in the fermenter can have several 
advantages. Firstly, the production organism is not exposed 
to the environment. Also, unWanted enZymatic activities, 
in?uencing the quality of the target compound can be 
inactivated. 

[0082] Depending on the species of the production organ 
ism the pasteurisation is performed at temperatures of from 
60 to 100° C. The pasteurisation can be performed by 
heating (directly) With steam into the fermenter or by 
(indirect) heating using a medium via heat exchangers, 
either through the Wall or With cooling coils or an external 
heat exchanger such as knoWn plate heat exchangers or other 
suitable heat exchangers. 

[0083] The folloWing preferred pasteurisation conditions 
can be employed, especially for organisms of the genus 
Mortierella. 

[0084] The fermentation broth (or biomass) is pasteurized 
to kill the microorganism and to inactivate enZyme activity. 
This can be about 144 hours after inoculation of the main 

fermenter. The biomass (or broth) is suitably pasteuriZed at 
from 50 to 95° C., preferably from 60 to 75° C., and 
optimally betWeen 63 to 68° C. This can be for from 30 to 

90 minutes, preferably from 50 to 75 minutes, optimally, 
from 55 to 65 minutes. This can be by any suitable heating 
means, but is preferably by direct steam injection, such as 
into the main fermentation vessel. 

[0085] After pasteurisation the broth is alloWed to cool, or 
is cooled doWn. This can take about 4 hours, suitably to 
about 25° C. 

[0086] If tWo or more organisms are involved, from dif 
ferent biomass or fermentation broths, then each biomass (or 
broth) can be individually pasteurised or, after mixing, they 
can then be pasteurised. HoWever, the former is preferred as 
different pasteurisation conditions can then be employed for 
the different organisms. 

[0087] Usually, pasteurisation Will take place in the fer 
menter vessel in Which fermentation has occurred. HoWever, 
for some organisms (such as bacteria) it is often preferred to 
remove the microorganisms from the vessel ?rst, and then 
pasteurise (for example, before spray drying in an agglom 
eration granulation process). 

[0088] As Will have been appreciated, pasteurisation Will 
usually kill most, if not all, of the microorganisms. There 
fore, in the dried granules, at least 95%, such as at least 98%, 
if not 95%, of the microorganisms, have been killed (i.e. are 
not alive). 
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[0089] For some organisms (e.g. Pichia) preferably no 
pasteurisation is conducted. 

[0090] To prevent recontamination of pasteurised biomass 
during subsequent processing steps conditions can be 
designed to reduce the risk of groWth. One possibility is to 
acidify the broth With a suitable acid. To prevent the out 
groWth of many microbial species a pH range of from 3 to 
4 in combination of a loW process temperature is suf?cient. 

[0091] Also other biostatic agents like alcohols, sorbates, 
etc. may be used for this purpose. 

[0092] For thermally stable products processing at higher 
temperatures (60-100° C.) may be applied. 

[0093] Preferred acidifying conditions (eg for organisms 
of the genus Mortierella) are as folloWs. 

[0094] The pH of the pasteurised broth is adjusted to from 
2 to 5 to improve microbiological stability, preferably to a 
pH in the range of 3 to 4, and optimally a pH of about 3.5. 

[0095] Acidi?cation of the broth (before or after pasteuri 
sation) can have additional advantages. If the compound is 
a polyketide, for example a statin, then acidi?cation can 
result in precipitation of the compound. For many com 
pounds, especially Waster soluble ones, precipitation before 
further processing steps is desirable, lest the compound be 
lost When the broth is ?ltered to remove Water. Therefore, 
before or after pasteurisation, a compound may be precipi 
tated (such as by acidi?cation, although any other means 
knoWn to a person skilled in the art can be employed) 

[0096] The pH can be adjusted by any suitable means eg 
85% phosphoric acid, preferably diluted 55% phosphoric 
acid and optimally With diluted 33% phosphoric acid. 

[0097] At this stage one has a broth, Which may have been 
pasteurised. The next stage is to obtain a biomass, by 
separating the microorganisms from the surrounding 
medium. 

[0098] A solid-liquid separation technique can be per 
formed to separate the biomass from the fermentation broth. 
This (harvested) biomass usually has a dry matter content 
varying from 20 to 35%, depending on the type of micro 
organism. HoWever, for extrusion (and subsequent drying) 
the biomass typically should have a dry matter content 
Which ranges from 25% to 80%. 

[0099] If the Water content of the biomass is too high (eg 
for extrusion and/or subsequent drying), it can be deWatered 
and/or have its dry matter content increased. This can be 
achieved by a number of methods. Firstly, the biomass can 
be subjected to (additional) deWatering. Any deWatering 
method knoWn to the skilled person can be used; the desired 
dry matter content can be from 25 or 30 to 80%. 

[0100] Preferably, a mechanical deWatering method is 
used. The maximum dry matter content Which can be 
reached by mechanical deWatering Will, hoWever, vary 
depending on the type of microorganism. For certain micro 
organisms, e.g. yeast, the dry matter content of the biomass 
after mechanical deWatering may not exceed a level of 35 to 
40%, While the same process executed on biomass of certain 
lipid-rich microorganisms may result in a higher dry matter 
content of from 45 to 60%. 
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[0101] A preferred method is to use a membrane ?lter 
press (plate and frame ?lter press With squeeZing mem 
branes) Which can combine a solid-liquid separation With 
mechanical deWatering and is especially suitable to obtain 
the desired dry matter content. 

[0102] Alternatively or in addition, the desired dry matter 
content of the microbial biomass can be increased by the 
addition of consistency-increasing (or dry) agents. These 
consistency-increasing agents are suitably dry and, prefer 
ably, do not negatively interfere With the extraction process 
and/or the properties of the compound. For example, con 
sistency-increasing agents can comprise starch and/or plant 
?bres such as oats or Wheat bran or cellulose. Even another 

biomass (of a loWer Water content) can be used. Such 
substances may be added anyWay, if it improves the extrud 
ability. 

[0103] Sometimes, eg after solid-liquid separation and/or 
mechanical daWatering, the biomass can form of large cakes. 
This may not be suitable for granulation (e.g. extrusion). To 
reduce the biomass to a siZe Which may enable granulation 
(e.g. ef?cient feeding of the extruder), the biomass is suit 
ably crumbled, kneaded and/or mixed. This crumbling and/ 
or kneading can be achieved by (short) treatment in a high 
shear mixer. Optionally, the or each consistency-increasing 
agent may be added during this part of the process. 

[0104] The then (optionally crumbled or kneaded) biom 
ass can be subsequently subjected to the granulation process 
to result in the formation of granular particles. The granu 
lation can be effected in a number of different Ways. 

[0105] Another method of reducing Water content (or 
increasing dry matter content) is to use a salt (eg brine) 
Wash, either of the biomass or (preferably) after separation 
of the biomass from the broth, such as using Wash ?ltration. 

[0106] In a preferred embodiment of the invention, the 
desired particle structure and siZe is obtained by an extrusion 
process. The particle characteristics, such as structure and 
siZe, can be important in order to optimise the drying and/or 
extraction process. During the drying step, it the particles are 
too small they may give problems as they can generate dust 
and ?nes, Whereas too large particles do not ?uidiZe and may 
give a poor drying performance. During extraction, a too 
small granule siZe may not alloW the use of a percolation 
process, since the pressure drop over the biomass bed Will be 
too high. Too much ?nes may give problems in subsequent 
puri?cation steps. A too large siZe may impede ef?cient 
penetration of solvent during extraction. Furthermore, the 
particle structure should be suf?ciently compact in order to 
prevent disintegration during drying and extraction, but the 
particles (dried granules) preferably have a porosity that 
alloWs (ef?cient) penetration of solvent during extraction. 

[0107] The extrusion conditions can be adjusted by a 
skilled person in order to obtain granular (biomass) particles 
having the desired structure and siZe. 

[0108] The extrusion conditions can be adjusted to mini 
miZe cell disruption. Minimal cell disruption can ensure 
optimal protection of labile, oxidation-sensitive compounds 
against oxidation-induced degradation. Extrusion is there 
fore preferably conducted at loWer temperatures, Without 
any means of heating. Preferably this is in the range of from 
20 to 30° C., such as about room temperature. During 
extrusion the granular particles may form naturally, the 



US 2001/00251 14 A1 

“extrudate” falling away under its oWn weight from the die 
plate by the in?uence of gravity, thereby forming particles. 
If, however, the biomass is of a nature Whereby after being 
extruded by the die plate in forms long strands like spaghetti, 
then the spaghetti can be cut to give particles of a desired 
size. 

[0109] The temperature of the biomass has been found to 
in?uence the nature of the granular particles produced on 
extrusion. Preferably the biomass has a temperature of from 
6 to 15° C. before extrusion. HoWever, While in the extruder 
the temperature of the biomass can rise to be from 10 to 60° 
C., although preferably this is from 15 to 30° C. The 
temperature rise Will depend upon the pressure exerted on 
the biomass, and its dry matter content. 

[0110] During extrusion the biomass is usually forced 
through a barrel toWards a die plate, often by a screW. This 
barrel is preferably not heated. In fact, it is advantageous that 
it is cooled. Suitably, the temperature of the coolant (eg an 
aqueous solution such as Water) is from 1 to 4° C., such as 
about 2° C. 

[0111] Generally speaking, extrusion does not change the 
Water content. This is Why in stage (b), the dry matter 
content is the same as in stage (a). HoWever, as Will be 
appreciated, other granulation techniques (such as those 
described later) do change the Water content, and can 
decrease it (in other Words, increase the dry matter content). 
For a biomass that contains a fungus, for example, of the 

order Mucorales (in particular one producing a PUFA) the 
dry matter content of the biomass in (a), Which Will usually 
be the same as in the granular particles produced on granu 
lation (in this case extrusion) is suitably betWeen 35 and 
60%, preferably from 50 to 60%. After drying, the dry 
granules preferably have a dry matter content of at 10 least 
90%, such as at least 95%. 

[0112] The preferred granulation technique is to use an 
extruder. A good overvieW of extruders is by W. Pietsch 
(“Size Enlargernent by Agglorneration”: Wiley & Sons 
1991, page 385). The machine maybe a batch or continuous 
extruder. For continuous extruders there may be mentioned 
sirnple single screW extruders (both axial and radial trans 
porting). Also there are tWin screW extruders either co-or 

counter rotating. The to be extruded biomass is transported, 
partly cornpacted and pressed through a perforated (die) 
plate. Another group of extruders include pelletising 
rnachines. Here a cylindric pressing tool rolls over a layer of 
material deposited on a perforated plate. 

[0113] If the granules are obtained by extrusion, then the 
biomass needs to be in an extrudable form. The Water 
content can be adjusted, if necessary, depending on the 
condition of the biomass, the microorganisms employed, 
and the extrusion conditions. Water can either be removed, 
or the dry matter content increased by means of addition of 
solids, for example starch. The biomass can in this Way be 
adjusted to the correct consistency, Which is usually that of 
a paste. 

[0114] Although the granules can be used for extraction of 
the compound, they do in addition represent a stable form of 
the biomass that can be stored. The granules can have other 
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uses: for example, they may be used in the preparation of an 
infant formula, Where the biomass contains one or more 
polyunsaturated fatty acids (PUFAS). 

[0115] The present invention also envisages other granu 
lation methods which enable the formation of (granular) 
particles. For instance, a multistage drying process can 
comprise a combination of spray-drying and a ?uidized bed 
and can also yield granular particles. 

[0116] Other types of granulation techniques can be 
employed. Generally granulation is the action of obtaining 
solids in a granular form either by size enlargement or size 
reduction. In general size enlargement is employed. A good 
overvieW of the type of granulation processes available is 
described in W. Pietsch, “Size Enlargernent by Agglornera 
tion” (Wiley & Sons, 1991, as above). Within this there are 
many different techniques available for granulation and this 
includes several agglorneration methods, which Will be 
described. Here agglorneration results in small particles 
adhering to each other (agglornerating) to form larger par 
ticles (in this case the granular ones). Therefore, if a ?rst 
technique results in the particles being too small an agglorn 
erisation technique can then be employed to give bigger 
(granular) particles. 
[0117] Turnble agglorneration is usually achieved using a 
turnbling, and/or rotating drum or cone drier With a poWder 
having adhesive properties (so that the particles stick 
together). In some cases an extra added binder can be mixed. 
By this mechanism spherical particles can be formed. 

[0118] Pressure agglorneration is usually characterised by 
high forces acting on a mass of a particulate matter. In 
general this process is performed With ?ne poWders or With 
‘plastic’ (non-elastic) materials. This process is normally 
used for poWdered rnaterials. (HoWever it is also used in 
dried yeast production for doughs of a certain consistency). 
The shaped particles may be dried to suitable dry matter 
content for optimal storage. Pressure agglorneration can be 
accomplished by a piston, roller, isostatic and/or extruder 
presses. A good description of this type of equipment is 
given in the Pietsch book mentioned above. 

[0119] Extrusion presses usually make use of Wall friction, 
causing resistance to the ?oW of the plastic material through 
bores or open ended dies. Particularly in screW extruders 
extensive rnixing takes place and high shear forces are 
applied. 

[0120] In general materials with low melting or plasti? 
cation temperatures can be directly agglornerated. 

[0121] Other agglorneration techniques are possible. For 
example, spray drying in combination With a ?uid bed 
agglornerator. Initially the biomass can be dried by atorni 
zation through a nozzle or using a rotary Wheel in a spray 
dryer. Fine particles are recycled to the spraying section. The 
resulting sticky poWder is further agglornerated in a ?uid 
bed section. In some cases reWetting of the poWder can 
improve the agglorneration process. This described tech 
nique in knoWn as rnulti-stage drying. 

[0122] To describe rnulti-stage drying in greater detail, the 
biomass is ?rst spray dried. This can give a ?ne poWder. The 
temperature of spray drying (air inlet temperature) is usually 
from 1600 C. to 260° C. and/or the air outlet ternperature Is 
from 75 to 90° C. Here the biomass is sprayed by a fast 
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rotating disk or a nozzle Which generates small particles. 
The particles can then fall, under gravity, towards the bottom 
of a spray drying toWer. Here, a ?uid bed may be provided, 
Which can use hot air to effect drying (suitably at 90 to 95° 
C.). Here, agglomeration can take place, and the particles 
can stick together. FolloWing this, the agglomerated (granu 
lar) particles are subjected to drying, for example on a belt 
drying bed or on a sub-?uidised bed. At the start of the 
process, a biomass can have a dry matter content of beloW 
30%. After spray drying, this can increase to from 75 to 
90%, and after agglomerisation can be from 90 to 95%.After 
drying, this can increase to at least 95%. 

[0123] Another technique is to use a ?uidised bed agglom 
erator. Here, poWder can be ?uidised in a gas ?oW. In the 
particle bed a ?uid is sprayed With Water that Wets the 
poWder and enhances the agglomeration. 

[0124] In general the described agglomeration processes 
are for dry poWders that can be plazticized. An exception is 
the drying on a multi-stage dryer. This combination of spray 
drying in combination With a ?uid bed after dryer is suited 
for the agglomeration of many different types of biomass. 
HoWever the process is not alWays suitable for thermo-labile 
products or products susceptible to oxidation by (hot) air. A 
good Way of producing a granulated dry biomass is the 
extrusion of a mechanically deWatered ?ltercake folloWed 
by a suitable drying step like ?uid bed or sub-?uidised bed 
drying. 
[0125] Another Way of agglomeration of (dried) biomass 
can be performed by the reWetting of (spray) dried product 
folloWed by an extrusion step and re-drying in e. g a ?uid bed 
dryer. PoWders, With a loW melting point or a loW plasticis 
ing temperature (or in case of certain dried biomasses With 
a high amount of intracellular oil, that partially melts due to 
the forces in the extruder) can be extruded. Suitable pellets 
form in the die plate. 

[0126] As in (c) above, the (extruded or otherWise) granu 
lated is biomass can be dried, suitably under conditions that 
alloW the particles to remain intact. The particle structure 
and size of the biomass after the granulation process is 
thought to enable the e?icient drying of the biomass. The 
drying can be performed using various dryers, eg a belt 
dryer, a vacuum or a vacuum belt dryer, a ?uidized or a 

sub?uidized bed dryer. The skilled person can choose 
betWeen a batch or a continuous process. 

[0127] The use of a ?uidized or sub?uidized bed dryer is 
especially preferred in the process of the invention. Drying 
can occur in air or under nitrogen. With ?uidized and 
sub?uidized bed drying, the temperature in the bed can be 
adjusted to preset values. These values can range Widely, for 
example from 35° to 120° C., such as 50 to 90° C., 
optionally from 60 to 80° C. If a labile compound needs to 
be isolated from the biomass, the temperature of the drying 
process can easily be adjusted to the loWer ranges, to 
diminish the risk of oxidation or degradation. 

[0128] Alternatively or in addition a vacuum drying pro 
cess can be employed, eg at from 1 to 2 hours. 

[0129] Several advantages may ?oW from the drying step. 
First, drying of the biomass particles (to form granules) can 
result in an intermediate material Which may be stably stored 
for a prolonged time period. Here a (relatively) high dry 
matter content of the biomass may prevent degradation of 
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the compound to be isolated from the biomass. In this Way, 
the dried granules can be considered as a stable formulation 
of the compound present Within or associated With the 
biomass. 

[0130] For instance, the granules can function as a carrier 
for an enzyme, Whereby the enzyme is immobilized Within 
the granules by mixing an appropriate amount of a cross 
linking agent, e.g. glutaraldehyde, into the biomass before 
extrusion. 

[0131] In addition, the dried granules prepared according 
to the invention can be advantageously used as it is, for 
instance as a food or feed composition or additive. 

[0132] The particles and/or granules (e.g. produced by 
extrusion) can have the folloWing properties. 

[0133] The granules can have the shape of chocolate 
confetti. The diameter of the (extruded) granules can vary 
from 0.1 to 12 mm, such as from 0.3 to 10 mm. More 

preferred is from 1.5 mm to 6 mm and optimally (for 
extraction When dried) the diameter is from 2 to 3 mm. The 
length of the granules can be about 2 to 5 or 6 times the 
diameter. They can then be easily handled in packing and 
used With commercially available extractors (to guarantee 
the permeability of the bed). Usually most, if not substan 
tially all, the granules Will have the same size, indeed, one 
can obtain highly uniform or homogeneous granules Where 
at least 80%, such as at least 90%, of all the granules have 
a particular property Within the range speci?ed. 

[0134] The composition of the second aspect (the gran 
ules) are preferably free-?oWing. They maybe roughly 
cylindrical in shape. This can be achieved by using extru 
sion. The particles can then be of a diameter that is approxi 
mately the same (although it may be slightly larger) than the 
holes of the die plate used for extrusion. During this process, 
particles may form automatically on exiting the die plate. In 
that event, the length of the particles Will be variable. 
HoWever, particle length can be in?uenced for example, if 
one uses a cutting means, for example a knife (eg one or 

more rotating blades adjacent to the die plate) When most (if 
not all) of the particles Will have substantially the same 
length. Preferred lengths of such particles are at least 2 mm, 
such as at least 3 mm. Suitably the granules are of a size and 

Water content that alloWs them to be “epoured” Which alloWs 
them to be stored and transported more easily. Although, 
generally speaking, most particles Will be elongate in nature, 
some may be approximately spherical. The preferred lipid 
content of the granules is preferably from 30 to 50% by 
Weight. 

[0135] The bulk density of the granules Will usually be 
from 400 to 1100 kg/m3. 

[0136] As has been discussed, the granules are preferably 
porous, in order to alloW access of the solvent to the 
compound to be extracted. Preferably, the granules have 
holloW channels, and these may extend toWards, and into, 
the centre of the granules. The number of channels may be 
such that from 40 to 60% such as from 45 to 55%, optimally 
about 50%, by volume of the granule is holloW (air). As far 
as the channels are concerned, they may be in length 10 to 
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20 times that of their average diameter. The granules Will, 
generally speaking, be homogeneous in their composition, in 
that the outside of the granule, Will in essence, be the same 
material as that in the centre. This is in contrast to prior art 
yeast compositions Which may have a relatively solid out 
side but yet relatively airy core. 

[0137] The granules can be stably stored at a temperature 
optimal for the compound to be eventually extracted. 

[0138] The preferred dry matter content of the dried 
granules is more than 80%, more preferably at least 85%, 
mostly preferably at least 90% and optimally in the range of 
from 93 to 97%. If a Water miscible solvent is to be used for 
extraction granules With loWer dry matter contents can be 
used. 

[0139] The (dried) granules are thus usually porous so 
solvents used in extraction can gain easy access to the 
(inside of) the granules. Thus, during extrusion and drying 
the amount of dust can be minimised (Which increases yield) 
and can avoid an additional ?ltration of the (solvent) extract 
prior to evaporation of the extract. 

[0140] The porosity of the granules is dependent on the 
(Water or) dry matter content of granular particles. Often the 
Water in the granular particles Will be evaporated on drying 
to leave a (holloW) pore. The porosity of the dried granules 
is preferably from 15 to 50%, such as from 20 to 40%, 
optimally from 25 to 35%. 

[0141] Preferably, most (if not substantially all) of the 
cells in the granules are intact (that is to say not ruptured). 
The granules especially from a fungal biomass, can be 
Wholly biomass particles Which have a diameter from 0.3 to 
10 mm, preferably a diameter of from 0.7 to 5 mm, option 
ally from 1 to 3 mm. Commonly, the particles Will auto 
matically form at the desired length. OtherWise, the particles 
may be cut to the desired length. If granulation Was by 
extrusion, then the holes in the die plate of the extruder can 
generally correspond to the diameters of the granules. 

[0142] Optionally, antioxidants may be added prior to or 
during the granulation process. These can include toco 
pherol and ascorbyl palmitate, e.g. present at up to 0.1% (by 
Weight). 
[0143] The invention may thus provide a biomass material 
With characteristics that may enable a cost-effective and 
ef?cient extraction of compounds. The compound(s) present 
can then be puri?ed, isolated or (preferably) extracted. The 
process of the invention can enable the use of a percolation 
extraction process. The advantage alloWed by this extraction 
process seem to be due to the structure and siZe as Well as 
a high dry matter content. A dry extrudate requires a reduced 
amount of solvent for the extraction of the valuable com 
pound therefrom. In addition, the process of desolventiZing 
toasting, i.e. the release of used solvent from the biomass, 
can be performed better and more ef?cient With biomass in 
the form of an extrudate. 

[0144] The extrudate residue obtained after the process of 
desolventiZing toasting can advantageously be used as a feed 
component. 

[0145] A dry matter content of the extrudate exceeding 90 
to 95% may enable stable storage of the extrudate, Whereas 
a dry matter content above 85% already can give a signi? 
cant advantage in the subsequent extraction process. 
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[0146] Extraction is preferably conducted using a solvent. 
The solvent employed Will depend upon the compound to be 
extracted, but in particular one can mention CL1O alkyl 
esters (e.g. ethyl or butyl acetate), toluene, CL3 alcohols 
(e.g. methanol, propanol) and C3_6 alkanea (e.g. hexane) 
and/or a supercritical ?uid (e.g. liquid CO2 or supercritical 
propane). In prior art techniques, the solvent has been 
employed directly on the microorganism in the broth. HoW 
ever, by performing extraction on the granules, one can 
signi?cantly reduce the amount of solvent required. In some 
of the applicant’s experiments, 20 to 30 times less solvent 
Was needed in order to perform the extraction. Not only does 
this result in a signi?cant economic saving, because less 
solvent but is used, it also minimises emission problems. By 
using granules the surface area available to the solvent can 
be particularly high and therefore one can obtain good 
yields. 

[0147] If the compound to be extracted is hydrophobic, 
then an apolar solvent is preferably used. For hydrophilic 
compounds, a polar solvent (such as a alcohol) is suitably 
employed. 

[0148] Extraction can be effected using a variety of tech 
niques. The preferred method is percolation extraction, 
using a ?lter. Here, a column can be ?lled With the dried 
granules. The solvent (hexane) is then added to cover the 
granules. Although the solvent can be passed once through 
the column and over the dried granules, preferably it is 
recirculated (either as a closed or open system). Suitably the 
solvent is recirculated for three to seven times, such as about 
?ve times, suitably for a time period of from half an hour to 
one and a half hours such as about one hour. FIG. 3 shoWs 
a suitable percolation extraction apparatus. The solvent is 
held in the vessel before addition to the percolation extractor 
containing the dried granules. The solvent is circulated by 
means of the pump. The polish ?lter is intended to remove 
?nes. 

[0149] Other percolation extractors can be employed. 
These may be of a counter current or cross-current design. 
In the former, the dried granules can be held in a rotating 
cylinder (such as a carousel) split into various sectors. The 
solvent is passed through the granules in one sector in one 
direction, and then passed through (preferably in the same 
direction) granules in another (such as a neighbouring) 
sector. These machines are often referred to as carousel 
extractors and are available from Kripp, Germany. 

[0150] In another technique, the granules can be placed 
on, for example, a moving (e.g. porous) belt or conveyer 
Which is moving in a substantially opposite direction to the 
solvent. This can mean that fresh granules are extracted With 
solvent that has already passed through other granules, and 
that fresh solvent is applied to granules that have previously 
been subjected to extraction With the solvent. This arrange 
ment can maximise ef?ciency. 

[0151] In a cross-current technique separate batches of the 
granules are subjected to extraction With portions of fresh 
solvent. 

[0152] The process of the invention can also be used to 
obtain a mixture of tWo or more compounds from different 
microorganisms by preparing granular particles or granules 
from a mixture of tWo or more microorganisms. This mix 
ture of microorganisms can be obtained by mixing the 
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fermentation broths of tWo or more different microorgan 
isms directly after has ?nished or by combining the biomass 
from tWo or more microorganisms immediately prior to the 
granulation (e. g. extrusion process). It is also possible to mix 
tWo or more different microbial extrudates prior to the 
extraction process. 

[0153] Apreferred process according to the present inven 
tion may thus be as folloWs: 

[0154] a) fermenting one or more microorganisms in 
a suitable medium, under conditions that alloW the 
microorganism to produce the desired compound, 
Which can result in a broth (of the microorganisms in 
the surrounding medium); 

[0155] b) if necessary, precipitating or solidifying the 
compound, such as by acidi?cation; 

[0156] c) separating the microorganisms from the 
medium in the broth, Which may be achieved by 
solid/liquid separation, such as by ?ltration, in order 
to obtain a biomass; 

[0157] d) pasteurisation, either of the broth resulting 
from (a) or of the biomass resulting from (c); 

[0158] e) if necessary, increasing the dry matter con 
tent of the biomass, for example by adding dry 
matter or substances, or by decreasing the Water 
content, for example by a deWatering or drying 
technique; 

[0159] f) crumbling and/or kneading the resulting 
biomass (and, optionally, increasing the dry matter 
content by adding one or more dry substances); 

[0160] g) granulating the biomass to give granular 
particles, such as by extrusion; 

[0161] h) drying the granular particles to give dried 
granules; and 

[0162] i) extracting one or more of the compounds, 
such as by using a suitable solvent. 

[0163] The compounds isolated according to the invention 
can be of high quality and may be suitable for use in human 
or animal nutrition. Especially polyunsaturated fatty acid 
(PUFA)-containing lipids isolated according to the invention 
are suitable for nutritional purposes, in particular for the 
incorporation in infant formula. 

[0164] The invention Will noW be described, by Way of 
example, With regard to the folloWing Examples Which are 
provided by Way of illustration. They are accompanied by 
the folloWing draWings in Which: 

[0165] FIG. 1 is a graph of temperature and dry matter 
(%) against time shoWing the drying behaviour of different 
amounts of extruded biomass at different temperatures; 

[0166] FIG. 2 is a graph of oil yield against temperature 
shoWing from extruded biomasses at different temperatures; 

[0167] FIG. 3 is a How diagram of a (knoWn) percolation 
extraction process; and 

[0168] FIG. 4 is a graph of oil yield against time shoWing 
the relation betWeen the amount of oil extracted and its time 
of extraction. 
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EXAMPLES 1 TO 6 

Processing of Mortierella Fermentation Broth 
[0169] 160 l of a fermentation broth of Mortierella alpina, 
previously pasteurised (68° C. for 1 hour) (palletiZed 
groWth) Was ?ltered in a standard Dieffenbach plate and 
frame ?lter press (cloth type: nycot 2794). The broth Was 
?ltered With a maximum applied pressure of 1.0 bar. Within 
20 minutes 160 l broth Was ?ltered over a total ?lter area of 
4.35 m2, Which resulted in an average How of about 110 
l/m2h. The ?lter cake Was Washed With about 3 cake volumes 
(@150 l) of process Water. 

[0170] About 30 kg of Wet cake Was recovered With a dry 
matter content of about 25%. Three types of drying proce 
dures Were employed. 

[0171] Vacuum drying: 

[0172] 10 kg of ?ltercake Was dried under vacuum at 35° 
C. in a vacuum (about 50 mbar) tray dryer (about 1 m2 
drying surface) during 24 hours resulting in about 2.5 kg of 
dried biomass With a dry matter content of about 94%. The 
dried biomass consisted of crumbled biomass and some big 
lumps. Vacuum drying Was time consuming probably due to 
the big lumps. 

[0173] Ventilation tray dryer: 

[0174] 10 kg of ?ltercake Was dried under nitrogen during 
24 hours at 35° C. in a ventilation tray dryer (about 1 m2 
drying surface). In total about 2.5 kg of dried biomass Was 
recovered With a dry matter content of about 93%. The dried 
biomass consist of crumbled biomass and some big lumps. 
Ventilation tray drying Was time consuming probably due to 
the big lumps. 

[0175] Fluid bed dryer: 

[0176] 5 kg of ?ltercake Was dried in a labscale ?uid bed 
dryer of AEROMATIC (type MP-l) at an inlet air tempera 
ture of about 200° C. The outlet temperature Was about 40° 
C. In about 45 minutes the Wet biomass Was dried resulting 
in about 1 kg of dried biomass With a dry matter content of 
about 81%. 

[0177] The dried material recovered by this last method 
Was used for extraction of oil by means of hexane at six 
different temperatures (hence Examples 1 to 6). 150 g of the 
dried biomass Was subjected to extraction With 1500 ml of 
hexane (heated to re?ux) under nitrogen blanketing for 90 
minutes. The cell mass Was ?ltered off and the solvent in the 
resulting micella Was evaporated in a rotavapor under 
vacuum. This resulted in a crude PUPA oil. The results are 
shoWn in Table 1. Extraction at room temperature gave 
loWer yields; better yields Were obtained at elevated tem 
peratures. 

TABLE 1 

Extraction of oil from biomass. 

Extraction g oil per 
Experiment Biomass/hexane Temperature time in 100 g dried 
number ratio in ° C. minutes biomass 

1 300 80 30 19.2 
2 100 23 30 16.4 
3 150 45 60 22.6 
4 200 23 120 17.1 
5 200 23 30 11.8 
6 100 23 120 13.5 



US 2001/00251 14 A1 

[0178] The triglyceride rich oil Was a light yellow oil, and 
contained some solid material. 

EXAMPLE 7 AND COMPARATIVE EXAMPLE 8 

Processing of Mortierella Fermentation Broth 

[0179] 500 l of broth (previously pasteurised as described 
in the previous Example) Was ?ltered in a membrane ?lter 
press (SCHULE) at a pressure difference of about 0.5 bar. 
The ?ltercake Was Washed With 10 cake volumes of process 
Water and afterWards squeeZed during 30 minutes at 5.5 bar. 
The resulting cake had a dry matter content of about 46%. 
The cake recovered in this Way Was extruded in a pilot 
extruder (ODEKERKE, diameter barrel of 50 mm, barrel 
pro?led). The die-plate had 10 holes With a diameter of 1.6 
mm each. In total 19 kg of ?ltercake Was extruded in about 
45 minutes. 

[0180] The extrudate recovered in this Way Was dried in 
pilot plant ?uid bed dryer (T4 AEROMATIC 0.26 m2 drying 
surface). Within about 45 minutes the extrudate Was dried at 
65° C., resulting in a dry matter content of about 85% 
(Example 7). 
[0181] During the same experiment some ?ltercake Was 
not extruded (Comparative Example 8) and dried in a 
vacuum tray drier at 40° C. The drying Was very time 
consuming due to the big lumps. 

[0182] Both materials Were subjected to extraction using 
hexane. The folloWing characteristics of the materials found: 

[0183] Dried extrudate: mainly pellets 

[0184] (Example 7) extraction process reasonably 
easy 

[0185] Vacuum dried biomass: pellets and lumps, 
much ?nes 

[0186] (comparative Example 8) extraction pro 
cess dif?cult; poor ?ltration properties 

EXAMPLES 9 AND 10 

Extrusion Experiments Using the Same Broth from 
Example 7 Were Performed Using the FolloWing 

Extruders 

[0187] LALESSE (Arnhem, Netherlands): 
[0188] In Example 9 a LALESSE single screW universal 
extruder Was used. This type of extruder is normally used in 
the production of food snacks, Ground maiZe(dry matter 
content of about 95%) Was ?rst fed as a test to the extruder 
and under pressure and heat the maiZe Was extruded; once 
out of the die the extrudate expanded. 

[0189] The barrel of this type of extruder Was a pro?led 
barrel in order to transport the maiZe processed. The type of 
screW used in extrusion is dependent upon the type of 
material processed. The screW Was a universal transport 
screW or a compression screW With a diameter of 48 mm. 

The LALESSE machine is a 7.5 KW pilot machine (drive on 
capacity). The total poWer requirement of the machine is 
12.1 KW. The barrel of the extruder could be heated or 
cooled. Dieplates With 1 up to 4 holes With diameters of 1.8, 
2.0 and 2.2 mm used during extrusion of biomass. 
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[0190] The capacity for extending the Mortierella biomass 
(cooled barrel) Was about 40 kg/h. In the extrusion is the 
length/diameter (L/D) ratio of the hole in the die-plate Was 
varied. 

[0191] ALMEX (Zutphen, Netherlands): 
[0192] In Example 10, using the Mortierella biomass of 
Example 7, an expander extruder from the company 
ALMEX Was used. This type of extruder is used in the 
production of pet-food. It had a smooth barrel With pins that 
enabled transport of the biomass. These pins have the same 
function as the pro?les in the barrel of the LALESSE 
extruder. The screW of the expander extruder Was a modular 
screW. 

[0193] Technical data: ALMEX Contivar 150 L/D of 
10 (ratio of the length of the screW and the diameter 
of the screW) Max. screW speed of 180 rpm 22 KW 
(drive on capacity) Diameter screW of 150 mm 
Cooling With tapWater Die plates: 3 rings of holes 
With each hole a diameter of 1.8 mm 

[0194] The biomass Was raised to about 25° C. in tem 
perature during processing. The capacity of the machine Was 
about 250 kg of Mortierella extrudate per hour. 

COMPARATIVE EXAMPLE 11 

Comparison of Solid/liquid Separation Performed 
With Different Methods 

[0195] Decanter: 

[0196] 350 l of broth obtained from a fermentation of 
Mortierella alpina Was decanted in the ‘FLOTTWEG’ 
decanter (type Z 23-3/441). The speed Was set at about 4000 
rpm. The differential speed range Was varied during opera 
tion from 7.5-20 rpm. 

[0197] The feed Was set on 400 l/h. The biomass Was not 
Washed. In total 350 l broth Was decanted. The temperature 
of the feed Was 80 C. and of the supernatant 15° C. The dry 
matter content of the recovered biomass Was about 25%. 

[0198] Decanter+vacuum drum ?lter: 

[0199] 20 kg of the biomass from the decanter experiment 
above With a dry matter content of 25% Was suspended in 
500 1 process Water in Which 10 kg NaCl Was dissolved. The 
resulting slurry Was ?ltered on a vacuum drum ?lter With 
belt discharge (PAXMAN, cloth type: 865.912 K/5 
polyprop) Without further Washing. The speed of the drum 
Was set on 1 rpm and the pressure difference on a maximum 
of 600 mbar. In total 400 1 Was ?ltered Within 15 minutes. 
The net ?ltering surface Was about 0.3 m2, Which resulted in 
an average How of 5000 l/m2h (?ltering surface). The 
?ltration rate Was very Well but the ‘cake building’ Was 
rather bad. The dry matter content of the recovered ?ltered 
biomass Was about 35%. 

[0200] Plate and frame ?lter press: 

[0201] 500 l of broth Was ?ltered in a plate and frame ?lter 
press (standard R&S, cloth type: nycot 2794). The broth Was 
?ltered With a pressure difference of 0.3 bar. Within 35 
minutes 500 l broth Was ?ltered over a total ?lter area of 5 
m2, Which resulted in an average How of 1175 l/m2h. The 
?lter cake Was Washed in 30 minutes With about 2.5 cake 
volumes of process Water Which resulted in an average How 
of 400 l/m2h. 

[0202] The cake Was bloWn dry by air for 30 minutes, 
Which resulted in a dry matter content of the recovered 
biomass of about 25%. 
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[0203] Membrane ?lter press: 

[0204] 700 l of broth Was ?ltered in a membrane ?lter 
press (SCHULE, cloth type: propex 46K2). The broth Was 
?ltered With a pressure difference of 0.3 bar. Within 30 
minutes 700 lbroth Was ?ltered over a total ?lter area of 6.8 
m2 Which resulted in an average How of about 205 l/m2h. 

[0205] The ?lter cake Was Washed in 7 minutes With 3 
cake volumes (@300 l) of process Water, Which resulted in an 
average How of 375 l/m2h. 

[0206] The advantage of a membrane ?lter press over a 
plate and frame press is that the cake after ?ltration can be 
squeeZed at high pressure, so the dry matter content of the 
cake Will increase. The cake Was squeeZed at 5.5 bar during 
30 minutes Which resulted in a dry matter content of the 
recovered biomass of about 45%. 

[0207] In another experiment 1100 l of broth Was ?ltered 
in a membrane ?lter press (SCHULE, cloth type: propex 
46K2). The broth Was ?ltered With a pressure difference of 
0.3 bar. Within 45 minutes 1100 l broth Was ?ltered over a 
total ?lter area of 12.3 m2 Which resulted in an average How 
of about 120 l/m2h. The ?lter cake Was Washed in 18 minutes 
With 3 cake volumes (@600 l) of a 1% NaCl solution, Which 
resulted in an average How of 162 l/m2h. 

[0208] The cake Was squeeZed at 6 bar during 30 minutes, 
Which resulted in a dry matter content of the recovered 
?ltercake of about 55%. 

[0209] Both squeezing as Well as Washing of the cake With 
a 1% salt solution had a signi?cant effect on the dry matter 
content of the ?ltercake. 

EXAMPLE 12 

Extrusion of Biomass With Different Dry Matter 
Contents 

[0210] Extrusion Was performed With biomass With dif 
ferent dry matter contents, Which Were obtained by the 
method presented in Example 7 (see Table 2). Extrusion Was 
performed using a single screW extruder With a pro?led 
barrel and a universal screW. The dieplates applied in 
extrusion had a different number of holes and the diameters 
of the holes Were in the range of 2 mm. 

[0211] The diameter of the particles obtained after extru 
sion Was about 2 mm. 

[0212] The performance and extrudate quality is depend 
ing on the percentage dry matter of the biomass used for 
extrusion. Although a 25% dry matter gave the poorest 
results, for other microorganisms such a loW dry matter 
content can be acceptable. 

TABLE 2 

Results of extrusion experiments With biomass With different 
dry matter contents. 

Performance of 
% Dry matter extrusion Quality of extrudate 

25 bad very sticky material 
35 good sticky material 
45 very good non sticky extrudate 
55 very good loose extrudate 
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EXAMPLES 13 AND 14 AND COMPARATIVE 
EXAMPLE 15 

Drying of Conventional and Extruded Biomass 
Vacuum Drying 

[0213] Conventionally recovered biomass (Comparative 
Example 15, not extruded) Was dried in a vacuum tray dryer 
but took about 50 hours at 40° C. The drying Was very sloW 
because of lumps. The dry matter content of in this Way 
dried biomass Was about 92.5%. 

[0214] For comparison about 20 g of extrudate (from 
Example 11, opmicle of 2 mm) With a dry matter content of 
55% Was dried on labscale in a rotavapor. The temperature 
of the Waterbath Was 68° C. and the applied pressure 40 
mbar. The performance of the drying Was reasonable, except 
that the dried biomass stuck to the Wall and sWeated a little 
oil. The dry matter content after drying Was 92.3%. 

[0215] FluidiZed bed drying: 

[0216] In Example 13 drying Was performed With biomass 
at different temperatures. Where no pretreatment of the 
biomass has occurred, big lumps of biomass did not become 
completely dry. In this case the dried biomass Was very 
inhomogeneous considering the particle siZe. 

[0217] If the biomass Was pretreated before drying by 
means of extrusion, the performance of drying substantially 
improved. In this case the particle siZe of the dried biomass 
Was more uniform. 

[0218] The conclusion of these results is that ?uidiZed bed 
drying can be performed With different forms of isolated 
biomass, but that drying Will be improved using an extru 
date. 

[0219] In another experiment (Example 14), drying of 
different quantities (15 and 30 kg) extrudate Was performed 
in a ?uidiZed bed dryer With air (8000 Nm3/m2h). During 
drying samples Were taken and the dry matter content 
calculated. In FIG. 1 the relationship betWeen temperature 
and dry matter content of the (tWo) different quantities is 
shoWn. 

[0220] The bed temperature Was set on 800 C. The diam 
eter of the extruded biomass Was 1.3 mm. The dry matter 
content of the extruded biomass after drying Was about 96%. 

EXAMPLE 16 

Extraction of Lipid from Dried Extrudate of 
Mortierella alpina 

[0221] Stirred extraction of dried extrudate at different 
temperatures: 

[0222] Samples of 100 g of dried extrudate With respec 
tively 93.4 and 97.8% dry matter Were extracted during 3 
hours With 500 ml hexane or 500 ml propanol-2, at tem 
peratures of 20°, 35° and 50° C. for hexane and 20°, 40° and 
70° C. for propanol-2. The slurry Was stirred by means of a 
tWo blade stirrer in a ‘four-necked’ round bottom ?ask and 
heated by means of a heating mantle. Eventually evaporated 
hexane or propanol-2 Was recycled by means of a re?ux 
cooler. 

[0223] During the extraction, every 30 minutes a 15 ml 
sample of the supernatant Was taken from the ?ask after the 
stirrer Was stopped and the particles had settled. 1 ml of the 



US 2001/00251 14 A1 

samples Was pipetted into preWeighed 2 ml eppendorf tubes. 
After overnight drying under vacuum at 40° C. the eppen 
dorf tubes Were Weighed and total oil Was calculated. 

[0224] The results of the experiments are shoWn in FIG. 
2. 

[0225] Conclusion for hexane extraction: 

[0226] the temperature had no effect on the total 
amount of lipid that can be extracted, ie a relatively 
loW extraction temperature gives a good yield of 
lipid, 

[0227] the temperature had only a small effect on the 
time in Which the total amount of lipid can be 
extracted, 

[0228] the total amount of lipid Was extracted Within 
30 minutes from the biomass, With 5 volumes of 
hexane at a temperature above 20° C. 

[0229] Conclusion for propanol-2 extraction: 

[0230] the temperature had a signi?cant effect on 
total amount of lipid that can be extracted, 

[0231] the temperature had a signi?cant effect on the 
time in Which the total amount of lipid can be 
extracted, 

[0232] the total amount of lipid Was extracted Within 
2 hours from the biomass With 5 volumes of pro 
panol-2 at 73° C. 

[0233] The composition of the oil depended on the solvent 
used in extraction (see Table 3). The more polar the extrac 
tion solvent the more phospholipids Were extracted. The 
polarity of the solvent can be chosen to optimise the com 
position of the oil. 

TABLE 3 

Extraction of dried Mortierella biomass at room tem 
perature using tWo different solvents. 

Substance hexane oil propanol-2 oil 

Tri-glycerides 93% 85% 
di-glycerides 2% 2% 
mono-glycerides 2% 2% 
sterols 3% 3% 
phospholipids 2% 6.5% 

[0234] On a larger scale problems Were observed With the 
?ltration of the micella, due to disintegration of the extrudate 
into small particles due to the high stirrer speed during the 
extraction process. 

[0235] These problems Were avoided using percolation 
extraction instead of stirred extraction. 

[0236] Percolation extraction of dried extrudate With hex 
ane: 

[0237] Several percolation extractions Were performed on 
pilot scale (see FIG. 3 for a diagram of the process). About 
40-45 kg of dried extruded biomass Was extracted With 
hexane (initial hexane/biomass ratio of 4.4 l/kg) at 20° C. 
The How of the gear pump Was set on 1.5 m3/h. There Was 

a small nitrogen purge on holdup vessel of about 0.1 bar. 
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[0238] The extraction Was performed during 4 hours (tem 
perature increase during extraction from 18 to 25° C). Each 
30 minutes samples Were taken from the micella. Of each 
sample, 100 ml Was evaporated at labscale in a rotavapor 

(Twmmh Was 64° C.) during 20 minutes under vacuum (about 
50 mbar). The amount of oil Was estimated. The results are 
presented in FIG. 4. It can be noticed that after 2 hours an 

‘equilibrium’ Was reached. Afterwards, the extracted biom 
ass Was Washed With about 0.6 bed volumes of hexane. 

During the extraction the bed height did not change. 

[0239] The micella Were polish ?ltered prior to evapora 
tion. During the extraction We noticed that the micella 
became more and more clear, due to depth-?ltration over the 
bed of particles. 

EXAMPLE 17 AND COMPARTIVE EXAMPLE 
18 

Recovery of [3-carotene oil from Blakeslea trigrora 

[0240] 10 l of a fermentation broth of the fungus Blakeslea 
trispora, previously pasteurised (75° C. for 15 minutes), Was 
harvested using laboratory ?ltration equipment. To improve 
the ?lterability of the broth CaCl2 Was added (end concen 
tration of 5 g/l). In this Way recovered biomass Was 
mechanically deWatered (squeeZed) at labscale up to a 45% 
dry matter content using a typical fruit press (citrus press, 
FAFICO D.G.M)). The cake recovered in this Way Was 
extruded by means of a syringe of stainless steel equipped 
With a die-plate With 4 holes of 1.8 mm diameter each. The 
resulting extrudate Was dried in a labscale ?uid bed dryer 

(Tair=40° C., drying time of 90 minutes, air?oW of 150 
NmZ/h, ARROMATIC MP-1). The dry matter content of the 
biomass dried in this Way Was about 95% 

[0241] A sample of about 50 g of dried extrudate Was 
extracted using percolation extraction With ethyl acetate 
(initial volume/biomass ratio of 30 l/kg). After 2 hours of 
extraction at 50° C. the extract Was harvested by means of 

vacuum ?ltration. The biomass Was Washed With 1 bed 

volume of ethyl acetate. The extract recovered in this Way 
Was Washed tWice With demineralised Water (extract/Water 
ratio of 5 v/v) prior evaporation. The ethyl acetate Was 
evaporated at 50° C. (T ) until a concentration of 8 g Waterbath 

[3-carotene/l Was reached. 

[0242] [3-carotene crystals Were recovered from the con 
centrate by means of controlled crystallisation and subse 
quent ?ltration. 

[0243] The same experiment Was performed With biomass 
that Was blended and dried, and so not extruded (Example 
18). The ?lterability after extraction of blended dried bio 
mass Was Worse in comparison With dried extrudates. 

EXAMPLE 19 

Recovery of DHA Oil from Cryothecodinium 

[0244] Biomass from 7 l of a fermentation broth (previ 
ously pasteurised, 65° C. for 1 hour) of the algae Crypth 
ecodinium cohnii Was harvested using a labscale centrifuge 
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of the type 10 BECXMA JM/6E. The broth Was centrifuged 
in portions of 800 ml during 2 minutes at 5000 rpm resulting 
in a clear supernatant. 

[0245] In total 224 g of biomass With a dry matter content 
of 13% Was recovered. This means a biomass concentration 

at harvest of the fermentation broth of about 4 g/kg. To this 
recovered biomass 300 g of starch (ROQUETTE, batch nr. 
10EV0024)) Was added to increase the dry matter content. 
The cake recovered in this Way Was extruded by means of a 

single screW lab extruder using a universal screW and a 

pro?led barrel. The diameter of the hole in the dieplate Was 
2 mm and the thickness of the dieplate Was 6 mm resulting 
in an L/D of the dieplate of 3. The resulting smooth 
extrudate Was dried under vacuum overnight at 50° C., 
resulting in a crackle dried extrudate. The dry matter content 
of the biomass dried in this Way Was about 94%. 

[0246] Asample of about 180 g of the dried extrudate Was 
extracted With hexane (initial volume/biomass ratio of 5 
l/kg). After 3 hours of extraction at 60° C. the micella Was 
?ltered over a Whatman ?lter. The resulting extracted bio 
mass Was Washed once With 1000 ml of fresh hexane. The 
?ltered micella recovered in this Way Was evaporated at 68° 
C. (Twaterbath). In this Way a crude DHA containing oil Was 
recovered. The DHA concentration in the oil Was 32.6% 
analysed by means of GC. The in this Way recovered oil 
contained about 67% of tri-glycerides, 12% di-glycerides, 
3.7% of sterols and about 0.2% of antifoam (NMR). An 
other characteristic of the oil Was the level of carotenoids 
(0.15 mg/ml of [3-carotene and 5 mg/ml of y-carotene) 

EXAMPLE 20 

Recovery of Vitamin B12 from Propionibacterium 
sp. 

[0247] Broth (heat shocked at 90° C. for 2 minutes) from 
a large scale fermentation of a Propionibacterium sp. (28 
tons) Was harvested by means of a clari?er of the type 
BRPX-213-8GV(ALFA LAVAL, 3-7 tons/h) at a G-factor of 
about 5000. The broth clari?ed in this Way Was concentrated 
2.5 times by means of ultra-?ltration using a ABCOR 
KOCH module With about 150 m2 spiral-Wound poly eth 
ylene sulphone membranes With a cut-off of 5 kD (type HFK 
131-VSV). The resulting ultra ?ltrate Was dia?ltrated for 
500% according the concentrated volume With process 
Water. The resulting dia?ltrate Was concentrated by a factor 
of 3 by means of vacuum evaporation. 

[0248] The resulting concentrate Was granulated and dried 
in a NIRO 250 multi stage dryer (?uidised bed spray 
dryer/agglomerator). The inlet air temperature of the dryer 
had a temperature of about 250° C. and the outlet air 
temperature Was about 70° C. The air ?oW applied Was about 
3000 m3/h. This resulted in a product temperature of about 
70-80° C. The density of the concentrate fed to the dryer Was 
about 1050 kg/m3. 

[0249] A sample of about 2 g of dried granulate Was used 
for extraction With 125 ml of about 75% of ethanol (the 
Water content gives an optimal extraction/technical perfor 
mance) in a conical ?ask by means of stirring during 60 
minutes at ambient temperature (clear extract). After extrac 
tion the extracted biomass Was ?ltered using a Whatman 
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paper ?lter (easy ?ltration). The clear pink ?ltrate recovered 
in this Way Was analysed for vitamin B12. The resulting 
biomass Was Washed With 25 ml of about 75% ethanol. In 
this Way about 90% of the vitamin B12 Was extracted from 

the granulated biomass (Table 4). 

TABLE 4 

Data concerning extraction of vitamin B12 from Multi stage 
agglomerated Progionic bacterium. 

density [vitamin total 
sample in B12] vitamin B12 
number g ml kg/m3 in mg/kg in mg 

VTB input 2.01 — — 842 1.69 

96062/001 granulate 
VTB output 1.46 — — 104.5 0.15 

96O62/OO2 extraction 
VTB extract — 110 856 11.7 1.10 

96062/003 
VTB Wash — 24 856 6.01 0.12 

96O62/OO4 

EXAMPLE 21 

Co-extrusion C. cohrii and M. alpina 

[0250] 10 l of a fermentation broth of the fungus Morti 
eralla alpina and 10 l of a fermentation broth of Crypth 
ecodinium cohnii Were mixed together. To improve the 
?lterability of the mixed broth CaCl2 Was added (end con 
centration of 5 g/l). The mixed broth Was ?ltered and the 
resulting cake Was mechanically deWatered using a typical 
fruit press (citrus press, HAFICO). 

[0251] The cake recovered in this Way Was extruded by 
means of a single screW lab extruder using a universal 
transport screW in a pro?led barrel and a dieplate With one 
hole of 2 mm. The diameter of the extrudate Was about 2 
mm. The extrudate recovered in this Way Was dried in a 

labscale ?uid bed dryer (Tair=40° C., drying time of about 
one hour, air?oW of 150 Nm3/h, AEROMATIC MP-1). The 
dry matter content of the biomass dried in this Way Was 
about 92%. 

[0252] A sample of about 100 g of dried extrudate Was 
used for extraction With hexane (initial volume/biomass 
ratio of 4 l/kg). After 2 hours of extraction at ambient 
temperature the micella Was recovered by means of vacuum 
?ltration. The remaining extracted extrudate Was Washed 
With 4 volumes of fresh hexane (initial volume/biomass ratio 
of 4 l/kg). The Washed hexane Was mixed With the micella 
and the resulting micella Was evaporated at 50° C. (TWater 
bath). In this Way a crude PUFA oil Was recovered containing 
APA (C20:4 m6) and DHA (C22:6 003). 

[0253] The crude oil can be re?ned according methods 
usual for edible/vegetable oils. 

COMPARATIVE EXAMPLE 22 

[0254] The various culturing conditions that Were used to 
obtain the biomass and broths described in the previous 
examples Will noW be given in the folloWing table. 
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Nutrients Temperature Time 
Micro organism Product Process type (g/l) (0 C.) pH (hours) 

Fichia citerril Tetra-Acetyl-Phyto-Sphingosine fed batch glucose: 30 25 6.5-6.8 96 
(—macula citerril) (—TAPA) (glucose feed) yeast eXtract: 3 

(extracellular) salt eXtract: 3 
peptone: 5 

Mortierella alpina arachidonic acid batch glucose: 50 25 5.5-7 120-168 
(intracellular) yeast eXtract: 5 

N2NO1: 5 
KZHPOZ: 3 
MgSO2.7H2O: 0.5 
ammonium salt 
minerals 

Alakerlea triapora [5-carotene batch Pharmedia: 75 26-28 6.5 7 days 
(intracellular) glucose: 10 

KH4PO2: 0.5 
MnSO1.H2O: 0.1 
soybean oil: 30 
cotton seed oil: 30 
deXtrina: 60 
Triton X-100: 1.2 
ascorbic acid: 6 
lactic acid: 2 
thiamine-Hcl: 2 mg 
isomlarid: 0.075% 

Aspergillus terreus Lovastatis fed batch glucose: 20 28 6.5 8 days 
(glucose/ammonia) yeast eXtract: 32.3 

KHZPOZ: 3.5 
Mn2SO1: 1.0 
MgSO2.7H2O: 1.4 
CaCl1.2H2O: 0.1 
PPG (2000) 
(antifoam): 0.1 
trace elements 

[0255] 

Nutrients Temperature Time 
Micro organism Product Process type (g/l) (0 C.) pH (hours) 

Propionlbacterium 5p. Vitamin B12 fed batch glucose: 10 30 5-7.5 168 
(intracellular) lanacerobe, (glucose feed: after corn steep liq.: 60 

4 days: 
10 mg/l 5,6- (PH1)3SO2: 16 
dimethylbenzlmldasole) 

KH2PO1: 0.4 
Na2HPO2.12H2O: 1.5 
MgSO4.7H2O: 0.5 
minerals 
Ca pantothenate: 10 mg 

Cypthecadanium Docaebenoacoic acid fed batch Ocean" arti?cial maenater: 250 20-28 7-7.8 70-80 
cotonil (—DEA) (68 g/l glucoma + 24 g/l yeast (instant) 

(intracellular) eXtract) 
yeast eXtract: 6 
glucose: 12 
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