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Description

Field of the Invention

[0001] This invention describes a process for a
cheese whey treatment and valorisation plant that incor-
porates a continuously operating concentric internal
tube airlift bioreactor with a sedimentation zone at the
top. A lactose fermenting yeast with the ability to form
flocs is used. In this process a high protein concentration
effluent for further processing and food grade ethanol
are obtained, with a reduction in the cheese whey pol-
lutant charge.

Background of the Invention

[0002] Patrice Vienne et al. (Enzyme Microb. Tech-
nol., (1985), 7(6), 287-94, and Biotechnology and Bio-
engineering Symposium, 1983, vol. 13, pages 421-35)
refer to methods for recycling whey, using stirred tank
systems. In one of the alternatives, under operating con-
ditions, the used strains (Kluyveromyces fragilis 665 and
Kluyveromyces lactis NCYC 571), have not the ability to
flocculate and the biomass retention is obtained by us-
ing an ultrafiltration device. In other alternative, where
a flocculating strain is applied (only for the case of Kluy-
veromyces lactis NCYC 571) an exterior sedimentation
unit and a peristaltic pump for biomass recycling are
used. In both articles is referred to that the whey perme-
ate is supplemented with yeast extract.

[0003] Kolodkin A. M., el al. (RU 2036231) refer to a
process for obtaining ethanol from milk whey. It is a
batch process, with no protein removal from cheese
whey prior to fermentation and a mixed culture of two
lactose fermenting yeast strains is used.

[0004] Young-Sup Shim. et al (Journal of Food Sci-
ence and Technology, vol. 30, No. 1, 1998, pages
161-167) also refer to a batch process for obtaining eth-
anol from cheese whey. This process uses a mixed cul-
ture of a bacteria and a yeast.

[0005] Michel Henry et al. (EP-A-0 199 634) describe
a method and device for producing ethanol by alchoolic
fermentation. A non-airlift bioreactor is used in said
process and complementary devices are used to retain
the flocculated biomass.

Summary of the Invention

[0006] The main objective of this invention is the im-
plementation of a process that, when compared with ex-
isting plants, allows for the obtention of a higher produc-
tivity in the alcoholic fermentation with decreased oper-
ating costs.

[0007] The biorector used in the fermentation process
is the main innovative characteristic of this invention,
since all the others operations involved are similar to
already existing processes.

[0008] The proposed unit for cheese whey valorisa-
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tion is implemented at pilot plant scale. It includes the
following processes: after being stored in a retention
tank, cheese whey is fed to a 40000 MWCO organic
membranes ultrafiltration unit where two fractions are
obtained - the permeate and the retentate. Whenever
necessary, cheese whey is pasteurised. The protein rich
fraction - retentate - is stored in a tank for further
processing. The deproteinized cheese whey is fed con-
tinuously to the bioreactor where fermentation occurs.
The outlet flow of the biorector, with a 2.5% (w/v) ethanol
content is stored in a retention tank for distillation in a
batch distillation unit. The solid residues of the distilla-
tion process as well as the biomass purged from the bi-
oreactor are treated in an existing solid wastes treat-
ment plant.

Brief Description of the Figure

[0009] Infig. 1, the bioreactor used in the conversion
of lactose from deproteinized cheese whey to ethanol is
presented. Dimensions are also indicated.

Detailed Description of the Invention

[0010] The bioreactor has atotal volume of 1000 litres
and is composed of two main zones: a central body
formed by two concentric tubes and a decantation zone
(2). The bioreactor is a concentric tube airlift bioreactor,
wherein the air used to promote biomass circulation is
injected at the bottom of the interior tube (3), after ade-
quate sterilisation. Air is fed through a perforated disc
(diameter - 130 mm) with 4 mm holes.

[0011] This process is a continuous fermentation
process that allows for the obtention of 12 gganel™th™
productivities

[0012] Inside and outside tube diameters are, respec-
tively, 180 and 392 mm, in order to assure an adequate
biomass circulation for high cell densities. Thus, the di-
ameter ratio between internal and external tubes is 2.18.
[0013] The decantation zone is an enlarged decanta-
tion zone at the top of the bioreactor, forming a 60° angle
with the main body of the bioreactor

[0014] Inthe top part (2) degassing of the liquid phase
and biomass decantation occur. Biomass is recirculated
to the central body of the bioreactor. In this way, biomass
accumulation is improved and the biomass in the out-
flow is minimised. When an excessive biomass accu-
mulation occurs, purges are done.

[0015] Biomass retention is improved by the use of a
retention device - baffle - installed in the decantation
zone near the effluent outlet of the bioreactor.

[0016] Temperature and pH control systems are also
installed.

[0017] A lactose fermenting yeast - Kluyveromyces
marxianus ATCC 10022 - with the ability to form flocs in
the continuously operating bioreactor is used. This
yeast property allows for the obtention of high biomass
concentrations in the bioreactor and its sedimentation
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ability is used at the top of the bioreactor.

[0018] The conjugation of these two factors - use of a
flocculating yeast strain and an innovative bioreactor
design - makes possible to continuously ferment lactose
to ethanol with higher productivities that the convention-
al batch processes.

Claims

Cheese whey treatment and valorisation process,
characterised by the use of a bioreactor composed
of two main zones:

- acentral body formed by two concentric tubes;
and
- adecantation zone,

wherein the conversion of lactose to ethanol is done
using a flocculating lactose fermenting yeast - Kluy-
veromyces marxianus ATCC 10022.

Cheese whey treatment and valorisation process
according to claim 1, characterized by the use of
a continuous fermentation process.

Cheese whey treatment and valorization process
according to claim 1 or 2, characterized by the de-
cantation zone is an enlarged decantation zone at
the top, forming a 60° angle with the main body of
the bioreactor.

Cheese whey treatment and valorisation process
according to any one of claims 1 to 3, character-
ised by the bioreactor is a concentric tube airlift bi-
oreactor, wherein the air is injected in the bottom of
the internal tube being 2.18 the diameter ratio be-
tween internal and external tubes.

Cheese whey treatment and valorisation process
according to any one of claims 1 to 4, character-
ised by sedimentation of said yeast is used at the
top of the bioreactor.

Cheese whey treatment and valorization process
according to any one of claims 1 to 5, character-
ised by the placement of a baffle in the decantation
zone near the effluent outlet of the bioreactor.

Patentanspriiche

1.

Verfahren zur Behandlung und Aufwertung von K&-
semolke, gekennzeichnet durch die Verwendung
eines Bioreaktors, der aus zwei Hauptzonen be-
steht:

- einem zentralen Kérper, der aus zwei konzen-
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trischen Rohren geformt ist; und
- einer Dekantierzone,

worin die Umwandlung von Laktose zu Athanol un-
ter Verwendung einer ausflockenden Laktose ver-
garenden Hefe - Kluyveromyces marxianus ATCC
10022 durchgefihrt wird.

2. Verfahren zur Behandlung und Aufwertung von Ka-
semolke gemal Anspruch 1, gekennzeichnet
durch die Verwendung eines kontinuierlichen Fer-
mentationsverfahrens.

3. Verfahren zur Behandlung und Aufwertung von Ka-
semolke gemaR Anspruch 1 oder Anspruch 2, da-
durch gekennzeichnet, dass die Dekantierzone
eine vergrofRerte Dekantierzone am oberen Ende
ist, die einen 60°-Winkel mit dem Hauptkorper des
Bioreaktors bildet.

4. Verfahren zur Behandlung und Aufwertung von K&-
semolke nach einem der Anspriiche 1 bis 3, da-
durch gekennzeichnet, dass der Bioreaktor ein
konzentrischer Roéhren-Airlift-Bioreaktor ist, worin
die Luft am oberen Ende der inneren Réhre einge-
blasen wird, und das Verhaltnis des Durchmessers
von innerer und dulRerer Rohre 2,18 ist.

5. Verfahren zur Behandlung und Aufwertung von Ké-
semolke nach einem der Anspriiche 1 bis 4, da-
durch gekennzeichnet, dass die Sedimentation
der Hefe am oberen Ende des Bioreaktors durch-
geflhrt wird.

6. Verfahren zur Behandlung und Aufwertung von Ka-
semolke nach einem der Anspriiche 1 bis 5, da-
durch gekennzeichnet, dass eine Ablenkplatte in
der Dekantierzone nahe des Abfluss-Auslasses
des Bioreaktors angeordnet ist.

Revendications

1. Procédé de traitement et de mise en valeur de lac-
tosérum de fromage, caractérisé par I'utilisation
d'un bioréacteur composé de deux zones
principales :

- un corps central formé par deux tubes
concentriques ; et
- une zone de décantation,

dans lequel la conversion du lactose en étha-
nol est réalisée en utilisant une levure de fermenta-
tion floculante du lactose - Kluyveromyces marxia-
nus ATCC 10022.

2. Procédé de traitement et de mise en valeur de lac-
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tosérum de fromage selon la revendication 1, ca-
ractérisé par |'utilisation d'un procédé de fermen-
tation en continu.

Procédé de traitement et de mise en valeur de lac- 5
tosérum de fromage selon la revendication 1 ou 2,
caractérisé en ce que la zone de décantation est
une zone de décantation agrandie dans sa partie
supérieure, et forme un angle de 60° avec le corps
principal du bioréacteur. 10

Procédé de traitement et de mise en valeur de lac-
tosérum de fromage selon I'une quelconque des re-
vendications 1 a 3, caractérisé en ce que le bio-
réacteur est un bioréacteur a agitation par circula- 15
tion d'air a tube concentrique, dans lequel de I'air

est injecté dans le fond du tube intérieur, et le rap-
port de diameétre entre les tubes intérieur et exté-
rieur est de 2,18.

20
Procédé de traitement et de mise en valeur de lac-
tosérum de fromage selon I'une quelconque des re-
vendications 1 a 4, caractérisé en ce que la sédi-
mentation de ladite levure est utilisée dans la partie
supérieure du bioréacteur. 25

Procédé de traitement et de mise en valeur de lac-
tosérum de fromage selon I'une quelconque des re-
vendications 1 a 5, caractérisé par le placement
d'une chicane dans la zone de décantation prés de 30
la sortie des effluents du bioréacteur.
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