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v strate. In a first step of the method, the substrate is loaded via a loading area of a sealed hollow vessel at a first end of the vessel. A
fluid for moistening said substrate may be introduced into the vessel, the vessel being further provided with means for at least partly
Yo sterilising or pasteurising the moistened substrate. In a second step, the substrate is passed through a bounded zone of transport
~ towards the front of the machine until it reaches the other end of thereof. In a third step, the substrate is passed through a zone
of transport towards the rear of the vessel so as to return the substrate to the first end, the zones of transport towards the front and
towards the rear being separated from each other by a tubular partition. During the return transport the substrate may be subjected to
o tumbling. The second and third steps are repeated as many times as necessary to obtain homogeneous and at least partial sterilisation
a or homogeneous and complete pasteurisation of said substrate. A machine is also described for carrying out the method. Application
to sterilising or pasteurising organic substrate such as growth media for plants or mushrooms.
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METHOD AND APPARATUS FOR STERILISING AND/OR PASTEURISING GROWTH MEDIA

The present invention relates to a method of at least partly sterilising or pasteurising
material, especially organic material such as growth media and nutrient layers, in
particular for plants and mushrooms, but also other types of wastes such as hospital

wastes; and to equipment for implementing the method.

Technical Background

Mushrooms (cultivated or wild) and some plants, in particular vegetables (for
example endive, tomato), fruit (for example, raspberry, kiwi fruit) and fruit trees, are
habitually grown by placing them on a substrate such as a growth medium or a nutrient
layer to encourage their growth or, in the case of plant seeds to make them germinate. A
great variety of organic materials can be used for the substrate, for instance, peat, soil,
sawdust, straw, hay, plant waste (corn, wood), wood chips (for example hedge
clippings), cereals (for example, wheat, rye, millet) and the like. White mushrooms are
also habitually grown on a top layer of a nutrient medium such as peat. It is usually
necessary to at least partly sterilise or completely pasteurise the substrate before it is
used 1 order to eliminate harmful baé:teria, germs, microbes, micro-organisms, Worms
and other undesirable infectious agents that could contaminate the mushrooms and/or
the plants grown on the medium. It is also necessary to cool said substrate after
sterilising or pasteurising it so that it can be packaged in the sterile state or, in the case
of mushrooms, seeded.

Val:ious methods and apparatus have been described for sterilising or
pasteurising organic substances. Generally, it is desired to pasteurise organic material
while maintaining or providing a certain moisture content. A simple device is described
in US 4,915,606 which involves placing the growth medium in a steam oven. This
approach requires. a considerable time before the sterilisation process has penetrated into
the core of any large pieces of the medium. It would better to break up the pieces of the
growth medium and to stir 1t continuously. This has been attempted partly in an
apparatus described m BE 890 468. It makes use of a simple rotating drum for tumbling

the material. To provide more active stirring, addition of an internal screw is proposed
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1 GB 2 002 645, DE 43 15 660 and DE 699 387. A further refinement i1s described in

EP 276645 1n which a centrally located screw runs in a trough and the material can be
discharged from the outer hollow drum by reversing the direction of the screw.

None of the above machines provides satisfactory reproducibility of the
uniformity of the sterilised or pasteurised growth medium. There is no guarantee that
small volumes of the processed material are still not properly pasteurised.

An alternative approach is to try and process materials within a long tube having
an internal screw as disclosed in EP 931 553, US 5,406,747 or JP 4045719. Such
apparatus may guarantee that the material follows a well-defined path and is
continuously stirred by the drive screw. A disadvantage of this approach is that a very
1bng tube (or tubes) 1s (are) required or a very low throughput is obtained if the
appreciable residence times for sterilisation or pasteurisation times are to be obtained.
Such a long tube is not suitable for the cramped production space often encountered in
small and medium size enterprises. As a partial solution to these problems WO
98/48853 proposes using two tubes at an angle to each other and a holding chamber
placed at the junction of the two for allowing a dwell time of the material. The total
machine still takes up a great deal of space for a very little chamber volume and
therefore a low throughput. Due to the large exposed heated surface area, heat loss is
large resulting in low heat efﬁoieﬁoy. .

The present invention aims to solve the above problems in a simple and reliable
manner and without recourse to a device that is costly or difficult to maintain despite the
fact that the confusing variety of unsuccessful known solutions provides no clear
indication of a preferred development direction.

Heﬁce, a first object of the present invention is to provide a simple, reliable
(reproducible) and effective (high yield in minimum time) method of obtaining a
substrate such as a growth medium for plants and mushrooms that is at least partly
sterilised or completely pasteurised. The sterilised or pasteurised substrate is then
cooled for sterile ﬁackaging or seeding.

A second object of the present invention is to prdvide equipment for obtaining
an at least partially sterilised or pasteurised substrate such as a growth medium for
plants and mushrooms that is economical to construct, maintain and use. To be more

specific, one object of the invention is to provide an apparatus whose design
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~ concentrates on simplifying the hardware and reducing the power reqﬁired to operate 1t.

Summary of the Invention

The present inventor has determined that adequate pasteurisation cannot be
achieved if the treatment time/process of the growth medium varies significantly from
one portion to another within the medium in the same load. The present inventor has
determined for the first time why commercially available rotary machines suffer from
this problem and has developed a solution which has been extensively tested. The
design of this commercial equipment is such that some parts of the material to be
processed experience a different level of pasteurisation or sterilisation, e.g. less
pasteurisation time, than others. The consequence 1s incomplete pasteurisation of these
parts and poor quality (non-homogeneity) of the corresponding processed material.

In a first aspect, the present invention provides a discontinuous - or batch -
method of homogeneously and at least partially sterilising or homogeneously and
completely pasteurising a substrate, in which method:

- 1n a first step, said substrate is loaded into a hollow vessel, the hollow vessel being
provided with means for at least partly sterilising or pasteurising the substrate;

- 1n a second step the hollow vessel is rotated and heat energy is supplied to the
substrate, during the rotation of tﬁe vessel the substrate is transported towards an
end of the vessel 1n a first direction through a tubular section located within the
hollow vessel, the tubular section having a first and a second end;

- 1n a third step, the substrate is discharged from the second end of the tubular section
into the rotating hollow vessel and is transported in a second direction opposite to
that of the first direction in the hollow vessel until it reaches the first end of the
tubular section, the substrate transported in the first direction being separated from
the substrate transported in the second direction by a wall of the tubular section, and

- the second and third steps are repeated to obtain homogeneous and at least partial
sterilisation of homogeneous and complete pasteurisation of said substrate.

Preferably the substrate is introduced at an end of the hollow adjacent the first end of the

tubular section. A fluid for moistening said substrate may be optionally introduced into

or with the substrate as 1t 1s introduced into the vessel. The hollow vessel may be sealed

during processing which allows pressurisation of the vessel. To remove the processed
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~ substrate, preferably following an internal or external cooling step, it 1s discharged from

the machine for subsequent packaging in the sterile state or, if the substrate is a
mushroom growth medium, for seeding in a sterile chamber. In an advantageous variant
of the method according to the invention, sterilised or pasteurised mushroom growth
medium can be seeded inside the apparatus, after it has cooled, before the step of
discharging it from said machine.

In a first preferred embodiment of the method according to the invention,
transport in the first and second directions is concentric and, more particularly, coaxial
with the rotation axis of the vessel. In another preferred embodiment of the method the
first end of tubular section has an opening for allowing the substrate access to the
transport device within the tubular section and hence transfer into the tubular section.
This opening may be provided by the upper section of a trough which partly surrounds
the transport device. The trough and the tubular section are preferably co-axial. The
length of the opening above the trough compared to the length of the tubular secti;)n 1S
such that homogeneous pasteurising is obtained. The length of this opening defines the
ease of access to the tubular section and caﬁ therefore determine the residence times in
the tubular section and/or in the hollow vessel.

Depending on the desired pasteurisation temperature and optionally on the
altitude at which the method is carriea out, the second and third steps of the method
according to the invention are preferably carried out at a pressure slightly greater than
atmospheric pressure. A simple way to achieve this is to introduce a moistening fluid
into the hollow vessel in a sealed state before heating — the vapour generated by heating
the liquid will then pressurise the vessel. To save time however; it is preferred to
introduce ﬁoisteﬁng fluid at a high temperature — this reduces the time to heat up at the
start, and hence reduces overall process time. For example, when water is used boiling
water may be introduced into. the vessel at the start.

In a preferred embodiment of the method according to the invention the tubular
section is preferaﬁly coaxial with the rotation axis of the vessel and the tubular section
includes within it a transport device, e.g. a transport screw. In the context of the present
Invention, the expression "tubular section" means any conduit, regardless of the shape of
its cross-section (triangular, square, rectangular, pentagonal, hexagonal, circular, oval,

elliptical, polygonal or any other shape). If required, the wall of the tubular section can
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~ be perforated provided that the number and/or the size of the holes does not interfere

with the prime function of the section, which is separation of the material flows in the
first and second direction, e.g. the holes should not allow substantial mixing of the two
flows. The tubular partition 1s preferably provided with a cross-section which avoids
clogging in the tubular section. For example, the tubular section may have a cross-
section with sharp edges or ridges on the inside of the wall to prevent sticking (non-
circulation) of the substrate in the tubular section.

The transport device 1n the tubular section is preferably one whose direction can
be reversed, such as a transport screw. The rotation speeds of the hollow vessel, on the
one hand, and the transport device in the tubular section, on the other hand, can be the
same or different but are preferably settable. Also, the transport speed of the transport
device inside the tubular section can be varied during processing, and in particular
transport can be stopped as soon as the machine operator is satisfied with the
homogeneity obtained. However, the rotation speed (expressed in revolutions per
minute or rpm) of the vessel is most often adjusted to be less than that of the transport
device. By way of example only, the rotation speed of the vessel may be in the range
0.5 rpm to approximately 5 rpm, and that of the transport device may be up to
approximately 100 rpm, depending on various factors such as its diameter. The means
for at least partly sterilising or pasteuﬁsing the substrate are preferably housed in a part
of the apparatus such that at least partial sterilisation or pasteurisation begins at least
during the third step.of the method according to the invention, and preferably as early as
the second step. For example, this is conveniently achieved by providing equipment for
maintaining a sterilising or pasteurising temperature on the inside wall of the hollow
vessel and/or on or in the tubular section itself, as described in more detail hereinafter.
However, other equipment may be provided, e.g. steam injection.

The geometrical dimensions, in particular the longitudinal and transverse
dimensions, such as the length and the diameter - in the case of a hollow vessel - or the
width, of the various components of the apparatus, and the rotation speeds of the vessel
and the transport device within it, are preferably chosen to operate in conjunction so that
the time for which each fraction of the substrate is effectively subjected to the sterilising
or pasteurising conditions is uniform in each part of the machine throughout the

processing, so contributing to a homogeneous quality of the end product.
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In the context of the present invention, the expression "moistening fluid" means
a gaseous or preferably liquid fluid which can be mixed with the substrate and, by being
mixed homogeneously with the substrate, can constitute a medium that can be
completely pasteurised or at least partly sterilised. For example the fluid may be water
at a temperature from approximately 5°C to approximately 95°C, or steam. The quantity
of moistening fluid employed is determined by the nature of the substrate (which varies
considerably from one growth medium to another), by the moisture content of the
substrate before it is loaded into the sealed rotary machine, and by the texture required
for easy transportation of the substrate moistened in said machine. By way of example,
the quantity of moistening fluid introduced is preferably such that the proportion of dry
material in the sealed rotary machine is from approximately 20% by weight to
approximately 60% by weight, i.e. so that the water/substrate weight ratio is from
approximately 2:3 to approximately 4:1. Depending on the nature of the substrate to be
treated by the method according to the invention, it is not always necessary to employ
completely sterilising conditions.

In accordance with a second aspect of the present invention, an apparatus for at
least partly sterilising or pasteurising a substrate such as a growth medium for plants or
mushrooms is provided comprising:

- a hollow vessel which can be rotafed about a rotation axis, for example a horizontal
or quasi-horizontal axis, the vessel being provided with means for at least partly
sterilising or completely pasteurising the substrate;

- an openming for loading the substrate into the vessel (for example from a hopper or a
conventional transport system);h

- a tra.nsﬁort device for transporting the substrate and extending throughout a
substantial portion of the interior of the hollow vessel, and

- atubular partition surrounding the transport device over at least a substantial

portion of its length, to separate transport of the substrate towards one end of the

vessel in a ﬁrét direction with the transport device from transport of the substrate
within the hollow vessel in a direction opposite to the first direction.
By substantial is meant at least 25%, preferably 30 % or more, e.g. 50%.
Further, the vessel may be provided with means for introducing a moistening fluid into

the vessel. The vessel preferably has a means for discharging the substrate after
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- processing. The vessel may also be sealed during processing, for example by a valve

disposed at one end of the vessel (preferably the same end as loading is carried out) to
load the substrate and/or discharge the pasteurised or sterilised substrate.

For reasons of efficiency, the tubular partition and the hollow vessel are
clongate, and for example cylindrical or quasi-cylindrical, parallelepiped or quasi-
parallelepiped, and the method of the invention is preferably carried out with the
rotation axis of the vessel being‘ substantially horizontal or with a tilt of less than 25°
and, for example, 5 or 10° downwards towards the first end of the tubular section.

As previously indicated with regard to the method forming the first aspect of the |
present invention, the separator partition of the above equipment is a tubular partition,
such as a tubular passage having a longitudinal axis parallel or coaxial with the rotation
axis of the vessel, and separatipg the transport zone for transporting the substrate inside
the tubular passage, on the one hand, and the transport of the substrate in the transport
zone outside the tubular passage in the reverse direction, between it and the inside wall
of the vessel, on the other hand.

The means for introducing a moistening fluid préferably take the form of a
simple inlet pipe for said fluid inside the vessel, for example a tube at the end of the
vessel opposite the means for loading and discharging the substrate. The means for at
least partly sterilising or completely basteurising the substrate can take the form, for
example, of at least one jacket for circulating a hot fluid, such as steam or water
maintained at a temperature from, for example, approximately 60°C to approximately
140°C, disposed on the wall of the vessel. The same means could be used, after
sterilisation or pasteurisation of the substrate has been completed, to cool the sterilised
or pasteurised substrate by circulating a cold fluid, such as water at a temperature from
approximately 5°C to approximately 30°C (depending on local climatic conditions), for
the time necessary to cool the substrate to a temperature compatible with sterile
packaging or, in the case of a substrate constituting a mushroom growth medium, for
seeding the substrate.

In a preferred embodiment of the invention, the transport device passes through
a hole in the end of the vessel. By reversing the transport device, the processed substrate
may be discharged from the vessel through this hole. In another variant of the present

invention, the tubular section defined by the tubular partition can be provided with
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‘means for sterilising or pasteurising the moistened substrate, for example a jacket

surrounding said tubular section over a substantial part of its length for circulating a hot
fluid as previously defined, in order to increase the surface area of contact and therefore
the transfer of heat between the substrate to be sterilised or pasteurised and said hot

fluid and consequently to increase the efficiency of the operation. The hot fluid

~ circulation jacket around the tubular section can, 1f necessary, communicate with the

jacket on the wall of the vessel to sterilise or pasteurise the moistened substrate, or can

even replace it.

In accordance with the present invention, the transport device can be a transport
screw or a spiral conveyor. In accordance with the present invention, the transport
device is preferably provided with a reversible drive means such as a motor, for
example a reversible electric or hydraulic motor.

The present invention may also provide a discontinuous - or batch - method of
hémogeneously and at least partially sterilising or homogeneously and completely
pasteurising a substrate, in which method:

- in a first step, said substrate is loaded into a hollow vessel, the hollow vessel being
provided with means for at least partly sterilising or pasteurising the substrate;

- in a second step the substrate 1s trgmsported towards an end of the vessel 1n a first
direction through a tubular section located within the hollow vessel, the tubular
section having a first and a second end,

- in a third step, the substrate is discharged from the second end of the tubular section
into the hollow vessel and is transported in a second direction opposite to that of the
first dir_ection in the hollow vessel until it reaches the first end of the tubular section,
the substrate transported in the ﬁfst direction being separated from the substrate
transported in the second direction by a wall of the tubular section, and

. the second and third steps are repeated to obtain homogeneous and at least partial
sterilisation or homogeneous and complete pasteurisation of said substrate. The
material flow in the first and second directions is preferably concentric within the
vessel. Preferably, the substrate is dispersed and distributed within the vessel in the
second direction, e.g. by tumbling or by active distribution.

The present invention may also provide an apparatus for at least partly sterilising

or pasteurising a substrate such as a growth medium for plants or mushrooms 1s
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. provided comprising:

- ahollow vessel provided with means for at least partly sterilising or completely

pasteurising the substrate;
- an opening for loading the substrate into the vessel (for example from a hopper or a

conventional transport system);
- atransport device for transporting the substrate and extending throughout a

substantial portion of the interior of the hollow vessel, and
- atubular partition surrounding the transport device over at least a substantial
portion of its length, the tubular partition defining a first transport zone within the
tubular partition and a second transport zone between the tubular partition and an inside
wall of the hollow vessel, the tubular partition being adapted to separate transport of the
substrate towards one end of the vessel in a first direction with the transport device from
transport of the substrate within the hollow vessel in a direction opposite to the first
ciirection. Preferably, the flow of material in the second direction is concentric with
respect to the flow in the first direction. Preferably, a substrate distribution means is
provided as the substrate 1s transported in the second direction, e.g. by rotating the
vessel to cause tumbling or by an active distribution means.

The invention will now be described with reference to the accompanying figures

which are provided by way of example only and with no intention of limiting the

present invention.

Brief Description of the drawings

Figure 1 1s a partly cutaway diagrammatic side elevation view of an apparatus

according to an embodiment of the present invention.

X

Figures 2a, b, ¢,d show cross-sections through parts of the vessel such as trough

and tubular sections of the embodiment of Figure 1.

Figure 3 shows a further embodiment of the present invention

Description of the illustrative embodiments

The present invention will be described with reference to certain embodiments
and drawings but is not limited thereto but only by the claims. The present invention

will mainly be described with reference to pasteurising growth media for mushrooms
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. but the present invention is not limited thereto and may include sterilising wastes such

as hospital waste.

An apparatus for partial sterilisation or pasteurisation in accordance with an
embodiment of the present invention will be described with reference to Figure 1. The
apparatus includes a hollow, e.g. cylindrical vessel (1a) which can be rotated about a
substantially horizontal or inclined rotation axis. It may be rotated by two pairs of drive
wheels (15a) and (15b) fixed to respective supports (18a) and (18b). The vessel (1a) has
at one end a system preferably including a sealed valve (5) for loading the material to be
sterilised or pasteurised (from a storage and/or transport system, for examplé a hopper,
not shown in Figure 1). The seal between the loading system and the vessel (1a) may be
provided by a rotary seal (8). A transport device such as an Archimedes screw or spiral
transporter (2) below the valve (5) and constrained to rotate with the vessel (1a) by
fixing means, in this instance a cone (19) and a sealed bearing (9b) fixed to said cone,
e)'(tends almost the entire length of the vessel (1a) and the entire length of the
aforementioned loading system. This transport device is provided for controlled and
regular transport of the material. The sealed bearing (9b) holds the Archimedes screw
(2) in position and allows for any differential expansion between the components. The
end of the Archimedes screw (2) at the same end as the loading system is driven by a
reversible hydraulic or electric motor (7). The seal between the loading system and the
shaft driven by the motor (7) is provided by a rotary seal (9a) with a bearing. A
cylindrical trough (3) coaxial with the Archimedes screw (2) and of slightly larger
radius than the Archimedes screw (2) receives the material to be sterilised or pasteurised
from the loading system. The trough (3) 1s fastened to the frame (14) by fixing means
(20). A tubular passage (4) fixed to the vessel (1a) by fixing means (21a) and (21b) 1s
coaxial with the Archimedes screw (2) and its radius is at least equal to that of the
trough (3). The tubular passage (4) extends a substantial portion of the length of the
vessel (1a) and may overlap slightly beyond the end of the trough (3). The trough has an
open top, the length of this opening being preferably less than the length of the tubular
passage. |

Furthermore, the wall of the vessel (1a) may be provided with a jacket (1b) for
circulating water or steam or other heating fluid such as hot oil. The jacket is preferably

made from a corrosion-resistant material depending on the composition, temperature
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. and quality of the circulating fluid. The jacket (1b) has an inlet (11) for example,

connected to a water supply and a outlet (12) at the same or another end of the vessel
(1a). These are conveniently placed opposite the end for loading the material to be
sterilised or pasteurised. The seal between the fluid circulation/injection system
(10,11,12) and the vessel (1a) 1s provided by a rotary seal (13) made of a material
capable of resisting the temperature of the circulating fluid for a long time. Suitable
materials include natural rubber, butyl rubber, polytetrafiuoroethylene (for example
Teflon®), bronze or a ceramic. The apparatus according to the invention further
includes a tube (10) for admaitting fluid into the interior of the vessel (1a), said tube
preferably being located at the end of the vesssel (1a) opposite the end for loading the
material to be sterilised or pasteurised, 1.e. near the inlet (11) and the outlet (12) for
circulating heating fluid. Finally, the Figure 1 shows two pairs of load cells (16a) and
(16b) for weighing the water and the growth medium to be treated in the vessel.
Although the present invention has been described with reference to a heating jacket 1b,
other heating may be used such as steam injection, infra red radiators, or direct electrical
heating using heating elements attached to the vessel wall. .

The Archimedes screw (2) rotates inside the fubular passage (4) - itself rotating
at the same time as the vessel (1a) whereas the trough 3 remains stationary. The tubular
passage (4) 1s defined by a wall constituting a separator between the zone of transport
towards the front (inside the passage) and the zone of transport towards the rear (outside
the passage, between it and the iner wall of the water circulation jacket (1b)). The wall
defining the tubular section may be solid or perforated. However, if perforated the
number and/or the size of the holes preferably should not interfere with the prime
function of separation of the material flows towards the front and back of the machine,
e.g. the holes should not allow substantial mixing of the two flows. The holes should
preferably be small enough that material does not exit from the tubular passage into the
vessel until it has reached the end of the tubular passage (4). Detailed cross-sections
through the tubular section and the trough section are shown in Figures 2a, b, c. As
shown 1n Fig. 2b, the cross-section of the tubular section may be provided with ridges or
other shapes to prevent clogging of the screw (2) in the tubular section.

A second sealed valve (6) near the sealed valve (5) of the loading system and

below the Archimedes screw (2) is used to discharge the sterilised or pasteurised
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- material from the vessel, after it has cooled to ambient temperature, by reversing the
direction of the Archimedes screw. The material may be discharged into a sterile
enclosure (17) from which a transport system (not shown in Figure 1) may convey it to
a packaging device such as a packaging machine. The rotary seal (8), the valves (5,6)
and the trough (3) may be an integral piece of equipment. In variants of this

- embodiment that 1s not shown 1n Figure 1, the hot fluid mlet tube (10) may located in

other positions, e.g. between the sealed valves (5) and (6).

The apparatus operates 1n the following manner: 1n a first step a moisturising
fluid, e.g. hot water, the quantity and temperature of which have been determined
beforehand, depending on the nature and the moisture content of the material to be
processed, 1s introduced 1nto the vessel (1a) by means of the pipe (10) and the increase
in weight determined by means of the pairs of load cells (16a) and (16b). During this
time hot water, or where applicable steam, hot o1l or other hot fluid, is introduced via
the water inlet (11) and circulated in the jacket (1b) to the fluid outlet (12). In a second
step, the solid material to be at least partly sterilised or pasteurised, for example a
growth medium for plants or mushrooms, is loaded into the vessel (1a) via the sealed
valve (5) by means of a transport system (not shown in Figure 1). At the same time, the
motor (7) 1s started to drive the Archimedes screw (2) in such a rotational direction that
the material 1s transported from the Io.ading area 1nto the vessel and towards the remote
end thereof. The rotation of the screw entrains and transports the material that has just
been loaded, towards and through the trough (3) and then to and through the tubular
passage (4). At the remote end of the tubular passage 4, near the mlet tube (10), the
material 1s discharged into the hollow space of the vessel. The material is then forced to
follow an (Spposite path, 1.e. to be transported towards the rear, in a substantial portion
of the annular volume between the tubular passage (4) and the wall of the jacket (1b), by
virtue of the rotation of the latter. A further transport device e.g. spiral inclined blades
(22), may be provided on the inside wall of the hollow vessel to assist in this backwards
movement. The movement in the reverse direction is preferably carried out in a
controlled and regular way. Further, this second transpoﬁ device should preferably
allow tumbling of the material. When the material reaches the first end of the vessel (1a)
1t enters the trough (3) through its opening at the top. This entry may be assisted by

assisting means provided by, for example, blades (23) shown scematically in Figure 2d
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~ 1In cross-section. In the annular volume between the tubular passage and the inner wall

of the vessel, which may be referred to as an "zone of transport towards the rear", the
temperature of the moistened solid material is changed to or maintained at a value
suitable for it to be sterilised or pasteurised by the hot water, steam, oil or other hot fluid
circulating in the jacket (1b). At the end of this transport and because of the rotation of
the vessel (1a), the returning material being sterilised or pasteurised drops into the
trough (3), where the Archimedes screw (2) transports it again towards the front of the
vessel (1a) thus providing recycling of the material. In this way the solid material is
constantly and completely mixed in the vessel (1a), in particular by dropping into the
trough (3) and being conveyed towards the front by the screw (2) inside the tubular
passage (4), whilst undergoing the sterilisation or pasteurisation resulting from the
chosen temperature and duration of the operation. In accordance with an aspect of the
present invention the material 1s transported 1n a tubular passage in a first step and then
returned in a tumbling manner to the start of the tubular passage whereby the material
may not tumble into the tubular section so that material cannot take a “short cut”. This
combination provides uniform sterilisation and pasteurisation because all maternial is
forced to take the same path. However, the vessel is of small size, making efficient use
of all volume, and the heated surface area is kept to a minimum.

Depending on the nature of tﬁe solid material treated, when it 1s considered that
sterilisation or pasteurisation is sufficiently complete, the hot fluid circulating in the
jacket (1b) 1s replaced with cold fluid, the vessel (1a) continuing to rotate if necessary.
This cools the sterilised or pasteurised material before it is discharged or, in the case of
mushroom growth medium, before sterile seeding thereof with the usual quantity of
mushroom-seed - from approximately 0.5% to approximately 5% by weight of the
growth medium. One aspect of the present invention is a cooling step carried out in the
sealed vessel 1, that is a sterile cooling step.

The motor (7) then reverses the direction of rotation of the Archimedes screw (2)
in order to transpé)rt the sterilised or pasteurised and cooled material from the trough (3)
to the sterile enclosure (17) via the valve (6). By rotating the vessel and operating the
screw (2) 1n the reverse direction all the material is discharged from the vessel.

As an alternative to the embodiments that have just been explained, it is also

possible, without departing from the defined scope of the present invention, to moisten
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‘the substrate to be sterilised or pasteurised before it is introduced into the vessel (1a) by

means of the sealed valve (5) or between the sealed valves (5) and (6), in which case the
fluid inlet pipe (10) is of no utility and can be omitted.
While the invention has been shown and described with reference to preferred

embodiments, it will be understood by those skilled in the art that various changes or

- modifications in form and detail may be made without departing from the scope and

spirit of this invention. For example, the vessel may be pressurised during processing,
e.g. by the introduction of pressurised air or by sealing the vessel during heating which
will automatically raise the pressure.

A further embodiment of the present invention will be described with reference
to Fig. 3. As one example of the present invention has been described in detail, only
essential items of this embodiment will be described. The apparatus comprises a hollow
vessel having an outer wall 31 which may comprise, particularly in the vertical sections
a double-walled structure 31a, 31b. The space between these walls 31a, 31b may be
used for circulation of heating or cooling fluids. Suitable fluid pipes, pumps and heaters
may be provided. Centrally located in the vessel is a vertical tubular section 34 which
separates the vessel into two parts — an outer transport zone between the tubular section
34 and the inside of the tubular section which forms a second transport zone. Located in
the tubular section 1s a transport deviée, e.g. a screw 32. The screw 32 transports the
substrate from the base of the vessel to an outlet point close to the top of the vessel. The
tubular section 34 may be separately heated, e.g. by electrical heating elements or by
flow of heated fluids in the wall of the tubular section. Substrate may be introduced via
a sealed valve 35 located on the top of the vessel.

In the tubular section 34, the substrate will be compressed to a certain degree. In
order to break up substrate and allow better pasteurisation, a substrate distributor 33 1s
provided just below the top of the tubular section 34. The distributor 33 comprises a
number of paddles 37 arranged radially which are driven to rotate, €.g. by a ring motor.
These paddles 37 strike the falling substrate, break it up and fling it against the inner
wall of the vessel 31. By this means a similar action is provided as is provided by the
tumbling action of the first embodiment.

The substrate falls to the bottom of the vessel and re-enters the tubular section.

Additional transport devices (not shown) may be provided at the base of the vessel to
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. transport substrate from the outer portions of the vessel base to the centre,

After pasteurisation, cooling fluid may supplied to the space between walls 31a

and b and optionally in the walls of the tubular section to cool the substrate in a sealed

sterile manner.
To empty the vessel, a second valve 36 located at the bottom and preferably in
the centre of the vessel may be opened. Screw 32 may be reversed to assist in removing

the processed substrate from the vessel. The base of the vessel may be generally sloping

downwards towards the centre, €.g. in the form of a cone 1n order to assist the removal

of the substrate.
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. CLAIMS

1. A discontinuous - or batch - method of at least partially sterilising or homogeneously

and completely pasteurising a substrate, in which method:

in a first step, said substrate is loaded into a hollow vessel, the hollow vessel being
provided with means for at least partly sterilising or pasteurising the substrate;

in a second step the hollow vessel is rotated and heat energy is supplied to the

substrate, during the rotation of the vessel the substrate being transported towards an

end of the vessel in a first direction through a tubular section located within the
hollow vessel, the tubular section having a first and a second end;

in a third step, the substrate 1s discharged from the second end of the tubular section
Into the rotating hollow vessel and is transported in a second direction opposite to
that of the first direction in the hollow vessel until it reaches the first end of the
tubular section, the substrate transported in the first direction being separated from
the substrate transported in the second direction by a wall of the tubular section; and
the second and third steps are repeated to obtain homogeneous and at least partial

sterilisation or homogeneous and complete pasteurisation of said substrate.

2. The method according to claim 1, wherein the second step is effected by transporting

the substrate in the first direction within the tubular section by means of transport device

situated substantially inside said tubular section.

3. The method according to claim 2, wherein the substrate is discharged from the vessel

by reversing the direction of the transport device.

4. The method according to any of claims 1 to 4, wherein during the transport in the

second direction the substrate is subjected to tumbling.

5. A method according to any of claims 1 to 4, wherein the homogeneously completely

pasteurised or at least partly sterilised substrate is subjected to a cooling step in the

vessel.
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. 6. The method according to any previous claim further comprising the step of

mtroducing a fluid for moistening said substrate.

7. The method according to claim 6, wherein the quantity of moistening fluid introduced
in the first step 1s such that the concentration of dry material in the sealed rotary

machine 1s from 20% by weight to 60% by weight.

8. The method according to any of the previous claims wherein the hollow vessel is

sealed during sterilisation or pasteurisation.

9. The method according to any previous claim, wherein the substrate 1s an organic

material.

10. The method according to claim 9, wherein the substrate is a growth or nutrient

medium.

11. The method according to claim 10, wherein the growth medium is seeded inside the

vessel, after 1t has cooled, before the step of discharging it from the vessel.

12. Apparatus for at least partly sterilising or pasteurising a substrate, comprising:

- ahollow vessel which can be rotated about a rotation axis, the vessel being provided
with means for at least partly sterilising or completely pasteurising the substrate;

- an opening for loading the substrate into the vessel (for example from a hopper or a
conventional transport system);

- a first transport device for transporting the substrate and extending throughout a
substantial portion of the interior of the hollow vessel, and

- atubular partition surrounding the first transport device to separate transport of the
substrate with the transport device towards one end of the vessel in a first direction

from transport of the substrate within the hollow vessel in a direction opposite to the

first direction.

13. The apparatus according to claim 12, wherein the tubular partition extends over at
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~ least a majority portion of the length of the first transport device.

14, The apparatus according to claim 12 or 13, further comprising means for introducing

a moistening fluid into the vessel.

15. The apparatus according to any of claims 12 to 14, further comprising means for

discharging the substrate from the vessel.

16. The apparatus according to claim 15, wherein the discharging means comprises a

- reverse drive for the first transport device.

17. The apparatus according to any of the claims 12 to 16, wherein the vessel is

provided with a means for sealing during processing.

18. The apparatus according to any of claims 12 to 17, wherein the tubular partition and

the hollow vessel are elongate, cylindrical or quasi-cylindrical, parallelepiped or quasi-

parallelepiped.

19. The apparatus according to any of the claims 12 to 18, wherein the tubular partition

comprises a means for preventing clogging of the substrate within the tubular partition.

20. The apparatus according to any of the claims 12 to 19 wherein the rotation axis of

the vessel is substantially horizontal or with a tilt of less than 25° and preferably less
than 10°.

21. The apparatus according to any of the claims 12 to 20 wherein, the means for
sterilising or pasteurising the substrate comprises a fluid circulation jacket around the

tubular partition and/or a fluid circulation envelope on a wall of the vessel.

22. The apparatus according to any of claims 12 to 21, wherein the first transport device

1S a screw, worm spiral conveyor.
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- 23. The apparatus according to any of the claims 12 to 22 further comprising a second

transporting device for transporting the substrate in the second direction.

24. The apparatus according to claim 23, wherein the second transporting device i1s

adapted to allow tumbling of the substrate in the vessel.

25. The apparatus according to ény of the claims 12 to 24, wherein the first transport
device is partly surrounded by a trough which 1s coaxial with the tubular partition.

26. A discontinuous - or batch - method of homogeneously and at least partially
ster1lising or homogeneously and completely pasteurising a substrate, in which method:
- In a first step, said substrate is loaded into a hollow vessel, the hollow vessel being
provided with means for at least partly sterilising or pasteurising the substrate;

- 1n a second step the substrate 1s transported towards an end of the vessel in a first
direction through a tubular section located within the hollow vessel, the tubular section
having a first and a second end;

- 1n a third step, the substrate is discharged from the second end of the tubular section
into the hollow vessel and is transported in a second direction opposite to that of the
first direction in the hollow vessel until it reaches the first end of the tubular s:ection, the
substrate transported 1n the first direction being separated from the substrate transported
in the second direction by a wall of the tubular section, and

- the second and third steps are repeated to obtain homogeneous and at least partial

sterilisation or homogeneous and complete pasteurisation of said substrate.

27. The method according to claim 26, wherein the first and second directions are

concentric within the vessel.

28. The method according to claim 26 or 27, wherein the substrate is dispersed and

distributed within the vessel in the second direction.

29. The method according to claim 28, wherein the dispersing and distribution step

includes tumbling or active distribution.
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30. An apparatus for at least partly sterilising or pasteurising a substrate such as a
growth medium for plants or mushrooms is provided comprising:

- a hollow vessel provided with means for at least partly sterilising or completely
pasteurising the substrate;

- an opening for loading the substrate into the vessel (for example from a hopper or a
conventional transport system);

- atransport device for transporting the substrate and extending throughout a
substantial portion of the interior of the hollow vessel, and

- atubular partition surrounding the transport device over at least a substantial
portion of its length, the tubular partition defining a first transport zone within the
tubular partition and a éecond transport zone between the tubular partition and an inside
wall of the hollow vessel, the tubular partition being adapted to separate transport of the
substrate towards one end of the vessel in a first direction with the transport device from

transport of the substrate within the hollow vessel in a direction opposite to the first

direction.

31. The apparatus according to claim 30, further comprising a substrate distribution
means provided to disperse and distribute the substrate in the vessel as the substrate is

transported in the second direction.

32. The apparatus according to claim 31, wherein the substrate distribution means is

provided by a means for rotating the vessel to cause tumbling or by an active

distribution means.
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