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Title: Process for the production of granules or pellets

containing filamentous fungi

DESCRIPTION

Field of application

The present invention concerns the technical field of

phytosanitary agents.

In particular, the invention concerns a process for the

production on an industrial scale of granules or pellets

containing filamentous fungi., more specifically

nematophagus fungi.

Prior art

i
ity

The use 01

micro-organisms and in particular fungi as
phytosanitary agents constitutes an increasingly common

practice.

Fungli based products are already marketed for fighting

. insects, phytopathagenic fungl ‘and other Crop parasites.

For example, in patent US 5 811 052 nematophagus agents are

¥ H

the Meloidogyne,

described for combating nematodes o

Hetherodera and Dity.lenchus genera, consisting of

particular strains of Arthrobotrys conolides Dreschsler, a

filamentous fungus.

The aforementioned nematodes are responsible for serious

CONFIRMATION COPY
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vegetable and fungal diseases and can cause huge economic
losses, as they can lead to 50-70% of the harvest being

compromised.

-

The use oof nematophagus fungi, as an alternative to the

usual anti-parasitic chemicals (for example methyl bromide,

trichloronitromethane, dichloropropene, etc.), for
application onto soil prior to cultivation, or to
carbamates, applied to | c£ops, allows serious
lnconveniences, such as stérilization of the soll,

destruction of the ecological balance and potential

toxicity to man and animals to be avoided.

Nematophagus fungi are therefore particularly suitable for

use in organic farming, Dbut:s:sthere is currently a

éubstantial difficulty i1n producing them industrially with

high yields and in forms suitable to ensure a satisfactory

state of preservation prior to use.

Indeed, in the prior art, nematophagus fungi are produced

in a suitable culture medium. Then, the nematophagus fungi,

together with their culture medium, are either directly

dispersed on the soil to be treated or kept in the culture

medlium before use. However, in these conditions of

preservation, the nematophagus fungi continue to reproduce

‘rather quickly and decline after a short period of time (1-

2 weeks) as the sources of nutrients are depleted.




10

15

20

CA 02555635 2006-08-09
WO 2005/089556 PCT/EP2005/001270

The problem underlying the present invention was that of

providing a process for industrial scale production of

filamentous fungi, with high yields, low costs and 1n a

1

bility and  viability

form suitable for ensuring 1its -sta

over long storage times prior to use on the soil to be

treated.

Summary of the invention

The idea for solving such a technical problem was that of

incorporating the filamentous fungi into suitable solid

formulas that would ensure their stability and viability

= = ]

over long periods of time. In this regard, granular

formulas or pellets containing filamentous fungl have

proven suitable for the purposes of the present invention.

e

In the light of the aforementioned idea, the technical

problem underxlying the present invention is solved by a

process for the production of granules ox pellets

’

containing filamentous fungi comprising the steps oL:

- selecting and growing filamentous fungi in a suitable

culture medium for a predetermined amount of time,

- mixing saild culture medium, after said predetermined

amount of time, with a gelling agent and at least one

carrier, so as to obtain a mixture,

- subjecting said mixture to gelling by drop Dby drop
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contact, with a solution containing a calcium salt,

Thus obtéining gelled pellets ox granules containing

-said filamentous fungzi,

- drying said gelled pellets or granules to a moisture

5 content of-13~18%.

Detailed description of the invention

The present invention shall be further described with

reference to a number of example embodiments provided for

illustrative and not limiting purposes.

10 Before proceeding with the illustration of the examples, 1t
may be helpful to define the materials used to carry out

the various steps of the produckicn process according to

the invention.

The filamentous fungi used in the process according te the

15 invention belong to the Orbiliaceae family, preferably

filamentous fungi of Arthrobotrys -conoides Dreschsler.

The culture medium for filamentous fungl comprises at least

one carbon source chcsen among the group consisting cf

molasses, malt extract. and sucrose and at least one organic

20 nitrogen source chosen between yeast extract and “corm

steep liquoxr”.

Preferably, the aforementioned at least one carbon source

constitutes between 70 and 8§5% by weight of the dry
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-

weight of the culture medium and the aforementioned at

least one organic nitrogen source constitutes between 15

v

and 30% by weight of the dry weight of the culture medium.

L

The culture medium can also include a mineral nitrogen
5 source, consisting of ammonium nitrates or salts. The

aforementioned mineral nitrogen source 1s usually added

gradually to the culture medium during the growth of the

fungi in an amount not greater than 10% by weight of the

dry weight of the culture medium and usually between 5 and

10 8% by weight.

A preferred composition of the culture medium consists ot

75-85% malt extract and 15-25% yeast extract, the

percentages being by weight of:-the dry weight of the

culture medium.

15 Another preferred culture medium comprises 60-65% molasses,
10~15% sucrose, 10-15% corn steep liquor and 10-13% yeast

extract. Advantageously, such a culture medium contains, 1n

addition, between 5 and 8% of a mineral nitrogen source,

in particular diammonium hydrogen phosphate.

20 A further preferred culture medium contalns two carbon

sources, i.e. malt extract, in an amount of 25-30%, and

molasses, in an amount of 40-45%, as well as corn steep

liguor, in an amount of 25-30%.

The malt extract is obtained by germination of the cereal
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grains (usually barley). At +the time

®

pr—
s
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germination,

specific enzyrﬁes (amylases) are produced, which allow the

conversion of the starch into sugars.

contains about 60% maltose, vitamins

natrients.

The malt extract

and several micro—

Molasses constitutes a by-product of the sugar industry and

comes 1in the form of a brown-blackish viscous 1liguid,

-

containing 10% water, 35% sucrose, 20%

ash.

other sugars and 15%

The yeast extract is obtained by Saccharomyces cerevisiae

autolysis and comes in the form of fine pale yellow powder,

easily soluble in water. The veast

extract contains

peptides, free amino acids, purine and pyrimidine bases, as

well as water-soluble vitamins of the

|

B~group. The vyeast

extract has a total nitrogen content of 10% and an a-

amminic nitrogen content of 5%.

The corn steep liquor is obtained through

corn grains at 50°C for 24-48 hours

in

the steeping o:

Pt}

water containing

sulphur dioxide. This reagent allows denaturation of the

proteic network surrounding the starch grains and offers

the advantage of preventing growth of undesirable micro-

organisms during steeping. The corn

steep Liquor has a

total nitrogen content of 7% and an o-amminic nitrogen

content of 1.7% and also contains 5%

suga

rs,

4% potassium,
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3% phosphorus and 17% other minerals.

-

In the production process according to the invention, the

growth of the filamentous fungus in the aforementioned

culture media is preferably carrj:ed out ovexr 5-10 days at

a constant temperature of 23-30°C.

The gelling agent preferably consists of a solution

contalning sodium alginate at & concentration of 1-2%,

preferably 1.3% by weight of the weight of the solution.

Such a solution is preferably added to the culture medium

of the filamentous fungus according to a culture

medium:alginate solution volume ratio of between 40:60 and

60:40.

Tub

As known, sodium alginate can i:‘romote the gelling of a

liguid mixture to which it is added, by contact of the

mixture with a solution containing calcium salts.

An lmportant aspect consists of the addition of carriers to

the culture medium. In the present invention, by the term

“carrier” we mean both a product providing stability

and/or nutrients to the fungi dispersed in the granules so

that they remain viable during storage until use, and a

“filler”, i.e. a product conferring the desired consistency

and volume to the granules.

N
—

Pre:

erably, the aforementioned carriers are selected from

the group comprising diatom earth, flours and sugars.
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Celaton FPM 0.08. It 1s a

commercial prbduct based wupon diatom shells (siliceous

single—-celled algae)

microns.

and thex

and has a granulometry of about 0.08

This product can absorb- a defined amount of water

the end granules.

efore helps the achievement of a desired volume: of

Among the flours that can be used as carriers in the

present invention, cornflour 1s the most preferred. It 1s a

natural

equal to

product capable of

pr—

absorbing an amount of water

many times its volume and, in this specific case,

also helps the achievement of a desired wvolume of the end

granules

Source o

. In addition, cornflour constitutes an important

f nutrients for the

the granules during storage

on the soilil to be treated.

-

| -

In particular,

filamentous fungi dispersed in

-

and when spreading the granules

the use of cornflour as sourxrce of nutrients

is particularly advantageous 1in the case of Arthrobotrys

conoldes

can see

nematodes tral

pue—

that the fungus

the figh

cing them.

Sugars advantageously allow

viable d

Dreschsler, as, surprisingly, in such a case one

develops a greater numbexr of

s with a consequent Increase in efficacy in

the filamentous fungi to remain

uring storage, by stabilizing the cell membranes.

Among the sugars that can be used in the process according

to the invention, sucrose is

especlally preferred.
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Preferably, in the present invention, the carriers are

added to the culture medium via the gelling agent. In

10

15

20

25

22% by weight of the weight of the solution. In a

practice, by using a sodium alginate solution as a gelling

agent, the carriers are preferably added to said sodium

alginate solution in percentages rangihg between 6% and

particularly preferred method the carriers are added to

)

the sodium alginate solution in'. a percentage of 15% by

welght of the weight of the solution.

}

In Tthe process according to the invention, the gelling of

the mixture containing the filamentous fungli and the

relative culture medium as well as the gelling promoter and

the carriers 1is preferably carried out by adding said

-’

mixture, drop by drop, to a calcium salt solution.

The calcium salt i1is preferably chosen between calcium

chloride and calcium gluconate. The concentration of the

calcium salt in the solution is between 0.2 M and 0.3 M and

is preferably 0.25 M in the case of calcium chloride.

Usually, the gelling proceeds faster with lncreasing

calcium salt concentration.

The gelling granules or pellets that are formed by contact

L}

the drops of the aforementioned mixture with the

Q1

predetermined calcium salt solution are left to stand in

the aforementioned solution for a predetermined amount of

time, preferably 2-3 minutes, so as to compléte the
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gelling. The removal of the gelled granules or pellets from

rhe calcium salt solution is carried out in a conventional

manner, for example by filtration.

The dryving of the gelled granules or pellets can be

advantageously carried out through .sterile air flow at a

temperature of 25-30°C. Generally, the gelled granules ox

pellets obtained from the gelling of the drops ot mixture

L

added to the predetermined calcium salt solution have a

moisture content of 80-90%. Such a moisture content 1.8

Q

reduced by means of drying to a wvalue of 13-18%. In such a

way, the granules reach the desired consistency and volume,

also with the help of the carriers added previously to the

culture medium.

Preferably, with the process according to the invention,

-
by

1-3 mm are

granules or pellets having a diameter O:

,y

obtained, which give an improved spread of the filamentous

fungi over the soil tc be treated.

The process according to the invention can advantageously

be carried out on an industrial scale through apparatus

that are inexpensive and easy to design. A suitable

apparatus, briefly de:scribed hereafter as a non-limiting
example, comprises a reactor for the growth of the desired
filamentous fungi in the suitable culture medium, a mixer
in which the gelling agent and the carriers are mixed with

the culture medium so as to form a mixture, means sulitable
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for feeding measured amounts of the mixture +o sultable

perforated elements so as to form drops

-

-

having a

ONE

- the mixture

predetermined volume, a vessel containing an

aqueous calcium salt solution to -collect the aforementioned

5 drops and allow their gelling, and a drier to dry the

gelled granules or pellets recovered in

containing the aqueous calcium salt solution.

(=~

the vwvessel

The means for feeding measured amounts of the mixture can,

L0 whereas the perforated elements «can be

terminating at the bottom with a hole of

-

diameter, for example 1-4 mm.

for example, comprise a peristaltic pump or similar devices

tubes cach

predetermined

It 1s important that the aforemeationed apparatus operates

in sterile conditions in order to avoid contamination by

15 micro-organisms, in particular those antagonistic to the

desired filamentous fungi. The products used to carry out

the process according to the invention, in particular the

products added to the culture medium in the mixture should

also be suitably sterilized before use.

20 The granules or pellets obtained according to the process

viable for long periods of time. The

| -

filamentous fungi contained in them remain

a

of the invention are ready for use but advantageously the

stable and

forementioned

granules or pellets thus lend themselves to being

25 preserved or stored for a long time prior to use after
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which the filaméntous fungi maintain a totally satisfactory

viability foxr the applications for which they are intended.

The duration of the preservatidn time of the -granu;leé oxr

T

pellets according to the 1invention ' before use 1S

advantageously greater than 8 weeks and is generally

between 4 and 6 months.

The following examples of actuation of the ' process
according to the invention wexe carried out with
filamentous fungi of the Orbiliaceae family, and preferably

Arthrobotrys conoides Dreschsler filamentous fungi.

EXAMPLE 1

Culturing of the filamentous fungus was carried out in a 2

liter reactor containing 1.2 liters of culture medium.

The reactor preferably consists of a container having a

rounded bottom, provided with a blade agitator, heating and
cooling means, air blowing means, as well as pH, Gz and

temperature probes.

The medium consisted of 20 g/l of malt extract and 4 g/l cf

veast extract and was K sterilized before being seeded with

conidia of the fungus in gquestion.

The culture was incubated for 6 days from seeding at a

temperature of about 27°C.
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During incubation, samples were taken from the culture

medium ©ToO dete:"r:mine the dry mass (g/l) and the number of

propagules (CFU/1l). To determine the dry mass, 20 ml of .the

culture medium were filtered and ‘..then dried in an oven at

100°C for 24 hours. The number of propé;gules was determined

on 1 ml of culture media.

At the end of the incubation time almost 8 g/l of fungi are

b

thus obtained with a numbexr of propagules of & X 10° per

liter.

The culture medium containing the fungi is then transferred

into & mixer and 1800 ml of an agueous solution at 1.3% by

welght of sodium alginate, to which solution 6.6% of

Celaton FPM 0.08 (by weight of the weight of the solution)

has been added, is added to the culture medium.

The resulting mixture is then homogenized in the mixer and

3

added, drop by drop, through a perforated tube (dlameter O:

the hole 1.6 mm) into a vessel containing a 0.25 M calcium

chloride solution.

Gelled granules of the aforementioned mixture are thus

obtained that are le“ft to stand in the calcium chloride

solution for 3 minutes.

At the end of the standing time, the gelled granules are

separated by decanting and are dried on a conveyor belt to

2 moisture content of 17%. The average diameter of the dry
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- granules 1is 2.2 mm.

The average number of propagules in the dry granules, as

determined immediately after their formation, . is

-

substantially the same as that determined at the end of

incubation of the filamentous Ifungus proving that the

)

aforementioned propagules have entirely survived the

granulation process of the present lnvention.

R

The aforementioned dry granules are kept for 3 months at

room temperature. At the end of the storage period, the

11}

average number of surviving propagules 1s equal to 50% of

that determined after granule formation.

EXAMPLE 2

Y i)

The test o1 example 2 was repeated using the same

experimental conditions as example 1 with the exceptlion

I BEY )

that 1800 ml of an agquecus solution at 1.3% by welght o

sodium alginate, to which solution 6.6% of Celaton FPM 0.08

[~ Ny

and 3.3% of cornflour (by weight of the weight of the

solution) had been added, was added to the culture medium.

The average diameter of the dry granules 1s 2.5 mm and

their moisture content was 17%.

The average number of propagules in the dry granules, as

determined immediately after their formation, 1S

|}

|

substantially the same as that determined at the end o:
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incubation of the filamentous fungus proving that the

aforementioneci propagules have entirely survived the

il

granulation process of the present invention.

The aforementioned dry granules are kept for 3 months at

room ‘temperature. At the end of the storage period, the

=

average number of surviving propagules is egqual to 90% or

that determined after granule fo_rma"t:ion, which allows the

i 4

drv granules to be able to be effectively used on soll as

phytosanitary agents.

L)
(W

BXAMP 1]

The test of example 3 was repeated using the same

experimental conditions as example 1 with the exceptlion

—

o
pur—

that 1800 ml of an agueous solution at 1.3% by welght o:

sodium alginate, to which solution 6.6% of Celaton FFM

0.08, 3.3% of cornflour and 5% of sucrose (by weight of the

iy

p—
B

weight of the solution) had been added, was added to the

culture mediumnm.

.
pagn

The average diameter of the dry granules is 2.9 mm and

their moisture content 1s 17%.

The average number of propagules in the dry granules, as

determined immediately after their formation, 1S

substantially the same as that determined at the end of

incubation of the filamentous fungus proving that the

aforementioned propagules have entirely survived the
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granulation process of the present invention.

The aforementioned dry granules are kept for 3 months at

room temperature. At the end of the storage period, the.

average number of surviving propaéules 1s equal to 100% of

that determined after granule formation, which allows the

o~

dry granules to be able to be effectively used on solil as

phytosanitary agents.

Moreover, 1in the use of the aforementioned granules, there

1s a greater efficacy of the fungus in combating nematodes

due to the fact that the fungus develops a greater number

of traps against them.
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Claims:

1. Process for the production of granules of pellets containing filamentous fungi comprising the
steps of:

- selecting and growing filamentous fungi of the Orbiliaceae tamily in a suitable culture
medium for a predetermined amount of time,

- mixing said culture medium, after said predetermined time, with a gelling agent and at
least one carrier, so as to obtain a mixture,

- subjecting said mixture to gelling through drop by drop contact, with a solution
containing a calcium salt thus obtaining gelled pellets or granules containing said filamentous
fungi,

- drying said gelled pellets or granules to a moisture content of 13-18%,

wherein said at least one carrier comprises diatom earth, flour, sugar, or combinations thereof.

2. Process according to claim 1, wherein said gelling step is carried out by adding said mixture,

drop by drop, into said solution containing a calcium salt.

3. Process according to claim 1 or 2, wherein said culture medium for filamentous fungi
comprises at least one carbon source chosen among the group consisting of molasses, malt

extract and sucrose and at least one organic nitrogen source chosen between yeast extract and

corn steep liquor.

4. Process according to claim 3, wherein said at least one carbon source constitutes between 70
and 85% by weight of the dry weight of the culture medium and said at least one organic nitrogen

source constitutes between 15 and 30% by weight of the dry weight of the culture medium.

5. Process according to claim 3 or 4, wherein said culture medium further comprises a mineral

nitrogen source.

-17-
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6. Process according to claim 5, wherein said mineral nitrogen source 1s contained in an amount

not greater than 10% by weight of the dry weight of the culture medium.

7. Process according to claim 6, wherein said mineral nitrogen source 1s contained in an amount

between 5 and 8% by weight of the dry weight of the culture medium.

8. Process according to any one of claims 1 to 7, wherein the gelling agent consists of a solution

containing between 1 and 2% by weight of sodium alginate.

9. Process according to claim 8, wherein said sodium alginate solution is added to the culture

medium of the filamentous fungus according to a culture medium/alginate solution volume ratio

of between 40:60 and 60:40.

10. Process according to any one of claims 1 to 9, wherein said diatom earth 1s Celaton FPM

0.08.

11. Process according to any one of claims 1 to 10, wherein said flour is cornflour.

12. Process according to any one of claims 1 to 11, wherein said filamentous fungi are of

Arthrobotrys conoides Dreschsler and said carriers comprise at least cornflour.

13. Process according to any one of claims 1 to 12, wherein the carriers are added to the sodium

alginate solution in percentages ranging between 6% and 22% by weight of the weight of the

solution.

14. Process according to any one of claims 1 to 13, wherein the solution containing a calcium salt

is an aqueous calcium chloride or calcium gluconate solution having a concentration of 0.2 - 0.3

M.
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15. Process according to any one of claims 1 to 14, wherein the dried granules or pellets have an

average diameter of between 1 and 3 mm.
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