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A PROCESS FOR PREPARING A PLANT PROTEIN CONTAINING LIQUID

Technical Field

The present invention relates to a process for preparing a plant protein containing
liquid obtained from a defatted oleaginous plant, as well as the plant protein containing
liquid obtainable according to this process, and protein-rich food products comprising

such a plant protein containing liquid.

Background of the Invention

It is well known that plant-based products can be used as ingredients for protein
sources in view to prepare food products, in particular beverages, such as ready to drink
beverages.

Usually, these plant-based products are prepared according to sophisticated
processes that provide high purity products such as plant protein isolates and plant
protein concentrates.

Because of the need to carry out sophisticated processes to prepare these high
purity products, their cost is high and, consequently, make the cost of food products
containing them, such as ready to drink beverages, higher than dairy-based food products
obtained with skimmed milk powder.

However, except for some uses, such as meat analogues or infant products, other
food products and beverages, which use plant proteins as a source of bulk nutrition and/or
techno-functional ingredients, do not require the purification to be at an isolate or a
concentrate level.

The food industry leads to the formation of residual raw products, which are rich in
proteins, and which often have no valuable outlet or even are simply disposed.

This is the case of defatted oleaginous plants, which are by-products resulting
from the preparation of food grade oils. Oleaginous plants are plants which are cultivated
and exploited for their parts which have high fat contents, such as their seeds or their
fruits. Typically, oleaginous plants can contain up to 50% fat.

The treatment of the oleaginous plants, or parts thereof, to obtain oil, is generally

carried out according to three main operations, which are:
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- preparing the raw material from which oil is to be extracted (in particular seeds or
fruits of the oleaginous plant); during this operation, the raw material can be subjected to
one or more of the following steps: cleaning, dedusting, sieving, shelling or hulling.

- crushing: this operation can comprise several steps depending on the raw
material to be crushed; this operation may comprise a step of grinding and extracting, at
least partially, the oil contained in the raw material.

- refining the oil, which consists of removing all or part of the compounds contained
in the extracted oil, which make it unsuitable for use or subsequent conversion.

In addition to the crushing operation, it is possible to recover further oil from the
plant by chemical extraction, with a solvent, such as water or an organic solvent.

The defatted oleaginous plants resulting from this treatment are, depending of the
type of treatment, under the form of, for example, a press cake, a flour, or a meal.

These by-products are rich in protein.

Therefore, it would be interesting to recover the proteins contained in such press
cakes, flours or meals, to replace the costly plant protein isolates and concentrates in
food products.

Even though these affordable raw products have the advantage of being cost
competitive, their protein solubility are often lower than the protein isolates/concentrates.

Since the proteins are often used as emulsifying or foaming agents, the protein
solubility should not be lower than the required level.

Moreover, the insoluble proteins could increase the risk of being sandy and/or
precipitating upon storage.

In order to increase the solubility of the protein, it is known to modify the solvent
properties of the solution or modify the structure of the protein, in particular, by reducing
its size.

However, these techniques, if they can improve the protein solubility in a certain
extent, often leads to precipitation of the protein or a modification of their taste.

For example, enzymatic hydrolysis generates certain level of bitterness due to the
formation of a number of bitter peptides formed along the reaction process.

Another way to theoretically increase protein solubility is to chemically modify their
structure.

For food application, this can be achieved by the Maillard glycation or by enzymatic

deamidation.
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The Maillard glycation is quite difficult to control at the industrial scale, since once
the Maillard reaction went too far, there might be unwanted colour and/or odour formation.

WO 2014/123466 discloses a process for preparing a liquid oat-base or drink of
improved soluble oat protein content from an oat material, wherein the oat proteins are
solubilised in an aqueous solvent by means of a protein deamidase, such as a protein
glutaminase.

Protein glutaminase is a deamidation enzyme that enables to convert the
glutamine residue in the substrate protein into glutamic acid / glutamate (depending on
the pH of the solution).

Other authors have reported that protein glutaminase enable to increase the
solubility of soybean proteins (Suppavorasatit . et al., (2011), Journal of Agricultural and
Food Chemistry, 59, 11621-11628), coconut proteins (Kunarayakul S., et al. (2018),
Food Hydrocolloids, 79, 197-207), as well as the solubility of wheat gluten (Yong Y.H. et
al. (2006), Journal of Agricultural and Food Chemistry, 54, 6034-6040).

In those cases, the substrates were protein isolates/concentrates but not the
defatted plants.

Gharst et al., Journal of Food Science, vol. 72, N. 7, 2007, p. 369-375 describes
that peanut flour dispersion proceeds to gelation at a temperature of 68°C, whereas when
the dispersion is treated with transglutaminase, the gelation occurs to a higher
temperature of 78°C.

The inventors have tested protein glutaminase on defatted oleaginous plant
suspensions in an aqueous solvent, in particular on a peanut press cake suspension.

They noted that a great part of the proteins contained in the defatted oleaginous
plant solubilized in the aqueous solvent.

However, when the solution of proteins so obtained was heated, they observed
large particles are formed, providing inacceptable sandiness. These particles are usually
made of or comprise coagulated proteins. It was also noted that heat treatment may
render the protein solution too viscous. Now, it is usually necessary to heat the obtained
protein solution in order to inactivate the enzymes (for example at 80°C) and/or to proceed

to its pasteurisation or sterilisation (for example at 120°C).

It is therefore an object of the invention to provide a process enabling to efficiently

recover the proteins contained in defatted oleaginous plants and, at the same time,
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enabling the liquid containing these proteins, when heated, even at the elevated
temperatures carried out for pasteurisation or sterilisation, not to lead to the formation of

large particles, while maintaining an acceptable viscosity.

Summary of the Invention

In a first aspect of the invention, there is provided a process for preparing a plant protein
containing liquid from a defatted oleaginous plant, characterized in that it comprises the
following steps:

a) Forming a suspension of the defatted oleaginous plant in an aqueous solvent;

b) Enzymatically treating the suspension obtained in step a), with the following
enzymes:

- at least one protein glutaminase for the solubilisation in said liquid of proteins
contained in the defatted oleaginous plant,

- at least one transglutaminase,
said enzymes being used successively or simultaneously;

c) Recovering the plant protein containing liquid obtained in step b).

The inventors demonstrated that the enzymatic treatment by means of a protein
glutaminase and a transglutaminase, allows to obtain a satisfactory solubility of the
proteins contained in the defatted oleaginous plants, while preventing the formation of
unwanted large particles and increase of the viscosity of the resulting liquid, upon heat
treatment.

The obtaining of these effects is surprising because the used enzymes, protein
glutaminase and transglutaminase, are competing enzymes, acting on the same site of
the proteins.

Furthermore, the treatment with these enzymes did not generate off-taste nor
unwanted odour or colour.

In a second aspect of the invention there is provided a plant protein containing
liquid, that it is obtainable according to the above process.

In a third aspect of the invention there is provided a protein-rich food product,
comprising the plant protein containing liquid obtainable according to the above process,
and at least one food acceptable additive.

In a preferred embodiment of the invention, the enzymatic treatment of step b) is

further carried out using at least one additional enzyme, namely a glycosidase.
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In a further aspect, the invention relates to a plant protein containing liquid
characterized in that it comprises from 2 to 6 %, preferably 2 to 4 % protein, from 1 to 6
% fat and from 0.5 to 6% carbohydrate (weight %) and has a particle size distribution
(PSD) D90 (volume) below 100 um, more preferably at 10 to 85 um, and more preferably

at 30 to 80 um, wherein the PSD is measured by laser diffraction.

Brief Description of the Figures

Figure 1 represents the enzymatic process diagram for obtaining a protein containing
liquid from peanut process cake.

Figure 2 shows the synergetic effects between homogenization and protein glutaminase
(PG) treatment on peanut protein solubility at pH 7,0.

Figure 3 represents the solubility of peanut protein at pH 7,0 after enzymatic treatment
either with a combination of protein glutaminase and a-amylase or with a combination
protein glutaminase, transglutaminase and a-amylase.

Figure 4 represents the Particle Size Distribution (PSD) results of protein glutaminase
treated samples (i) without heat treatment and without transglutaminase, (ii) with heat
treatment and without transglutaminase and (iii) with heat treatment and with
transglutaminase.

Figure 5 represents the effect of enzymatic treatment on the viscosity of peanut protein

solutions.

Detailed Description

The oleaginous plants which can be used in the process of the invention can be
selected in the group comprising peanut, soybean, rapeseed, sunflower, sesame, neem,
cotton, palm, coconut, shea, castor bean, corn, nuts, almonds, hazelnuts, coconut,
pistachios, olives and grapes.

The term “oleaginous plant” includes the part(s) of the plant which are used for
recovering oil such as, in particular, the fruits or the seeds of the plant.

Among these oleaginous plants, one prefers to use soya bean, and still more
preferably peanuts, and more precisely peanut seeds.

The term “defatted” means that the oil has been totally or partially removed from

the oleaginous plant.
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Oleaginous plants usually contain at least 15% by weight oil, preferably at least
20% by weight oil, more preferably from 30% to 60 % by weight oil (weight % with respect
to the total weight of the oleaginous plant).

A defatted oleaginous plant according to the invention is usually defatted so as to
contain less than 25%, generally from 0.3 to 20 %, more generally from 0.5 to 15 %, still
more generally from 1 to 10% of non-extracted oil (weight % with respect to the total
weight of the defatted oleaginous plant).

Preferably the defatted oleaginous plant according to the invention is defatted so
that it contains less than 10 %, more preferably from 0.3 to 10 %, even more preferably
from 0.5 to 8 %, still more preferably from 1 to 5 % of non-extracted oil (with respect to
the total weight of the defatted oleaginous plant).

The defatted oleaginous plants usually contain at least 20% % by weight proteins,
preferably from 25 to 60 % proteins, more preferably from 35% to 60% proteins (weight
% with respect to the total weight of the defatted oleaginous plant).

Generally, the oleaginous plant is crushed before step a) in order to extract its oil.

The defatted oleaginous plant can be under the form of a press cake, a flour or a
meal. The defatted oleaginous plant is expected to contain between 20 to 80% proteins,
preferably between 40 to 55% proteins.

According to a preferred embodiment of the present invention, the defatted
oleaginous plant is a soya bean flour, peanut flour or, more preferably, a peanut press
cake.

Besides, the possible residual fat, the defatted oleaginous plant also contains
proteins and carbohydrates such as fibres.

According to the process of the invention, the defatted oleaginous plant is
suspended in an aqueous solvent to form a suspension containing from 1 to 30 %,
preferably from 5 to 20 %, and more preferably from 5 to 15 % of the defatted oleaginous
plant with respect to the total weight of the suspension (w/w %).

The aqueous solvent is preferably water.

Generally, the suspension is mixed at high speed, preferably at a speed comprised
above 5000 rpm, and more preferably from 10.000 to 20.000 rpm. The high speed mixing
is generally carried out for a period of 5 to 30 minutes, preferably from 10 to 25 minutes.

The mixed suspension can be heated at a temperature comprised between 30 to
70 °C, preferably from 40 to 60 °C.
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The pH of the suspension can be adjusted at a value comprised between 5 and 8,
preferably between 6.5 and 7.5, more preferably at a pH of 7.

Protein glutaminases are a family of enzymes (EC 3.5.1.44) which enables to
convert the glutamine residues present in the substrate protein into glutamic acid or
glutamate, with the formation of ammonium ions (depending on the pH of the solution).

Protein glutaminases which can be used in the process of the invention are those
commercialised by Amano Inc. (Japan), such as the protein glutaminase PG 500.

Usually, the defatted oleaginous plant/protein glutaminase weight ratio is
comprised between 50:1 to 2000:1, preferably between 250:1 to 1500:1 and more
preferably from 500:1 to 1200:1.

It has been noted by the inventors that the use of low ratio of protein glutaminase
with respect to the defatted oleaginous plant, for example a ratio of 500:1, enables to
provide the same efficacy with respect to the solubilisation of the plant protein contained
in the defatted oleaginous plant than higher ratios, for example a ratio of 100:1.

This has an important impact at the industrial scale because protein glutaminases
are relatively costly and it is therefore important to diminish as importantly as possible the
amounts of these enzymes.

Transglutaminases are a family of enzymes (EC 2.3.2.13) that catalyses the
generation of covalent linkages between the glutamine and lysine amino acid residues
present in the protein molecules. When linkages are formed, ammonia is released.

Among the transglutaminases, which can be used in the process of the present
invention, one may mention the transglutaminase TG-BV commercialised by Juangsu
Yiming (China).

The defatted oleaginous plant/transglutaminase weight ratio is usually comprised
between 500:1 to 2000:1, preferably between 800:1 to 1500:1.

According to a preferred embodiment of the present invention, the enzymatic
treatment according to step b) is carried out by means of using a third type of enzyme,
namely glycosidases.

Glycosidases, or glycoside hydrolases, are enzymes which catalyse the hydrolysis
of glycosidic bonds in sugar.

Glycosidases are classified into EC 3.2.1. Among the glycosidases which can be

used in the process of the invention, one preferably uses alpha amylase, beta amylase,
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cellulose, beta-glucanase, or mixtures thereof, in particular the mixture of cellulase with
beta-glucanase.

It has been indeed observed by the inventors that the enzymatic treatment of the
defatted oleaginous plant may provide a certain gelatinization of the aqueous suspension.
This phenomenon has been attributed by the inventors to starch gelatinization or other
complex sugars gelatinization.

In the case of peanuts, this mainly results from the presence of starch. In the case
of soya bean, this results from the presence of fibres.

Therefore, when the oleaginous plant is peanut seeds, under the form of a peanuts
press cake, the glycosidase is preferably alpha amylase.

When the oleaginous plant is soya bean, the glycosidase is preferably a cellulase,
a beta-glucanase or a mixture of a cellulase with a beta-glucanase.

The defatted oleaginous plant/glycosidase ratio is usually comprised between
200:1 to 2000:1, preferably between 700:1 to 1500:1, and more preferably between 800:1
to 1200:1.

Step b) of the process according to the invention can be carried out by using the
protein glutaminase and the transglutaminase in the suspension, successively or,
preferably, simultaneously.

When they are used successively, the enzymatic treatment can be made in a first
step with a protein glutaminase followed by the treatment with a transglutaminase or,
conversely, the transglutaminase can be used first followed by the protein glutaminase.

When a glycosidase is carried out, it can be as well used with the other enzymes
successively or, preferably, simultaneously.

The enzymatic treatment is generally carried out within more than 1/2 hour,
preferably within 1 to 6 hours, and more preferably within 2 to 4 hours

After the enzymatic treatment the enzymes are inactivated, usually by heat
treatment, for example at a temperature comprised between 70 to 90°C, for a period of
time of 5 to 15 minutes.

The liquid obtained after the enzymatic treatment usually contains from 2 to 6%
proteins, preferably from 2.5 to 6 % proteins. It also contains from 0.5 to 6 %, preferably
from 2 to 5 % carbohydrates and from 1 to 6 %, preferably 1 to 3% fat.

According to a preferred embodiment, after the enzymatic treatment of step b), the

liquid containing the protein solubilised from the oleaginous plant, is submitted to a
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homogenisation step. This homogenisation step consists in submitting said liquid to high
pressure.

Usually, the pressure carried out for the homogenisation step is higher than 30 bar,
preferably comprised between 100 and 400 bar, more preferably between 130 and 300
bar.

The homogenisation step can be carried out at a temperature comprised between
30 and 80°C, preferably between 40 and 60°C.

The homogenisation step usually lasts from 10 min to 2 hours, preferable from 30
to 90 min.

The homogenisation step can be performed in one or several stages, usually two
stages. When it is performed in two stages, the first stage can be performed at a first
pressure comprised between 100 to 350 bar, preferably between 150 and 300 bar, and
the second stage can be performed at a second pressure of 30 to 90 bar, preferably
between 35 and 70 bar.

The temperature at which each stage is carried out can be the same or different.

Similarly, the duration of each of the stages can be equal or different.

The homogenisation step can be carried out using conventional homogenisation
devices, in particular a GEA Panda Plus 2000 homogeniser. The conditions of use of the
GEA Panda Plus 2000 homogeniser are settled by the manufacturer's recommendations.

After the enzymatic treatment step and a possible homogenisation step, the liquid
obtained can be submitted to a heating step in view to pasteurize or sterilize it. This step
can be carried out at a temperature higher than 100 °C, preferably between 120 and
150°C. the heating step lasts from 1 to 10 minutes, preferably from 3 to 8 minutes.

After this heating step, the liquid is cooled down to room temperature.

According to a further aspect of the invention, there is provided a plant protein
containing liquid that is obtainable according to the process disclosed above. A plant
protein containing liquid obtainable according to the process of the invention has a
particle size distribution (PSD) such as the D90 (volume) is below 100 um, preferably
between 10 and 85 ym, and more preferably comprised between 30 and 80 um. The

PSD is measured by laser diffraction,

The D90 is the size of at least 90 % of the particles (in volume).
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It generally contains from 2 to 6% proteins, preferably from 2.5 to 6 % proteins. It
also contains from 0.5 to 6 %, preferably from 2 to 5 % carbohydrates and from 1 to 6 %,
preferably 1 to 3% fat.

According to a third aspect of the invention, there is provided a protein-rich food
product that contains the plant protein containing a liquid obtainable according to the
above process, and usually, at least one food acceptable additive. The plant protein
containing liquid obtained according to the process of the invention can be used as such
as a food product containing protein, but usually it comprises at least one food

acceptable additive.

A food products according to the invention include analogues to dairy products,
such as ice creams, cream, sour cream and beverages, in particular ready-to-drink
beverages like milk analogues.

The food product may comprise, in addition to the plant protein containing liquid
obtained according to the invention, a fat product, such as cocoa butter or an oil, such as
soybean oil, rapeseed oil, olive oil, sun flower oil. The fat product concentration can be
comprised between 0.2 to 10 %, preferably between 1 to 6 %, more preferably between
2 to 4 % (% by weight with respect to the total weight of the food product).

The food product can also comprise one or more additives selected among the
followings:

- sweeteners such as sugar-based sweeteners like sucrose, invert syrup,
fructose syrup, glucose syrup, maltodextrins ; sugarless sweeteners in
particular sugar alcohols such as maltitol, xylitol, sorbitol, erythritol, mannitol,
isomalt and lactitol, hydrogenated starch hydrolysates, saccharin, cyclamate,
acetosulfane, an L-aspartyl-based sweetener ; combinations thereof.

- flavours and/or colorants;

- acidifiers, i.e. an ingredient or a mixture of ingredients which contribute to
increase the acidity in the product. Examples of acidifiers include lactic acid, malic
acid, citric acid, tartaric acid, phosphoric acid, glucono-delta-lactone and sodium
citrate or a combination thereof;

- one or more vitamins and/or minerals, in particular vitamins A, B, C, D, E, K,
ascorbic acid, ascorbyl palmitate, pantothenic acid, folic acid and biotin or a
combination thereof; calcium, magnesium, iron, zinc, iodine, copper, phosphorus,

manganese, potassium, chromium, molybdenum, selenium, nickel, tin, silicon,

10
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vanadium and boron or a combination thereof. The source of calcium can include
calcium carbonate, calcium phosphate, calcium citrate, other insoluble calcium
compounds. The sources of magnesium can include magnesium phosphate,
magnesium carbonate, magnesium hydroxide. The sources of iron include iron
ammonium phosphate, ferric pyrophosphate, ferric phosphate, ferrous phosphate,
other insoluble iron compounds, amino acids, iron chelating compounds such as

EDTA.

- prebiotics ; a “prebiotic” is to be understood as a non-digestible food ingredient
that promotes the growth of beneficial microorganisms in the intestines. Non-limiting
examples of prebiotics include fructooligosaccharides, inulin, lactulose,
galactooligosaccharides, soyoligosaccharides, xylooligosaccharides,
isomaltooligosaccharides, gentiooligosaccharides, lactosucrose,
glucooligosaccharides, pectioligosaccharides, resistant starches, sugar alcohols or a
combination thereof.

- one or more stabilizer system. A “stabilizer system” is to be understood as an
ingredient or a mixture of ingredients which contributes to the physical stability of the
food product with respect to shelf life.

- one or more thickeners, gelling agents and emulsifiers such a gums like locust
bean gum, xanthan gum, starch, pectin, microcrystalline cellulose, carboxymethyl
cellulose and carrageenan are non-limiting examples of stabilizer systems that can be
used according to the invention alone or in combination thereof.

- one or more preservatives and/or antioxidants, such as acetic acid, ascorbic
acid, calcium ascorbate, arythorbic acid, iso-ascorbic acid, potassium nitrate,
potassium nitrite, sodium ascorbate, sodium nitrate, sodium nitrite, ethyl lauroyl
arginate, propionic acid, sodium sorbate, sorbic acid, dimethyl dicarbonate and
butylated hydroxyanisole.

- additional proteins from animal or vegetal origin, in particular milk proteins.

A protein-rich food product according to the invention usually contains from 1 to 10%,
preferably from 2 to 6 % and more preferably from 2 to 4 % weight proteins from an
oleaginous plant (% by weight with respect to the total weight of the food product).

Any reference to prior art documents in this specification is not to be considered an
admission that such prior art is widely known or forms part of the common general

knowledge in the field.

11
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As used in this specification, the words “comprises”, “comprising”, and similar words,
are not to be interpreted in an exclusive or exhaustive sense. In other words, they are

intended to mean “including”, but not limited to.

The invention is further described with reference to the following examples. It will be
appreciated that the invention as claimed is not intended to be limited in any way by these

examples.

Material and methods
The material and methods used to perform the following examples are described

thereafter.

Peanut press cake: provided by Wilmar (China); contained about 52,5% (N-factor 6,25)

proteins, 5,7% moisture, 1,0% fat and 31,4% carbohydrates.

Enzymes: protein glutaminase (PG500) from AMANO enzymes (Japan) at a ratio flour to
PG of 100-500:1 (w/w); a-amylase (BAN 480 L) from Novoenzyme (Denmark) at a ratio
flour to amylase of 1000:1; transglutaminase (TG-BV) from Jiangsu Yiming (China) at a

ratio flour to TG of 1250:1. These enzymes were used as supplied.

Solubility: measured at pH 7,0 based on Kjeldahl method using a Buchi B-339 equipment
according to the manufacturer’'s recommendations. N-factor 6.25 is used to calculate the
protein content. The reason is to obtain a better comparison of results with specification

from suppliers.
Particle size distribution (PSD) analysis: the liquid PSD analysis was performed using
Malvern’s laser diffraction equipment (Malvern Mastersize 2000). According to this

quantitative method, the PSD D [V,0.9] (or D20 in volume) has been determined.

Differential Scanning calorimetry (DSC): the denaturation temperature of peanut protein

was measured with DSC.

Moisture analysis: measured according to Karl Fischer's method.

12
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Viscosity analysis: measured using a Thermo Haake RS6000 coupled with UMTC
thermocontroler settled according to the manufacturer's recommendation with a flow

curve of 0-300 s in 180 seconds at 25°C. The data are collected every two seconds.

Examples

Example 1. Enzymatic treatment process of the peanut press cake.

A peanut press cake is suspended in water in order to obtain three suspensions
comprising respectively 10, 15 or 20% wiw total solids (TS). The suspensions are pre-
mixed at 14 000 RPM for 15 minutes. The pH is then adjusted to 7,0 and the suspensions
are heated at 50°C. The proteins in the suspensions are then digested using a mixture of
enzymes for up to 4 hours. The mixture contains a-amylase, protein glutaminase (PG),
transglutaminase (TG) or a combination thereof.

After the enzymatic treatment, the enzymes are inactivated by raising the heating
temperature to 80°C for 10 minutes. The suspensions are then diluted to 5% TS and
homogenized under a pressure of 300 bar.

Afterwards, the suspensions are treated at ultra-heat temperature (UHT)
pasteurization at 110°C for 5 minutes.

The diagram of this process as described above is illustrated by Figure 1.

Example 2: Effects of the homogenization on the solubility of the PG treated peanut
protein at pH 7,0.

In the absence of any treatment (homogenization or enzymatic treatment), the
solubility of peanut protein in the press cake was 40%.

When the samples were treated with either PG alone (in the conditions given in
example 1), or by the homogenization step alone, the solubility of the proteins increased
to respectively 66% and 64%.

Finally, after the PG treatment, the samples that were further treated with

homogenization were found to have the highest solubility (88%).

13
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In these experiments, the homogenization step was carried out in two stages: a
first stage at 200 bar at 70°C, a second stage at 50 bar at 70°C.

This means that the protein can be more liberated and solubilized by combining
the two techniques.

These results are reported in Figure 2. They show that the PG treatment and

homogenization step enable to notably improve the solubilisation of the peanut proteins.

Example 3: Solubility of peanut protein at pH 7,0 after enzymatic treatment with (i) PG

with a-amylase and (ii) PG with a-amylase and transglutaminase (TG).

It was expected that TG decreases the solubility of the peanut proteins, since TG
and PG compete on the same amino acids on the protein.

Therefore, the impact of the combination of PG with TG on peanut flour protein
solubility was investigated. The solubility of the proteins was measured after a treatment
with PG and a-amylase, or after a treatment with PG, a-amylase and TG.

The flour to PG ratio was 500:1, the flour to TG ratio was 1250:1 and the flour to
a-amylase 1000:1.

The results of these experiments are reported in Figure 3.

They show that, unexpectedly, the solubility of the proteins was similar under both
conditions.

These results demonstrate that the addition of TG does not decrease the solubility

of peanuts proteins.

Example 4: PSD results after treatment with PG alone, with PG and heat and with
PG, heat and TG.

The PSD was measured on three peanut protein solutions obtained from peanut
flour suspensions treated with PG alone; with PG and heat (110°C for 5 minutes); and
with PG, TG and heat (110°C for 5 minutes).

The results obtained are reported on Figure 4.

They show that the solution that undergoes an enzymatic treatment with PG alone

has a PSD D90 of 74 pm (grey curve). When the solution went through a PG and heat

14
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treatment at 110°C for 5 minutes, the PSD D90 increased to 129 um (black curve), and
large aggregates were visible.

After the treatment with PG, TG and heat together (dotted curve), the solution had
a PSD D90 of 60 um and no aggregates formation were observed.

Moreover, no off-taste or odour were generated, and the sandiness of the sample

was reduced.

Example 5: Effects of the enzymatic treatment with PG, a-amylase and TG on the

viscosity of peanut protein solutions.

A peanut press cake was suspended and mixed at 14,000 RPM. The suspension
was divided into two parts. One part was treated, at pH 7,0, with a mixture of protein
glutaminase (PG), a-amylase and transglutaminase (TG). The PG ratio to flour was
1000:1, TG ratio to flour was 1250:1 and the a-amylase ratio to flour was 1000:1. The
second part was left untreated.

Both suspensions underwent a heat treatment at 120°C for 2 minutes mimicking a
UHT treatment.

The results of these experiments are reported in Figure 5.

They show that the viscosity of the enzymatically treated suspension was
significantly lower in comparison to the non-enzymatically treated suspension.

Viscosity is due to the starch gelatinization and to the protein denaturation that
occurs when proteins undergo a heat treatment.

These results demonstrate that the enzymatic treatment with PG, TG and o-
amylase is effective in reducing the viscosity of the suspensions by preventing these

phenomena.

Example 6: Preparation of a protein-rich ready-to-drink beverage containing a

peanut protein containing liquid and aseptic filling of the beverage in a packing box.

A peanut press cake was collected from an oil-mill. It contained 52,5% proteins,
3% carbohydrates and was free of fat. It was suspended in water in order to obtain 15%
wiw total solids (TS). The suspension was pre-mixed at 14 000 RPM for 15 minutes. The

pH was adjusted to 7,0 and the suspension was heated at 50°C.
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The proteins in the suspension were digested using a mixture of enzymes
containing a-amylase at a ratio to flour 1000:1, transglutaminase at a ratio to flour 1250:1
and protein glutaminase at a ratio to flour 500:1. The enzymatic digestion lasted for 2
hours. The enzymes were then inactivated by raising the temperature to 80°C for 10
minutes. The suspension was then diluted to 5.7 % TS and mixed with other ingredients
and homogenized under a pressure of 300 bars. Afterwards, the suspension was treated
at ultra-heat temperature (UHT) pasteurization in a two-step process, first at 95°C for 60
seconds and then at 120°C for 5 minutes.

The proportions of the ingredients are indicated in Table 1. They were mixed in
sterile conditions. The protein-rich ready-to-drink beverage finally obtained was

aseptically filled into a sterilized packing box.

Table 1 — Proportions of the ingredients used to prepare the protein-rich ready-to-drink

15

beverage

Hydrolyzed| Sucrose |Vegetable | Flavorings| Gum [Total solids| H20
peanut oil

press cake | (ow/w) (Y%ow/w) (%owiw) | (%wiw) | (%wiw)

(Yowiw)
5.7 28 3 0.15 01 11.75 qs100%
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CLAIMS

1. A process for preparing a plant protein containing liquid from a defatted
oleaginous plant, characterized in that it comprises the following steps:

a) Forming a suspension of the defatted oleaginous plant in an aqueous solvent;

b) Enzymatically treating the suspension obtained in step a), with the following enzymes:
- at least one protein glutaminase for the solubilisation in said aqueous solvent of
proteins contained in the defatted oleaginous plant,

- at least one transglutaminase,
said enzymes being used successively or simultaneously;

¢) Recovering the plant protein containing liquid obtained in step b).

2. The process according to claim 1, characterized in that the oleaginous plant is
a seed or a fruit from at least one plant selected within the group comprising: peanut,
soybean, rapeseed, sunflower, sesame, neem, cotton, palm, coconut, shea, castor bean,

corn, nuts, almonds, hazelnuts, coconut, pistachios, olives, grapes.

3. The process according to any one of claims 1 and 2, characterized in that the
oleaginous plant according to the invention has been defatted so as to contain less than
25% generally from 0.3 to 20 %, more generally from 0.5 to 15 %, still more generally
from 1 to 10% of non-extracted oil (weight % with respect to the total weight of the defatted

oleaginous plant).

4. The process according to any one of claims 1 to 3, characterized in that the

oleaginous plant has been crushed before step a) in order to extract its oil.

5. The process according to any one of claims 1 to 4, characterized in that the

defatted oleaginous plant is under the form of a press cake, a flour or a meal.

6. The process according to any one of claims 1 to 5, characterized in that the

defatted oleaginous plant is a peanut press cake.
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7. The process according to any one of claims 1 to 5, characterized in that the

defatted plant is soybean flour.

8. The process according to any one of claims 1 to 7, characterized in that the
defatted oleaginous plant/ protein glutaminase weight ratio is comprised between 50:1 to
2000:1, preferably between 250:1 to 1500:1 and more preferably from 500:1 to 1200:1.

9. The process according to any one of claims 1 to 8, characterized in that the
enzymatic treatment of step b) is carried out in the presence of at least one glycosidase,
preferably an a-amylase, a cellulase, a B-glucanase or a mixture of a cellulase with a -

glucanase.

10. The process according to any one of claims 1 to 9, characterized in that
defatted oleaginous plant contain at least 20% by weight proteins, preferably from 25 to
60 % proteins, more preferably from 35% to 60% proteins (weight % with respect to the

total weight of the defatted oleaginous plant).

11. The process according to any one of claims 1 to 10, characterized in that, after
step b), an homogenisation step is carried out at high pressure, preferably at a pressure
higher than 30 bar, preferably comprised between 100 and 400 bar, more preferably
between 130 and 300 bar.

12. A plant protein containing liquid, characterized in that it is obtainable according

to the process of any one of claims 1 to 11.

13. The plant protein containing liquid according to claim 12, characterized in that
it comprises from 2 to 6 % protein, from 1 to 6 % fat and from 0.5 to 6% carbohydrate
(weight %).

14. A protein-rich food product, characterized in that it comprises the plant protein

containing liquid according to any one of claims 12 or 13, and at least one food acceptable

additive.
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15. The protein-rich food product according to claim 14, characterized in that the
food product is a ready-to-drink beverage.

16. A plant protein containing liquid characterized in that it comprises from 2 to 6
%, preferably 2 to 4 % protein, from 1 to 6 % fat and from 0.5 to 6% carbohydrate (weight
%) and has a particle size distribution (PSD) D90 (volume) below 100 um, more preferably
at 10 to 85 ym, and more preferably at 30 to 80 uym, wherein the PSD is measured by
laser diffraction.
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