20127171109 A1 |1 000 00 YO O 00

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/171109 A1

20 December 2012 (20.12.2012) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
C09J 189/04 (2006.01) CO09H 3/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
21) Int tional Application Number- AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
PCT/CA2012/000587 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
18 June 2012 (18.06.2012) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
61/498,311 17 June 2011 (1706201 1) Us (84) De51gnated States (unless otherwise indicated, fO}" every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US). THE GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
GOVERNORS OF THE UNIVERSITY OF ALBERTA UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
[CA/CA]; #4000, 10230 Jasper Avenue, Edmonton, Al- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
berta T5J4P6 (CA). EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM
(72) Inventors; and > 4 > > O T it >
(75) Inventors/Applicants (for US only): WU, Jianping ITAI?, QQPII\I](EBE’I\IB‘II:DC F,li (?)G’ CL CM, GA, GN, GQ, GW,
[CA/CA]; c/o #4000, 10230 Jasper Avenue, Edmonton, Al- > 2T R 2 ’
berta TSJ4P6 (CA). WANG, Chanchan [CN/CA]; c¢/o Published:
?ég(;o, 10230 Jasper Avenue, Edmonton, Alberta T5J4P6 with international search report (Art. 21(3))
(74) Agent: BENNETT JONES LLP; 3200 Telus House,

South Tower, 10020 - 100 Street, Edmonton, Alberta
T5JON3 (CA).

(54) Title: ADHESIVES DERIVED FROM AGRICULTURAL PROTEINS

(57) Abstract: The invention is directed to adhesives derived from animal or plant proteins, particularly canola and spent hen pro -
teins. The adhesives are prepared by extracting the proteins by pH shifting; and either treating the extracted proteins with urea or so -
dium dodecyl sulfate, or polymerizing the proteins to form a protein-polymer conjugate. The invention is also directed to a wood
based product comprising pieces of wood based material joined or consolidated with the adhesives.



10

15

20

25

30

35

WO 2012/171109 PCT/CA2012/000587

ADHESIVES DERIVED FROM AGRICULTURAL PROTEINS

Field of the Invention

[0001] The invention relates to adhesives derived from agricultural proteins, and canola and

spent hen proteins in particular.

Background of the Invention

[0002] Adhesives are widely used in industry, for example, in the production of plywood and
particleboard, and labeling, packaging, sizing and other applications. The technologies for the
production of protein-based adhesives progressed significantly in the 1920's when the
consumption and technical refinements of these adhesives were at their peak, but were replaced
by petroleum-based adhesives in the 1960's. Petroleum-based adhesives have many advantages
including strength and high water resistance. However, the emission of formaldehyde from
processing, the presence of carcinogenic components in petroleum-derived synthetic adhesives,
and the limited resources of petroleum have driven the wood industry to investigate alternative
types of adhesives. This renewed interest has led to the development of adhesives based on soy

protein for various commercial applications.

[0003]  Agriculture generates millions of tons of protein-containing byproducts or waste
annually. For example, in the poultry industry, hens nearing the end of their productive lives
(i.e., "spent hens") are of little economic value and considered as byproducts requiring disposal.
The traditional market for spent hens in food uses has declined since revenue from processing
spent hens barely covers the cost of handling the birds, and there are safety concerns of using
animal byproduct ingredients in animal diets. Since no viable market is available, spent hens are
typically euthanized, composted or buried. Spent hens reach the end of their laying cycle in a
physically fragile state, resulting in animal welfare related handling and transportation challenges
for the egg industry. Disposal of spent hens in landfills negatively impacts the environment. The

poultry industry is currently faced with the challenge of finding methods of utilization which not
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only minimize nutrient and biohazard emissions into the environment, but also yield residual

value to the poultry producer.

[0004] In another example, production of protein-rich canola meal is predicted to increase
significantly due to the growing needs of bio-energy and bio-products from the crops. Although
soybean protein has been extensively studied for this purpose, there has been little progress made

with respect to canola protein.

[0005]  While protein-based adhesives are environmental friendly and are derived from
agriculture byproducts which are renewable and more abundant than petroleum resources,
currently available protein-based adhesives lack appreciable gluing strength and the water
resistance required in adhesive applications. It is desirable to modify protein adhesives to

perform a thermosetting function comparable with petroleum-based adhesives.

[0006] Therefore, there is a need in the art for converting plant and animal byproducts into

useful products.

Summary of the Invention

[0007]  The present invention relates to adhesives derived from animal or plant proteins,
which may be derived from waste or by-product agricultural streams, such as canola proteins or

spent hen proteins.

[0008] In one aspect, the invention comprises a method for preparing an adhesive derived
from an animal or plant proteins, comprising the steps of:
a) extracting a protein fraction from an animal or plant product by pH shifting; and
b) denaturing the extracted protein fraction; or
¢) forming a protein-polymer conjugate with the extracted protein fraction and a

polymerizable monomer.

In one embodiment, the animal or plant product is suspended in an alkaline solution, which is
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then acidified to precipitate the protein.

[0009]  In one embodiment, the animal product is a spent hen. In one embodiment, step (a)
comprises the steps of diluting spent hen meat in water, followed by filtration and centrifugation
to obtain a myofibrillar fraction. In one embodiment, the pH of the myofibrillar fraction is
adjusted to alkaline, for example about pH 11.0 using sodium hydroxide. The pH of the
myofibrillar fraction is then adjusted to acidic. In one embodiment, the pH is adjusted to about
pH 5.0 using hydrochloric acid, which precipitates the proteins, which may then be recovered by
centrifugation. The protein fraction may be washed by repeated suspensions in deionized water ,

followed by freeze-drying.

[00010] In one embodiment, the plant product is canola or canola meal. In one
embodiment, step (a) comprises adjusting the pH of defatted canola meal suspended in water to
acidic. In one embodiment, the pH is adjusted to about pH 4.0 using hydrochloric acid. The
solution is then centrifuged to obtain a first crude protein precipitate, which is then resuspended
in water. The pH of the crude protein suspension is then adjusted to alkaline, preferably about
12.5, followed by centrifugation to remove insoluble non-protein components. The supernatant
is then acidified to precipitate a protein fraction, which may be recovered by centrifugation. The
protein fraction may be washed by repeated resuspensions in deionized water . In one

embodiment, the canola protein is freeze-dried.

[00011] In one embodiment, in step (b), the extracted protein is denatured by treatment
with a denaturing agent such as sodium hydroxide, urea or sodium dodecyl sulphate. In one
embodiment, the denaturing agent comprises urea, in a concentration in the range of about 1 M
to about 8 M. In one embodiment, the duration of the treatment is about one to about six hours.
In one embodiment, in step (b), the concentration of sodium dodecyl sulfate is in the range of

about 0.5% to about 5%.

[00012] In one embodiment, the extracted protein is reacted with a polymerizable
monomer and initiator to form a protein-polymer conjugate mixture. In one embodiment, the

monomer is glycidyl methacrylate. In alternative embodiments, the monomer may comprise
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butyl methacrylate, hexyl methacrylate, lauryl methacrylate, stearyl methacrylate, 2-ethylhexyl
methacrylate, isodecyl methacrylate or other methacrylate with a hydrophobic alkyl group. In
one embodiment, the initiator is azonitrile, persulphate or peroxide. In one embodiment, the
initiator comprises azobisisobutryonitrile, persulphate, benzoyl peroxide, ammonium persulfate
and potassium persulfate. In one embodiment, the protein-polymer conjugate is extracted with a
solvent, which solvent may comprise ethanol. In one embodiment, the protein-polymer

conjugate is freeze-dried.

[00013] In another aspect, the invention comprises an adhesive composition comprising
spent hen or canola protein, which protein is either denatured or modified by reaction with a

polymerizable monomer.

[00014] In yet another aspect, the invention comprises a wood based product comprising
pieces of wood based material joined or consolidated with the adhesive described herein. In one
embodiment, the wood based material comprises solid wood, fiber, chip, or particleboard

material,

[00015] Additional aspects and advantages of the present invention will be apparent in
view of the description, which follows. It should be understood, however, that the detailed
description and the specific examples, while indicating preferred embodiments of the invention,
are given by way of illustration only, since various changes and modifications within the spirit
and scope of the invention will become apparent to those skilled in the art from this detailed

description.

Brief Description of the Drawings

[00016] The invention will now be described by way of an exemplary embodiment with

reference to the accompanying simplified, diagrammatic, not-to-scale drawings:

[00017] Figure 1 is a graph showing the effect of urea concentrations on the shear strength

of modified spent hen protein.
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[00018] Figure 2 is a graph showing the effect of sodium dodecyl sulfate concentrations

on the shear strength of modified spent hen protein.

[00019] Figure 3 is a schematic diagram showing a possible reaction between an epoxy

group in glycidyl methacrylate polymer and an amide group in canola protein.

[00020] Figure 4 is a graph showing the adhesion strength of the protein-polymer

conjugates compared with the denatured protein.

[00021] Figure 5 is a graph showing the effect of curing time at different temperatures on

the shear strength of modified canola protein at a curing pressure of 3.1 MPa.
[00022] Figure 6 is a graph showing the effect of curing pressure on the shear strength of
denatured and modified canola protein with a curing time of four minutes and a curing

temperature of 110 °C.

Detailed Description of Preferred Embodiments

[00023] The present invention relates to protein-based adhesives, and methods for
preparing same from plant or animal proteins. When describing the present invention, all terms
not defined herein have their common art-recognized meanings. To the extent that the following
description is of a specific embodiment or a particular use of the invention, it is intended to be
illustrative only, and not limiting of the claimed invention. The following description is intended
to cover all alternatives, modifications and equivalents that are included in the spirit and scope of

the invention, as defined in the appended claims.

[00024] Embodiments of the present invention utilize an agricultural byproduct stream as
a source of plant or animal proteins which are modified to form adhesives having desirable
physical and chemical properties. In one embodiment, the protein-based adhesive is derived

from canola. In one embodiment, the protein-based adhesive is derived from spent hens.
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[00025] The principle of "protein gluing" is that protein molecules disperse and unfold in
solution. The unfolded molecules increase the contact area and adhesion onto other surfaces, and
the unfolded molecules become entangled with each other during the curing process to retain
bonding strength. Such mechanisms may apply to the adhesion between protein and cellulosic
materials, such as wood. Protein and cellulosic material both contain many hydroxyl groups
capable of forming hydrogen bonds at the interface or macromolecular interactions between
proteins and wood surfaces. When proteins with compacted structures become unfolded in
solution, they may more easily form mechanical locking with the rough surface of wood during

curing.

[00026] In one embodiment, the invention comprises a method for preparing an adhesive
derived from animal or plant proteins, comprising the steps of’
a) extracting a protein fraction from an animal or plant product by pH shifting; and
b) denaturing the extracted protein fraction; or
c) forming a protein-polymer conjugate with the extracted protein fraction and a

polymerizable monomer.

[00027] The adhesives are produced from plant or animal protein using the methods
described herein. The method generally involves at least the steps of extracting protein from an
animal or plant product by pH shifting; and modifying the extracted protein by partial or
substantial denaturation , or forming a protein-polymer conjugate . The physical properties of
the resultant adhesives may be suitable for use in many different applications, such as, for

example, as an adhesive material for wood based materials.

[00028] In general terms, an animal or plant product containing protein is used as the
starting material. In one embodiment, the animal product comprises spent hen carcasses or
portions thereof. As used herein, the term "spent hen" means a hen which is normally used for
breeding or egg laying, but which is no longer useful, and which would otherwise be discarded.
The term includes White Leghorn chickens used in the egg production industry, which typically

weigh about 2.5 to 3 pounds and yield relatively small amounts of meat.
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[00029] In one embodiment, the plant product comprises defatted canola meal, which
typically has a protein content of about 30-45% (w/w). As used herein, the term "canola" means
a cultivar of either rapeseed (Brassica napus L.) or field mustard (Brassica campestris L. or
Brassica Rapa var). As used herein, the term "canola meal” means the residue obtained after the
removal of most of the oil from the whole seeds of a species of canola. Canola is an oilseed crop
with a high oil content (45-50%) and protein content of 30-45% (w/w) in the defatted meal.
Canola ranks as the second largest oilseed crop produced worldwide after soy. As a farm-gate
crop with an annual production of 11.8 million tonnes, Canada produces 6.8 million tonnes of

meals (Canola Council of Canada 2010 Annual Report).

[00030] The protein fraction is extracted from the animal or plant product by pH-shifting.
As used herein, the term "pH shifting" means a method of extracting protein from an animal or
plant product at alkaline pH, and recovering the protein at acidic pH. Without being bound by
any theory, when pH decreases or increases, the proteins are electrically charged, and these
charges repel one another. The proteins subsequently unfold and bind more water. When
proteins become water soluble, they can be separated from unwanted portions by centrifugation
or filtration. After the pH values have been adjusted once more to the point where their
solubility has a minimum, the proteins can be collected from the water in a later stage by a
second centrifugation or filtration. Preferably, the isolation is performed in chilled conditions to

prevent or minimize denaturing of the proteins.

[00031] Examples 1 and 2 describes the respective steps for protein extraction from spent
hen meat and defatted canola meal. In one embodiment, spent hen meat may be produced by
mechanically or manually deboning spent hen carcasses. The meat may then be chopped,
pulverized, ground or blended in a size reduction step to a desired consistency, which will
facilitate protein extractions. The meat may be suspended in water before or after size reduction.
The meat will separate into a top fat layer, a bottom collagen layer, and a middle myofibrillar
layer. The myofibrillar layer is removed and adjusted to an alkaline pH. In one embodiment, the
pH is adjusted to about pH 11.0 using sodium hydroxide. Following a short incubation at the

alkaline pH, during which time proteins are solubilized, the pH is then adjusted to acidic to
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precipitate the proteins. In one embodiment, the pH is adjusted to about pH 5.0 using
hydrochloric acid. The solution is then centrifuged to recover the protein fraction. The protein
fraction may be washed by resuspension in deionized water, and which may be freeze-dried for

storage and use.

[00032] In one embodiment, the extraction of canola protein by pH shifting comprises
suspending defatted canola meal in water and adjusting the pH to acidic. In one embodiment, the
pH is adjusted to about pH 4.0 using hydrochloric acid. The solution is then centrifuged to
obtain a first crude protein precipitate, which is then resuspended in water. The pH of the crude
protein suspension is then adjusted to alkaline, preferably about 12.5, to solubilize the desired
proteins, followed by centrifugation to remove insoluble non-protein components. The
supernatant is then acidified to precipitate a protein fraction, which may be recovered by
centrifugation. The protein fraction may be washed by repeated suspensions in deionized water.

In one embodiment, the canola protein may be freeze-dried for storage.

[00033] The extracted protein fraction may then be modified to form adhesives having
desirable physical and chemical properties. In one embodiment, the proteins are modified by
partial or substantial denaturation, which has been found to improve their adhesive properties. In
one embodiment, the proteins may be treated with a denaturing agent such as NaOH, urea or
sodium dodecyl sulfate (SDS) under conditions to denature the proteins. In one embodiment, the
denaturing agent comprises urea, which may be used in a concentration in the range of about 1 M
to about 8 M. In one embodiment, the duration of the treatment is about one to about six hours.
Urea can destabilize globular protein by forming strong hydrogen bonds with the water
molecules which surround the protein while interacting actively with hydroxyl groups of the

protein to break down the hydrogen bonds, resulting in partially unfolded protein structures.

[00034] The effect of the concentration of urea upon the adhesive shear strength of spent
hen protein was determined (Figure 1). As used herein, the term "adhesive strength" means the
strength of an adhesive bond, measured as a force required to separate two objects of standard
bonded area by either shear or tensile stress. As used herein, the term "shear strength" means the

maximum shear stress which a material can withstand without rupture. As used herein, the term
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"wet strength” means the strength of a material saturated with water. As used herein, the term
"soak strength" means the strength of a material after soaking with water. As used herein, the
term "dry strength" means the strength of an adhesive joint determined immediately after drying
under specified conditions or after a period of conditioning in the standard laboratory

atmosphere.

[00035] After treatment with urea, the shear strength of the spent hen protein increased.
Without being bound by any theory, a cooperative destruction of the tertiary structure occurs at a
urea concentration of 1 M, resulting in a mildly denatured state which may still contain a small
amount of secondary structures. At a urea concentration of 3-5 M, the denatured state gradually
loses its residual secondary structure, and increases the radius of gyration nearly to a maximum
value. The polypeptide chain is highly disordered with highly mobile side chains. The unfolding
of proteins increases their surface contact area, resulting in higher gluing strength than that of the
native protein. Compared with the native protein, some of the hydrophobic amino acids
normally buried inside become available on the exterior of the molecule, thus increasing water

resistance. Following treatment with urea, the protein fraction is dried.

[00036] In one embodiment, the protein is denatured with SDS. In one embodiment, the
concentration of SDS is in the range of about 0.5% to about 5%. SDS is an amphipathic
molecule containing a polar group with a long hydrophobic carbon tail, and is commonly used to
modify a protein to induce hydrophobic interactions. Without being bound by any theory, the
driving force for any degree of unfolding brought about by anion binding may arise from
electrostatic repulsion between the charges of the protein, and penetration of the hydrocarbon tail
into the polar regions of the protein. Protein can be partly unfolded due to a cooperative
conformational change with SDS modification. As shown in F igure 2, the effect of SDS on the
adhesive shear strength of spent hen protein was assessed. Spent hen proteins treated with 3%

SDS exhibited the highest gluing strength and water resistance.

[00037] In one embodiment, the extracted protein is polymerized to form a protein-
polymer conjugate. As used herein, the term "protein-polymer conjugate” means a conjugate

comprising a protein and a polymer. In one embodiment, the polymerizing step comprises
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combining the protein with a reactive monomer and an initiator to form a protein-polymer
conjugate-forming mixture. In one embodiment, the monomer is a reactive acrylate monomer,
such as glycidyl methacrylate. In alternative embodiments, the monomer may comprise butyl
methacrylate, hexyl methacrylate, lauryl methacrylate, stearyl methacrylate, 2-ethylhexyl
methacrylate, isodecyl methacrylate or other methacrylate with a hydrophobic alkyl group. In
one embodiment, the initiator is azonitrile, persulphate or peroxide. In one embodiment, the
initiator comprises azobisisobutryonitrile, persulphate, benzoyl peroxide, ammonium persulfate

and potassium persulfate.

[00038] In one alternative, the protein extract is first denatured, and then reacted to form a

protein-polymer conjugate.

[00039] Glycidyl methacrylate (GMA) contains both methacrylic and epoxy groups, both
of which react readily with a wide range of monomers and functionalized molecules to enable
the synthesis of a polymer having desired properties including for example, hydrophobicity
(conferred by alkyl chain) and covalent bonding active spot (conferred by epoxies). The reaction
between an epoxy group in GMA and an amide group in a canola protein is shown in Figure 3.
Without being bound to any theory, it is believed that grafted GMA chains have functional
"gecko foot hairs" which enhance the interaction between the protein and a surface to which it is
adhered to. A gecko's ability to climb various surfaces (e.g., wet, dry, smooth, rough) is
attributed to micro- or nano-scale high aspect ratio beta-keratin structures. Adhesion is mainly
due to molecular forces such as van der Waals force. The polymer chains on the protein surface
come into contact with the surface and can induce enough van der Waals forces to hold them in
place. The more GMA chains on the protein, the more epoxy groups remain to react with
carboxy groups (i.e., -COOH) of wood, improving the bonding strength. During curing, the
amine group (i.e., -NH>) reacts with the epoxy groups to crosslink the protein to enhance its

water resistance.
[00040] In one embodiment, polymerization involves a reaction of GMA monomer and

ammonium persulfate with the extracted proteins in an aqueous solution to form a protein-

polymer conjugate-forming mixture. The mixture is centrifuged and extracted with a solvent to

10
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dissolve the GMA monomer and homopolymers. In one embodiment, the solvent is ethanol. In
one embodiment, extraction is conducted for about six hours. The resultant protein-polymer
conjugate is freeze-dried. In one embodiment, the protein-polymer conjugate comprises spent
hen protein-polymer conjugate. In one embodiment, the protein-polymer conjugate comprises

canola protein-polymer conjugate.

[00041] The adhesives formed by the above methods may be used for applications
including, but not limited to, the bonding or consolidation of wood based materials. As used
herein, the term "wood based materials" comprise solid wood, fiber-, chip-, and particleboard
materials. In one embodiment, the invention comprises adhesives obtained by the methods
described herein. In one embodiment, the invention comprises adhesives in liquid form. In one
embodiment, the invention comprises adhesives in powder form. Those skilled in the art will
recognize that powder adhesives are usually preferred over liquid adhesives in the structural
wood composite market and for molded products, for various reasons including for example,
lower press temperatures, shorter press times, longer stabilities, lower transportation costs, and

better control over total moisture in a composite panel.

[00042] In one embodiment, the invention comprises a wood based product comprising
pieces of wood based material joined or consolidated with the adhesive obtained by the above
method. In one embodiment, the wood based materials comprise solid wood, fiber-, chip-, and

particleboard materials.

[00043] The performances of different adhesives were compared, including a commercial
adhesive (urea formaldehyde glue); soy protein polymer (DuPont™ soy protein polymer
products PC 4200); canola protein denatured by treatment with sodium hydroxide solution
(pH=10); and modified canola protein formed by grafting GMA on the protein with a monomer
concentration of 0.4 mol/L, reaction time of four hours and curing conditions of 110 °C, 60

seconds and 3.5 psi (Table 1).

[00044] Table 1. Comparison of the adhesion properties of different adhesives
| Adhesive | Dry strength | Wet strength | Soak strength | Toxic |

11
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(MPa) (MPa) (MPa)
Commercial adhesive 10 7 9 Yes
Soy protein polymer 6 2 4 No
Alkaline denatured canola protein | 5 2 3 No
Modified canola protein 9 3.5 7 No
[00045] Both GMA-modified canola protein and GMA-modified spent hen protein

exhibited better adhesive performances than those of denatured canola and spent hen proteins
(Table 1; Figure 4). Further, the adhesive performances were comparable or superior than soy
protein polymer. Compared to the commercial adhesive, the GMA-modified canola and spent

hen proteins are non-toxic.

[00046] The effect of curing time at different temperatures upon the shear strength of
GMA-modified canola protein at a curing pressure of 3.1 MPa was determined (Figure 5).
Without being bound by theory, curing enhances not only immobilization of the protein adhesive
but also chemical reactions at the interface between the protein adhesive and substrate. Bonding
strength was much higher for the GMA-modified canola protein than that of the denatured
protein. The time required for GMA-modified canola protein to reach the maximum curing
quality (maximum shear strength) was longer at a lower temperature than at a higher
temperature. At a curing temperature of 80 °C, the GMA-modified canola protein took about
four minutes to reach approximately maximum curing quality. At 110 °C, the curing process
took about one minute. Compared with the denatured protein, the protéin-polymer conjugate
performs optimally during a shorter curing time. In one embodiment, curing is conducted at a
temperature in the range of about 80 °C to about 140 °C. In one embodiment, curing is

conducted between about one to about four minutes.

[00047] The effect of curing pressure upon the shear strength of denatured and modified
canola protein at a curing time of four minutes and a curing temperature of 110 °C was examined
(Figure 6). The GMA-modified canola protein had greater adhesive strength than that of the
denatured canola protein at curing pressures in the range of about 2.0 to about 4.5 mPa. Without
being bound by any theory, pressure influences protein curing behavior, and consequently, the
mechanical properties of the protein adhesive. Pressure during bonding assembly serves several

useful purposes by forcing trapped air from the joint, bringing adhesive into molecular contact

12



10

15

20

25

30

35

WO 2012/171109 PCT/CA2012/000587

with the wood surface, forcing adhesive to penetrate into wood structure, squeezing the adhesive

into a thin film, and holding the assembly in position while the adhesive cures.

[00048] Exemplary embodiments of the present invention are described in the following
Examples, which are set forth to aid in the understanding of the invention, and should not be
construed to limit in any way the scope of the invention as defined in the claims which follow

thereafter.

Example 1 — Spent Hen protein extraction

[00049] For spent hen protein extraction, spent hen meat was blended and mixed with 4
times water [by weight] and stirred for ten minuteé. After filtration, the filtrate was centrifuged
at 10,000 rpm at 5 °C for twenty-five minutes, resulting in three layers: a fat layer on the top,
myofibrillar layer in the middle, and a collagen layer on the bottom. The middle layer was
collected and the pH of the solution was adjusted to pH 11.0 with 2 M sodium hydroxide
solution. The pH was then adjusted to 5.0 with 1 M hydrochloric acid solution, resulting in
precipitation of a protein extract. Spent hen protein was then separated by centrifugation and

freeze-dried.

Example 2 — Canola protein extraction

[00050] Defatted canola meal was mixed with water at a ratio of 1:10 (w/v, g/mL, weight
of canola meal/volume of water), and the pH of the slurry was adjusted to pH 4.0 using 1 M
hydrochloric acid, stitring at 300 rpm for two hours. The slurry was centrifuged at 10,000 rpm at
5 °C for twenty minutes, the precipitate was mixed with the same ratio of water and the pH of the
slurry was adjusted to pH 12.5 using 6 M sodium hydroxide, stirring at 300 rpm for one hour.
The slurry was centrifuged at 10,000 rpm at 5 °C for twenty minutes. The pH of the supernatant
obtained was then adjusted to pH 4.0 with 1 M hydrochloric acid while stirring for thirty
minutes, and then was centrifuged at 10,000 rpm at 5 °C for twenty minutes. The precipitate
obtained was then washed by suspension in the same volume of deionized water and centrifuged
at the same conditions above, repeated for three times. The precipitate was then freeze dried for

further uses.
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Example 3 — Denaturation modification

[00051] Solutions of SDS (0.5% to 5%) and urea (1 M to 8 M) were prepared at room
temperature. Freeze-dried canola or spent-hen protein powder (3 g) was suspended in each of a
SDS and a urea solution (30 ml), stirred, and reacted for one to six hours. The denatured protein

mixture was then dried into powder.

Example 4 - Polymerization method

[00052] The graft polymerization of glycidyl methacrylate (GMA) onto protein was
carried out in an aqueous solution. First, 2 g of protein powder was dispersed into 50 mL water
in a 250 mL round-bottom flask, which was fitted with a magnetic stirrer. The flask was kept in
a water bath maintained at 40° C. After purging with nitrogen gas for ten minutes, a calculated
amount of GMA monomer and ammonium persulfate (APS) were added into the flask. The APS
was added to initiate the graft polymerization. At the end of the reaction, the products were
centrifuged at 10000 rpm (Avanti™ J-E Centrifuge, Beckman Coulter, Inc., Mississauga, ON,
Canada). The pellet was recovered and products were extracted with ethanol in a Soxhlet
extractor for six hours to dissolve all the GMA monomers and homopolymers. The remaining

protein-polymer conjugate product was freeze-dried.

Example 4 - Wood specimen preparation

[00053] Hard wood (birch) veneers was used. Prior to testing, the wood veneers were
conditioned in a humidity and temperature control chamber (Model 5518, Electro-Tech Systems,
Inc., Glenside, PA, USA) at 50% humidity and 25 °C for seven days. The dimensions of the
wood pieces are 0.6 x 20 x 120 mm (thickness, width, and length). Two pieces were glued to
form a specimen. The modified protein adhesive slurry was spread onto one end of each two
pieces. The applied area on each end was 5 x 20 mm. The protein content was 1.0 g/ml with a
standard deviation of 0.04 g/ml. The two wood pieces with the adhesive were allowed to rest at
room temperature for five minutes before they were assembled by hand and then hot-pressed at
different conditions. The pressed specimens were cooled and conditioned in the chamber at the

same conditions for seven days.

Example S - Adhesion strength
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[00054] Adhesive strength was determined using an automated bonding evaluation system
(ABES). The water resistance of adhesive was measured according to ASTM Standard Methods
D1151-00. Wood specimens were soaked in tap water at 23 °C for forty-eight hours and tested
for wet strength immediately after soaking. The dry strength was assessed after soaked

specimens were dried and conditioned at 25 °C and 50% humidity for another seven days.
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WHAT IS CLAIMED IS:

1. A method for preparing an adhesive derived from animal or plant proteins, comprising
the steps of:
a) extracting a protein fraction from an animal or plant product by pH shifting; and
b) denaturing the extracted protein fraction; or
c) forming a protein-polymer conjugate with the extracted protein fraction and a

polymerizable monomer.

2, The method of claim 1, wherein the animal product comprises spent hen meat.

3. The method of claim 2, wherein step (a) comprises diluting spent hen meat, followed
by filtration and centrifugation to obtain a myofibrillar layer.

4. The method of claim 3, wherein the pH of the myofibrillar layer is adjusted to alkaline.
5. The method of claim 4, wherein the pH is adjusted to about pH 11.0.

6. The method of claim 3, wherein a protein fraction is precipitated by adjusting the pH

of the middle layer to an acidic pH following an incubation period at the alkaline pH.

7. The method of claim 6, wherein the pH is adjusted to about pH 5.0.

8. The method of claim 6, further comprising the step of centrifuging to recover spent
hen protein, followed by freeze-drying.

9. The method of claim 1, wherein the plant product is canola meal.

10. The method of claim 9, wherein step (a) comprises adjusting the pH of diluted defatted

canola meal to acidic.
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11. The method of claim 10, wherein the pH is adjusted to about pH 4.0.

12. The method of claim 10, wherein the solution is centrifuged to obtain a first
precipitate.

13. The method of claim 12, further comprising the step of adjusting the pH of diluted

precipitate to alkaline, followed by centrifugation to obtain a supernatant.

14. The method of claim 13, wherein the pH is adjusted to about pH 12.5.

15. The method of claim 13, further comprising the step of adjusting the pH of the

supernatant to acidic, followed by centrifugation to obtain a second precipitate.

16. The method of claim 15, wherein the pH is adjusted to about pH 4.0.
17. The method of claim 17, wherein the canola protein is freeze-dried.
18. The method of claim 1, wherein in step (b), the extracted protein fraction is denatured

with sodium hydroxide, urea, or sodium hydroxide sulphate.

19. The method of claim 18, wherein the extracted protein fraction is denatured with urea,

having a concentration of about 1 M to about 8 M.

20. The method of claim 19, wherein the duration of the treatment is about one to about
SiX hours.
21. The method of claim 1, wherein the extracted protein fraction is reacted with a

polymerizable monomer to form a protein-polymer conjugate.

22. The method of claim 21, wherein the monomer is glycidyl methacrylate.
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23. The method of claim 22, comprising the use of an initiator, such as ammonium
persulfate.
24, An adhesive composition comprising spent-hen or canola protein, which protein is

either denatured or modified by reaction with a polymerizable monomer.

25. The adhesive composition of claim 24, wherein the protein has been modified by

reaction with a methacrylate.

26. A wood based product comprising pieces of wood based material joined or

consolidated with the adhesive of claim 24.

27. The wood based product of claim 26, wherein the wood based material comprises

solid wood, fiber-, chip-, or particleboard material.
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