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Abstract

Snack products are a dietary mainstay of a large proportion of the population. While
consuming some snack products are discouraged because of its high sugar and fat content,
there are a number of snack products where protein levels can be low and could benefit from
protein fortification.

Proteins are vital to growth and development as they are key mechanical and structural
components of our bodies. They can also be broken down further to produce energy in times
of hunger. The popularity of protein as a positive nutrient has seen its audience and consumer
base grow to become a mainstream trend. Much attention has been paid to replacing dietary
energy from carbohydrates and fats with that derived from protein due to evidence for weight
loss.

Protein fortification uses isolated protein from single sources. Traditionally, the majority
proteins that have been used to fortify products have been from animal sources, such as
whey and casein from cow’s milk, but these are now being replaced by plant sources. Over
the past few years there has been a proliferation of lesser-known proteins, including those
from algae, hemp, cranberry and pea, as well as isolated animal proteins from beef, chicken
and salmon.

Beef protein isolates as a food ingredient is largely missing in food market, especially in snack
market. The common processing method of preparing beef protein isolates is enzymatic
hydrolysis, which considers with high solubility and easy extractability. However, this
extraction method compromises beef proteins’ nutritional value by destroying their functional
structural. Additionally, enzymatic hydrolysed proteins give bitter flavour which leads to a
negative effect on the usage in food industry. Therefore, the technical challenges of extraction
beef proteins in their native forms have been persistently challenging. A novel, simplified and
native extraction method for beef protein is a definite need in food market.

The aim of this project was to use leading edge science in meat protein isolate extraction to
use red meat derivates as an ingredient in snack (or other) food products that are aligned to
insights trends for improved convenience, health (from "naturally healthy" ingredients) and
indulgent tastes thereby delivering new high value offerings for the Australian Red meat
industry.

MLA and Xinova explored the development of novel applications of isolated beef proteins as
a food ingredient, for example in snack products and pet foods, where benefit could be
gained from increasing protein content. This project covered the following phases;

Phase 1 - Opportunity Analysis

Phase 2 - Innovation Opportunity Workshop

Phase 3 - Red-Meat Protein Isolate Laboratory Research

Phase 4 - New Product Concepts

Phase 5 - Value Proposition Evaluation and Final Report
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Executive summary

Beef protein isolates as a food ingredient is largely missing in food market, especially in snack
market. The common processing method of preparing beef protein isolates is enzymatic
hydrolysis, which considers with high solubility and easy extractability. However, this
extraction method compromises beef proteins’ nutritional value by destroying their functional
structural. Additionally, enzymatic hydrolysed proteins give bitter flavour which leads to a
negative effect on the usage in food industry. Therefore, the technical challenges of extraction
beef proteins in their native forms have been persistently challenging. A novel, simplified and
native extraction method for beef protein is a definite need in food market.

The aim of this project was to use leading edge science in meat protein isolate extraction to
use red meat derivates as an ingredient in snack (or other) food products that are aligned to
insights trends for improved convenience, health (from "naturally healthy" ingredients) and
indulgent tastes thereby delivering new high value offerings for the Australian Red meat
industry.

MLA and Xinova explored the development of novel applications of isolated beef proteins as
a food ingredient, for example in snack products and pet foods, where benefit could be
gained from increasing protein content. This project covered the following phases;

Phase 1 - Opportunity Analysis

Phase 2 - Red-Meat Protein Isolate Laboratory Research

Phase 3 - Innovation Opportunity Workshop

Phase 4 - New Product Concepts

Phase 5 - Value Proposition Evaluation and Final Report

Page 4 of 125



P.PSH.0812 — Red Meat Protein Snack

Contents
Y 0] 1 =T RSP 3
EXECULIVE SUMMIAIY .....coiiiiiiiiiiiiieeeeeeeee ettt e e e e e e e e e e aaa s 4
LI = 7= Ter (o [ 1¥ [ o PR 6
2 1Y/ 11 { T Yo (0] o T Y 10
2.1 Phase 1. Opportunity @nalySiS: ..........uueiiieiiiiiiiiiiiiee e e e 10
2.2 Phase 2: Red-meat Protein Isolate. ...........ooooiiiiiiiiii e 10
2.3  Phase 3. Innovation Opportunity Workshop. ..........cceeeiiiiiiiiiiiee e 10
2.4  Phase 4: New Product CONCEPLS. ......uuriiiieiiiiiiiiiii e 11
3 ReSUIts and DiSCUSSION .......eiiiiiiiiiiiiiiiiie e e e e et e e e e e e e e e nneeeeeeeas 12
3.1 Phase 1. Opportunity @nalySis: ...........uuuiieeiiiiiiiiiiiee e 12
3.2 Phase 2: Red-meat Protein Isolate. ... 13
3.3  Phase 2. Innovation Opportunity Workshop. ..........cccccoeieciiiiiiiee e 13
4 ReCOMMENAALIONS ....coiiiiiiiiiriie e e e e e e e 17

Attachment 1: The Use of isolated beef protein as a food ingredient — technical and

intellectual PropPerty FEVIEW ... e e e e e e e e e e e e e 18
Attachment 2: Outcomes from Phase 3: Red-meat Protein Isolate. ...........c.ccccoviiiiinene 90
Attachment 2: Red Meat Snack Workshop Agenda..........ccccoviiiiiiiiiiie e 112
Attachment 3: Workshop OULCOMES .......c.ceuiiiiiiiieie e 116
Attachment 4: Snack Concept Evaluation Sheet ..., 125

Page 5 of 125



P.PSH.0812 — Red Meat Protein Snack

1 Background

Snacking is one of the biggest trends in food and health, affecting every category of every
type of food and beverage. Unfortunately, although snacks are unquestionably convenient,
versatile and great tasting, traditional snacks are typically classified as sweet or savoury and
often not particularly healthy. They are generally high in carbohydrates (especially sugars)
and fat and contain ingredients that are not appropriate for higher protein diets. Accordingly,
there is a clear need to offer snack-lovers a tasty alternative that fills them up with real and
healthy nutritious ingredients that is high in protein, low in fat and refined carbohydrates, has
great taste and texture. Further, changing consumer lifestyles and behaviours are seeing the
need for snack offerings that can be readily produced with prolonged shelf-life, easy storage
and consumption.

Protein has the benefit of being an easily recognised nutrient whose benefits are readily
understood and are underpinned by scientific evidence, especially for weight control,
building muscle mass and decreasing muscular degeneration. US sales of protein-based
food and beverages have been rising steadily, with a 30% increase in new-product launches
claiming "high" or "source of" protein in North America in 2014. The growth of protein as a
key ingredient in snack foods is slower in Europe and Asia, but the market is increasing with
30% of Asia-Pacific buyers and 11% of European buyers increasing their purchase of protein
2014-2016.

Currently, protein isolates, concentrates and hydrolysates are available to consumers and
the food industry as functional ingredients. The key difference between these substrates is
that isolates are 90%+ pure protein, whereas concentrates contain other dissolved solids
(e.g. carbohydrate, fats and therefore 10-15+% less protein content. Hydrolysates are
produced by acid/heat/enzymatic processing that partially breaks the protein molecule,
resulting in a more readily digested, but bitter tasting end-product. Consequently, consumers
are turning to natural whole protein sources. As added-protein products proliferate and start
to look faddish, consumers are opting for "naturally-functional" protein sources such as
meat.

The conventional protein isolates/supplements include whey, (milk) casein, egg, soy, rice,
hemp and pea protein. Whey, casein, egg, soy proteins are included in the eight major food
allergens group which pose a risk to induce adverse immune response. Additionally, other
issues might be associated with them, such as high sugar content in whey isolate, slow
absorbability in casein protein, low cost-effectiveness in egg protein and genetic modification
risks in soy protein. Plant derived proteins (e.g. those derived from rice, hemp and peas) are
deficient in several amino acids and are not recommended as a primary source of dietary
protein. Specific plant proteins need to be consumed together in order to obtain all essential
amino acids. Furthermore, plant foods usually contain protein-limiting agents (e.g. phytates)
which bind to protein decreasing their bio-accessibility (release from the food matrix}
reducing absorption by the body. Hence, they have limited market share. Conversely, whole
protein obtained from animal-based foods contain all essential amino acids and are readily
bioavailable.

When developing protein supplements or high protein food and drink products, the protein
content is often boosted by incorporating a protein isolate, concentrate or hydrolysate. These
are all highly-refined and processed forms of their original protein sources that provide a
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concentrated source of protein with the absence or reduction of other nutrients, such as fats
and fibre.

Whole protein rich products are available in the form of 'whole' foods such as Greek yoghurt,
cottage cheese dips, boiled eggs, tinned tuna. Other foods being utilised for their high
protein content includes beans, seeds and nuts. Some of the newer sources of protein being
used include combinations of ancient grains such as quinoa, chia and teff, while pulses,
grains and seeds such as peas, maize, rice, hemp, lupin and linseed are also being used
more for their protein content.

Protein products have now proliferated across many categories. Innovation around new high
protein products has been driven by the snack and dairy segments, with snack bars and
yogurts accounting for the bulk of new high protein products. However, work to spread
protein consumption more evenly across a whole day occasions and usages presents
opportunity for breakfast products and snacks to include protein in their formulations to help
achieve a more balanced intake of protein. Easy to consume protein rich products could also
find popularity among the growing aging population and those part of the flexitarian
movement due to protein's health properties in building and maintaining muscular strength.
The ease of consuming small portion sized meals is of particular importance to this
population.

Technical Challenges

Proteins used in the food industry are derived from either animal or plant sources, which
vary significantly in their lipid, carbohydrate and protein content. Proteins of interest maybe
separated using dry or wet processing techniques. Dry processing primarily involves air
classification and is frequently applied to plant materials such as cereals and grain legume
containing high amounts of starch and protein. Wet processing has several processing
steps. Deviations to these operations may occur depending on the starting material and the
desired end-product. Therefore, the material preparation step for wet processing will vary
depending on the source material and desired functionality for further use.

Animal-based proteins are known for their difficulties of protein extraction and isolation.
Technically beef protein has not found its way into the mainstream protein ingredient
markets because of:

o significant quality issues faced when using traditional processing methods

o strong fat-based flavour volatiles which may have increased susceptibility to
oxidation (e.g. rancidity); and

¢ the inherent high value of meat cuts and their use in main meal options.
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Innovation opportunity

Dairy proteins (whey proteins) and plant origin proteins are the main source of protein
supplements currently used in snack products. However, meat derived proteins, and in
particular red meat proteins are arguably the best source of dietary protein. According to a
report published by the Food and Agriculture Organization of the United Nations, beef
protein scores highly on the biological value scale (i.e. the proportion of protein from food
source that is utilized by the body after digestion), only surpassed by fish and milk. Beef
contains all nine essential amino acids, making it one of the richest sources of protein
available. However, beef protein has been largely absent from healthy-protein snacking, and
as such offers opportunity for growth for Australian Red Meat industry in this product
category.

Single-serve products that combine the "naturally healthy" and high value qualities of red
meat with the convenience of snacks would appear to be aligned with consumers' desires for
ease of consumption, health (from "naturally healthy" ingredients) and premium indulgence.
They offer the possibility of a sustained energy marketing message, an increased satiety
eating experience and better absorption options.

Australian red meat has key strengths that can be leveraged, including high nutritional value,
guaranteed safety, traceability and great taste and flavour. The option of using Australian red
meat protein in snackified food products has the potential to provide high nutritional value
and to create premium products that command a greater price per serving and grow overall
demand for Australian red meat industry by adding value. As the most likely source of red
commodity meat input in this protein extraction process will be low grade trim, blood, offal
etc., increasing value x2-5 times is possible.

The purpose of this project is to:

a) Conduct an opportunity analysis, including a technical landscape review of
protein snacks;

b) Using the technical landscape information together with "snacking" insights
delivered by MLA, determine design criteria for new red meat high protein snacks
which; match consumer's desires, fall within Xinova and/or MLA's capabilities to find
a commercial partner, and are financially sound;

c) Using beef protein as a model system, determine whether it is possible to
produce a shelf- stable and useful red meat protein isolate for use in snack (or other)
food products;

d) Prototype high protein snack foods, based on the design criteria (from b))
using beef protein isolate for testing purposes and assess consumer acceptability;

e) Define the value proposition and benefits for Australian Red meat industry for
future adoption and commercialisation - include technical feasibility, commercial
viability and desirability with identified target market; and

f) Take appropriate measures to protect intellectual property arising from the
project, either by trade secret or filing of patent applications.
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To achieve the technical aims of the project, Xinova intends to partner with Matis Ltd
http://www.matis.is/english/, a food and biotech R&D institute based in Iceland. Matis have
already developed and are currently commercialising a novel and patented method for
providing chicken protein isolates and have further developed a method for manufacturing
tortilla wraps which include at least 50% chicken protein. Xinova proposes to partner with
Matis, using beef protein as a model system, determine whether it is possible to produce a
shelf- stable and useful red meat protein isolate for use in snack (or other) food products and
to develop concept high protein snack foods using Matis beef protein isolate for testing
purposes and assess consumer acceptability.
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2 Methodology

This project was undertaken using the following methodology;

2.1 Phase 1. Opportunity analysis:
Literature & IP landscape search and analysis, and review of market insight research

In this phase, Xinova undertake IP, technology and product scanning as well as a literature
review to identify technology trends, new products as well as existing solutions in the area of
"red meat derived protein snacks". The scope of this review included both,

a) generation of meat derived protein isolates and
b) available snacks of which protein is considered a fundamental ingredient.

The protein snacks were considered in the context of the entire snack market. The aim of
this phase of the project was to provide a pathway for the red meat sector to understand and
assess what technology and products (friendly or competing) already available and what
opportunities for the red meat sector this may generate.

This study also identified challenges to red meat protein snacks but also suggested areas
that have traditionally not been of focus and identified the reasons why.

MLA provided Xinova with insight reports on snacking that had been commissioned under
previously funded projects to help orient the project scope by identifying highly relevant
opportunity spaces that may transform and create value for the industry.

The outcome of this phase has been included in a report tabling the findings of the
landscape analysis, including listing potential opportunity areas for innovation.

2.2 Phase 2: Red-meat Protein Isolate.

Using their knowledge and demonstrated skills and know-how in deriving chicken-based
isolates, Matis (under the direction of Xinova) conducted research & development into
developing and optimising red-meat (as a model system) protein isolation for use as a food
ingredient in snack foods, taking into account the design criteria determined from Phase 2
work. Matis' work included technical development and determination of pH shifts for red
meat and improving beef protein quality. Xinova also conducted an intellectual property audit
to determine ‘freedom to operate’ and identify if there was any defendable IP position within
the Matis work.

The outcome of this phase was a demonstration of the production of a stable red meat
protein isolate (technical feasibility).

2.3 Phase 3. Innovation Opportunity Workshop.

It is essential to start the process of sourcing innovative solutions by having a clear definition
of the opportunities, problems and issues to be overcome. Following Phase 1, an Innovation
Opportunity Workshop involving staff from MLA, Xinova, a number of selected domain
experts and inventors was undertaken. The outcomes from Phase 1, literature review, IP
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landscape analysis and market insight research were used to inform the workshop
discussion.

2.4 Phase 4: New Product Concepts.

Matis (under the direction of Xinova), undertook the development of two potential snack
foods using the red meat protein isolate derived during Phase 3 and taking into account the
Design Criteria from Phase 2. Development of the concept snack products included sensory
testing, proof of concept product development, consumer testing and feedback to ascertain
likely target market (desirability) and considered as part of an early adopter what the
possible pain point/needs state, size of the market and ability to change the targeted
consumer/market the product concepts address. Xinova also conducted an intellectual
property audit at the end of Phase 4 to recommend appropriate IP protection as necessary.
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3 Results and Discussion

3.1 Phase 1. Opportunity analysis:

Innovation around high protein products has been driven by the snack and dairy segments,
with snack bars and yogurts accounting for the bulk of high protein launches. Protein
enhancement is also present in specialty products, such as protein powders and foods for
body builders, athletes wanting to increase muscle volume, and outdoor enthusiasts.
However, work to spread protein consumption more evenly across a whole day, especially in
more general food consumption markets presents an opportunity for breakfast products and
snacks to include protein in their formulations to help achieve a more balanced intake of
protein. Enhanced protein foods could also find favour among the growing ageing
population.

Examples of potential uses for isolated beef protein include:

. Beef protein snack: Single-serve products that combine the “naturally healthy” virtues
of beef and snacks would appear to be aligned with consumers’ desires for convenience,
health (from “naturally healthy” ingredients) and indulgent tastes. They offer the possibility of
a sustained energy marketing message, a more filling eating experience and better
absorption options.

. Savoury crunchy and/or chewy “sensory-intense” high-protein snacks could be
developed for consumption 30 minutes prior to a meal in order to improve satiety and
potentially decrease overall calorie consumption. Thickened high-protein beverages could be
used for similar purposes as savoury snacks but could be designed for individuals who find
sweet foods more acceptable than savoury ones. A focus on convenient high- protein
breakfast foods is warranted, because a high-protein breakfast has been reported to
decrease craving over the rest of the day. In addition, breakfast is the meal most likely to be
skipped and where the least amount of protein is consumed.

. Animal Protein isolates from low value meat portions could be used in pet food to
improve the nutritional value and texture for animal well-being. Current pet foods are
typically formulated using protein from grains or grain by-product sources, such corn gluten
meal, brewer’s rice and wheat, rather than from meat sources. They may also contain
poultry by —products, which typically consists of the leftovers unfit for human consumption,
such as feet, beaks, undeveloped eggs, and intestines - everything but clean meat. Animal
protein is hugely important to pets throughout their entire lives. High quality protein from
actual meat sources contains important amino acids that pets need to thrive.

. Animal protein fortified food, such as protein fortified rice, could help counter protein
deficiency in developing countries. Protein deficiency diseases occur in developing countries
due to poverty as well as from lack of knowledge about nutritional requirements. Animal
protein, for example beef protein, contains all essential amino acids; chronic inadequacy of
any of these essential amino acids can also cause specific abnormal and harmful
functioning. Benefiting from the nature of animal protein isolates, it has an inherently long
shelf life and is therefore also suitable for long distance shipping.
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3.2 Phase 2: Red-meat Protein Isolate.

The work undertaken with Matis has been completed. It is recommended that no further
work be conducted as the process appears to be uneconomic. The economic model for the
pH shift protein isolation process doesn’t factor in the costs associated with waste water
disposal/management. The process requires significant water use, 1:4 at least, plus
prewashes, and generates high BOD/COD effluent, which would be bordering on
environmentally unsustainable unless untreated. If the process waste stream does undergo
treatment, significant costs are added to the process.

Having said that, Matis proposes a protein recovery process from the wash water. Matis
claim they can clean up the water for reuse or direct discharge and recover additional
proteins (see page 87-90 of the Matis report). Matis have done the majority of the research
and development work with fish (not this project) but haven’t conducted any trial on beef to
support this claim.

The most important but unanswered question is they haven’t done enough work to show that
the protein isolates or the marinade from their process can be stabilized. They conducted
very limited experiments on microbial analysis, freezing, and freeze drying, without any
further proper shelf-life evaluation or exploring other drying methods.

They contemplated other possible products e.g. collagen from the process but no actual
work performed.

The economic model also doesn’t take Capex into consideration. The work is bench scale
using laboratory separation equipment some of which may be unscalable to pilot plant.

The Matis process has also failed to provide any technical advantage over other red meat
protein isolation process and the process has an inherently complex intellectual property
position that would make it difficult to license and protect. Isolated red meat protein process
was developed by CSIRO in the early 1970’s and may have ramifications in relation to prior-
art. The outcomes from the work undertaken by Matis is included as an Attachment.

3.3 Phase 3. Innovation Opportunity Workshop & Phase 4. New
Product Concepts.

Several challenges facing meat-protein snack development are flavour / taste, odour and
appearance. Novel forms and unique processing methods will assist in creating snacks high
in red-meat-derived proteins for improved nutrition and convenience.

The option of using Australian red meat protein in snackified food products has the potential
to provide high nutritional value and to create premium products that command a greater
price per serving and grow overall demand for Australian red meat industry by adding value.
As the most likely source of red commodity meat input in this protein extraction process will
be low grade trim, blood, offal etc., increasing value x2-5 times is possible.

Xinova conducted a bespoke Red Meat Snack Workshop on 12" & 13" February 2018. The
bespoke workshop consisted of industry stakeholders and representative innovators and
MLA team members. The purpose of the workshop was to seek input on the initial red meat
snack concepts.
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The workshop consisted of representatives from MLA, Xinova and Food Innovators.
Attending were Xinova & Partners Scott Needham, Yi Lan Chen, Evelyn Miles, Russel
Rankin, David Ireland, Greg Caire, Nick Hazell, MLA/MDC Christine Pitt, Allister Watson,
Michael Lee, Duncan Veal, Rachel Cofrancesco, Emily Walker, Innovators Maxime Bilet
(Imagine Food Innovation Group), Steve Weaver, Bradley Wardrop-Brown (BluOak
Innovation), Bob Hamilton (Earlee Foods), Brett McMullen (Earlee Foods), Trish Linderman
(Earlee Foods)

The purpose of the workshop was for selected innovators from Xinova’s network to prepare
and present 4 to 6 meat protein snack concept prototypes each, for tasting and assessment
providing feedback to inform the development pathway and understand value proposition to
consumers for market positioning. The workshop was framed as a design thinking process

where concept products were reviewed and assessed in terms of desirability, feasibility and

viability.

Concepts products presented and tasted were as follows;

Earlee Foods

BluOak Innovation

Maxime Bilet

Collagen Chips
Shelf stable snack sausage

Breakfast Bar

Beef chips with inulin fibre

Fortified beef bars

Pre/probiotic collagen
recovery drink

Beauty bars
Reimagined Jerky

Beef offal Fish sauce
Thin meat crisps

Meat based starch chips

Plant chips impregnated with
protein isolate

Tender Puff V1

Meat based cracker

Hi-protein low carb muesli/trail mix
Chocolate with beef fat

Hi protein lactose free ice cream
Protein enriched beverage

Dual textured coextruded beef or
lamb bar

Jerky and force meats
Crisps with side of beef
Crispy crunchy foam
Coextruded meat pockets

Fried rice clusters with meat bits
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Tender Puff V2

The 2 days were broken up into the following stages; “Taste the Snack” — Hard Concepts
and food experience, “Dream the Snack” — Soft Concepts and “Share the Snack” - Creative
thinking and sharing of ideas. Taste the Snack was focused on taste and evaluation of
prototype snacks, Dream the Snack was snack concept ideas and Share the Snack sharing
ideas and creating improved snack concepts.

Concept samples were tasted and evaluated against the following criteria, the snack
concept, the taste, top 3 challenges and an assessment of Value versus complexity. The
workshop was organized and executed over a period of around 12 weeks — from concept, to
innovator identification, contractual engagement, creative thought and prototyping, to final
delivery of concepts.

General Action Plans
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Xinova

The red meat snacking workshop provided a unique and creative insight into the types of red
meat-based snacks that may be possible, but further work needs to be done to sort through
the concepts presented and identify the most promising snacking business opportunities.

The Projects recommends that a new proposal for the development of these concepts be
prepared and submitted to MLA. This new proposal would utilize design thinking
methodology to undertake development of the ‘best’ red meat snack concepts to come out of
the Workshop. This methodology would consider the perspectives of the market (viability),
the technology (feasibility), and the user (desirability) providing a rigorous framework to
identify the most appropriate concepts to navigate through ever-present innovation
uncertainties. This will allow the project to short list concepts down to 3 preferred validated
shack product concepts.
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1) Consumer desirability validation.

A consumer engagement methodology will be designed, that begins by broadly
understanding any unmet needs of consumers in Australia, US, and agreed Asian markets in
relation to; eating habits, lifestyles, dietary requirements, disease limitations, nutrition
understanding/knowledge, current category data (market access). Previous studies
commissioned by MLA such as P.PSH.0822 Identifying Snacking Occasions within Red
Meat will be used to inform consumer engagement in relation to short listed product
concepts. Reports related to consumer and market snacking trends such as protein
consumption, satiety/dieting etc will also inform the development of the consumer
engagement phase.

Food Innovators will be engaged to produce further specific product concept samples,
incorporating any changes in product specifications such as saltiness, fat content, protein
content, taste, mouthfeel etc. identified in the first workshop.

2) Validation of Business Viability

Food Marketing engagement — Understanding of opportunities and limitations. Develop the
compelling story and understand who the product will be targeting.

Develop an indicative business model using Business Model Canvas tool. This work will
begin to identify the path to market for any individual product concepts, potential partners or
commercial exits. Identify the need for more funding with estimates of timing and quantum.
Investigate the competitive environment and pricing, understand any regulatory
issues/timing/costs. Commence discussions with potential business partners and value
chain participants.

3) Assessment of Opportunity Feasibility

Choose and reconnect with Food innovator(s). Map the mass production or productization
steps required for each of the product concepts short-listed. Develop costing models and
understand ingredients, supply and costs (including alternatives). Re-iterate the original
prototype using consumer feedback and re-test with consumer groups. Nutrition analysis
and conduct any early stage testing confirm bioavailability if functional ingredients, if
required.

Xinova will also assist MLA in the commercialisation of the ‘best’ new red meat-based snack
concepts, including:

o Formation of partnership and collaboration;
e Project management and delivery.
o Clearly define potential value creation to processors

e Participation in roadshow and/or workshop with potential collaborators, including
processors to pitch the opportunity and what is required by different value chain
participants to create and capture value and to understand current capability to
execute.
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4 Recommendations

The Project recommends that a new proposal be developed and submitted to MLA to
undertake further work to sort through the concepts presented and identify the most
promising snacking product opportunities. The proposal would cover work associated with
development and commercialisation of a new red meat snack concept product against
consumer snacking attributes within the context of design thinking criteria of desirability,
feasibility and viability and detail a commercialisation pathway to launch.

The proposal would include validation of 3 red meat protein-based snacks and a clear
commercial pathway to launch, covering;

o Formation of partnership and collaboration,
e Clearly defined value creation to producers and the industry,

e Participation in roadshow and/or workshop with potential collaborators and partners,
to pitch the opportunity and what is required by different value chain stakeholders to
create and capture value and to understand current capability to execute.
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1 Background

MLA and Xinova are considering innovations in obtaining and using isolated beef proteins as
a food ingredient, for example in snack products and pet foods, where benefit can be gained
from increasing protein content.

Proteins are complex and diverse molecules made of linked chains of 21 types of amino
acids. Once eaten, the proteins are broken down into individual amino acids, which are used
by the body to make new proteins. Proteins are vital to growth and development as they are
key mechanical and structural components of our bodies. They can also be broken down
further to produce energy in times of hunger.

The popularity of protein as a positive nutrient in a balanced diet is growing to become a
mainstream trend. For example, some attention has been paid to replacing dietary energy
from carbohydrates and fats with protein due to evidence for weight loss.

Protein fortified foods typically use isolated protein from a single source. Traditionally, the
maijority of proteins that have been used to fortify products have been from animal sources,
such as whey and casein from cow’s milk, but these are now being replaced by plant
sources, such as soybeans. Over the past few years there has been an increase in the
availability of other protein sources, including those from algae, hemp, cranberry and
legumes, as well as, to a lesser extent, isolated animal proteins from beef, chicken and
salmon.

Beef protein isolates as a food ingredient is largely missing in the food market, especially the
snack market. The most common processing method of preparing beef protein isolates is
enzymatic hydrolysis, which works with high solubility and easy extractability. However, this
extraction method compromises beef proteins’ nutritional value by destroying their functional
structural. Additionally, enzymatic hydrolysed proteins give a bitter flavour which leads to a
negative effect on the usage in food industry. Therefore, the technical challenge of extracting
beef proteins in their native form has been persistently challenging. A novel, simplified and
native extraction method for beef protein does not appear to have been explored in the food
industry.

This report discusses currently commercially available protein sources, reviews the profile of
current protein isolates from animal and plant origins and their applications as an innovative
means to recover functional protein isolates from low-value sources. It also covers recent
attempts to extract protein from their original forms, as noted in the patent literature. A
market overview of protein ingredients and protein fortified products is discussed, as well as
opportunities for new protein ingredients and markets, with a particular emphasis on beef
protein.

Page 21 of 125



P.PSH.0812 — Red Meat Protein Snack

2 Protein isolate

Protein isolates are the most refined form of protein products containing the greatest
concentration of protein yet contain no dietary fibre. Isolates originated from the United
States around 1950s (Jay and Michael 2004). They are very digestible and easily
incorporated into different food products. Protein isolates are nowadays believed to have
played a major role in the development of a new class of formulated foods. The high
concentration of protein with the advantage of colour, flavour and functional properties make
isolated protein an ideal raw ingredient for use in beverages, infant foods, textured protein
products and certain types of specialty foods (Olaofe et al., 1998).

2.1 Source of protein

There are two sources of protein isolates - animal and plant. Animal products, such as meat,
milk, milk products, egg, poultry and fish are rich sources of protein containing a balanced
level of amino acids. Animal protein is generally associated with high fat content and,
because of this, when consumed in large amounts, it leads to higher risk of disease,
including high blood pressure and heart disease. Animal protein has a balanced combination
of all amino acids and hence it is called complete protein. In contrast, with the exception of
soy protein, plant protein is incomplete protein.

Protein quality, and thus nutritional value, is determined by amino acid composition and the
digestibility of the protein fraction of food. The 20 proteinogenic amino acids are classified as
either indispensable or dispensable. Nine amino acids are classified as essential for humans
(histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and
valine) as they cannot be synthesized in the human body from naturally occurring precursors
at a rate that meets metabolic requirements. The remaining dietary amino acids are
dispensable (alanine, arginine, cysteine, glutamine, glycine, proline, tyrosine, aspartic acid,
asparagine, glutamic acid, and serine). Among the 9 essential amino acids, lysine and
threonine are strictly indispensable since they are not transaminated and their deamination
is irreversible. In contrast, the 7 remaining indispensable amino acids can participate in
transamination reactions. In addition, some of the dispensable amino acids that can be
synthesized by the body under normal physiological conditions can become limiting under
special physiological or pathological conditions. One example is in premature neonates.
When the metabolic requirement cannot be met, these amino acids must be supplied in
adequate amounts with the diet. They are then called conditionally indispensable amino
acids (arginine, cysteine, glutamine, glycine, proline, and tyrosine). The last parameter that
needs to be considered for the correct assessment of protein quality is the ratio between
essential (E) and nonessential (N) amino acids. According to FAO/WHO criteria, E/(E + N)
has to reach about 40% with E/N = 0.6 (FAO 1989). FAO/WHO/EFSA dietary criteria state
that each adult must consume 0.66 g/kg of body weight of protein per day (EFSA 2012).

2.1.1 Animal protein

Protein from animal sources contains essential amino acids needed for an adult's diet. A
summary of important protein examples are given below, with more detail provided in
Appendix 1.
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2.1.1.1 Whey

Whey is the liquid by-product of cheese making which can further be processed into spray
dried products such as whey protein concentrates (WPC), whey protein isolate (WPI) or
whey protein hydrolysate (WPH) (Brucic et al.2009). It represents about 20% of milk
proteins, which remain in the serum phase during processing of cheese (Kimberlee 2012).

2.1.1.2 Casein

Casein makes up about 80% of the proteins in cow’s milk. It has a wide variety of food and
industrial uses. Food uses include protein supplements, cheese, food binding agents,
artist’s paint medium, glue, plastics, fibre and also medicinal and dental uses. In its uses as
a protein supplement, it tends to gel in the stomach, meaning it has an additional use as
slowing nutrient release. Caseins are heat stable because they are proline rich.

2.1.1.3 Egg

Egg proteins are nutritionally complete with a good balance of essential amino acids which
are needed for building and repairing the cells in muscles and other body tissues (Watkins
B.A. 1995). Egg proteins are distributed in all parts of the egg, but most of them are present
in the egg white and egg yolk amounting to 50% and 40%, respectively. The remaining
amount of protein is in the egg shell and egg shell membranes. The major portion of egg
yolk exists as lipoproteins, which can be separated by centrifugation into a plasma fraction
(which remains soluble) and a granular fraction (which precipitates).

2.1.1.4 Fish Protein isolates (FPI)

Fish protein isolate is a protein concentrate which is prepared from fish muscle without
retaining the original shape of the muscle. It is not generally consumed directly but used as
raw material for production of other value-added products. It is normally utilized as an
ingredient for the production of value added products. It is still a good source of protein for
the production of ready to eat fish products.

2.1.1.5 Meat proteins

The meat protein ingredients discussed are a class of high protein products that are derived
from either animal by-products or lean tissue components (Table 1), and they are used
primarily as ingredients in meat and other food products.

Table 1 Major Sources and types of meat protein ingredients

Source Ingredients

Lean tissue Finely textured meat/poultry
Mechanically separated meat/poultry
Meat protein isolates

Bone Gelatin (type B)
Edible bone collagen (ossein)

Bone collagen hydrolysates (stocks and
broths)
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Pig skin Gelatin (type A)
Stocks and broths
Beef hides Gelatin (type B)
Poultry skin (chicken, turkey) Concentrated collagen
Stocks and broths
Collagen-rich tissues Concentrated collagen
Collagen hydrolysates
Blood Blood plasma (liquid, frozen, dried)
Whole blood (liquid and dried)
Red cell protein (decolorized)

Plasma transglutaminase

Sarcoplasmic, stromal and myofibrillar are types of meat protein. Sarcoplasmic proteins
contain enzymes myoglobulin and cytoplasm. Collagen and elastin are the content of
stromal proteins while myosin, actin, tropomysin and troponins are the content of myofibrillar
proteins. Stromal and myofibrillar proteins, soluble in salt solutions, are used for making
edible films and coatings. Collagen, a fibrous stromal protein extracted from connective
tissue, tendons, skin, bones and the vascular system, is a waste product of meat processing.
Collagen is a superhelical structure formed by a combination of three parallel alpha-chains,
and forms gelatine (Haug et al., 2004). Collagen exposed to mild heat treatment under acidic
or alkaline conditions forms gelatine (Badii and Howell, 2006).

Stromal proteins (connective tissue), primarily collagen, represent as 10-15% of total muscle
protein, being the most abundant protein in the animal body (skin, sinews, tendons, etc.).
Stromal proteins are not soluble in water regardless of pH, temperature, or ionic solubility.
Stromal proteins hold fibres together and are therefore generally tough and inert. Increased
crosslinking occurs as animal age increases, increasing toughness. Stromal proteins are not
very valuable in processed meats because of their little binding ability. They shrink when
heated to 140 °F and convert to gelatine at 160-180°F. But if heated when dry, collagen
becomes very hard and impermeable. This character is important in the handling of collagen
and/or natural casings. The main application of collagen is to make gelatine, contact lenses,
and pharmaceuticals.

Sarcoplasmic proteins have been shown to form low quality gels, have low water holding
capacity, and interfere with myosin cross-linking during formation of gel network; therefore,
sarcoplasmic proteins may have a negative impact on food texture. (ASCL, 2014)

2.1.1.6 Others (e.g. insects)
Insect protein content is very high, with many species ranging above 60%. For example,
Finke and others (1989) reported that the house cricket (Acheta domesticus), when fed to

Page 24 of 125



P.PSH.0812 — Red Meat Protein Snack

weanling rats, was superior to soy protein as a source of amino acids at all levels of intake.
One of the most widely eaten insects in China is the silkworm, whose protein content is
comparable to other animal proteins.

2.1.2 Plant protein

Vegetables, legumes and fruits are good sources of protein. Legumes have a higher content
of protein than vegetables and fruits (Creighton TE. New York: Freeman WH; 1993).
Different parts of plants are sources of proteins as given in Table 2.

Table 2 Parts of plants as source of proteins with examples

Protein source as Examples
part of plant
Legume Garbanzo beans, kidney beans, lentils, lima beans, navy

beans, soybeans, split peas

Grain Barley, brown rice, buckwheat, millet, oatmeal, quinoa, rye,
wheat germ, wheat, wild rice

Vegetable Kales, broccoli, mushrooms, sweet corn, spinach

Fruit Apple, banana, cantaloupe, grape, grapefruit, honeydew
melon, orange, papaya, peach, pear, pineapple, strawberry,
watermelon

Nuts and seeds Almonds, cashews, filberts, hemp seeds, peanuts, pumpkin

seeds, sesame seeds, sunflower seeds, walnuts

2.1.2.1 Peanut protein isolates (PPIs)

The peanut contains 26-29% protein with good nutritional quality. Peanut proteins are used
for their functional properties (emulsification, forming) or for their nutritional properties in
different food products. They are also used for human nutrition in developing countries to
supplement cereals, beverages and skim milk.

2.1.2.2 Soy protein isolates (SPIs)

Soy protein isolate is a common isolate. It has high protein content of about 90%. It is
usually combined with other food ingredients such as vitamins, minerals and flavour in
preparation of soy protein shake powder (Seyam 1983).

The problem of poor flavour, mouth feel, texture, dryness and flavour associated with the
use of soy flour and soy concentrate above 10% has meant soy isolate is typically used in
sausage-type products for their emulsion-stabilizing effect, gelation, and moisture retention
and improved effects on texture (Kinsella 1976). Soy protein is regarded as textured protein
products use both in meat and vegetarian meat analog industry and thus, has good water
holding capability (Riaz 2006). It is often used as meat extenders in comminute meat
products such as patties, fillings, meat sauces, meat balls, etc (Berk 1992).
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2.1.2.3 Canola protein isolates (CPIs)

CPIs have a good amino acid profile with a well-balanced amino acid composition although it
has found only marginal use in the food industry, due to the presence of anti-nutritional
factors. CPI thus possesses generally unacceptable food-functional properties including poor
water holding, gelling and oil-binding, foaming and emulsification properties. Many studies
have been carried out to modify the properties of this isolate e.g. by succinylation, acylation
and enzymatic hydrolyses. (Alashi 2011).

2.1.2.4 Chick pea protein Isolate

Chick pea is the world’s third largest pulse crop in term of area, grown mostly in West Asia
and the Mediterranean region. It is one of the major vegetable proteins. Many functional
properties of this protein isolate have been studied whereas information on gelation
properties of chick pea protein isolate is scarce (Zhang 2007).
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3 Protein extraction

3.1 General Methodology

A wide variety of extraction and fractionation tools for proteins and peptides are available
based on their physicochemical and structural characteristics such as solubility,
hydrophobicity, molecular weight, isoelectric point (pl), and so on. Generally, different
technologies focus on cell disruption and solubilisation/precipitation, and enrichment
systems are needed to obtain the protein fraction of interest. This section describes the
state-of-the-art of extraction and fractionation techniques for food proteins and peptides.

3.1.1 Cell disruption methods

The preparation of any food requires homogenization. Proteins are usually contained in
protein bodies inside cell walls, so cell disruption is required before they can be totally
solubilized and extracted. The general procedure for sample preparation in this case strongly
depends on the food type. Generally, disruption of the cell wall and protein release is crucial
for extraction success. Various chemical and physical techniques can be used to destroy the
cell wall. These techniques can be grouped into five major categories: mechanical
homogenization, ultrasound homogenization, pressure homogenization, temperature
treatments, and osmotic and chemical lysis.

3.1.2 Protein Solubilisation/Precipitation

Protein solubilisation is considered one of the key steps in sample preparation procedures. It
is generally employed to separate proteins in the sample selectively from different
substances (Berkelman and Stenstedt 1998). The solubilisation/precipitation process
strongly affects the quality of the final results and thus determines the success of the entire
extraction. Taking into account the immense variety of proteins and the huge number of
interfering contaminants present in food-derived extracts, simultaneous solubilisation of all
proteins remains a great challenge. Each food sample requires a specific protocol that needs
to be optimized to minimize proteolysis and modification of proteins (Bodzon-Kulakowska et
al. 2007). For animal tissues, which have higher protein yields, various protein solubilisation
buffers are used, including chaotropic agents, detergents, reducing agents, buffers, and
ampholites (Pedreschi et al. 2010). The proper use of these additives avoids protein
modifications, aggregation, or precipitation that may result in the occurrence of artefacts and
the subsequent lowering of protein yield (Gorg et al. 2004).

3.1.2.1 Organic Solvents

The main organic solvents and additives used to extract proteins from food sources. Many
studies performed in the last few years aimed to compare different protein solubilisation
methods (Jiang et al. 2004; Natarajan et al. 2005; He and Wang 2008). The most common
method used for the extraction of plant proteins is tricholoracetic acid (TCA)/acetone
precipitation as proposed by Damerval et al. (1986). This method has been used to extract
proteins from different tissues of cereals, legumes, and fruits. However, a disadvantage of
TCA precipitated proteins is that they are difficult to redissolve (Nandakumar et al. 2003). In
the last decade, the phenol extraction procedure has been widely used because of its high
clean-up capacity. In contrast to its strong solvent action on proteins, phenol has little
predisposition to dissolve polysaccharides and nucleic acids. However, phenol shows the
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disadvantages of being more time consuming than other sample precipitation procedures
and of being toxic. The alcohol extraction process after de-hulling and conventional de-oiling
has a high efficiency of protein recovery. Aqueous alcohols (ethanol, isopropyl alcohol,
butanol) are widely used on a commercial scale to remove phenolics, oligosaccharides, or
inhibitors from defatted meals and seeds (Moure et al. 2006). Recently, extractions with
different organic solvents, such as n-hexane, 2-methyl pentane, diethyl ether, acetone, 2-
propanol, and ethanol were compared regarding effectiveness, suitability, and protein
solubility of the full-fat and defatted lupin (Bader et al. 2011).

3.1.2.2 Aqueous Solutions

In recent years, because of the growing environmental concerns over the use of organic
solvents to extract oil/protein from oil-bearing food materials, aqueous extraction is gaining
attention. Water is also operationally advantageous over alcohols because it is non-
flammable and neither explosive nor toxic. Commercially, the production of protein
concentrates (48-70% protein) or isolates (85—-90% protein) consists of an aqueous
solubilisation of protein and carbohydrates at acid, neutral, or alkaline pH and the selective
recovery of the solubilized protein, separation, and, optionally, washing and neutralization
before drying. The protein extraction yield and properties are influenced by the type of
extraction process and by different factors such as pH, salts concentration, the ionic strength
of the medium, net charge, and electrostatic repulsions (Tan et al. 2011). A number of acid
and alkaline protein extraction protocols have been published from various plant and animal
tissues. In the last decade, different studies have focused on evaluating the effect of
extraction methods on the functional and rheological properties of proteins recovered from
by-products of the meat and fish industry (Liang and Hultin 2003; Chaijan et al. 2006;
Hrynets et al. 2010, 2011; Moayedi et al. 2010; Omana et al. 2010). Recent studies report
the use of mainly sodium and calcium salts to extract proteins from different vegetal foods
(Ghaly and Alkoaik 2010; Horax et al. 2010; Lestari et al. 2010; Karaca et al. 2011; Nadal et
al. 2011). These extraction methods are simple because the agents required are easily
available. However, as a result of the degradation at high pH conditions, the protein yield is
generally low. Also, the protein quality can be altered by alkaline processing due to
undesirable reactions involving racemization of amino acids, formation of toxic compounds
such as lysinoalanine, reduction of digestibility, loss of essential amino acids, and decrease
in nutritive value.

3.1.2.3 Aqueous Enzymatic Extraction

An alternative approach combining aqueous and enzymatic extraction is attracting attention.
Enzymes can aid in the extraction of proteins in several ways. Carbohydrases, which can
attack the cell wall components, may increase protein yield by liberating more protein from
the matrix source (Ansharullah et al. 1997; Wang et al. 1999; Tang et al. 2002 ). A
combination of cell wall-hydrolyzing enzymes (i.e., Viscozyme L) has been used to cleave
linkages within the polysaccharide matrix effectively and hence liberate more intracellular
protein from oat bran (Guan and Yao 2008). In the last few years, different proteases, alone
or in combination, have been used to partially hydrolyse proteins to peptides, increasing their
solubility and making them more easily extractable. Recently, De Moura and co-workers
(2011) developed a two-stage counter current aqueous enzymatic extraction process for
soybean, significantly reducing the amount of water used. They achieved slightly higher oil
and protein extraction yields than those from standard single-stage aqueous as the long time
required and the high cost of enzymes that makes this strategy uneconomical. The use of
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immobilized enzyme in protein extraction may reduce the overall cost by allowing the reuse
of enzymes.

3.1.2.4 Ultrafiltration method

This is a potential membrane processing for extraction of protein, a solution of protein is
placed in a cell containing a semi-permeable membrane, and pressure is applied. Small
molecules pass through the membrane, whereas the larger ones remain in the solution. The
semipermeable membranes with cut-off points of between 500 and 300,000 are mostly
available (McClements 2013). The extraction of soy protein isolate by this method was first
reported over twenty years ago. The Ultrafiltration system provides a commercially feasible
alternative to the existing isoelectric precipitation method of soya beans production.
Subsequently, many manufacturers were believed to have implemented the ultrafiltration
process for soya isolate. However, very few details are available due to commercial
confidentiality (Smith et al. 1939). Ultrafiltration can also be used to concentrate protein
solution and can be used in laboratory and commercial scale (McClements 2013).

3.1.3 Protein Enrichments Methods

Once the protein fraction has been isolated from the rest of the constituents and the
interference substances have been eliminated, there are still some other steps that are
needed prior to further processing. The purpose of fractionation and enrichment methods is
to obtain distinguishable fractions and increase the concentration of the proteins of interest.

3.1.3.1 Centrifugation

The use of centrifugation is one of the simplest methods used for isolation and
enrichment/fractionation of proteins. Centrifugation can be used for different purposes. It can
be a first step to separate different cell substructures where our proteins of interest are
locally concentrated, for instance, mitochondria, membrane, or nucleus. This process
involves multiple centrifugation steps and, as a result, the cellular homogenate is separated
into different layers based on the molecular weight, size, and shape of each component.

3.1.3.2 Precipitation

It is recognized that among the different precipitants the most widespread is ammonium
sulphate (Bodzon-Kulakowska et al. 2007). The addition of high amounts of this salt or other
such as sodium chloride into a protein solution provokes an increase of protein interactions
followed by protein aggregation and finally precipitation. This is known as a salting-out
process and, as the salt concentration needed for protein precipitation varies from one
protein to another, it allows selective protein separation. Another type of protein enrichment
is immunoprecipitation, based upon the binding of the antigen to its specific antibody to form
the antigen—antibody complex. In general it offers high recoveries of the proteins and it is
widely used for food allergens (Pastorello and Trambaioli 2001). Additionally, using the
isoelectric point (pl) is a common method to precipitate protein from solution.

3.2 Methods used for protein extraction from meat/muscle

Muscle proteins are extracted from animal sources using chemical and enzymatic methods.
Chemical extraction methods include: 1. buffer extraction which only uses chemicals in
neutral pH to solubilize protein; 2. pH shift extraction which adjust pH to acid or alkali to
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extract and precipitate them down later using an isoelectric point. Protein hydrolysates-
peptides obtained from enzymatic extraction process are also used in the food industry.

3.2.1 Buffer extraction in neutral pH

The sarcoplasmic proteins are readily soluble in water or dilute salt-containing solutions.
Extraction of muscle with strong salt solutions dissolves the major portion of the
sarcoplasmic plus myofibril proteins (Bate-Smith 1934, 1935). Most of the strong salt soluble
proteins can be brought out of solution by diluting the ionic strength to ~0.05. Robinson
extended (1952) these studies by using a higher pH extracting solution (pH 8.5) and a
further extraction with 0.1 M NaOH. The residue after these sequential extractions was
referred to as the connective tissue or stromal fraction. Perry (1952) found that preparations
of myofibrils had very low quantities of proteins soluble in 0.08 M Borate buffer, pH 7.1. A
common scheme for the separation of the various solubility classes of muscle proteins is
shown in Fig 1.

Homogenize muscle in phosphate buffer pH 7

Centrifuge
Precipitate Supernatant
I I
Homogenize in 1 M K Sarcoplasmic proteins (55 mg/g)
Centrifuge
Precipitate Supernatant
Il l
Stroma proteins (20 mg/g) Myofibrillar proteins (115 mg/g)

Fig 1 Fractionation of muscle proteins

The diagram in Figure 1 is a simplification of procedures necessary to accurately estimate
the true content of each of these protein classes. An extensive study by Helander (1957)
compared a number of different salts in extraction, and his results showed that the most
efficient extractant was KI-0.1M potassium phosphate, pH 7.4.

3.2.2 Enzymatic Hydrolysis

The enzymatic hydrolysis of various biopolymers in foodstuffs, such as polysaccharides,
proteins and pectins, is an important process which is used to improve the physical,
chemical and organoleptic properties of the original food in relation to the nutritive value and
the intestinal absorption characteristics. The enzymatic hydrolysis of protein is carried out
under acid or alkaline controlled conditions without degrading their nutritional qualities for the
acceptance in the food industry and broad spectrum of products can be produced for a wide
range of applications (Shahidi et al., 1995). Many protein hydrolysates are subjected to
enzymatic hydrolysis to produce special diets for babies and sick adults. This is possible
only when the hydrolysates are low in bitterness, osmotically balanced, hypoallergenic and
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have good flavour. Most of these diets are composed of peptides and are rich in amino acids
(Tello et al., 1994).

3.3 Isoelectric solubilisation/precipitation (ISP)
3.3.1 Overview

The isoelectric point (pl) of a protein is the pH where the net charge on the protein is zero.
Proteins tend to aggregate and precipitate at their pl because there is no electrostatic
repulsion keeping them apart. Proteins have different isoelectric points because of their
different amino acid sequence, and therefore, they can be separated by adjusting the pH of
a solution. When the pH is adjusted to the isoelectric point of a particular protein it
precipitates leaving the other protein in the solution (McClements 2013). ISP processing may
be a useful technology to recover nutritious and functional protein isolates for development
of nutraceutical food products destined for direct human consumption from underutilized fish
resources such as krill and invasive nuisance species like Asian carp, fish and meat
processing by-products (i.e., frames, heads, etc.), and other low-value animal protein
sources that otherwise may be discarded. The effect that pH has on water solubility of
muscle proteins has long been known (Meinke &Mattil, 1973; Meinke, Rahman & Mattil,
1972); however, the process of separating proteins and lipids using pH-shifts was proposed
by Hultin and Kelleher (1999, 2000).

3.3.2 Previous attempts

The ISP process efficiently recovers high quality protein isolates in terms of nutritional quality
and functional properties from sources difficult to process such as krill, fish, chicken, and
beef processing by-products (Chen & Jaczynski, 2007a; Gigliotti, Jaczynski, & Tou, 2008;
Jaczynski, 2010; Nolsoe & Undeland, 2009; Taskaya, Chen, Beamer, et al., 2009b;
Taskaya, Chen,& Jaczynski, 2009c). While proteins are dissolved, they are separated from
lipids and other insoluble materials such as skin, bones, scales, etc. Following separation, a
subsequent pH-shift induces protein precipitation (Fig. 2 and 3).

B',r adding base, protein
becomas negatively

Water dipole

SUOIPUDD oiseg

Protein-water interactions

\ (water solubility) are .“/ pr01em-water m1elactlons
| are maximized and protein

‘minimized at the pl and

s proteins precipitate \ becomes water soluble
g [ + \ "
= o
g8 + g
£5 = 8
ES o =]
8. o a
HsO™ ¢
E g Y\ 3
e \ w
% B =
23 \". \--. By adding acid, protein ".\ Protein-water
23 \ becomes positively N interactions via weak
T o Protein-protein charged ——— hydrogen bonds
% e interactions via weak
=] hydrophobic bonds are
& favored

Page 31 of 125



P.PSH.0812 — Red Meat Protein Snack

Fig. 2 A protein at its isoelectric point (pl) has a zero net electrostatic charge. A. At its pl,
protein—water interactions are at its minimum, while protein—protein interactions via weak
hydrophobic bonds are at its maximum, causing protein precipitation. B. Protein—water
interactions prevail under acidic or basic conditions far from the pl, resulting in protein
solubility in water.

Source: adapted from Gehring et al., 2011.

y L b
-products with
water (1:6, wiw)
@
Light fraction,

recycled water Heavy fraction,
\—'},puateﬁ proteins .

Step 2. Homogenization of by-

Step 5. Second separation products with water (1:6, wiw)
Step 4. Second pH adjustment, Step 3. First separation

proteins precipitate

| Heavy fraction,
Light fraction, | fat-free impurities
fish oil

Medium fraction,
protein solution

.
Fig. 3 Diagram of the isoelectric solubilisation/precipitation technology with concurrent oil

separation proposed for fish processing by-products.
Source: adapted from Tahergorabi, Hosseini, & Jaczynski, 2011b.

During the first pH-shift meat proteins are dissolved at either acidic or alkaline pH.
Centrifugation is typically used to separate lipids by floatation (light fraction) and other
insoluble materials (bones, skin, and stromal proteins) by sedimentation (heavy fraction)
from dissolved meat proteins (middle fraction). The protein solution (middle fraction) is then
adjusted to pH 5.5, the isoelectric point (pl) of meat proteins (Fig. 3). At the pl proteins lose
their water solubility; and therefore, precipitate out of the solution. Finally, the precipitated
proteins are separated from the process water (i.e., de-watering) typically by centrifugation
or ultrafiltration. Since proteins dissolve at very high (pH 10.5-13.0) or very low pH values
(pH 1.5-3.0), ISP processing results in mild microbial reduction (Lansdowne, Beamer,
Jaczynski, & Matak, 2009a, 2009b). ISP is a useful technology to extract protein isolates
from muscle food processing by-products and low-value meat that could be used as a main,
bulk ingredient in nutraceutical/functional food products; and therefore, be destined for direct
human consumption.
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3.3.3 Comparison with other methods

Protein extraction methods can vary widely in reproducibility and in representation of the
total proteome, yet there is limited data comparing protein isolation methods. Different
extraction procedures have been established and the commonly used methods include
chemical and enzymatic hydrolysis extraction. Both of these three protein extraction
procedures have their advantages and limitations, depending on factors such as the type of
muscle tissue, protein yield and downstream analysis of the extracted proteins.

The most common extraction method used for animal proteins is the buffer extraction
method. Separation of muscle proteins soluble in neutral salt solutions of ionic strength lower
than 0.6 into two fractions can be achieved by diluting the sale extract with distilled water
(volumetric ration of 1:10 to 1:12) and keep the mixture overnight in a refrigerator. Another
way to extract both proteins is to run two separate muscle protein extractions with
extractants of ionic strength of 0.8 and 0.05 and additionally to precipitate the proteins in
extracts with 5% trichloroacetic acid, followed by separation of the liquid by filtration. No
myofibrillar protein extraction should be carried out after the preliminary extraction of
sarcoplasmic proteins with low ionic strength buffer. Such a procedure would result in
reduced solubility of myofibrillar proteins, most probably due to their hydrophobic
interactions. Therefore, using buffer extraction will accommodate extra preliminary extraction
and type of salt, salt concentration usage could be a concern in food industry.

The pH-shift method is used in the food processing industry for separating proteins. Because
of its outstanding functional properties, protein isolates can be used as a protein additive. It
has been found that functional proteins can be extracted from muscle using acid-or alkali-
aided solubilisation and recovered with ISP. A higher level of proteins can be extracted with
high compared with low pH because of higher protein solubility at high pH. From the
perspective of developing functional protein ingredients, the pH-shift method can efficiently
recover the muscle protein, including myofibrillar protein and the water-soluble proteins. The
recovered proteins have a good colour and excellent functional properties, and are safe for
consumption. As a result, the use of pH-shift as a method for recovering muscle protein is
worth further evaluation.

Enzymatic hydrolysis of the by-products is another method of protein recovery from animal
processing industries (Bhaskar et al.2008). The isolate is mostly used for production of dried
nutritional, flavouring and emulsifying ingredients. In the hydrolysis process, only a minimum
amount of water is added and temperature is raised to activate (55-60°C) the enzymes. By
using different enzymes and by controlling temperature, time and pH, different end-products
can be produced.

Advantages of enzymatic hydrolysis:

* Very high yield of Nutritional Protein
* High Protein and High Nitrogen

+ Contains all Essential Amino acids
* Soluble

Disadvantages of enzymatic hydrolysis
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» Low emulsification activity index and emulsion stability due to extensive hydrolysis.
* Poor product quality
* Lack of functionality

« A rancid odour/taste

3.3.4 ISP isolated protein nutritional value

In general, the ISP-recovered protein isolate contains 87-95% crude protein, 1-5% lipid, and
2—6% ash. Proximate composition of protein isolates recovered using ISP processing varies
depending on protein source, pH as well as the type of acid and base used during ISP. For
example, when ISP processing was used to recover protein isolate from whole gutted silver
carp and carp fillets, crude protein was concentrated to between 89 and 95%, with the
essential amino acid content higher than in the starting material (i.e., whole gutted carp and
carp fillets) and control (Alaska pollock surimi) (Taskaya et al., 2009b).

Protein isolates recovered using ISP processing is of high quality, meaning they contain all
of the nine essential amino acids (EAAs) in adequate amounts. For example, protein isolate
recovered from fish by-products (frames and heads) using the ISP process contained
adequate concentrations of the EAAs to support human or animal health (Chen et al., 2007).
Because of its high nutritional quality, egg protein is typically used as a reference protein
when determining biological value (BV). The quality of protein isolate recovered by ISP was
not of as high quality as egg protein; however, the ISP-recovered protein isolate had higher
quality than soybean protein concentrates and similar quality to the milk protein casein. It
should be noted that protein isolate recovered from fish processing by-products with ISP had
a similar concentration of lysine to whole egg, which is important because lysine is often
considered a limiting EAA. ISP-recovered krill protein isolate had considerably more EAAs
than recovered fish protein isolate. The concentrations for most EAAs were closer to those
of whole egg, with lysine values exceeding that of whole egg (Chen et al., 2009).

Although ISP processing efficiently recovers high quality protein isolates, attempts at
commercializing food products developed from the ISP-recovered protein isolates have been
limited. Results from laboratory-scale product development demonstrate the potential for the
use of ISP-recovered protein isolates from seafood processing by-products and low-value
meat as a main, bulk ingredient in the development of nutraceutical food products.

3.3.5 ISP isolated protein application

Considerable amount of information exists in the literature describing potential applications
for a variety of protein isolates. This review focuses only on literature where ISP-recovered
protein isolates were used. Early studies sought to determine whether or not protein isolates
recovered with ISP retained their functional properties. In one such study, Taskaya, Chen,
Beamer, and Jaczynski (2009a) recovered muscle protein isolates with ISP from whole
gutted silver carp and carp fillets and compared their functional properties to Alaska pollock
surimi. Functional additives such as potato starch and transglutaminase (TGase) improved
texture of ISP protein gels that were comparable to Alaska pollock surimi gels. The ISP-
recovered protein isolates retained their functional properties (thermal denaturation,
viscoelasticity, and texture properties) performing comparably to Alaska pollock surimi.
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Retention of functional properties is critical if the protein isolate is to be used in the
development of restructured food products (Taskaya et al., 2009c).

Based on the findings of Taskaya et al. (2009a, 2009b), Tahergorabi, Beamer, Matak, and
Jaczynski (2012a) formulated a fish stick product using ISP protein isolate recovered from
whole gutted trout with added nutraceutical ingredients. The main, bulk ingredient providing
technological functionalities such as gelation, water holding capacity, and fat
binding/emulsifying was the ISP protein isolate, while nutraceutical properties were provided
by w-3 PUFAs oils (flaxseed, algae, fish, and krill oils) and KCl-based salt substitute. This
study revealed that heat-induced protein gelation as assessed with dynamic rheology was
improved by the addition of w-3 PUFAs, while it was not affected by salt substitute.
Whiteness was also improved except when krill or algae oil were added. The sodium content
was greatly reduced when salt substitute was used. However, residual sodium, likely from
NaOH and HCI used in the ISP process, was retained in the ISP protein isolate and
therefore, in the nutraceutical fish stick.

Another approach to improve health aspects of food products is to reduce their sodium
content. Therefore, sodium was reduced in the ISP-recovered protein isolate by substituting
NaOH with KOH in the ISP process (Tahergorab et al., 2012b). Then, nutraceutical
ingredients (dietary fibre, w-3 PUFAs, and KCl-based salt substitute) were added to the
protein isolate from striped bass recovered with the ISP using KOH, subjected to cold- or
heat-gelation, and compared to commercial Alaska Pollock surimi gels. Texture properties of
the ISP gels were generally better than surimi gels. Although the ISP protein isolate and
surimi developed similar final gel elasticity, they had different gelation pattern. The colour of
the ISP gels was whiter and brighter than surimi gels; however, this was due to the addition
of titanium dioxide, a common food whitening agent. A reduction of sodium and
simultaneous increase in potassium content in the ISP gels was also achieved. Although
cooking of the ISP gels generally increased lipid oxidation, TBARS values were much below
rancidity levels. These trials indicate that KOH can replace NaOH in the ISP process to
recover fish protein isolates. The ISP protein isolates in combination with nutraceutical
ingredients such as dietary fibre, w-3 PUFAs, and reduced sodium can be used to develop
nutraceutical seafood products targeting reduction of the diet-driven cardiovascular disease
(CVD).

Chicken meat has gained popularity with consumers for several reasons and currently it is a
major source of dietary animal protein worldwide. However, the increased production of
value-added products inevitably generates a large quantity of chicken-meat processing by-
products that contain residual meat left on bones, skin, etc. (Dawson et al., 1988). Therefore,
these chicken processing by-products present a challenge and opportunity to develop a
technology to recover proteins and other nutrients for development of food products for
direct human consumption instead of rendering them for chicken meal and subsequent
recycling as animal feedstock.

Tahergorabi, Sivanandan (2012c) demonstrated that functional protein isolate can be
recovered from skin-on bone-in chicken drumsticks (i.e., model dark chicken-meat
processing by-products) with ISP. The ISP-recovered chicken protein isolate formed good
quality gels with colour and texture similar to chicken breast meat gels (control) (Tahergorabi
etal., 2011a).
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These bench-top trials demonstrated a feasibility to develop nutraceutical food product
prototype made of chicken protein isolate recovered with ISP from low-value dark chicken
meat processing by products. The prototype was enriched with CVD-beneficial nutrients,
while retaining quality attributes comparable to respective products made of chicken breast
meat.

3.3.6 Challenges

ISP is a technology that efficiently recovers functional and nutritious protein isolates from
sources difficult to process through conventional means. These sources include under-
utilized and difficult to process aquatic species such as krill and carp, fish processing by-
products such as frames and heads, as well as low-value meat sources such as dark
chicken meat processing by-products. Although high quality protein isolates can be
efficiently recovered with ISP, the key challenge is to develop marketable food products for
direct human consumption. Cardiovascular disease (CVD) has been the number one cause
of death in several developed countries for many years. Therefore, developing nutraceutical
food products tailored to improve cardiovascular health may be a potential venue for
successful application of the ISP protein isolates. Nutraceutical food prototypes whose main,
bulk constituent are the ISP protein isolates enriched have been developed and tested at a
laboratory scale. It is suggested that storage stability as well as nutritional assessment
studies should be conducted. In addition, marketing and financial feasibility studies are
recommended.
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4 |IP review

A patent search was performed on IP online search database, Relecura
(www.relecura.com). Two search strategies were used to find patents and patent
applications relating to protein extracted from meat, and products using extracted animal
protein. Results from each search are discussed in general below, with more data in
Appendix 2.

41 Search 1: Protein extracted from meat

The first search methodology employed the use of the following International Patent
Classification (IPC) or Cooperative Patent Classification (CPC) codes:

A23J 1/02: HUMAN NECESSITIES > FOODS OR FOODSTUFFS; THEIR TREATMENT,
NOT COVERED BY OTHER CLASSES > PROTEIN COMPOSITIONS FOR FOODSTUFFS;
WORKING-UP PROTEINS FOR FOODSTUFFS; PHOSPHATIDE COMPOSITIONS FOR
FOODSTUFFS > Obtaining protein compositions for foodstuffs; Bulk opening of eggs and
separation of yolks from whites > from meat

The search returned ~480 patent families. The top 20 assignees based on nhumbers of
equivalents' are:

PROTEUS INDUSTRIES INC Top 20 Normalized Current Assignees

documents

" An equivalent refers to a set of patent filings with the same priority documents, representing a single invention

The results were reviewed to determine which hits were directly related to protein extracted
from meat. The results were grouped generally into 5 categories. Descriptions of each
category, with examples of each are described below Figure 10 below shows the
distribution of relevant hits across the 5 categories.

. Enzymatic hydrolysis (examples: W02014083215; CN102106873)

Protein hydrolysis is the breakdown of protein into smaller peptides and free amino acids.
Patentee Specialty Enzymes has patent applications directed to the use of animal-based
proteases like trypsin, plant based proteases like papain and a large variety of microbial
source proteases.
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. Chemical hydrolysis (examples:PL219629 and FR2795919)

Using strong acid solution to hydrolyse meat/or meat by-products to extract peptides with
improved solubility.

. Organic solvent extraction (examples: WO2008146942 and JPS60118148)

A suitable extraction buffer could be prepared to solubilize proteins in meat. Organic
solvents were used to extract protein from meat, which includes alcohol, phenol. But the
extracted proteins have low solubility due to denaturation induced by solvent buffer.

. Aqueous solutions extraction (examples: RU252454-buffer extraction and
EP0848911-pH shift)

Aqueous solution extraction is one of the most common methods used to extract protein
from meat. Due to the high solubility of muscle protein, it can be easily achieved by neutral
pH value. The buffer used in extraction is considered as environmental friendly. Using acid
or alkaline pH assists with the selective recovery of the solubilized protein.

. Ultrasonic extraction (examples: KR100965479 and RU2204910)

Sonication uses high intensity sound waves to disrupt cells, and extract proteins from tissue
that has broken open. Sonication works with varying efficiency, depending on the cell type.
For instance, cells walls can be a lot more resistant to sonication disruption than cell

membranes alone. The major advantage of sonication is its adaptability to different sample
volumes and ease of use. tubes on ice between each sonication cycle, which can really eat

Organic solvent
extraction
2%

Chemical Hydrolysis
1%

up time.
Fig 10: the distribution of methods used to extraction meat protein

Among the isoelectric precipitation-based methods, alkali extraction has been largely carried
out. Using isoelectric point for protein precipitation has been stated in several patents
(US9161555; US7033636; US9066562; US8021709; KR20130066920; US20120276277;
CA2834241; BE1016630A3; CN1620887; FR2247166; JPS5743643; JPS5743642;
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PT94729; EP0848911). Multiple pH adjustments for protein extraction also included
EP3117717; WO2010136894; JPS575646; CN101828627; EP2108266; JPH0331414.
Additional processing as thermal (US4473589), filtration (GB174433), organic solvent
(US4260644) are also conjugated with pH for an optimal result.

The earliest patent was published in 1909, and more than 60% of pH related patents were
filed after 2000. The distribution of patents related to pH extraction over these years is
shown in Figure 11 (note the final column relates to fewer years than the earlier columns,
skewing the result).

Numbers of pH related patents
published from 1900-2017

16
14
12

un

Before 1970 1970-1980 1980-1990 1990-2000 2000-2010 After 2010
Year

Number

O N B O

Figure 11 Distribution of pH extraction related patents published since 1900

Notably, Herbert Hultin and Stephen Kelleher of University of Massachusetts have been
issued a number of patents related to the “pH-shift” method for protein extraction and
compositions. Kelleher has worked with Advanced Protein Technologies and later founded
Proteus Industries Inc. (http://www.proteusindustries.com/). The company has a portfolio of
protein extraction and compositions. Other entities that have filed in this space include MPF
INC, SCHLUMBERGER CIE N, GENESIS GLOBAL LIMITED, AGRICULTURE AND FOOD
DEV AUTHORITY (TEAGASC), BUMBLE BEE FOODS LLC, DMV INTERNATIONAL
NUTRITIONALS GMBH, LILLY CO ELI, OBSHCHESTVO S OGRANICHENNOJ OT, UNIV
DALIAN FISHERIES, BIBUN CORP, UNIV ALBERT. Some representative patent
documents are listed in Appendix 2.

4.2 Search 2: Products using extracted animal protein

A further patent search was performed on Relecura using a combination of the following
International Patent Classification (IPC) or Cooperative Patent Classification (CPC) codes:

A23J 3/04: HUMAN NECESSITIES > FOODS OR FOODSTUFFS; THEIR TREATMENT,
NOT COVERED BY OTHER CLASSES > PROTEIN COMPOSITIONS FOR FOODSTUFFS;
WORKING-UP PROTEINS FOR FOODSTUFFS; PHOSPHATIDE COMPOSITIONS FOR
FOODSTUFFS > Working-up of proteins for foodstuffs > Animal proteins
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AND the following keywords in Title/Abstract/Claims: meat OR "animal meat" OR "red
meat*" OR "red-meat*" OR "redmeat*" OR beef OR cattle OR lamb OR mutton OR sheep
OR goat OR pork OR muscle* OR muscular OR poultry OR chick* OR duck* OR turkey

The search returned ~700 patent families and revealed additional patent documents related
to further processing of meat-derived protein for food products. The results were reviewed
to determine which hits were directly related to products using extracted animal protein. The

top 20 assignees based on numbers of equivalents are:

Top 20 Normalized Current Assignees
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It is worth noting major international food companies Nestec, Mars, Kraft and Unilever are

among the top assignees.

Some relevant patent documents, in particular related to meat protein processing, are listed

in Appendix 2.

Of particular note from this search are the following examples:

US20070092616 describes the use of proteins from

meat, meat by-products and

dehydrated meat material to develop high protein puffed snack products.

rich tortillas.

products for multinational food company “Mars”.

US20050013917 describes an invention utilizing chicken protein to produce protein-

Notably, inventor “Musson” and his team invented three meat protein enriched food

e Also, Solae LLC (a Dupont company) has two patent families related to high protein

food applications.
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5 Applications of protein isolate

5.1 Sports nutrition

Protein isolates as supplements are popular among trained athletes, particularly
bodybuilders and strength athletes. The supplements are marketed as powders, premixed
drinks, and bars. Obtaining protein from supplements may be more convenient because of
portability and preparation. Protein supplements typically contain whey, casein, egg and soy
proteins, egg whites and edamame.

Animal feed Proteins are an essential nutrient required for the proper nutrition of all animals.
Animal protein supplement derived from muscle is also commercially available. However,
whey proteins hold the largest market share of protein supplements. The significance of
protein influences on the immune system, as antigenic factors and anti-nutrition agents, was
also stressed, in addition to animal nutrition effects.

Sources of protein for animal feeds are many and varied, with considerable opportunities for
further diversification and substitutions.

52 Human Food Ingredient

Protein isolates are the acceptable ingredients for dairy application due to their fine particle
size and dispensability, emulsification, emulsion stability, colour and flavour are critical in
dairy application. Isolates (especially soy proteins) are being used to fortify all type of pasta
products such as macaroni, spaghetti, to improve the nutritional value etc (Sipos 2013). Soy
protein is regarded as textured protein products use both in meat and vegetarian meat
analog industry and thus, has good water holding capability (Riaz 2006).

The problem of poor flavour, mouth feel, texture, dryness and flavour associated with the
use of soy flour and soy concentrate above 10% has been resolved by using soy isolate in
meat loaves, sausage-type products for their emulsion-stabilizing effect, gelation, and
moisture retention and improved effects on texture (Kinsella 1976). It is often used as meat
extenders in comminuted meat products such as patties, fillings, meat sauces, meat balls,
etc (Berk 1992). The firm-forming ability of soy protein isolates is important in meat products.
When heat and pressure are applied the protein films fuse together to form a firm,
continuous, textured mass that can be sliced and used as meat substitutes. They also vary
in their ability to form gels. Some are designed to form a gel while others will not form gel at
14% solid content. Different protein products such as whey protein, soy protein isolates,
wheat gluten, rice bran protein, peanut protein, and cottonseed proteins where investigated
for film development (Rhim 1998). Soy proteins are being used to fortify all types of pasta
products such as macaroni and spaghetti, to improve the nutritional value (Sipos 2013).

Protein isolates are important sources of protein with high lysine content. Isolates from
different legumes varied slightly in physiochemical and thermal properties. They are used as
proteaceous ingredients in many food products such as salad dressing, meat products and
dessert. Whey proteins are mainly used in beverage applications, due to their health benefits
(Kudre et al., 2013).
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In food systems, myofibrillar proteins exhibit functional properties that are critical contributors
to the final food product quality. These functional properties include gelation, water holding
capacity, and fat binding/emulsifying which affect final quality, and therefore, consumer
acceptability. The functional properties and potential applications for myofibrillar proteins are
impacted by source species (terrestrial vs. marine, cold water fish vs. warm water fish, etc.),
age and season of harvest, how fresh the source species is, and also processing
parameters such as protein concentration, pH, ionic solubility, and temperature (Suzuki,
1981).

5.3 Pharmaceuticals

Protein isolates are used in drug and gene delivery systems as protein-based nanocarriers.
Extended applications include use in controlled delivery, as a film coater, as hydrogels,
composites, albumin-based nanoparticles, microparticles and as beads. Some examples
are:

. Whey proteins used as hydrogels, nanoparticle systems for encapsulation and
controlled delivery of bioactive compounds (Yuko et al., 2008)

. As anti-hypertensive use, like genetically modified soybean seeds accumulating
novokinin (Esmaili et al., 2011)

. As solubility enhancer of curcumin in the food industry due to protein—micelle
structure (beta-casein), acting as a nano vehicle (Silva and Malcata. 2005)

. As vehicles for bioactives, like milk proteins

. As a source of bioactive peptides, e.g., casein-derived four main bioactive peptides

act on the cardiovascular system, nervous system, immune system and nutrition
system (Silva and Malcata. 2005)

. As a novel antifungal, e.g., Pisumin proteins obtained from Pisum sativum. Sugar
snap pea legumes (Ye et al., 2005).

. In microencapsulation, e.g., vegetable proteins — soy proteins, pea proteins, wheat
proteins, rice proteins, oat proteins and sunflower proteins (Yuko et al., 2008)

. As pest control: proteinaceous cysteine proteinase inhibitor, an insecticidal protein

found in pulses used to control the proteolytic activity of endogenous digestive
cysteine proteinase in the mid-gut of some insects

5.4 Animal Feeds

5.4.1 Soybean

Soybean remains the most important and preferred source of high quality vegetable protein
for animal feed manufacture. Soybean meal, which is the by-product of oil extraction, has a
high crude protein content of 44 to 50 percent and a balanced amino acid composition,
complementary to maize meal for feed formulation. A high level of inclusion (30-40 percent)
is used in high performance monogastric diets.

A measure of success of this crop is the increase in production of 50 to 60 percent between
1985 and 2000, with most grown in the United States, Brazil and Argentina. Over half of the
crop is now, however, genetically modified (GM) mainly for herbicide tolerance. The potential
of soybeans for further nutritional quality enhancement was emphasized by Hard and there
are prospects for considerable feed benefits, assuming acceptance of GM sources in the
marketplace. Currently, Argentina and Brazil are reported to export 60 percent of their
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production and the USA about 16 percent. The market for non-GM soya seems to be
growing and may be increasingly important in the future. In the European Union soybean
dominates the protein supply for animal feed and the ban on meat and bone meal has
resulted in further imports, reportedly of up to 1.5 million t in 2001.

5.4.2 Other oil meal crops

There are many different potential oil crops in addition to soybean, each with strengths and
weaknesses for protein meal supply. Local adaptation to growing conditions and local
availability provide distinct advantages for feed production in many developing countries. A
continuous supply of protein meal of known quality can be made available, as is the case
with palm kernel cake, the by-product of palm oil production (e.g. in Malaysia and
Indonesia).

Prospects continue to be good for future oil meal crop production (FAO, 2002). Global
projections show increasing demands for vegetable oils of 2.1 percent per annum for the
next 20 years, and a significant increase in demand for oil meals and cakes. Predictions of
future land use suggest that the area of oil crops will increase substantially in some
developing countries. Oil palm, sunflower and oilseed rape, in addition to soybeans, will
dominate and provide much of the future increase. Currently, the major net exporters in the
developing world are Malaysia, Indonesia, the Philippines, Brazil and Argentina, but more oil
and protein meal may be retained in future years for their own domestic use.

To what extent such crops as oil palm, coconut, sunflower, sesame, crambe or cotton (seed)
can be utilized for meal inclusion in animal feeds depends to a large extent on what price the
processor is able to obtain for the extracted oil. With the exception of soybean, the demand
for these particular meals is markedly influenced by their vegetable oil price. This is
important for the profitability of intensive livestock enterprises such as poultry production,
working on low margins. Protein-rich meal inclusion from oilseed crops currently remains the
key; however, to high quality feed supply for intensive enterprise performance.

5.4.3 Legumes

Legumes are a traditional source of plant proteins for animal feed and their production can
provide a range of benefits both on farms and for feed manufacturers. The exploitation of
soybean is a classic example of successful development and use. Peas, beans and lupins
are exploited as grain crops in temperate farming systems and their production for home-
grown protein supply is encouraged (and supported) in the European Union to reduce
dependency on imported proteins. Each has strengths and weaknesses for quality protein
provision. Lupins, for example, can yield high levels of crude protein but produce grain which
is often low in lysine and sulphur-containing amino acids.

5.4.4 Animal Protein Sources

Fish protein isolates/concentrates and hydrolysates have been used in animal feed stocks
and pet food as a protein source (Kristinsson and Rasco, 2000). Following fish meal, fish
silage is the second largest feed product made from underutilized low-value fish and fish
processing by-products.
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6 Market review

6.1 Snack market

Snack foods are typically designed to be portable, quick, and satisfying. Processed snack
foods, as one form of convenience food, are designed to be less perishable, more durable,
and more portable than prepared foods. They often contain substantial amounts of
sweeteners, preservatives, and appealing ingredients such as chocolate, peanuts, and
specially-designed flavours (such as flavoured potato chips). Traditionally almost solely
eaten between regular larger meals of breakfast, lunch and dinner, there is an increasing
trend to eat snacks as a meal replacement.

Snacks sales totalled USD$374B in the year ending March 2014-an increase of 2% year-
over-year, according to Nielsen retail sales data (Nielsen report, 2014). Europe
(USD$167B) and North America (USD$124B) made up the majority of worldwide snack
sales, with sales flat in Europe, and growing at a rate of 2% in North America, compared to
the previous year. While annual snack sales in Asia-Pacific (USD$46B), Latin America
(USD$30B) and the Middle East/Africa (USD$7B) are significantly lower than in the other
two regions, annual growth in these largely developing regions increased more over the past
year—4% in Asia-Pacific, 9% in Latin America and 5% in the Middle East/Africa.

Snacks generally can be divided into salty snacks, fruit/vegetables, indulgent, refrigerated
snacks, confections, bars and others. Different types of snacks are more popular in different
parts of the world. For example, confections—which include sugary sweets, such as
chocolate, hard candy and gum—comprise the biggest sales contribution to the overall
snack category in Europe (USD$46.5B) and the Middle East/Africa (USD$1.9B). Salty
snacks contribute more than one-fifth of snack sales in North America (USD$27.7B),
refrigerated snacks comprise almost one third of snacks in Asia-Pacific (USD$13.7B) and
cookies and snack cakes make up more than one quarter of total snacks in Latin America
(USD$8.6B). Smaller, but fast growing segments are showing great potential for growth In
terms of trends, the Nielson Report (2014) notes that while sweet snacks are generally the
most popular in this category, sales of savoury snacks are rising. For example, sales of
savoury snacks, which include crackers, rice cakes and pita chips, increased 21% in the last
year in Latin America. Meat snacks, which include jerky and dried meat, grew 25% in the
Middle East/Africa and 15% in North America. Refrigerated snacks, which include yogurt,
cheese snacks and pudding, jumped 6.4% in Asia Pacific, while dips and spreads, which
include salsa and hummus, rose 6.8% in Europe (Nielsen report, 2014).

The Nielsen Report (2014) also stated that over 60% of North American consumers ate
chips/crisps as a snack in 2014. Consumers either eat snacks to satisfy hunger or to replace
a meal. If North American respondents eat snacks for hunger satisfaction, 83% indicated
that they want to satisfy a craving. Importantly for this report, of those participants eating
snacks, 68% consider it to be moderately to very important for snacks to be high in protein
(Nielsen report, 2014).

Considering the increasing trends for desirability of savoury snacks, together with
recognition of high protein as important, we believe this presents an opportunity in the
snacks market for a beef protein ingredient. This needs to be tempered with the other finding
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from the Nielsen Report (2014) that consumers prefer snacks that stick with the basics,
rather than having introduced ingredients.

6.2 Protein ingredient market

The protein ingredient market, which includes concentrated, hydrolysed and isolated
proteins, generated over USD$22B in 2015, of which about half was used in the food and
beverage industry (Global Market Insights 2016). It is expected to reach USD$58.5B by
2022 at a CAGR of 6% (Marketsandmarkets.com 2017). It is difficult to break these
numbers down further into market share held by isolated protein. However, one report
valued the global whey protein market at USD$6.1B in 2016, of which it estimates whey
concentrate makes up about 25%, hydrolysed whey protein about 60% and therefore
isolated whey protein about 15%, which values the global isolated whey protein market at
about USD$1B in 2016 (Mordor Intelligence, 2017).

The protein ingredients products space is highly fragmented, where there is a lot of
competition for a limited number of end applications. This makes the importance of quickly
identifying and addressing opportunities and threats critical. However, as noted above, the
global market for protein ingredients is growing and expected to continue to grow, making it
an interesting market place.

Protein ingredients are divided based on their origins: animal protein; and plant protein
ingredients. Dairy proteins, egg proteins and gelatine are the three main animal protein
sources, whereas dairy proteins represent a great proportion of animal proteins, including
milk protein concentrate, whey protein isolate, whey protein concentrates, whey protein
hydrolysate and casein. Soy protein, wheat protein, pea protein, rice protein, potato protein
and canola protein are considered as plant protein. Protein fortification in food and beverage
is a key imperative to meet global challenges in nutritional deficiencies (Shanahan C. 2013).
Meat protein isolates have been in competition to plant proteins. With plant protein
ingredients, the soy industry has enjoyed success by proactively positioning itself as a
sustainable food/protein source.
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According to the market research conducted by Frost & Sullivan analysis ion 2012, animal
protein ingredients was taken up to 2.3 M Metric tons and showed a clear trend of
increasing, whereas plant protein volume is 1.7 M Metric tons. The competition to plant
protein is still carrying out, which indicates a shift to plant devised protein. Functional role of
meat protein is minimal and nutritional role gains precedence. Meanwhile, price fluctuations
impact market growth and stability. Low consumer awareness of non-soy protein restrains
growth of other key plant proteins. The plant protein has advantages on cost
competitiveness but is low in nutritional benefits.

6.3 Pet food market

Global pet food retail sales grew 4% in 2015, to a total of roughly US$70 billion, of which the
dry food component was 22.59 million metric tons (Phillips-Donaldson 2016).
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Global pat food market

Russia  51.5Bn

In Australia, the Pet Food Production industry is projected to post annualised growth of 2.9%
over the five years through 2015-16, to reach $1.6 billion. Currently, a third of the industry’s
revenue is earned from exports and this segment is expected to grow steadily in line with
increasing demand in Asian markets for quality pet food. Half the pet food industry’s revenue
is still earned via supermarket sales. Veterinary practices may have enjoyed the benefit of
recent increasing demand for premium, private label and gourmet pet food products in the
local market. This trend is expected to continue. Online pet food sales is the fastest moving
segment in the industry, allowing small businesses to market gourmet and niche products
direct to consumers. (Balzer 2017).

Key players in the market are BASF SE (Germany), Archer Daniels Midland Company
(U.S.), E.I. du Pont de Nemours and Company (U.S.), Koninklijke DSM N.V (The
Netherlands), and Ingredion Incorporated (U.S.). These companies are adopting growth
strategies to gain global market share and increase geographical presence in emerging
markets such as China, Brazil, and India.

6.3.1 Pet food trends

Awareness of benefits of high quality pet food, increase in pet population, and concern for
the health of pets due to the rise in trend of pet humanization and increase in palatability of
pet food are the factors which have resulted in the growth of pet food ingredients market.
Stringent regulations supporting the use of high quality and nutritious food for pets and
others animals is expected to drive demand over the next few years. Owners are focusing on
buying functional and organic products for their pets to improve their health. Most of the
manufacturers are reacting to the increasing demands of owners for products with nutritive
and organic ingredients, thus driving the pet foods market.

The growth of certain pet food segments includes healthy treats, specialty pet foods and
other more premium options. Increasingly, pet owners are moving from expectations of “high
quality (for pets)” to “humanized”; that is, they desire pet food options that address the same
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health concerns currently influencing human food production, such as unnatural
preservatives and genetically modified ingredients—and they’re serious about these
preferences. Impressively, at least 55% of American and French pet owners claimed that, if
they were on a strict budget, they’d be willing to give up chocolate in order for their pet to
have high-quality food with the features that are important to them. Additionally, 43% of
American pet owners with a Netflix subscription said they’d be willing to trade it for the same.

6.3.2 Protein trends in pet food

Protein is considered as the foundation for a quality pet food. When evaluating a pet food,
real, named meat and fish protein sources are more preferable than processed or generic
sources. Real named proteins, like beef, salmon, and chicken and not “meat”, “poultry”, or
“fish”, are the least processed of all the proteins and the ones that we recommend are the
first ingredient in pet’s food. Some of the more common named animal proteins include:
chicken, beef, salmon, lamb, whitefish, duck, venison, bison, turkey and pork. The common
sources of protein in pet food also include meal, by products, unnamed proteins and non-

meat sources of protein such as corn, wheat, or pea protein.

The trends in marketing claims regarding the quantity of meat, type of meat, “need” for meat
and the value of selecting specific meats in pet food may face significant challenges in the
near future. The expanding demand for meats and novel proteins puts ingredient supply at
the pinch-point for future growth and new product introduction. To overcome these
challenges, there is a clear need to expand our perception of where these proteins come
from, develop technologies to convert them into desirable pet foods, understand what the
nutritional values are and communicate them to the market ethically, and do so in a safe and
effective manner. In the latest Petfood Innovation Workshop 2016, novel proteins in pet food
were a hot topic. The high-meat pet food trend has gone global.

6.3.3 Advantages and disadvantages of beef protein isolate vs whey protein
isolate (as an example of other protein sources)

Price: Beef protein isolates are commercially available for AU$ 45 per kg whereas whey
protein isolates are selling for AU$36 per kg

Nutritional benefits:

¢ High purity: Protein sourced from beef is higher in protein than whey based
alternatives - the raw product contains up to 95% pure protein with zero fats and
carbohydrates. These benefits makes beef protein isolate perfect for those wanting
uncompromisingly clean protein.

¢ High biological value: 1 gram of protein always has an energetic value of 4
calories, regardless of the protein source. However, the body can’t always use 100%
of its protein intake to build muscle mass. The biological value is a measurement
scale used to determine the percentage of protein the body effectively uses. The
protein source with the highest biological value is the egg, since the body is able to
use up to 94% of the amino acids that are found in this food source. The most
interesting aspect about beef protein is that, provided that the ideal nutritional
conditions are gathered, this protein source’s biological value can be equivalent to
the egg’s. In turn, cow milk protein’s biological value is, on average, 60%.
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o High absorption: There is the fact that most sugars found in whey come from
lactose, a type of sugar most people can’t fully digest, or can’t digest at all. Moreover,
unlike whey that is digested in the intestine beef protein’s digestion takes place in the
stomach. This avoids the swelling sensation that is commonly associated to whey
consumption.

o Low allergenicity: Plant proteins could induce severe allergic reaction to certain
population, especially for children. For example, cow’s milk allergy is one of the most
frequent and severe allergies in children, affecting 1.9-2.8% of infants (Wal et al.
1995). Whereas meat protein allergy is very uncommon.

¢ High nutritional quality: Adding to the previously mentioned aspects, most beef
protein formulas are further enriched with vitamins and minerals, thus improving their
nutritional value.

6.4 Commercially Available Protein Products for Human
Consumption

6.4.1 Existing meat/beef protein isolates as an ingredient

Several bioengineered beef protein isolates are commercially available. Examples are
shown in Figure 4. All these examples employed a hydrolysis technique to isolate the
protein from beef. They have been formulated as a highly anabolic muscle building protein.
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Fig 4: A, MuscleMeds Carnivor Bioengineered Beef Protein Isolate; B, MuscleTech Platinum
100% Beef protein; C, Olympian Labs Beef Protein; D,
Adaptogen Science 100% Beef

One company that provides hydrolysed beef protein
isolate to the market is True Nutrition
(https://truenutrition.com) (Figure 5). They make similar
claims about their product that are made about the
products shown in Figure 4, stating that “beef protein
isolate has an amino acid profile that is comparable to
standard whey protein. It is naturally high in the amino
acids alanine, arginine, glutamic acid, glycine, and
proline, and serves as a significant source of leucine, isoleucine, and valine, as well. A single
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standard serving of 30 grams will contain an astounding 29.5 grams of protein, with zero
carbs and less than 1 gram of fat. This gives the Beef Protein Isolate one of the highest
concentrations of functional protein out of any of the materials that are currently available on
the market ... As a soy-free, gluten-free, and dairy-free protein powder, it is also a
hypoallergenic source of protein for individuals that may suffer from any number of dietary
limitations."

Figure 5: Grass-Fed Beef Protein Isolate, Truenutrition.

The price per kg for the above supplements ranges from about AUD$35-AUD$50.

6.4.2 Meat/Beef Snacks

Beef Jerky (salted and dried beef) is widely consumed as a form of beef snack around the
world. On average, one ounce (about 28g) contains about 70 calories and one gram of fat,
but delivers 11g protein. It has been considered as a natural substitute for protein shakes,
powders and other carn meals.

Tt
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Fig 6: A collection of commercially available beef jerky products: 1. Stript Steak snack 2 Dick
Stevens Jerky Mix 3 Epic Wagyu Beef Steak Strip 4, Jack Links Beef jerky 5 Epic Beef
Steak Bites

Similar products are shown below in Figure 7, but in bar form, where pureed meat has been
combined with dried fruits and grains to create protein meal bars. Note these products
contain non-isolated protein.
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Fig 7: Chief beef protein bar (77% Australian grass fed beef) and Epic beef protein bar (a
savoury high protein snack, low in sugar, gluten free, and absent of both soy and dairy. It
contains 11g protein in 43g of products)
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Fig 8: Beef chips and Krave meat bars

Other dried meat products are also available on the market. One example is German
company “NUD” which makes NUD Beef Chips (https://get-nud.com), which are made from
100% organic meat. NUD advertise that they can eaten from the packet, cooked as a
topping (eg on pizza) or used in soup. NUD also claim that their “beef chip is also a great
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and easy way to add protein to many meals”. The claimed protein content in NUD beef chips
is 63%. The price for this product is AU$6 for 30 g package. Another example is Krave Bars,
from company Krave Jerky (www.kravejerky.com) which produce a range of bars combining
meat jerky bars with fruit, seeds and grains..

6.4.3 Existing protein fortified snacks

One relatively new snack product space is protein fortified snack products. For example,
Quest Nutrition ( www.questnutrition.com) produce Quest protein bars and Protein Chips,

both of which are protein fortified snack foods. Their protein is sourced from milk protein
isolate and whey protein isolate as protein additives. There are 22 g protein in each serve
(32 g) and selling for AU$3.3 per serve (Fig 8).
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Fig 8: Quest protein chips and SimplyProtein chips

SimplyProtein (www.simplyprotein.com) also produce protein fortified bars and “chips” using
pea protein isolates. Each packaging contains 50% protein and sells for AU$ 2.7 per serve
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Fig 9: Meat chips-Meat Chips contains more than 28% protein (chicken protein isolates) in
each serve.

Offerings in the meat snack market using isolated meat proteins appears to be small. One
example is US based “Meat Chips” (www.meatchips.com) which uses isolated chicken
protein mixed into a corn meal masa to produce isolated chicken protein fortified corn chips.
The US based company is selling the chips for AU$ 3.40 (75g).

6.5 Current status and future application of beef protein as a food
ingredient

Currently, beef protein has been used as a protein source adding into food product, for
example, snacks. In this way, the product will be carrying enriched protein content which
delivers health benefits and additional nutritional value. The target market for beef protein
enriched product could be bodybuilder, people who are prone to weight gain, people with a
very sugary, carny, crappy diet and people in middle age.

Beef protein isolates extracted in native form should not been limited to use as protein
supplement. There is a great opportunity to use beef protein as carriers for flavour
enhancement. The example could be that protein act as carriers of gravy flavours — they
could be carried by isolated beef protein powder as a “natural” ingredient.
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7 Challenges and Innovation opportunities

7.1 Challenges

7.1.1 Extraction methods challenges

The most common method for preparing beef protein isolates is enzymatic hydrolysis — a
method that is technically straight forward to perform. Hydrolysed protein products are high
in solubility, but their protein functionality is significantly diminished by the enzymatic
hydrolysis process. This is the key reason that restricts beef protein’s application to purely
protein isolate products. Therefore, there is a need of developing a novel, simplified, native
meat extraction method to produce red meat proteins in original form with reasonable
solubility while maintaining protein functionality. The extracted meat proteins in their native
form are highly likely retaining their flavour and colour, which might need to be considered in
future processing.

7.1.2 Food product design challenges

Unlike hydrolysed peptides, proteins are usually intolerant to processing conditions, which
means they can easily denature when the condition changes, especially with heat. Also,
proteins as a whole retain their functionality of emulsification, gel formation and etc.
Therefore, the design of a protein enriched food product needs to be sophisticated and well-
planned.

7.2 Innovation opportunities

Innovation around high protein products has been driven by the snack and dairy segments,
with snack bars and yogurts accounting for the bulk of high protein launches. Protein
enhancement is also present in specialty products, such as protein powders and foods for
body builders, athletes wanting to increase muscle volume, and outdoor enthusiasts.
However, work to spread protein consumption more evenly across a whole day, especially in
more general food consumption markets presents an opportunity for breakfast products and
snacks to include protein in their formulations to help achieve a more balanced intake of
protein. Enhanced protein foods could also find favour among the growing ageing
population.

Examples of potential uses for isolated beef protein include:

. Beef protein snack: Single-serve products that combine the “naturally healthy” virtues
of beef and snacks would appear to be aligned with consumers’ desires for convenience,
health (from “naturally healthy” ingredients) and indulgent tastes. They offer the possibility of
a sustained energy marketing message, a more filling eating experience and better
absorption options.

) Savoury crunchy and/or chewy “sensory-intense” high-protein snacks could be
developed for consumption 30 minutes prior to a meal in order to improve satiety and
potentially decrease overall calorie consumption. Thickened high-protein beverages could be
used for similar purposes as savoury snacks, but could be designed for individuals who find
sweet foods more acceptable than savoury ones. A focus on convenient high- protein
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breakfast foods is warranted, because a high-protein breakfast has been reported to
decrease craving over the rest of the day. In addition, breakfast is the meal most likely to be
skipped and where the least amount of protein is consumed.

. Animal Protein isolates from low value meat portions could be used in pet food to
improve the nutritional value and texture for animal well-being. Current pet foods are
typically formulated using protein from grains or grain by-product sources, such corn gluten
meal, brewer’s rice and wheat, rather than from meat sources. They may also contain
poultry by —products, which typically consists of the leftovers unfit for human consumption,
such as feet, beaks, undeveloped eggs, and intestines - everything but clean meat. Animal
protein is hugely important to pets throughout their entire lives. High quality protein from
actual meat sources contains important amino acids that pets need to thrive.

. Animal protein fortified food, such as protein fortified rice, could help counter protein
deficiency in developing countries. Protein deficiency diseases occur in developing countries
due to poverty as well as from lack of knowledge about nutritional requirements. Animal
protein, for example beef protein, contains all essential amino acids; chronic inadequacy of
any of these essential amino acids can also cause specific abnormal and harmful
functioning. Benefiting from the nature of animal protein isolates, it has an inherently long
shelf life and is therefore also suitable for long distance shipping.
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9 Appendices

9.1 Appendix 1 — More detail on Protein Isolates discussed in
Section 2

9.1.1 Whey

Whey is the liquid by-product of cheese making which can further be processed into spray
dried products such as whey protein concentrates (WPC), whey protein isolate (WPI) or
whey protein hydrolysate (WPH) (Brucic et al.2009). It represents about 20% of milk
proteins, which remain in the serum phase during processing of cheese (Kimberlee 2012).

During the production of whey protein isolates, significant amounts of fat and lactose get
removed, as a result of which an individual with lactose-intolerant can safety consume these
products. Whey proteins are widely used as ingredients in different foods (dairy, meat and
bakery products) due to their unique functional and nutritional properties (Brucic et al. 2009).
One specific aspect of whey protein that may be challenging for some formulations is
sensitivity to heat. Consequently, the Dairy Research Institute, established under the
leadership of America’s dairy farmers through the dairy check off program, has supported a
variety of research that aims to improve whey protein’s performance in higher heat
processing (Kimberlee 2012). Beta-lactoglubin and a-lactalbumin are the major whey
proteins responsible for heat stability characteristics of ingredients such as WPC and WPI
(Vardhanabhuti and Foegeding 2008).The relationship between sugar addition and heat
stability of whey protein isolate have been studied by many researchers. Sucrose addition
was found to increase gelation temperature and gel strength of WPI and bovine serum
albumin (Rich and Foegeding 2000). Adding glycerol improves heat stability of WPI and
decreases turbidity and protein gelation (Kulmyrzaev et al. 2000). Thermal denaturation
temperature of WPI was also found to be increased by addition of sorbitol more effectively
than glycerol (Paredes-Lopez 2006). Many food applications contain sugars or sugar
alcohols, and their presence can help to improve the heat stability of whey protein
ingredients by preventing the formation of large aggregates and providing better clarity in
applications such as beverages (Kimberlee 2012).

9.1.2 Casein

Casein makes up about 80% of the proteins in cow’s milk. It has a wide variety of food and
industrial uses. Food uses include protein supplements, cheese, food binding agents,
artist’s paint medium, glue, plastics, fibre and also medicinal and dental uses. In its uses as
a protein supplement, it tends to gel in the stomach, meaning it has an additional use as
slowing nutrient release. Caseins are heat stable because they are proline rich.

There are four main subunits: s1 a, s2 a casein, B-casein and k-casein, which make up 38%,
10%, 36% and 13% of the casein composition, respectively, and has a unique property to
form films. s1 a casein is amphipathic due to the charge between the hydrophobic N- and C-
terminals. It has 8 phosphorylated serine clustered with glutamine residues possessing
calcium-binding sites and hence is Ca 2 + sensitive, 17 proline, 25 glutamine residues and
no cysteine residues. Here, the Ca 2 + sensitivity means aggregation and precipitation in low
ion concentrations. Caseins are heat stable because they are proline-rich, which interrupt
alfa-helix and beta strands, resulting in the absence of disulfide bridges in the structure. It
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has relatively little secondary or tertiary structure. These undergo proteolytic cleavage due
their open structure imparted due by the high proline content. This characteristic, along with
acid-soluble calcium—phosphate bridging, makes an excellent target-activated release
mechanism for unloading drug in the stomach (Swaisgood H.E. 1996; Rosemberg M. and
Young S.L. 1993).

9.1.3 Egg

Egg proteins are nutritionally complete with a good balance of essential amino acids which
are needed for building and repairing the cells in muscles and other body tissues (Watkins
B.A. 1995). Egg proteins are distributed in all parts of the egg, but most of them are present
in the egg white and egg yolk amounting to 50% and 40%, respectively. The remaining
amount of protein is in the egg shell and egg shell membranes. The major portion of egg
yolk exists as lipoproteins, which can be separated by centrifugation into a plasma fraction
(which remains soluble) and a granular fraction (which precipitates).

Lipovitellenin, lipovitellin, phosvitin, livetin, yolk immunoglobulins (IgY), and some minor
components have been isolated and identified in egg yolk. Egg white contains approximately
40 different proteins. Well-known biological functions of egg white proteins are the
prevention of microorganisms’ penetration into the yolk and supply of nutrients to the embryo
during the late stages of development. Most of the egg white proteins appear to possess
antimicrobial properties or certain physiological functions to interfere with the growth and
spread of invading microorganisms. Most of egg white proteins are soluble and can easily be
isolated. Egg white proteins possess unique functional properties, such as antimicrobial,
enzymatic and anti-enzymatic, cell growth stimulatory, metal binding, vitamin binding, and
immunological activities (Ibrahim H. R., 1997).

9.1.4 Fish Protein isolates (FPI)

Fish protein isolate is a protein concentrate which is prepared from fish muscle without
retaining the original shape of the muscle. It is not generally consumed directly, but used as
raw material for production of other value added products. It is normally utilized as an
ingredient for the production of value added products. It is still a good source of protein for
the production of ready to eat fish products.

To solve the problem of utilisation of unconventional raw material (dark muscle fish, fatty
fish) and also fish by-products (fish trims, fish frames etc.), a process was developed to
economically develop functional protein isolates from these kinds of raw materials. This
technology uses the pH dependant solubility properties of fish muscle proteins for their
separation and recovery from other components of muscle that are not desirable in a final
product. The overall processes involved are simple. The proteins of the muscle tissue are
first solubilised. The solubilisation can be accomplished by addition water with alkali added
to approximately pH 10.5 or higher, or with acid added to about pH 3.5 or lower. It is usually
necessary to choose the pH at which the consistency of the solution decreases to a value
that allows the removal of undesirable material. The mixture is then centrifuged, and due to
density differences the oil rises to the top and can then be removed. Other insoluble
impurities such as bone or skin are also sedimented at this stage. The muscle protein is then
precipitated and collected by a process such as centrifugation (Shaviklo 2006).
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9.1.5 Meat proteins

The meat protein ingredients discussed are a class of high protein products that are derived
from either animal by-products or lean tissue components (Table 1), and they are used
primarily as ingredients in meat and other food products.

Table 1 Major Sources and types of meat protein ingredients

Source Ingredients

Lean tissue Finely textured meat/poultry
Mechanically separated meat/poultry
Meat protein isolates

Bone Gelatin (type B)
Edible bone collagen (ossein)

Bone collagen hydrolysates (stocks and
broths)

Pig skin Gelatin (type A)
Stocks and broths
Beef hides Gelatin (type B)
Poultry skin (chicken, turkey) Concentrated collagen
Stocks and broths
Collagen-rich tissues Concentrated collagen
Collagen hydrolysates
Blood Blood plasma (liquid, frozen, dried)
Whole blood (liquid and dried)
Red cell protein (decolorized)

Plasma transglutaminase

Sarcoplasmic, stromal and myofibrillar are types of meat protein. Sarcoplasmic proteins
contain enzymes myoglobulin and cytoplasm. Collagen and elastin are the content of
stromal proteins while myosin, actin, tropomysin and troponins are the content of myofibrillar
proteins. Stromal and myofibrillar proteins, soluble in salt solutions, are used for making
edible films and coatings. Collagen, a fibrous stromal protein extracted from connective
tissue, tendons, skin, bones and the vascular system, is a waste product of meat processing.
Collagen is a superhelical structure formed by a combination of three parallel alpha-chains,
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and forms gelatine (Haug et al., 2004). Collagen exposed to mild heat treatment under acidic
or alkaline conditions forms gelatine (Badii and Howell, 2006).

Myofibrillar proteins make up to 55% of total muscle protein but contribute to more than 70-
80% of water holding capacity and binding properties. Myofibrillar proteins are from
myofibrils, the basic cellular unit of muscle tissue. It is salt soluble with an ionic strength of
over 0.3. It is absolutely critical to processing properties, such as emulsion/batter products
and heat-set gelation which control binding and texture. Myofibrillar proteins are composed
of myosin (~55%), actin, troponin and tropomyosin (40-45%), desmin, synemin, alpha-
actinin, nebulin and numerous structural proteins (1-5%). The majority of myofibrillar proteins
can be isolated from comminuted muscle tissue using a salt solution of above 0.6 ionic
strength, but they are not soluble at low ionic strength. Myosin is generally considered the
most important because of its own characteristics including the long filamentous molecule,
amino acid composition and large quantity in lean muscle. Itis a 520 kDa hexamer
consisting of two 220 kDa polypeptides referred to as myosin heavy light chain. The
isoelectric point of myofibrillar proteins is 5.5. Myosin, the thick filament in muscle fibres,
bind together with actin to form actomyosin during muscle contraction and relaxation. When
dissolved in saline solutions, myosin and actin spontaneously form this complex, and
therefore it is the main form of salt-soluble muscle protein. Thermal stability of myofibrillar
proteins is influenced by pH and ionic strength. In general, myofibrillar proteins from
terrestrial animals are more thermally stable than the proteins isolated from seafood
sources. Interestingly, when myofibrillar proteins are isolated from cold water aquatic
species (for example Antarctic krill, Euphausia superba), they are less thermally stable than
warm water species (for example Asian carp). Other proteins are also important. Structural
proteins can have a large influence on “release” of myosin/actin and “opening” protein
structure to water.

Stromal proteins (connective tissue), primarily collagen, represent as 10-15% of total muscle
protein, being the most abundant protein in the animal body (skin, sinews, tendons, etc.).
Stromal proteins are not soluble in water regardless of pH, temperature, or ionic solubility.
Stromal proteins hold fibres together and are therefore generally tough and inert. Increased
crosslinking occurs as animal age increases, increasing toughness. Stromal proteins are
not very valuable in processed meats because of their little binding ability. They shrink when
heated to 140 °F and convert to gelatine at 160-180°F. But if heated when dry, collagen
becomes very hard and impermeable. This character is important in the handling of collagen
and/or natural casings. Meanwhile, collagen is highly resistant to enzymes, so enzyme
tenderizers are generally ineffective. Chemically, collagen is considered as a unique protein
with 33% glycine and 10% hydroxyproline. Therefore collagen is characterised by very
nonpolar noncharged molecules with an isoelectric point of about pH 7.2. By far it is the only
protein that contains large amount of hydroxyproline, therefore hydroxyproline measurement
is the most common method used to determine collagen content in meat. The main
application of collagen is to make gelatine, contact lenses, and pharmaceuticals. Higher
concentrations (0.1M) of NaOH during extraction result in some losses of collagen and in its
structural modification, for which reason its use is discouraged for this purpose. (ASCL,
2014)

Sarcoplasmic proteins represent 30% of total muscle protein contributing to 20% of binding
ability. Their isoelectric points are generally between pH 6- pH 7. Sarcoplasmic proteins are
soluble in solution of low salt concentration (ionic strength lower than 0.1), but not in water.
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As these proteins have been sometimes extracted with pure water, they have become
commonly referred to as “water-soluble proteins”. Most are relatively low molecular weight
proteins. Sarcoplasmic proteins are rich in enzymes that aid in tenderization, post-mortem
glycolysis and potential favour contributions. Myoglobin as the key protein in sarcoplasmic
proteins is responsible for all meat colour variations. Where haemoglobin is used in blood as
an oxygen carrier, myoglobin is used within cells (especially muscle cells) for oxygen
storage. Depending on the oxidation state of the iron and whether the ligands are ionically or
covalently bonded to it, the myoglobin changes colour. Because of the high concentration of
myoglobin in muscle cells, these colour changes correspond to colour changes of the meat
as a whole. Myoglobin is a “conjugated” protein, consisting of a typical amino acid protein
chain and a non-protein heme molecule. The heme portion is responsible for all colours
while the protein portion is colourless, but it is important to heme stability and affects colour
indirectly. Sarcoplasmic proteins have been shown to form low quality gels, have low water
holding capacity, and interfere with myosin cross-linking during formation of gel network;
therefore, sarcoplasmic proteins may have a negative impact on food texture. (ASCL, 2014)

9.1.6 Others (e.g. insects)

Insect protein content is very high, with many species ranging above 60%. For example,
Finke and others (1989) reported that the house cricket (Acheta domesticus), when fed to
weanling rats, was superior to soy protein as a source of amino acids at all levels of intake.
One of the most widely eaten insects in China is the silkworm, whose protein content is
comparable to other animal proteins. The ratio of essential to nonessential amino acids is
about 0.6 in silkworm pupae (Longvah et al., 2011). Insect proteins are highly digestible
(between 77% and 98%) (Ramos-Elorduy et al., 1997), although insect forms with an
exoskeleton have lower values, due to the presence of chitin. Chitin removal increases the
quality of insect protein to a level comparable to that of products from vertebrate animals
(DeFoliart 2002).

9.1.7 Peanut protein isolates (PPls)

The peanut contains 26-29% protein with good nutritional quality. Peanut proteins are used
for their functional properties (emulsification, forming) or for their nutritional properties in
different food products. They are also used for human nutrition in developing countries to
supplement cereals, beverages and skim milk. Peanut protein isolate can be prepared from
the defatted peanut cake or powdered by macerating with high salt phosphate buffer,
centrifuging and then supplementing the supernatant with (NH4)2SO4 to 90% saturation.
After centrifuging the pellet can be dialysed against distilled water overnight at 4°C and
freeze-dried (Mouecoucou 2004).

9.1.8 Soy protein isolates (SPIs)

Soy protein isolate is a common isolate. It has high protein content of about 90%. It is made
of defatted soy meal by removing most of the fat and carbohydrates (Seyam 1983).
Soybeans are crushed into oil and defatted meal. The meal is usually used as animal feed,
while a smaller amount is further processed into food ingredients including soy flour, protein
concentrate, protein isolates and textured protein (Kinsella 1976). Soy protein isolate is
usually combined with other food ingredients such as vitamins, minerals and flavour in
preparation of soy protein shake powder (Seyam 1983). Advances in food technology
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resulted in the development of a variety of soy product such as concentrates, isolate and
extruded-expanded products, this consequently has led to increased utilisation by technically
developed regions of the world (Young 1979).

The problem of poor flavour, mouth feel, texture, dryness and flavour associated with the
use of soy flour and soy concentrate above 10% has meant soy isolate is typically used in
sausage-type products for their emulsion-stabilizing effect, gelation, and moisture retention
and improved effects on texture (Kinsella 1976). Soy protein is regarded as textured protein
products use both in meat and vegetarian meat analog industry and thus, has good water
holding capability (Riaz 2006). It is often used as meat extenders in comminute meat
products such as patties, fillings, meat sauces, meat balls, etc (Berk 1992). Many soy protein
isolates have been developed for providing different functional or physical properties to meet
the requirement of various food systems. Soy protein isolates form firm, hard, resilient gels,
unlike soy flour and concentrates that form soft and fragile gels (Riaz 2006). The firm-
forming ability of soy protein isolates is important in meat products. When heat and pressure
are applied the protein films fused together to form a firm, continuous, textured mass that
can be sliced and used as meat substitutes. They also vary in their ability to form gels. Some
are designed to form gel while others will not form gel at 14% solid content.

The production of soy protein isolate involves solubilising the protein and carbohydrate at
neutral or alkaline pH and the recovery of the solubilised protein, separation and optionally
washing and neutralization before drying (Moure et al., 2006).

Three steps are involved in the processing of soy protein isolates (SPI)

(1) The soy flakes are slurried with water under alkaline conditions (pH 6.8-10 at 27-66°C
using sodium hydroxide and other alkaline substances approved for food use) so that the
protein and the oligosaccharides can dissolve into the solution. The protein solution is then
separated from the insoluble residue by centrifugation,

(2) the supernatant containing the protein and sugars is then acidified to pH 4.5 (where the
solubility of proteins is minimal), using hydrochloric acid (HCI). This leads to the precipitation
of protein as curd, and

(3) the solubility of the precipitated protein is restored by neutralizing to alkaline pH of 6.5-
7.0 after re-diluting with fresh water or being spray dried in its acidic form and packed in
multilayer paper bags (Lusas et al. 1995, and Anon 2008).

9.1.9 Canola protein isolates (CPls)

According to USDA 2010, Canola meal is the second largest feed meal after soybean meal.
It has a good amino acid profile with a well balanced amino acid composition although it has
found only marginal use in the food industry, due to the presence of anti-nutritional factors.
The vast majority of canola protein isolates are prepared by alkaline extraction method
followed by isoelectric precipitation. This extraction method generates high yield of nitrogen,
but the isolate produced by this method has been found to have poor solubility and
digestibility, this is most probably due to the nature of proteins constituent of canola meal
which consists of an alkaline-soluble fraction that can be easily denatured during the
extraction process. CPI thus possesses generally unacceptable food-functional properties
including poor water holding, gelling and oil-binding, foaming and emulsification properties.
Many studies have been carried out to modify the properties of this isolate e.g. by
succinylation, acylation and enzymatic hydrolyses. (Alashi 2011).
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9.1.10 Chick pea protein Isolate

Chick pea is the world’s third largest pulse crop in term of area, grown mostly in West Asia
and the Mediterranean region. It is one of the major vegetable proteins. Many functional
properties of this protein isolate have been studied whereas information on gelation
properties of chick pea protein isolate is scarce. Chick pea protein isolate dispersed with
sodium and calcium salts showed different rheological behaviour at different ionic strength
and pH. Increasing the ionic strength of dispersion could strengthen the gelation properties
of CPI under acidic conditions, however reduced the elastic parameters of CPI at pH of 7.0
(Zhang 2007).

9.1.11 Cashew nut protein isolate

Cashews have considerable economic importance because their components have
numerous economic uses. The kernel has high food value with about 40-57% oil and 21%
protein content. A cashew kernel meal contains about 42% crude protein, a low crude fibre
and 0.5% and 0.2% calcium and phosphorous, respectively, which is comparable to that of
peanut composition, which has been used for peanut protein isolate and concentrate.
Protein isolates and concentrates can be obtained from defatted cashew nut powder by both
alkaline extraction-isoelectric precipitation (IP) and alkaline extraction-methanol precipitation
(MP). Cashew nut protein isolates have water and oil absorption capacities of 2.20ml/g and
4.42ml/g respectably, emulsifying stability index (447%), foam capacity and stability (45%
and 55%, respectively ), and low gelation capacity of (13.5%) (Ogunwolu 2009).
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9.2 Appendix 2 — Highlights from Patent Search 1 — Protein extracted from meat

Publicatio
n Number

Title

Abstract

Current
Assignees

Inventors

Family Members

US613695
9

High efficiency
alkaline protein
extraction

A process for isolating edible protein from animal muscle
by solubilizing the protein in an alkaline aqueous solution
is disclosed.

University of
Massachusetts

HULTIN
HERBERT
O|KELLEHER
STEPHEN D

[NA]

EP084891
1

Process for
isolating a
protein
composition
from a muscle
source and
protein
composition

A process is provided for isolating a protein component of
animal muscle tissue by mixing a particulate form of the
tissue with an acidic aqueous liquid having a pH below
about 3.5 to produce a protein rich solution. A protein rich
aqueous solution is separated from solids and lipids,
including membrane lipids. The protein rich aqueous
solution can be treated to effect protein precipitation,
followed by protein recovery.

ADVANCED
PROTEIN
TECHNOLOGIE
S

HULTIN
HERBERT
O|KELLEHER
STEPHEN D

CA2217669A1|CA2217669C|CA2301854A1|C
A2301854C|CA2514342A1|EP0848911A2|EP
0848911A3|EP1019433A1|EP1019433A4|EP1
019433B1|EP1597268A2|EP1597268A4|WO1
999011656A1|W02004073415A2|W0200407
3415A3|AR013855A1|AR016646A1|AT330965
T|JP2001514262A|AU754892B2|AU20042128
84A1|JP2006518378A|BR9705105A|BR97051
05B1|BR9813010A|JP3152291B2|JP3554845
B2|CN1071100C|CN1189300A|CN1203086C]|
CN1277615A|CN1751062A[JPH10179038A|D
E69727039D1|DE69727039T2|DE69835022D
1|DE69835022T2|DK1019433T3|E! 13793T
3|ES2270528T3|ID19203A[ID24817A|IL12189
4A|IL121894D0|IL136802A|IL136802D0|IL134
699AIL134699D0|IN184327B|IN187725B|1S2
015B|1S2595BIS4589A(1S5386A|MX9708100
AIMY129210A|MY123177A|NO20000978A|NO
20000978D0|NO316051B1|NO317583B1|NO9
74671A|NO974671D0|NZ328927A|NZ503150
AINZ541447A|PL189495B1|PL198138B1|PL3
22703A1|PL339667A1|PT1019433E|RU20051
25876A|RU2225694C2|RU2252601C2|TW391
863B|TW552114B|ZA200505984A|ZA9709405
A|ZA9807661A|US7473764B2|US6005073A|U
$6451975B1|US6288216B1|US20030124239
A1|US20070276127A1]|US20020183488A1|D
K0848911T3|KR100430830B1|PE1099A1|PE1
10499A1|NZ328927B|NZ503150B|NZ541447B
|AU8760998A|RU97117606A|ZA9709405B|ZA
9807661B|ZA200505984B

US703363
6

Low cholesterol,
functional,
animal muscle
protein
composition and
process

A low cholesterol protein composition derived from animal
muscle tissue is provided. The low cholesterol protein
composition is added to meat or fish prior to cooking to
retain moisture during cooking in the fish or meat.

PROTEUS
INDUSTRIES
INC

Stephen D.
Kelleher

CA2522824A1|CA2522824C|CA2586065A1|C
A2616041A1|CA2661722A1|CA2661722C|EP
1617735A2|EP1617735A4|EP1841324A2|EP1
915060A2|EP1915060A4|W02004093563A2|
W02004093563A3|W02004093566A2|W020
04093566A3|W02006080956A2|W 02006080
956A3|W02007018585A2|W02007018585A3|
AU2006277014A1|AU2005325755A1|AU2004
232300B2|AU2004232300A1|JP2008527994A
|JP2009502916A|CN101389640A|CN1015353
33A|MX2007007945A|MX2008000935A|NZ54
2820A|RU2007131732A|US7956081B2|US20
080076150A1|US20040224079A1|US2005023
3060A1|US20050255228A1|US20050129815
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A1|NZ542820B|CN101535333B|EP1617735B
1

product from
uncooked meat

purge

of animal muscle tissue purge. The acidic solution is
mixed with a food grade base to precipitate the protein in
the solution. The precipitated protein then is recovered.

US755683 | High efficiency | The invention relates to a process for isolating edible UNIVERSITY Herbert O. oA 6A W2 2030 120
5 protein protein from animal muscle by solubilizing the protein in OF Hultin|Stephen D. | o eteoasimsontzosmssciontairs
extraction an alkaline aqueous solution. MASSACHUSE | Kelleher|Yuming | 7iisorossoniesbesaicorasansonst
TTS Feng|Mark P. SOEIRUZ253288 62 TWIz1 1565 1ez004008
RIChardSlHordur 7551A1|AU9062201A|RU2003109619A
Kristinsson|Ingrid
Undeland|Shumin
g Ke
US916155 | Process for A protein fraction and an oxidation stable fat fraction are PROTEUS Stephen D. A0t 1830 AL 135800520
5 isolating a recovered from meat trimmings. The trimmings are INDUSTRIES Kelleher|William S0 0 A aAS01201r 12601 O
protein comminuted, mixed with a food grade acid at pH 3,6 to 4.4 | INC R. Fielding o0t A AT B0 A N 40BN
composition and | to form a liquid protein fraction and a solid fat fraction. The R o501 4061 353901 Ikt 12012010728 A
a fat liquid fraction is mixed with a food grade alkali to B US201 0088860 (61201400 SsACASS
composition precipitate the protein. A myoglobin rich fraction is el oyt
from meat recovered from the protein fraction and mixed with the PG00 At e 101050
trimmings precipitated protein. 05991
US201202 | Protein product | A precipitated purge protein is obtained from animal PROTEUS Stephen D. Qg:;gf;:;f;ﬁlﬁgé%ﬂég
76277 and process for | muscle tissue purge. Animal muscle tissue purge is mixed | INDUSTRIES Kelleher|William 7AIWO2012148490A3|EP27259
making protein with a food grade acid to form an aqueous acidic solution | INC R. Fielding 21A2|CN103889244A|EP272592

1A4|RU2013152808A
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US948600 | Protein product | Moisture is retained in cooked or thawed food by adding PROTEUS Stephen D A e e
6 and process for | to the food an aqueous suspension of animal muscle INDUSTRIES Kelleher|William it ey el Aot
preparing protein obtained from animal muscle tissue. The aqueous | INC R. Prdayrel i
injectable suspension is obtained by mixing comminuted animal Fielding|Wayne S. | Jiamiosmriooosamasorioossrss
protein product | muscle tissue with a food grade base to form an aqueous Saunders|Peter BBt 1A 01 100834201 100
basic solution of animal muscle protein. The basic solution G. Williamson iR 5 800 POA 080T DR
is mixed with a food grade acid to precipitate the protein in OCalh20 115820081 A01 10800 BS540 16
an aqueous composition. The precipitated protein then is 3 046B1LS20170006904A11LS201
comminuted to form an aqueous suspension of
comminuted animal muscle protein.
H H CA2616562A1|CA2616562C|EP 19096
US887129 Method_s for Methods_ anc_i systems for §epargt|ng musclg tlssge from MPF INC Her?ert O: 02A2IEP 1009602A4{WO200 704659 1A
1 separating connective tissue are provided, in which animal tissue Hultin|Christopher | 2wo2007046891A3/AU2006302846C
. .. . . . . . 1|AU2006302846B2|AU2006302846A
proteins from containing both muscle tissue and connective tissue is Riley 1: Jp2008544761A,C'N101252849A,KR
i i i 20080031932A|NO20080609A|NZ565
c?onnectlve subjected to streg.s, gnd muscle protelns are separated 402AIRU2008103151AIRU24 1343302
tissue from the connective tissue. Slurries of separated [US8021709B2|US20110236547A1|U
S . . S20080214792A1|EP1909602B1|TWI14
myofibrillar protein are also provided. 05542B|NZ565492B|MY151330AINO3
37521B1|TW200715985A
US200502 | Edible products | The invention is based, in part, on the discovery that the University of Herbert O. WQ2003086085A2|W02003086
) " . . L . . 085A3|AU2003226057A1|AU200
87285 with reduced addition of cations, such as calcium or magnesium ions, to | Massachusetts Hultin[Yong Liang | 350605748
oxidation and muscle tissue before solubilisation of the muscle proteins
spoilage enhances removal of membranes, which reduces
oxidation and spoilage of the muscle tissue.
US435062 | Method for The installation comprises substantially: a chopper for SCHLUMBERG | HERUBEL JEAN- | DE3000938A1|DE3000
4 recovering meat | breaking up raw bones with meat still attached to them, an | ER CIE N FREDERIC 938C2|FR2446073A1|

proteins
remaining
attached to the
bones after the
boning
operation

extraction tank containing an alkaline solution with a pH of
the order of 10 to 12 for retaining the proteins, a
precipitation tank for the proteins by supplying an acid
solution bringing back the pH of the liquid phase to a
value of the order of 6, and a separation device for the
proteins using physical means such as centrifugation,
filtration or decantation means.

FR2446073B1
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unsolubilised animal by-product, isoelectric solubilisation
of the unsolubilised animal by-product to provide a second
solubilised protein fraction, and separation of the second
solubilised protein fraction from unsolubilised animal by-
product. The protein from the first and/or second
solubilised protein fractions is recovered by drying or
precipitation. In one embodiment, the acid and alkali
soluble protein fractions are proportionally combined to
neutralise the composite fraction and precipitate protein.

US200902 | COMPOSITION | Methods for making dry protein powder or aqueous GENESIS Richard B. Hardin | WO2009132297A1
69440 S INCREASING | functional protein suspension compositions which provide | GLOBAL
MOISTURE increased moisture content and moisture retention in LIMITED
CONTENT AND | meats and other animal muscle tissue-based products
DISTRIBUTION | have been developed. An important aspect is the use of
IN MUSCLE- alkali rather than an acid or a series of acid and alkaline
DERIVED treatments to dissolve the protein in the starting material.
FOOD This includes both muscle and connective tissue proteins
PRODUCTS and fats, yielding a product in higher yield than acid based
and other processes in which fat and connective tissue is
removed and then only the remaining muscle dissolved in
the acid. The connective tissue and fat increases water
retention in meat into which it is injected, as compared to
meat extracts containing only muscle proteins.
EP311771 | ISOELECTRIC | A method of sequential isoelectric solubilisation of animal | AGRICULTURE | TIWARI BRIJESH | WO2017013043A1
7 SOLUBILISATI by-product comprising the steps of isoelectric AND FOOD K|ALVAREZ
ON OF ANIMAL | solubilisation of the animal by-product in one of an acid or | DEV GARCIA
MATTER alkali solution to provide a first solubilised protein fraction, | AUTHORITY CARLOS|TROY
separating the first solubilised protein fraction from (TEAGASC) DECLAN
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US200901 | COMPOSITION | A composition is derived from animal muscle may be BUMBLE BEE HUDSON CA2705795A1|EP2222
23615 DERIVED added to a substrate animal muscle for improving water- FOODS HEATHER|BADE | 186A1|EP2222186B1|
FROM A MEAT | binding capacity of the substrate animal muscle. A LLC|MPF INC R DEREK RAY AT527892T|W0O20090
SOURCE AND process for making a composition in accordance with one 64487A1|US20090123
PROCESSES embodiment may include the steps of providing a slurry of 615A1
FOR MAKING animal muscle and water; increasing the pH of the slurry
AND USING to an alkaline level sufficient to solubilize at least a portion
COMPOSITION | of the animal protein in the animal muscle so as to form
an alkaline slurry; and maintaining the pH of the alkaline
slurry at a level sufficient to prevent coagulation of the
animal protein. The alkaline slurry may then be dried to
form a substantially dry particulate animal muscle product.
The particulate animal muscle product may then be
reconstituted to form a marinade, and the marinade may
be applied to a substrate animal muscle.
US572603 | Process for In a process for preparing proteins from a protein- DMV NEUMUELLER CA2176951A1|EPQO730
3 preparing containing substance, the substance is dispersed in an INTERNATION | WALDEMAR 412A1|EP0730412B1|
proteins from alkaline solvent with a pH of over 11.5 and at a AL WO1995014394A1|AT
protein- temperature of under 30 DEG C. The proteins in the NUTRITIONALS 183055T|JPH0950547
containing substance are thus dissolved. The resulting solution is GMBH 2A|DE4339743C1|DES
substance then neutralized and the proteins in it are concentrated. 9408624D1|ES213748
To improve the profitability of the process in large-scale 7T3|DK0730412T3
manufacture, the protein-containing substance is treated
with a protease before dispersion in the alkaline solvent.
CA104377 | PROCESS FOR | ABSTRACT OF DISCLOSURE  The invention provides | LILLY CO ELI JACKSON, GB1494704A|JPS5110
5 RECOVERING | a process for the recovery of glucagon by A. isolating RICHARD L. 0071A|DE2505308A1|
GLUCAGON glucagon-containing protein from insulin process DE2505308C2|JPS572

alkaline crystallization super-natant; B. separating the
glucagon from other proteins; and C. purifying the
glucagon obtained from step B.

5024B2|FR2300074A1|
FR2300074B1|NL7501
265A|SE424406B|SE7
501278L|US3875138A
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RU207594 | METHOD OF FIELD: food technology. SUBSTANCE: method involves OBSHCHESTV | MOROZOV RU96104838A
4 PROTEIN the preparing food addition by extraction of the prepared os VYACHESLAV
FOOD animal raw (milled frozen organs and tissue of OGRANICHEN | GIKHAVINSON
ADDITION mammalian) using 1-2.5% sodium carbonate solution at NOJ OT VLADIMIR KH
PREPARING pH = 10.4-10.8 for 2-4 h with addition of 0.1-0.5%
magnesium chloride. Ratio of volumes of extractable
tissue and soda solution is (1:8)-(1:20). Then deposit is
separated by filtration or centrifugation followed by extract
acidification to pH = 3.8-5.5, inert matters removing,
precipitate washing with organic solvents and precipitate
drying at temperature 55 C, not above. EFFECT:
improved method of preparing. 5 tbl
CN101828 | Extract method The invention discloses an extract method of muscle UNIV DALIAN JUNRONG [NA]
627 of muscle protein isolate. The invention is characterized in that the FISHERIES LIUITAO WANG

protein isolate

method is carried out by the following steps: animal
muscle is smashed into chopped meat; nine times volume
of distilled water is added and homogenization is carried
out by a homogeniser; NaOH or HCl is used for adjusting
pH value of minced meat to be 10.8-11.5 or 2.5-3.5,
reaction is carried out for 1-4 hours, centrifugation and
impurity removal are carried out and supernatant is
separated; and pH method is used for adjusting the
supernatant to isoelectric point pH 5.1-6.0 of protein, then
centrifugation is carried out and sediment is obtained. The
produced muscle protein isolate can be used as edible
protein base material to make various meat paste
products and has the advantages of high purity, good gel
property and strong functionality. Compared with the
traditional meat paste processing method, the invention
has the advantages that, the protein yield can be
improved from about 60% to 70-90%, total solid content,
total nitrogen and chemical oxygen demand in waste
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water are accordingly reduced, and difficulty and cost of
waste and waste water treatment are reduced.

43

JPS57436

PROTEIN
RECOVERER
FROM WASTE
FROM MEAT
TREATMENT

PURPOSE: A pair of the upper sectioning frame and the
lower one that forms vertical tunnel paths is demountably
set in the tank with a drain pipe on the bottom to
precipitate and recover the protein

efficiently. CONSTITUTION: The tank for precipitating
protein 1 is provided with the drain pipe 3 having a valve 2
and a pair of parallel-cross frames 6, 7 are piled in the
tank so that their vertical tunnels 4, 5 can get through.
The waste, treated with acid and alkali, is poured into the
precipitation tank 1, then the above frame 6 is removed
and the supernatant is taken out of the drain pipe 10 and
the pipe 11. The fraction containing the precipitate is
taken out of the drain pipe 3 on the bottom and
centrifuged to recover the protein. COPYRIGHT:
(C)1982,JPO&Japio

BIBUN CORP

NISHIOKA
FUJIO|SHIMIZU
HIROSHI|KURIH
ARA YOSHINORI

JPS5823054B2
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W0201013 | PROTEIN Described herein are the isolation and use of meat UNIV ALBERTA | BETTI MIRKO|XU | CA2801040A1
6894 COMPOSITION | proteins and their applications thereof. In one aspect, YAN

S AND meat proteins such as, for example, fish, poultry, bovine,

METHODS OF or porcine can be used to make films, meat binders or

MAKING AND extenders, and extrudable food articles.

USING

THEREOF
US776371 | Continuous A process and system for recovering protein and lipid from | Jacek Jaczynski | WEST VIRGINIA | [NA]
7 protein and lipid | food animal byproducts, and the products thereof, UNIVERSITY

recovery from involves homogenizing animal byproducts with water to RESEARCH

food animal form a homogenate, solubilizing the homogenate by CORPORATION

processing adjusting the pH of the homogenate to form a first pH

byproducts adjusted composition, separating the first pH adjusted

composition forming a light fraction containing lipids (oil),
a medium fraction containing protein in solution, and a
heavy fraction containing fat-free impurities, separation by
first centrifugation, adjusting the pH of the medium fraction
to about the isoelectric point of the proteins thereby
precipitating the medium fraction forming a second pH
adjusted composition, and separating the second pH
adjusted composition forming a light fraction containing
water and a heavy fraction containing precipitated
proteins. The water may then be recycled and used in the
homogenization of further byproducts.
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uUS200702
81349

Industrial
bioreactor and
method of use in
continuous
protein and lipid
recovery system

The present invention provides for an industrial scale
bioreactor and for a use of the industrial scale bioreactor
in a continuous protein and lipid recovery system. The
industrial scale bioreactor comprises a pH-resistant
container able to hold at least 150 gallons wherein said
pH-resistant container further comprises, a means to add
influent to said pH-resistant container, a means to remove
effluent from said pH-resistant container, one or move
thermocouples able to measure the temperature within the
pH-resistant container, a mixer reversibly attached within
said pH-resistant container, and a means to monitor and
control the pH within said pH-resistant container. The
continuous protein and lipid recovery system comprises a
homogenizer, a means to connect said homogenizer to a
first bioreactor wherein said first bioreactor is maintained
at a programmed pH level away from the isoelectric point
of the protein so it is water-soluble, a separator, a means
to connect said first bioreactor to said separator, a second
bioreactor maintained at a programmed pH level at the
isoelectric point of the protein so it is water-insoluble, a
means to connect said separator to said second
bioreactor, a second separator, a means to connect said
second separator to said second bioreactor, and a means
to monitor and control the temperature throughout the
protein and lipid recovery process.

Jacek Jaczynski

UNIV WEST
VIRGINIA

[NA]
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9.3 Appendix 3 — Highlights from Patent Search 2 — Products using extracted animal protein

AND COLLAGEN

micronutrients such as calcium, iron and sodium, and of
saturated fat. It is therefore a balanced formulation that
preserves all essential amino acids, represents a source of
iron and calcium and exhibits a low sodium and saturated fat
content. The protein mixture can be used with any type of
edible liquid or paste, in the form of food supplements,
enteral or parenteral fortifying diets, and is particularly

Publicati | Title Abstract Current Inventors Family Members
on Assignee
Number
US20070 | Puffed snack The present disclosure generally relates to high protein Solae Philip A. EP1965661A1|W0O200
092616 products and puffed snack products including vegetable protein materials Witte|Matthew K. | 7050306A1|BRPI10619
processes for and a non-vegetable protein materials and processes for McMindes|Luping | 305A2|JP2009512444
producing the making high protein puffed snack products. More particularly, Ning A
same the present disclosure relates to high protein puffed snack
products including soy protein materials and protein from
meat, meat by-products, or dehydrated meat material.
US20050 | Novel high protein | The subject invention provides novel protein-rich tortillas. Ina | FLORIDA Lauren April WO02005006886A1|US
013917 tortillas specific embodiment, the subject invention provides flat, thin | RESEARCH | O'Kelley|Meghan | 7125576B2
tortillas that comprise chicken protein. Other meats can also FOUNDATIO | Lea
be used to provide the protein component. Advantageously, N INC Meller|Michael
the tortillas of the subject invention can be used as a UNIVERSITY | Shaun
replacement for traditional flour or corn tortillas. OF Madden|Hordur
G.. Kristinsson
WO02011 | PROTEIN A protein mixture of meat extract and collagen from bovine JBS BERTIN EP2484226A1|BRPI09
035403 MIXTURE OF muscle takes the form of a soluble powder composed of FERNANDO 03597A2|US20120269
MEAT EXTRACT | macronutrients such as carbohydrates, lipids and proteins, of 932A1
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recommended for patients or persons suffering from some
form of deglutition disorder.

US20090 | PROTEIN- The aim of the invention is to obtain a food product, in GELITA AG Jutta EP2117347A2|W0O200
269455 BASED FOOD particular a snack product, which has a favourable nutrient Hoffmann|Michael | 8083802A2|W020080
PRODUCT AND physiology and a crispy, brittle texture, and an associated Ahlers 83802A3|JP20105154
ASSOCIATED production method. To achieve this, the food product is 31A|CN101616601A|D
PRODUCTION substantially devoid of starch and has a foamed structure and E102007002295A1|MX
METHOD the solid content has a protein fraction of at least 2009007362A|BRPIO7
approximately 25% by weight, at least 65% by weight of the 20798A2
protein fraction consisting of gelatin and/or collagen
hydrolysate.
US20150 | SYSTEM AND The present disclosure relates to systems and methods for General Mills | Goeran JP2016532447A|WO2
044334 METHOD FOR producing an extruded protein product. In particular, a system Walther|Bernhard | 015020660A1|W0201
PRODUCING AN | for making an extruded protein product using a system that H. van 5020873A1|CA292038
EXTRUDED includes a die including channel having a transverse cross Lengerich|Steven | 7A1]|AU2014304978A1
PROTEIN section that is a continuous loop along at least a portion of C. Robie|James |CN105530820A|EP30
PRODUCT the length of the die is disclosed. N. Weinstein 30092A1|KR20160068

733A

82




PSH.0812 Red meat protein snack Final Report

US50716 | PROCESS FOR | A process for preparing a proteinaceous food product Mars BUCKLEY CA1334904C|EP03283
65 PREPARING A comprises passing a wet dough of a mammalian and/or avian KEITH|WILLS 49A1|EP0328349B1|G
PROTEINACEOU | meat protein, at least part of which is functionally inert GARRY B8802934D0|GB88189
S FOOD protein, between a pair of oppositely rotating rollers to form a D|IMUSSON 41D0|GB8820829D0|G
PRODUCT sheet of said food product. The functionally inert protein may GARY D|SPEIRS | B8901399D0|AT84942
have been cooked or otherwise treated to impart to the CHARLES|PRIM | TIAU2968589A|AU621
protein one or more characteristics of cooked protein and/or ROSE 339B2|JPH025827A|D
may comprise inert scleroprotein. DAVID|BEECH E68904569D1|DE6890
JOHN|GAYWOO | 4569T2|DK57289A|DK
D PAUL 57289D0|ES2038824T
3|GR3007268T3|IE620
59B1[IE890410L|INO17
3683B|NO173683C|N
0890540A|NO890540
DO|NZ227806A|PT896
48A|PT89648B
W02010 | PROTEIN Described herein are the isolation and use of meat proteins University of | BETTI MIRKO|XU | CA2801040A1
136894 COMPOSITIONS | and their applications thereof. In one aspect, meat proteins Alberta YAN
AND METHODS such as, for example, fish, poultry, bovine, or porcine can be
OF MAKING AND | used to make films, meat binders or extenders, and
USING extrudable food articles.
THEREOF
WO2001 | EDIBLE ANIMAL | The invention relates to commercial grade food protein gels University of | HULTIN CA2375933A1|EP1196
005251 MUSCLE containing low amounts of animal muscle protein and salt, Massachuset | HERBERT 048A1|AUB082800A|C

PROTEIN GELS

and methods of producing them.

ts

O|FENG YUMING

N1373638A|RU200210
3868A
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RU24760 | EXTRUDED FIELD: food industry. SUBSTANCE: invention is intended for | NESTEK S A | BIZHER CA2691884A1|EP2011
79 FOOD usage in food industry and refers to production of an FANNI|KART E 404A1|EP2170097A1|
PRODUCT, ITS extruded food product containing from nearly 25% to nearly KATRIN|LESPAN | WO2009003721A1]|AU
PRODUCTION 77% of meat and/or vegetal protein. The method envisages OL LJUS EN 2008271478B2|AU200
METHOD AND continuous introduction of the food product components into OGJUST|PIBARO | 8271478A1|JP201053
EXTRUDER FOR | the extruder, such components including meat and/or vegetal PATRIK|IREJNE P | 2659A|CN101686707A
PRODUCT protein, their mixing in the extruder to produce a mixture, the ER |[RU2010103685A|US2
MANUFACTURE | mixture heating in the extruder, the food product extrusion 0100136201A1|CN101
through the forming die and the food product cooling. The 686707B|BRP1081282
product may additionally contain plastifiers and, essentially, 8A2|CA2691884C
may not contain compounds forming cross links. The
extruder has a high value of "length to diameter" ratio and
contains a row of cylinders, twin screws rotating in the
cylinders round parallel axes and heating devices mounted
on the cylinders.EFFECT: inventions group ensures
production of a product being a meat analogue or substitute
and having a fibrous and texturised appearance specific to
meat.62 cl, 1 dwg, 3 ex
KR20120 | AMORPHOUS This invention relates to an amorphous material and a Solae SOLORIO CA2767907A1|EP2456
050453 PROTEIN method for producing food containing a significant amount of SANTIAGO 322A2|W0201101145
EXTRUDATES protein. In particular, the invention relates to an amorphous 6A2|W0O2011011456A
protein extrudate , these protein extrudate production method 3]AU2010276327A1|C
, and a food ingredient such as protein extrudates containing N102480993A|US2012
high concentrations of protein applications . 0171351A1|EP245632
2A4|CN102480993BI|A
U2016200062A1
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US20050 | Protein-containing | A method of manufacturing a protein-containing food product | Mars Siegfried EP1489920A1|EP1489
214420 food product and | by means of heat-treating a protein and water-containing Schmidt|Marinus | 920B1|W0200307980
method of carrier material suitable for pumping in a turboreactor which Pannevis 8A1|AT381891T|AU20
preparing same has a cylindrical reaction chamber with a rotor equipped with 03216874A1|AU20032
blades in order to centrifuge the carrier material in the form of 16874B2|JP20055205
a dynamic, turbulent layer against an inner wall of said 30A|DE10213280A1|D
reaction chamber, heat-treating, drying to AW less than 0.6 E60318304D1|DE6031
and granulating the carrier material, advancing the carrier 8304T2|ES2297137T3|
material in the direction of an outlet from the turboreactor, US7838057B2
and forming individual food products from the carrier material;
a protein-containing food product made by press molding of a
carrier material that has been granulated and dried to an AW
value of less than 0.6 and that is microbiologically stable, the
carrier material being free of gelatinized starch.
US58275 | Process for In a process for producing a food product based on meat, DUVE DUVE MANFRED | EP0624320A2|EP0624
61 producing meat animal proteins or vegetable protein, an emulsion is prepared | MANFRED 320A3|EP0624320B1|
strips or from base components by first comminuting and emulsifying AT197117T|DE431623
proteinaceous the base components. In the next processing step, the 5A1|DE59409556D1|E
strips emulsion is loaded into a stuffing device, from which the S2153396T3|US54827
emulsion then exits in the form of a single strand or 30A
numerous parallel strands. In a further step, the strands of
the emulsion are cooked. The cooked strands of the
emulsion are then cut by a cutting device into shorter strips,
preferably having a length of a few centimetres, and the
strips are subsequently deep-frozen and then packaged.
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GB23737
o7

Concentrated
hydrolysed animal
protein feed

A method of foodstuff production comprises hydrolysing
animal protein to form a slurry and removing water from the
slurry. The protein is preferably obtained from raw meat
which is pre-ground. Muscle meat, fish muscle, poultry
heads, feet, liver, viscera, connective tissue and feathers are
possible protein sources. The foodstuff is preferably a moist
pet food such as an extruded kibble comprising at least 20%
water, most preferably 45% to 55% water. Hydrolysis is
preferably achieved by adding enzymes or by autolysis. The
method may also include mixing with flour and the addition of
an antioxidant to the slurry. The addition of vitamins can be
avoided by selection of appropriate raw materials. Fat may
be removed by centrifugation or by the addition of chemicals.
Water may be removed using falling film evaporation.

Mars

RUSSELL DAVID
PAUL|STEIN
VON KAMIENSKI
BOTHO|LANGE
EIKE|SIREL
TASUJA

EP1359814A1|GB0103
879D0|W0200206584
8A1|US20040131750A
1

WO1996
012413

EXTRUDED
HIGH SOLUBLE
PROTEIN
ANIMAL FEED
AND METHOD
OF PREPARING
SAME

An extrusion process for the production of animal feeds
having high soluble protein contents is provided wherein
respective starch-bearing and proteinaceous ingredient
fractions are differentially processed so as to obtain an
extruded final product containing soluble protein. In the
process, a starch-bearing fraction is preferably
preconditioned and introduced into an extruder; a
proteinaceous fraction is introduced into the extruder barrel,
preferably adjacent the extrusion die, for mixture and
extrusion with the starch-bearing fraction. This yields an
extruded feed having a starchy matrix with protein of high
solubility carried by the matrix.

WENGER
MFG

ROKEY GALEN J

AU3513195A|US54806
73A
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WO01997 | FOODSTUFF The invention provides a canned foodstuff comprising Mars MUSSON GARY | CA2232958A1|EP0866
011610 discrete chunks, the chunks comprising a food material and DAVID|WALKER | 661A1|EP0866661B1|
being substantially free of intervening liquid, gel or other RICHARD GB2308289A|GB2308
matrix material. Preferably, the chunks are of a leavened JAMES|HARFOR | 289B|GB2333942A|GB
foodstuff comprising a gelled mixture comprising meat D 2333942B|AT264067T|
protein. The invention also provides a method of making a STEPHEN|SPEIR | GB9519555D0|GB970
foodstuff comprising forming a mixture of meat protein and a S CHARLES IVIE | 8754D0|GB9909449D0
gelling system and leavening the mixture while gelling it. |[AU7137296A|AU7208
40B2|BR9610621A|DE
69632200D1|DE69632
200T2|NZ319199A|NZ
501949A|NZ319199B]|
NZ501949B
US20140 | MICRO- The invention relates to an animal protein concentrate, fit for | MAP CHILE | Cristian Cifuentes | [NA]
030387 ENCAPSULATED | the human consumption, elaborated on basis of a fish SPA Larios|Simon
ANIMAL protein. More specifically, this invention relates with micro- Salosny Hibner
PROTEIN particle matrix or multicore of fish protein and gelatin,
CONCENTRATE | optionally coated, fit for the elaboration of processed food for
human consumption.
AU74638 | Foodstuff The invention relates to a novel foodstuff, more particularly, a | Mars MUSSON GARY | AU2780900A
0 leavened foodstuff comprising a gelled mixture comprising DAVID|WALKER
meat protein. The invention also relates to a method of RICHARD

making a foodstuff comprising, forming a mixture of meat
protein and a gelling system and leavening the mixture while
gelling it.

JAMES|HARFOR
D

STEPHEN|SPEIR
S CHARLES IVIE
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formed.

BE90381 | Stable food prods. | A continuous process for the prodn. of a durable food prod. RAINBOW QUINN [NA]
9 from animal comprises mixing ingredients in a ratio of 5-60wt.% animal TRADING N|O'CONNOR
protein and starch | proteins and 20-40% starch, extruding the mixt. in a screw LTD CITUCK K
- made extruder and subjecting it to an elevated temp., mechanically
continuously by compressing and cutting the mixt. to cook it before and/or
extruding and after the food has passed through the extruder, and
cooking the mixt. | controlling the moisture content of the mixt. to 15-28wt.% and
contg. moisture adding a humefactant agent to the mixt., extruding the
and humefactant | cooked mixt. through a die to form separate pieces and
cooling these pieces. - In a further claimed embodiment, the
starting mixt. comprises 45-100wt.% animal protein and 0-
40% starch and the cooled pieces of the prod. are opt. dried.
JPH0258 | FOOD PURPOSE: To provide protein food suitable for human being | NADORUFU | KIISU CA1334904C|EP03283
27 or animal like pet food by forming the humid dough of meat of | LTD BATSUKUREI|GA | 49A1|EP0328349B1|G
the mammals or birds functionally inactivating one part of RII DEBITSUTO B8802934D0|GB88189
protein into sheet through rolling. CONSTITUTION: The UIRUZU|GARII 41D0|GB8820829D0|G
humid dough of meat protein of the mammals and/or birds DEBITSUTO B8901399D0|AT84942
such as inactive hard protein, for example, of which one part MATSUSON|CHI | TIAU2968589A|AU621
of protein is functionally inactive and the gel strength value YAARUZU 339B2|DE68904569D1
shows 0-400g through boiling or the other treatment as SUPEIRISU|DEBI | |DE68904569T2|DK57
needed, is passed between a pair of rollers at least mutually TSUTO PURIN 289A|DK57289D0|ES2
oppositely rotated by force from 7x10Kg/m<2> to ROOZU|JIYON 038824T3|GR3007268
7x10Kg/m<2> and the one-dimensional food sheet having a BIICHI|POORU T3|IE62059B1|IE89041
length longer than 3cm, preferably, longer than 10cm is GEIUTSUDO OL|NO173683B|NO173

683C|NO890540A|NO
890540D0|NZ227806A
|PT89648A|PT89648B|
US5071665A
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JPS6227
8950

PREPARATION
OF COMPOSITE
ANIMAL AND
VEGETABLE
PROTEIN FOOD
MATERIAL

PURPOSE:To prepare a protein food raw material having
meat-like texture and palatability and free from characteristic
smell of raw material, by mixing animal and vegetable protein
raw materials rich in sulfur-containing amino acid and treating
the mixture with an extruder. CONSTITUTION:An animal
protein rich in sulfur-containing amino acid, taurine and
taurocholic acid such as gut meat of domestic animal,
domestic fowl, fish or shellfish or head meat of fish or
shellfish is mixed with a vegetable protein rich in sulfur-
containing amino acid such as defatted soybean flour, marine
algae rich in red algae, etc. The obtained mixture is supplied
to an extruder, heated at a high temperature under high
pressure while adding water to the mixture and subjected to
shear deformation to effect the mutual modification of the
animal protein and the vegetable protein.

SANYO
COCA COLA
BOTTLING
KK

MORI
YASUSHI|HIEDA
FUKUJIIMATSUK
AWA
TAKASHI|NAEDA
YUJIIMATSUYAM
A KIKUO

JPH0365742B2
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Attachment 2: Outcomes from Phase 3: Red-meat Protein
Isolate.

Xinova worked with Matis to refine the scope of their engagement to formulate new high and
low moisture protein isolates from their patented pH shift process using red meat source
material. The refined project tasks are detailed below.

Matis project scope

pH shift separation process with beef
1. Working with initial raw material: (75VL (Sausage trim)) and/or
75VL MDM

2. Working with other select raw product types: 50 VL
3. pH shift optimization
Protein isolate forms for formulation
1. High moisture protein isolate creation and assessment

2. Low moisture protein isolate creation and assessment

3. Marinade creation and assessment (eye round and topside
cuts vs standard phosphate-based marinade from 75VL and
50VL)

4. Economic assessment of processes and modelling

Creation of Prototypes.

Matis refined the pH shift process to enable them to isolate the protein and produce some
samples to review and assess functionality in prototype products.

A mini-report on the results of Matis pH Shift Separation Process and Protein Isolate
functionality is included as Attachment 1, including the sample products.
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Meat Protein Update

8.2.18

Recap and update

Meeting 17.1.18

* Key Treatments (45 and 75 CL ground beef) — Getting to know the material
+ Alkaline adjustment with filtering
* Alkaline adjustment with pre-wash and filtering
* |nitial marinade trials with top-round

Meeting 8.2.18

. Kev Treatments (45 and 75 CL ground heef)

+ Alkaline adjustment with homogenization and centrifugation

Alkaline adjustment with bowl cutter (BC), homogenization and centrifugation
Alkaline adjustment with two pre-washes and centrifugation

Marinade trials with centrifugation and mincing (topside and eye round)

Stir fry marinade preparation and assessment

Protein isolate gelation {BC, centrifugation, and prewashes)

Pratein isolate freeze drying (BC and centrifugation=

L L - & &
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Centrifugation trial 1

With or without bowl cutter

Process overview

il
T5CLBC g
B |

Raw material Cormmindted Homogenized pH 11
- q *

75CL
Raw material Homogenized pH 11 Centrifuged at pH 11 Centrifuged at pH 5.5

|
Centrifuged at pH 11 Centrifuged al pH 5.5
"
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Centrifugation 1: solubilization phases

Top fat” phase (bath sigm

Iublc phase (both sides)

Centrifugation 2 — Precipitation phases

el

IrI ‘

B

|
-

s
-
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AL mince F5CL mince GC

4 § AT

A5CL mince A5CL rmince BE

FECL lsalate BC F5CL Isatate

A5CL isplate BC 45CL isplate

Significant fat reduction

Bow| cutter Ma bowl cutter
75CL lsolate 45CL lselate 75CL solate 4501 Isolate
a9.7% 99.8% 98.3% 99.8%

Previous non centrifugation trial: 35-57% fat reduction

94




PSH.0812 Red meat protein snack Final Report

Color

=t

2o

| ||||||||

“im

| II II I | I

li .I ' Iﬁl [ Jil
whEy §ean ety

B0 Miros @YICLWE L TS lbokas T IChobay BAWD Meoe ®ASSAace BC @S clbis @0 I bBcbs

]

8

=

Whiteness

an21

LA+

THlWroe LIV EC Tl bdes TEILO0 wlés Tl Mirss (DA wedC Ed bhazss SO boaw

;

2

=

=

95



PSH.0812 Red meat protein snack Final Report

Microbial

Significant Log reductions:
0.3- 18 log

reduction
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Gels

“Contral 7501

4501

JSCLBC  45CLEBC

———1-.............".'

Hardness [M}

180,00
160,00
140,00
120,00
100,00
B0.00
&0,00
40,001
20,00

0,00

Compression plate test on heat set gels

Control

7aLL

I5CLBC 45CL BL 45cL
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Protein isolate freeze dried powders

A5 CLBC IS0 FSLCLBCIED
45 CL B0 75 CLISO
Awerage molsture: 3-4%

Color of freeze dried powders
i Eﬁ
N ||| E—— “l |
1 ml: I RS
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Centrifugation trial 2

Effect of prewash

Process overview

Findwdsh  cwmw mwe =itaw Suzendwash weediet mraw |omesgenons witi Centrilizgs e 1 nil s Canitriloggalizn 3
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Fat and insoluble phases after first centrifugation

Phases after second centrifugation
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Color
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Whiteness

00

wm
i
: I I
0
T i i ke (L 14l ks

b

Protein isolate pastes before cooking

A45CL isolate JECLisalate
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45CL not pH adjusted 45CL pH adjusted 5L pH adjusted

Folding test — 45CL no pH adjustment
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Folding test — 45CL
E _ ' - ;ﬁ =

Folding test — 7

g - 4 Wt
- o W L
A T

SCL

i
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Injection of protein marinades

Eye round

o = (el e

'
|

]

|

|

i = o

_“m
Camtral 45CL injected F5CL Injected Cantral 45CL injected 75CLnjected
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Topside

Cantral 45CL injected

T5CL injected Cortrol A5CL injected TSCL injected

A0

e

AT

1%

Eye round - percant weight change
=

——— s

After injection After cold sl:"d_‘?e At king - change from
mrraeight

micatrnl  ®7%C0 mannads  B4STE marnade
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Topside - percent weight change

0%
0%
0%
0% — e =
After njection After cod storog: After e glnng,ef I gresn
waiplil
Al
~A0% .
-30%
ECoatrol  BIECL marinads  BASCLmarinada
Warner-Bratzler tenderness test
140,08
1EIIH
103,00
= B0
E W Coatrol
-‘_i W 7501 marinade
e B A5CL arinade
A0
2000
0,08

Tnpsids Eye ranind
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Sensory assessment of steaks (5 expert panelists)

Scale 1-5
Tenderness: 1 tough - 5 very tender
Juiciness: 1 dry - 5 very moist

Topside Average Tenderness Averape Juiciness

Control 2,625 1,625
45CL 2,75 2,75
7500 4,5 4,375
Eye round Average Tenderness Average Julciness

Control 1.625 1.5
45 CL 3.5 3
S CL 4 A.135

Marinated strips
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Marinated strips

f

Contral Marinated

%
15%

0%

-10%
15%
-20%
5%

-Hlk

Meat strips - percent welght change

Uptaks aftar marnation "r-

HConteed @ Marinada
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3500

30,00

2500

]
=
=1
=1

i

Ty
.:.I'\l
=
o

Shear farce (M)

10,00

5,00

L.

Warner-Bratzler tenderness test

| Contrnl
B Marinade

Strlps

Sensory assessment of steaks (5 expert panelists)

Scale 1-5

Tenderness: 1 tough - 5 very tender
Juiciness: 1 dry - 5 very moist

Control
75CL

Average Te nd emess Average Juiciness

2 2.2
3.9 4

= Treatments were superar right off of the skillet compared to control (5)
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Next Steps

« Complete Wash and Centrifuge Assessment

* Proximate, yields, micro, dried products, etc.
* Fresh material focus moving forward
« Further optimization

= Smaller scale runs
Optimize pH values for yield and guality improvemants
Complete and compara phosphate ve. alkaline
marinades [eye round and topside)

* Assoss newly pre-washed and centrifuged freeze dried
protein isolate material for guality and attributes
Electrophoresis of protain powders to assess
composition

Dry via other methods than freeze drying

Test for collagen in centrifuged material

shelf-life studies on protein isolate and injected meat

Follow-up

Earlee Products Marinade
+ Arrival-7.2.18
Shipping Samples
* Shipping logistics to MLA
+ Sample sizes to be sent?
* How quickly can we get samples
there (do we need to freeze?)
Billing
* Last invoice
* First downpayment + materials and
analytical
Mext Meeting
* Nove to 9,318
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Attachment 2:

Red Meat Snack Workshop Agenda

Attendees:

Please bring:

DONOR
COMPANY

RARAT & | RFAFOEN ALITPRAL

AGENDA

Red Meat Snacking Workshop

Date: 12" & 13" February 2018
Location: MLA Level 1, 40 Mount St, North Sydney

Xinova & Partners: Scott Meedham, ¥i Lan Chen, Evalyn Miles, Russel Rankin,
David Ireland, Greg Caire, Nick Hazzll

MLAMDC: Christing Pitt, Allister Watson, Michacl Lee, Duncan Veal, Rachel
Cofrancesce, Emily Wallker

Innevators: Maxime Bilet, Steve Weaver, Bradley Wardrop-Erowmn, Bob Hamilton,
Brott Memullen, Trish Lindamman

Innovators to bring hard concepts (samples) and soft concepts {ideas).
Presentaticn cutlining What the preduct is? Howwas it made? How it could be
made commersially? Wiha is the target consumer group? YWhy is it unigue and
exciting? Is there a technology stretch to make it¥ What is the key challenge to
SLICCESET

It is recommeanded that cach concept pitch take no more than 10 minutes cach

Day 1: “Taste the Snack™ - Hard Concapts and food axperience
“Dream the Snack” - Soft Concapts

10:00am Welcome, intraduction and workshop objectives Scott Neadham'

(20 min} Christine Pitt

10:20am Overview of the process. roles & responsibilities David Ireland

(10 min}

10:30am Presentation of Concepts - Earlee Foods Bob Hamilton/Brett

(120 min} MeMullen Trish
Taste the Snack (Cellagen chips; Shelf ready snack Linderman

sausaga; Breakiast bar)

Dream the Snack (Meat based cracker,; Hi-pratein la-carb
muesliftrail mix: Chacelate with beef fat; Hi-pretein,
lactose free, ice-cream; Protein enriched beverage —
predpost workout).

Graup fills out profonma and engage in limited discussion
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an each concapt + Complexity v Value maps.

12:30pm Plan for Action

(G0 min} Group discussien on interesting concepts. identifying
challangas and hew te addrass. Challenges to address
might include commercialization partners, manufacturing
difficulties, scaling, =mall or unidentified target market
atc.

Thiz will highlight the most immediate and key areas o
facus an o de-fsk the concept and franslate inte concrets
action plans for selacted food concepts.

David Ireland

1:30pm Presentation of Concepts - BluDak Innovations

(120 min) Taste the Snack [Beef snacking chips; Enriched beef

beer; Fortified pre/prebictic shalf-stable beef and lamb
hars; Hydrelysed callagen paptida bars & bites,
Pre/probictic collagen recovery beverages)

Oreamn the Snack (TEA}

Group fills out preforma and engages in limited discussion
on gach concapt + Complaxity v value maps.

Bradliey Wardrop-
Brotam

3:30pm Plan for Action

4BH i) Group discussion on interesting concepts, identifying

challenges and how ta address. Challangas to addrass
might include commercialization partnars, manufacturing
difficulties, scaling, small or unidentified targat markat
etc,

This will highlight tha most immeadiate and key arsas to
focus on to de-risk the concept and translate into concrete
action plans for sclected food concepts

Clase Day 1
Catering fime
11:00am Morning Tea

1:00pm Vilarking Lunch
4:30pm Afternoen Taa

David Irelarnd
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9:45am
(15 mins)

Day 2: “Share the Snack™ - Craeative thinking and sharing of ideas

Review Day 1 Racap, insights, thoughts, plan for Day 2

David Ireland

10:00 am
[120 min}

Presentation of Concepts « Maxime Bilet

Tasre the Snack (TBA)
Dream the Snack (TBA)

Graup fils out profenma and ehgages in limited discussion
an each concept + Complexity v value maps.

Maxime Bilet

12:00pm
30 mins)

Lunch nof working}

12:30pm
(90 miny

Plan for Action

Group discussion on interasting concepts, identifying
challonges and how te addrass. Challenges te address
might include commercialization partners, manwufacturing
difficultics. scaling, small ar unidentfied target market
atc.

This will highlight the mest immediate and key areas to
focus on bo de-nisk the concept and franslate into concrate
actien plans for selected food concepts

David Ireland

2:00 pm
(120 mins)

Share the snack Ideation

Facilitated brainstonming session to solicit comments and
ideas idaas from the group. This session is designad to
utilize the groups collective knowledge and experience,
sesded by concapts that we have heard during the
workshop, Expectations are mest concepts will be wery
ambryanic, but callactive experience may quickly
accelerate several consepts into action plans or ‘clhse-
aut ideas. Cansider PepsiCo product offarings

David Ireland/Mick
Hazcll

4:00pm
[BO min}

Identification of leading opportunities

|dentify the most exciting future rad meat snacking
concepts frem heth davs and continue to build cencrete
actien plans, fill any missing infarmation and reviaw the
abjectives to ensure they have been met. Detail the next
steps.

David Ireland

5:.00pm

Wrap-up, Next steps & Thank you

Seoft
Needham'Christing
Pitt
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Workshop close-put at 5,20
Cateting ime
10:45am Merning Tea

12:30pm Viarking Lunch
4:00pm Afternccn Tea
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Attachment 3: Workshop Outcomes

Feh 12— 13 2008 @ MLA North Sydney

Xinova

Attendees

MLA/MDC

Christine Pitt
Allisker Weatsen

— Michael Lee

|

|

= Duncan YWeosl

1

Rochel Colfroncesco
Ernily Welker

!

Xinova
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mila conor

wint warmo s COMPANY

Xinova & Partners

—+ Scott Mecdhaom
— Yilan Chen

— Evelyn Miles

~+ Russal Rarnkin
=+ Covid Iraland
—+ Greg Caire

— Mick Hazell

Innovators

—+ Bob Hamiltcn

— Bratt Mebdullen

— Trizh Linderman

+ Bradley Wardrop-Brown
=+ Muoazime Bilet

= Stephen Weover
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Agndu & Process

Weleame, Intreduction and waorkshap Presentation of Concepts [Maxime Bilet}
objectivas ~+ Taosle lhe Srack & Drearm Lhe Shack
Charview of the process, roles & responsibllities — Greun discussion’
FPrezentotion of Concepts (Earles| Reaview

— Taste the Srock & Dream the Snock = Group discussion of themes & concepts

— Group discussicn® —+ Gops, challenges & 12-manth action plans
FPresentotion of Concepts (Blulak]

— Taste the Snock & Dream the Snock * Filling aut praforma, discussion of desirability,
—+ GGroup discussion® viahility and Feasitility, Valus vs, Carmplexity
nova mapRing

aﬁ___

Welcome and Intent

Dr Scott Needham
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MDC partnership has transitioned from linear project
management process to one that is design led thinking

“We are seeking iteration, optionality and agility in all of our investments.”
- Dr Scott Needham

"We need to add as much vaiue as possible to parts of the animai thot may be
considered waste or low value cuts.”

- Dr Christine Pitt

Xinova

We also agreed on...

Pro-post and warksheop output is confidantial

Cancepls are nol Lo be slolen — envircnmenl of Lrusl

Contrlbute te concepts in good faith [Share the Snock

Dan't be koo precious with your own concepts

Ulilice Lhe calleclive experience Lo idenlily and improve upen the mosl prormising concepls

Much volidation waork to do post mesting (2.9, consumear validatian s outside this meeting]

Xinova
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Outputs...

Shart-list of 3 snock product concepts with o high chance of cammercial success [camplexity v
value plat). Specific steps required Lo de-risk the shart-lizled concepts [dasirabilily, faasikility,
viakility} with indicative time-line, 4, coo-systern partners identified.

A resarve list of up to 3 snack preduct concapts of premise. [dentification of the oreals) of kay
coneerm L assizl Lo de-rish Lhe snock producl corcepl (dasirabilily, Teasibilily, viabilily)

Share the Snock — Mew snock concepts [synergies or extensions bayond those presented)] with at
least 1 being selected as the most promising.

Pepsico - ldentilcalion of ol least 1 snack product concepl Lhal would be allraclive

Xinova

Review of Themes and Action Plans
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Fat

= Lk T T2 O0RS0E - ceinkning pesl ful ilallow < S hep vi Buller S8y, 0w ieereosel, Polim o0l & et ane sy

= | rthignale = feazleias sleapulel "thoos o let lewe ol salore Al = o resrdearsaless sl bal nealslest il Dopalosily = rockion:
gl T Tryirng, posbies < onlseomeey el guods

= ey = germlics irnpeseseenl prooaces Bigasr onireeals, beller viseor "eo Lo ol ooscurs alluves i el icienly s saeled cu, gy

—  Bus'ress model - we need porbrier: whio khies ~cw Lo frocloms adse ool al stole vwe el row Lallow Ly ser e teaser, in
Lrasbivrmlivrg Lo dep we nieed o scuesbs markel oo bezl Tul pel By oo

— Purlines = Suodrrears Fie der, il ever. Farus Sargill

— Tacrrmical challsngas — hawe do wea axtracr .2 Trann the differant fracccns within fak? Claan up. take cub csets = sbamants foy.
chalesmernl, make parfoat for eps zations c.g. ch o5, chaoolate: replace palm ol a new margarin:

= Pick up st cachnology due oo sungdesstandings onearnsd foks

Action plans
[ ] — Corbact rafiners
@ N — Reuisit Hiye ald MLA repat
i — Trinl amaurts e tdendifyy near teem apportandtias and Ley fechaics) kaenlars

Ki — ilantify changas at processess needad fa supply
nova tarket sunsey, shene o corsames?

Flavour

= Eimble: #vapeiiog

= Weeetsinleres e | o irnpresienl Tiviesley, congandrs - urve Lavurds culanal, Srey weonL Do goeede Dot Uy el Buy pridusls
Wil e L = paleraal Sz Beeel Daeoar, Rol 1FF, Bul MaCurmes ek, | Prepsiies,

= Wy oeemmae’ e e A rniwa, - neescs eeilhe s e oy vl S-S0l ol dhips proooces SO0 Uy vl

— Arwone who uses i -os Loomale s eslalicn grass fed Beel®, like Belgion choes ale, 'We conbesl Lhis aver e fahls i loe
provass, S0 Lea valos goes L zacior

—  Hug'ress model — devie process Lhal e, procasaees can license b levsd JHS Lo do, Bradley s Belp Darm e L up, Work wilh
B Zonmiva Lo dewe oo provess ared Lhen Lieeoy de L1 R “oconbiazl ey liaee Lo sge O bisel, Meed e bee corelul abaoul whie gels
e — by sees Lo ke porl ol Ao roeslindusre

= Deyise srovess Lol suerke ol soale
— Mees o [om Yo are wess wile Brodiey Lo sools

= Koy ‘rvention ‘o arving bact {frozre dryingl Eebore ths roacs ng feookingl/Havaur sovelepment: &nd prossess renderng of Fat

Ackion glons
= Rekine/define process, (o probect it ([P)

Lig

= IWreonstruct business progositicn

= Corfirm corsumer demsnd

Xinova
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Chips (beef)

= Meul + shorcsfiarkabeed ale (Urs 5 @l Ship oo Lasles ee real wi someing ke popssin We nees Lo undeslund o2
cuslorier e pes il bodelice proc ac) - oo eeloms & b proleihy 52550 — Lhis Lhis i The voooe o he proouacl

— Wkl el = oss, jerky Tines, ..

= Sheebes Jdoaghe cul dreiesd, Ties sacsomess — Db prococ Les Biah (25950 arole Cluirm

— Urndsrsband C0AG5 - the reaqa misas thie ghar prica end changs in calour of mast
— IFwg zan tast the oxcosion (reavirs, wark, ftarmons tac.. | 2-an usa T ta dafing tha casign of prodacs

— Bt mass rwcdkat, o0 rche in ks of marksts

« Meza to ploy araund w thmeat 1 szoech ke gat toer gt produst
= Oinze yeu have z7e nast praduct, you sheet then doy se pelizt stege thes Fre for pufing tveu costre tovtire 2w starch;
— Altematives bz fving: 17 feasting, moarosews, air impingemens

— e should Inak into s alomicot B=s ke stearcs of mcar Aoss

@ Actien plans
@ — ldentify marketing and praduct dessfopment parteers
i — Consumer resgarch for cancept testing == Infoumed protatyping dewelopment ead maitinde trials - Profotupe testing e nclude

wariants for differant markeds) -= Befining pradiscts
x‘i"m IP for memtictanch chips?

Bars

= Cunscrer engogersent — alening - does o Leans ole b sales? soCng accesions: el repdeesmes, o, v jarkiasdorss i,
ks arcebames, tedd e, elderly, aaed core pretain asrerd) "octive anert (= qut healthl, Eoic & & need Lo understond specs S
opprlunily fouse shecwt Loomula s Lol BiL norkal, | aoUFsalion. clean kaoed, @l

= Irwawiriyg gersons +idenlily pet painl IMLA Gula o3 o slac) Jie cuse ursarslunding
= i lhese o vaual capedl Ll neads Lo ae codressec? Ereear g will senslhing 2lse ruildeal b=, Vil osaes]

— Rewmmana potheesy - should BEa gress fed it nead = be able to undrstena siomvailas ity &g rasacrch M7
— Partneeship = heee cothey wadk, Maak Do, preducs or seack Food Cao 0 saparraerer
— Ars producens tha bast permes rathes han further down —-a wa ta cha e Haw antrants Into market preducars not axisting playsrs

— Corrsatinvs landszape: Ures rrant bass [glebaibe) 2 othar orotel » hars

— Renuialorg cunslea’

@ —  See garemlacnen plaos
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Sweets

= bread i s Sonsaneer resen el T Ao (5T rpapin
soemeriad Figl end werbars netswel

SFLE AL egan - wltere coes Ui LLY el "hig s+ Dries + diel coks®

Prica? Forliom siae? Morring cooe - aflepmmes duse? Sweol v soea-y?

= Mol colal cornplinmnl ol amivng 2acids el - wil b rejecled by carlain gooups - complemenlary prolein soopos
= Prulein bur spods iz opeced up By use o tollegen

— Cuollegen peplide synlhe s preoaclas? Senlvslic novel ood: 008 aidvice?

Seialy ainssoins Irem el ale searces — unde-slond ceselopmenr. ol collogen isdusing supply, ceailoblly fonalogous Lo peclis
suppsly ssuesl Al colloges ndoekes: sausoge vesing — -asisbance

Foule L rriatkiel reecs beoe™loree pos’ Do, businesy mrosal Tmporlenl, ol lor Coles

Innzwation - Fzod szicnas not reenufacturing. dow de rckars wark with weas we hawe?

B aartner dewee sament

ae

— S geremalacnon plias

Xinova

Chips (collagen)

Aligri wit~ pork crockiz merkat?

Prormats orotsi= contznt. Gond scurce of protein

Mok mieal replocerraent

—  Marlat ara ysis: where tobuy? Bottle sropy saoel, upreacaet dali, eem2 spart ovests, develaprant camans, saparms
where ars the zom potitars.

—  Clear ocosons usegs

= molioling, porscneconbrolled

= Sreck For ollice: vencing noochnes = whialis Uob Lo Lhis ol

rik sriack neorkel

= Rewr

= Beon Leslare wolane
= Cplinse librerrneek conlenl Tore conbenl = ellecs e Lealirs, Trobicos

= Low oo

Ackitn glohs

® = Define product: four ook, high protein, prebiolic, toslhy chip slternstive [rmoom in current srrck marirel?]

= Comsumer insights

= Collagen suppiy chain
Xinova
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Drinks

ae

Xinova

sl mia e nearkel MO mwge el
At lnegquans e 9l cossunp s - diink Ssily? Sagree ol sorbonulicn e camnpEele recewarg drink

W e rorkel iese il ceesen? Jurgal comanen sy G o blales, S sporls o rans by s arl ] rmabe, len ke alitkele
el A5 encdorse? < Lo e fic

Flavour clewaloperesl 1= ail o eel usscciulion: coekaor ddeve cornesl maloea; shel slobilile: el lled? Siegie s BTD - 50500 ven

Cuzeenisaalinn ul revcwery drink, 2oy, oo releose oo ceslenn’ ez diink raredienls
Sales ouHar: sparts o -a ns, Bras stops, autdoar satall

Sonace of oo ngan: 0% dus far V1AW DI, A supply chain ks wiach bavarage indiasoy
Sald amblars mansams chilled isalf-or llee cans;

Bus nass medal far customised sysmams. Dota ecllactian = build sarsanal acosystan aomcbasa

Cold Al ==z FlI? Must be eorsa-amed. Sediment SE?

Sama'y cha ~fdistrikution — 2ald chein vending mechna?

Action plans

Consumar insights market aesessmsnt
Colinges supply chain, Smits?

Jerky

Aclion pluns

ol
E‘ .

Urdrrstand the oppotanity spoce (w5, Asian styla ) and worgar custemsr e.g famals, kids Cerky candy)
How to differantiate signif cantly in pocknging appaearanne’ sual, tretasa and fovour
Halal srodust aplacamant

Meawr cateeone™ Mat jarky, kut egad, high walug, wody ta aar AL axperie-cr wikh sad wing (shara plafter|

Pasition as high and Eut cezrssibla. Brand na - Fpic bar
Partner wi=- cattla predlicars
LSnmachars berwesn parky az wa liow IF ad chareute: &

lesnic cats

Conmps esi v Cere ol egperineenlabion b ool ol conce el

3-5 jeonic protobypes reed for donsumer Lesting + desigh gobrand

Go to former's morkets, The Meot Track, local bulcher, pop ug fastings, For Fastfreal lime resgone
Meanwhiie, pending prool of cencepl, identify parbner praducers who buys in ard menages sussly/processing choin — sell them
Verify Fnancial Feesikility, i meets shandords of product, ane merket occess

xinm Buiid story — web presence
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General Action Plans

| 3 months

Ciopfsermer s als f
cornpesLlie anlyis —
uubseares dear sl L-up
rralhudulicgy

Firwol point & relived aainl

Dies g aprnl (912 waeks)

© Usp coses & uncerslond i |

Xinova

ek,
Gengrophic reorese-laon

By allribules, provenonce

labelling, nutriticn &6 months

v Zelailed gesign 19-72
wasksh MY P corogions

= PG MO8 — Lanse o

porrersivps + volae ehair

ausign

Toeuses distuss e Trern
Glepd

think

9 months

Maore sofereriol
walue chuin 2el

Pasrlrers insnlilied

Wono acoiring b scale wo
surlad

Overall aims +
partners

=+ Highast walis consamers

—+  Mey antrants 5%
pradusarcs sruld ba dick
wea Tonl Jsran pxanplag
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Attachment 4: Snack Concept Evaluation Sheet

FIRST REACTION

SCORING SHEET

INNOVATOR/PRODUCT: YOUR NAME:

1. How much do you like or dislike this CONCEPT overall?

Dislike Like
Extremely Extremely
0 1 2 3 4 5 6 7 8 9 10
2. What do you like about it?
3. What do you dislike about it?
PLEASE NOW TASTE THE FOOD
4. Overall, how much do you like this PRODUCT ?
Dislike Like
Extremely Extremely
0 1 2 3 4 5 6 7 8 9 10

5. What are this product's TOP 3 challenges?
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