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PLANT MEAT: CARNIVORE NO MORE

Texture and color are considered the
Ho|y Grail when it comes to using
p|on+-pro+ein ingredienfs to mimic meat.
Itis a fine art to o|up|ico+e the textural
subftleties such as chewiness, Fibrosier, and
flakiness of the meat or fish. Proprietary
innovative monufochuring and formulation
fechno|ogies have become available and
are now increosing|y used for animal-
protein replacement.

FlQVOF cnd /\romc is Key

Other major differences are the flavors
and aromas of meat, which is especio”y
true for beef. When beef is
cooked, |i+ero||y hundreds of
different aroma compounds
come Jr|'1rough and Jrogefher
create the ultimate taste humans
prefer, which is the go|o|en
standard for comparison and
quality reference. Undoubtedly,
flavor and texture of meat is
hard fo rep|ico’re. This is, by far,
the highes+ hurdle for the meat

alternative proo|uc+s to climb.

Plont protein ingredienJrs, as well
as support additives such as konjoc
-a fibrous root vegef0b|e with
a rubbery texture/consistence-
can be modified for varying
degrees of textural density to
meet consumers’ expectations.

Undoub+ed|y, vegetarians and vegans
alike want lourgers, and until recenﬂy,
f|’1ey were wi”ing to eat over-seasoned
and under-hydrated cardboard-like
textures. However, those doys are gone.
Now there are a few vosHy—improved
meat-free burgers like the Beyond Meat,
Moving Mountains, and the Impossible
burger that are getting much closer to
the real Jrhir\g.

Meat flavors deve|op ot different rates

just like fat, connective tissue, and meat
cook. Su bsequenﬂy, the caramelization
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reaction of ca r|oo|'1ydro+es creates hundreds
of flavor compounds during heoﬁng.
Thisis a very difficult prob|em to solve
for the vegetarian burger formulators.
However, let us pause for a moment
and recognize that true vegetarians
and perhops ﬂexiforions, have debased
their flavor and eating sensations. Quite
a few perhops do not know or have
forgotten what an actual pure beef
bu rger fastes like.

Even when p|on+ pro+ein—1(ormu|o+ed
meat equivo|en+ proo|uc+s reach a high
degree of flavor, aroma, and texture

equivo|ency with the real McCoy, one

major component is still missing from
the bu rger attributes: blood. Of course,
there is no real blood in raw meat but
rather a combination of myog|obin and
some extracellular water that creates
the reddish—|ooking meat juices.

The mission of the entrepreneurial-driven
meat 0na|og companies is to improve
human health, posi’rive|y impact climate
chonge, conserve natural resources, as
well as improve animal welfare. The
new p|on+-bosed meat substitutes are
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s+ril<ing|y similar in taste and texture to
animal proJrein and have an aura free
from bioengineered foods.

Consumers at Turning Point

It is o definite sign of the times that
even very traditional German meat
companies are now entering the market
for meat substitutes. Trends seem to
indicate that meat alternatives sales in
affluent markets are o|eve|oping at the
expense of meat: Meat ono1|og sales
are expeded to pic|< up continuing
momentum and register doub|e-o|igi+
growfh patterns, whereas meat
sales in some offluent countries
like Germcmy are on a s|igh+
decline.

The plant-based meat
alternatives are a category
that is outpacing growth in
the broader packaged foods
sector. 5’rronge|y, most of
the sales growﬂﬂ of p|on’r-
based meat proo|uc+s does
not come from vegetarians
but rather from the millennial
consumers (born 1982-2004)
and their children who facilitate
a long-term habitual change
in consumption patterns.

Global Persped‘ive

DespH‘e the s’reody increase in g|obo|
meat consumption averaging p|us
3 percent each year, there is a
collective push by enfrepreneurio|
companies and copi+c1| venturists to
shake up the meat supp|y chain, citing
environmental and health concerns over
intensive factory farming of animals.
For example, Impossible Foods has
received Funding and support from
Bill Gates-owned company Cascade
Ventures, Goog|e Ventures, Temasek
Singopore and Khosla Ventures. It
is remarkable that Venture Copi’ro|



funds increasing|y focus on investing
in alternative proteins.

Exponding info the fast growing p|chr-
based proteins market is a strategic
growﬂ'\ p|o1‘Form, which supports the
commitment to become part of the
journey for food sueroinobthry. The
overriding reason is that animal protein
is the most vulnerable and resource-
infense part of the world's food supply
with an immense use of land and water,
pollution and antibiotic abuse to keep
animals "heo|+|ﬁ\/”, and hormones to
accelerate grow+h.

A possib|e future scenario for innovative
Jrechr1o|ogies is in b|enc|ing structured
p|on+ protfein with a portion of animal
meat or cultured meat, formulated to
create wholesome and good-tasting
foods. These products can be termed
“hybrid foods”. It is clear that innovative
extruded structured plant protein
products have reached a high
degree of technology, which
enables a successful dup|ico+ion
of authentic orgono|epﬂc meat
properties.

Soy: A Missed Opportunity

[t remains a mystery Why
the rather conservative US
soy protein industry had a
lackluster attitude about the
necessity of produd innovations
to further advance the market. Instead,
+hey took the easy way forward and
carried on using dated +echno|ogy
e><+ruo|ing defatted soy flour - |imifing
its opp|ic0+ions due to flavor constraints
- and continued maoximizing inclusion
levels which c|eor|y did not impress
consumers. Even Jrhough consumers
showed a strong dislike due to negative
perceptions and flavor associations,
the soy profein indus+ry did little or
nofhing to make the necessary chonges
fo improve acceptance levels. The
|orge SOy companies are now focing
a new |0ndscope in which H’]ey are
no |onger considered a pioneer but
have become followers in a market

Jrhey once dominated.
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Alternative Meat

Compu+o+iono| science opphcoﬁon is
increosing|y successful in defermining
values of plant species, such as those
presen+ in soy, Wheot corn and rice, as
well as finding combinations to create
nutritive and great tasting sustainable
sources of protein and other bioactive

phyi‘o—compou nds.

An exomp|e of an emerging eco|ogico||y-
sustainable food source is the Jackfruit
tree. The Jackfruit tree is indigenous to
Southeast Asia and can be considered a
highly neglected food source. The fruit is
low in protein but high in dietary fiber
that, when cooked, unique|y mimics the
fibrous texture and appearance of (pork)
meat. The fruit needs minimal processing
and can be crumbled, shredded, minced
or pu||ec| when heated. Jackfruit trees
grow in the wild and the fruit needs
to be harvested before it ripens. This

p|on+-bosed whole fruit is non-GMO
and another food choice high in dieJrory

Fiber, low in sugar and hypoo”ergenic.

Combining the virtues of p|on+ protein
and Jrechr1o|ogy has unlocked the secret
to create near-perfect replicas of muscle
meat. These meat omo|og foods are
formulated using p|cm’r profeins derived
from wheat, soy and pea using a
structuring process that unique|y creates
and mimics meat-like o|ignmenf and
fibrosi+y4 This Jrec|'1r1o|ogy breaks away
from the erpicc1|, outdated extrusion
processes of meat substitutes -such as
the rather old-fashioned textured TVP
soy flour- which often lacks the fibrous
texture moisture retention and hos poor
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flavor. Traditional textured soy flour is
considered mere|y as filler without real
textural improvement.

However, premium extruded structured
plant protein can successfully replace
lean meat. The modern Jrechno|ogy
of structured p|on+ protein is a greatf
technology and its success is mainly
determined by the composition and
formula percentage, as well as the
mechanical and thermal process to
create a fibrous appearance that will
dup|ico+e the orgono|ep+ic properties
of meat. In fact, the jou rney from tofu
or ‘meat from the field” - to extruded
structured meat cmo|og ingredien+s has

faken more than 2,300 years.

Structured p|on+ protein foods have
a lot of odvorﬁoges: no cholesterol,
no transfats or saturated fat, and are
made of plant proteins free from
antibiotics and hormones that are so
Jrypic<:1| for lean meat. Premium
p|0n+—boseo| meat cmo|og foods
are proo|uc+s that look like real
meat or meat prodchrs when
cooked and can be pu||eo| info
shreds, or appear as minced
or crumbled, or used as part
componenJr of an emulsified
vegan sausage like @ hoerog
and |oo|ognq

Percepi‘ion is Rea|i+y

To gain acceptance from mainstream
consumers, the meat alternative should
ideo”y be just as a convenient, tasteful,
and u|+imo+e|y even cheoper than the
animal meat protfein producf Over
time, up|cm+ meat’ prod ucts are expeched
to be cheoper than animal-harvested
meat prod ucts.

In principle, structured “plant meat”is a
monipu|o+ion of p|cm+ profein and other
minor ingredien+s o perFecHy mimic the
texture, appearance, consistency and
nutritional approximation of cooked
meat. Todoy “p|on+ meat” foods are
priced higher than average supermorke+
beef and chicken, but less than premium
varieties like cooked, Free—ronge chicken.
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At a molecular level, every+hing from
an animal’s lean and fat tissue can be
rep|ic01’eo| using p|cm+ fractions instead.
For exomp|e, the “p|cm+ fat” can be
rep|icc1+eo| by using several methods and
one specific +echno|ogy is to structure
coconut oil with extruded |o|chr protein
and pea protein or pofato protein to
entrap the fat. When heated on a
gri”, the p|or1+ fat begins fo melt, very
similar o beef fat.

The un|il<e|\/ has become a
reo|i’ry: the engineering of a
p|onf7boseo| burger that smells,
fastes, looks and even feels like
grou nd beef. These formulated
producfs will sizzle and brown
on the gri|| in a similar way as
the animal-derived meat pattie.

The essence of meat is the
compound called heme. In blood,
the heme is present as hemog|obin,
while in meat muscle it is called
myog|obin. Itis sfriking that the
|eghemog|obin present in the
roots of soy and dlfalfa and the
myog|o|oin in meat both share
similar 3-D structures known
as an o|pho helical g|obin Fo|o|,
which centers at the heme.

Leghemog\obin -the star ing redient
of the |mpossib|e Burger- is a
protein found in nodules attached
to the roots of niﬂogen-ﬁxing
p|on1’s such as soy, that is similar to
myog|obin and hemog|obin generoHy
recognized as safe (GRAS). It is made
using geneﬁco”y—engineered yeast ~the
DNA of which has been retooled to
produce the color that is strikingly similar
to blood. In the future, ‘eghemog|obin
will |il<e|y be considered a color additive
in some other potential plant-based
meat 0pp|ico+ions4

The molecule of heme is identical to
the myog|obin that is in an animal or in
human blood for that matter. Heme is
essential for all forms of life in humcms,
animals and p|cm+s. In orgono|epﬁc sense,
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heme creates the (metallic) flavor in the
raw and cooked produc’rs. During the
cooking process, heme fypico”y interacts
with some of the ingredierﬁs like amino
acids, sugars and vitamins, creating a
"meoer caramelized and roasted aroma’”.

Impossible Food's name to fame has
been the creation of “plant blood”. This
ingredient makes a meat-free burger
that not on|y look and faste like beef,
but also bleeds like the beloved all-time
American favorite. US restaurants now

*9.50 |°15.00

IMPOSSIBLE Burger |

serve these p|cm’r meat burgers that
originoJred from the world's Jrecl'mo|ogy
hub Silicon \/o||e\/, California. The
|mpossib|e Burger producﬁon capacity
will be romped up quicHy now that
the 8000m2 manufactu ring fociWry in
OoHond, Co|h(omic1, is in full producﬁon,
and initially aiming for about 450,000
kilos ‘p|onf meat’ a month, or the
equivo|en+ of some 6.2 million p|on+—
based burgers a month.

There is no doubt that the \mpossib\e
Bu rger is getting closer to simu\oﬁng the
erpico| beef bu rger. In its raw state, the
bu rger looks a bit reddish and somewhat

orﬁﬁcio”y manufactured with s|igh+|y
more Fine|y—groineo| appearance. When
cooked in a skillet pan with some olil, it
immediofe|y begins to sizzle and some
of the coconut oil emulsion cozes out.
After a little while, the pattie starts fo
brown upwords from the bottom and
begins releasing some of the "plant
blood” juices. W hen the pattie is flipped,
a brown crust appears and itis erriking
fo see that the bu rger has reo||y firmed
up like o beef pattie. (As a side note,
coconut oil is known for its unique
foHy acid prof:i|e and is rich
in medium chain +rig\ycerio|es
and lauric ocid.)

To simulate "beef fat’, coconut
oil and functional |o|cm’r protein
ingredients -i.e. potafo protein
and or soy protein- are typically
used. Such a combination
provides the sizzle during
cookmg and the mouthfeel of
fat while eating. (Sizzhng is the
fat |eol<ing out when a certain
gri” temperature is reached and
allows crust and flavor/aroma
deve|opmerﬁ'.) Itis nofewor*hy,
that the cooking time and
temperature are s|ig|’1Hy less

than that of a traditional burger.

Not only animals have
hemog|obin, but also other
nifrogen-ﬁxing p|on+s such as
soy, clovers, or alfalfa -which
captures nitrogen- can be used
fo create |eghemog|obin (a heme
pro+ein). This is done by using specific
soy DNA that is inserted or infused it into
a modulated or geneﬁco”y—engineered
yeast strain. It is well known that yeast
is the modern workhorse of cellular
bio+echno|ogy and increosing|y used
in a p|e+|qoro of foods and beveroges
like o|co|’10|, animal-free rennet for
cheese processing, phormoceuﬁcds, and
modification of many types of protein
ingredien’rs. These modulated yeasts
also p|oy an important role to make
"p|cm’r blood” by means of fermentation.

The trick is fo use yeast and Fungi to
create p|onf—boseo| heme compounds



that Jrru|y simulate the +ypico| beef
juices. Heme is an iron-containing
molecule that is present not on|y at high
concentrations in animal lean muscle,
but also in |egu mes like the roots of the
soybeon and alfalfa. To recreate meat
hemog|obin, oxygen is brougH in contact
with iron. The result is a red compound
that is exocHy what separates red meat”
like beef and “white meat” like chicken

cmo|, fo a |€SS€I’ degree, O|SO pOI’l(A

The roofs of some \egu mes like the soy
p|on+ and alfalfa have ni+rogen-fixing
properties. Using cellular bio+ecrmo|ogy,
specific sing|e—ce|| yeast strains have the
obi|i+y fo make |o|on’r blood, also fermed
|eghemog|obin. A rather traditional
fermentation process is used fo comp|e+e
the producﬁon of the purified heme in
which most of the yeast is removed.
It can be debated that this method of
heme technology skirts the process of
genetically-modified organisms, and it
remains to be seen how the naturadl
food aficionados react when Jrhey have
the option of purchosing these types of

p|on’r meat foods.

A|Jr|qough the "|mpossib|e Burger” is
enﬁre|y made of |o|cm+ components, it can
still be considered a producf of cellular
ogricuHureA The heme that gives the
Impossible Burger its distinctive bloody
appearance and taste is produced by
+o|<ing the soybecm gene that encodes
the heme protein and Jrrcrns](errim‘:] it to
yeast, W hen cooked on a gri”, the hemen
gets transformed into an exp|osion of
orgono|ep’ric preferences.

|mpossib|e Food's sfrengﬂw cenfers around
a Jrec|'mo|ogy that |everoges molecular
engineering fo create "bleeding” plant-
formulated burgers to greatly enhance
the replication of the color and flavor.
It is only o matter of time before these
technologies have totally disrupted the
traditional meat companies, inc|uo|ing the
fast-food restaurants like McDonald's and
Burger King. For now, the burger chain
W hite Castle has rolled out the p|cm+-
based Impossible Burger in all their 377
restaurants across the US and |m|oossib|e

Food is expecfed to go retail in 2019.
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|mpossib|e Burger |ngrec|ien+

Line-Up
°© Water
* Extruded Pea Protein
* Coconut Ol

Potato Protein

* Natural Flavors

* Leghemoglobin

* Yeast Extract

* Sodium Chloride
[solated Soy Protein
Konjac Gum

¢ Xanthan Gum

° Vitamin B1, B2, B12.
* Zinc

Beyoncl Meat Burger
|ngrec|ien’r Line-Up

° Water

* Extruded Pea Protein Isolate
¢ Expe||er-Presseo| Canola Ol
* Refined Coconut Ol
Bamboo Cellulose
Me’rhy|ce||u|ose

* Potato Starch

Natural Flavor

* Maltodextrin

* Yeast Extract

° Salt

* Sunflower Ol

* Vegetoble Glycerin

* Dried Yeaost

* Gum Arabic

* Citrus Extract

* Ascorbic Acid

* Beet Juice Extract

* Acetic Acid

* Succinic Acid

* Modified Food Starch
° Annetto

Percepﬁon Is Reo|i+y

Most of the growfh in the alternative
meat segment comes from both the
younger affluent millennial consumers
and the bcby boomers who proac+ive|y
seek out foods that fit their \hces+y|e. These
|ifesfy|e reasons can be manifold -be it
heo|f|ﬁy, ethical, or simp|y distinctive
eating experiences, Fee|—good, and the
preference for natural and recognizable
ingredierﬁs which often translates fo the
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desire fo eat less farm-raised muscle meat.
The substitution of meat proteins with
|o|or1+ proteins is spreoding, +houg|'1 itis
fair to say that the g|obo| world market
is still minuscule os a percentage.

Itis too eor|y to tell if the success rate of
this pofhwoy will be able to rep|ico+e all
the benefits of animal protein using the
most traditional methods. W hen farm-
raised animals convert energy—dense/
micronutrient-poor crops such as grains
info micronutrient-dense foods like milk,
eggs, and meat, the food producfion
will reach an enhanced capacity to
meet the micronutrient requirements
of the popu|o+ion.

There is little doubt that Finding a true
alternative to meat for the general public
is, by far, the bigges+ obstacle to tackle.
After dll, eating meat is o|ee|o|y embedded
in emotional, cultural, re|igious, and
psychological associations. But, just as
text messaging and emails have chqngecl
the way peop|e communicate, society
will chonge over time and adhere to

a new iden’ri’ry of the food Jr|'1ey eat.
Plant Protein Taste Considerations

Plant proteins tend to taste bitter, a
clear disadvantage when compared to
animal proteins present in meat, eggs
and dairy. Flavors are frequently used
to mask the bitter note of the plant
protein ingredients.

The texture, bite, chew, and the righ’r
level of juiciness are created fo assemble
the righ’r balance of the various p|cm+
protein properties. The orgono|ep+ic,
and performonce properties of |o|chr
proteins, need fo be c|ever|y orchestratfed.
W heat gluten is normally used to give
the bu rger structure, firmness, chew and
some protein lamination (Fibrosﬁy),
while potato protein is ideally suitable to
hold water and transition from a softer
uncooked state, o a more defined solid
state when cooked. The potato protein
is absorbed at the fat:water in’rerphose,
and |o|chr fats, like deflovored coconut
fat, canola oil and rice oil are suitable
emulsion carriers.
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Color Tuning

For p|on+—bosed meat prod ucts, color is
an increosing|y imporfoni purchose driver.
In morkeﬁng |ingo, the |ns+ogrommobi|i+y
of a food product is a trend that is
moin|y driven by Millennials and
Gen Z. As such, the food should be
prioJrogenic —visuo||y exciting, appetizing,
and ins+0n+|y perceived as natural. Yet,
at the same time, the terms "natural’
and “clean” are often iri’rerpreied
differenﬂy by the indus’rry and the
consumers. | he latter group wants
to understand what is in their food,
preicerob|y with no, or very minimal
chemical alternation.

Compared to animal protein foods, plant
protfeins can be prob|emoﬁc in mosking
both strong colors and off-flavors. Color
is probob|y one of the most orgono|ep’ric
variables in food's oppeo|‘ Plant-based
meat manufacturers have become
creative in i(indirig ways fo mimic the
color in meat alternatives.

Plant-based botanical, and/or vegefob|e
extracts include beetroot, saffron, red
radish, lycopene, and sandalwood
extract. These selective color pigments,
extracted from fruits, vege+ob|es and
botanicals, are a way forward to
deliver vibrant colored p|on+—bosed
foods in a more natural and cleaner
way. In addition, some of these color
extracts like beetroof, |ycoperie, and
turmeric are iricreosirig|y recognized

for health benefits.

Each and every one of the color additives
selected have their own efficiency, and
these variables also depend on whether
the plant meat product is sold “raw”
or “cooked”. When cooked, a typical
brownish color is required. Caramelized
sugar and/or malt will achieve the
desired appearance.

Most of these co|oringfsuppori' irigredieriJrs
face some particular challenges such as
heat sfobihiy and pH sensitivity. For
example, lycopene can be an effective
solution for plant meat products in which
heat ins+obi|i+y is af p|oyi
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Umami: Going Forward with
Mushrooms

Meat consumption is expeched to rise
shorp|y, especio”y in deve|oping countries.
This is moin|y due to improved |ivirig
s+ondords, inc|uding a higher financial
status and improved health. There are
also unseH|irig environmental and health
consequences to consider. These include
loss of biodiversiiy, riigrier greenhouse
gas emissions, water po||u+ior1 and
deforestation. However, it is futile to
expect that meat consumption will
decline, H’iough it will perriops be
possib|e to reduce the growih curves
with a concerted effort.

The inclusion level of structured extruded
p|on+ proteins in riydrcﬁred form, ranges from
100 percent meat-free to approximately
20 percent. A typical pattie formula
includes a stable fat and water emulsion
that acts as a carrier, fo which hydroied
structured p|cm+ protein irigredieriis are
added. A novel idea is also to include
stabilized cheese curd and probob|y

rice curd for more meat-free options.

The use of mushrooms in blended
burgers, other ground meat and poultry
produds may allow for a signh‘iconi
reduction of sodium and fat. Mushrooms
contribute to the creation of a desired
umami flavor because of the presence
of g|u+omo’re‘ Mushrooms can be
added to the blend as pre-b|onc|’1ed,
orasa powdered concentrated natural
g|u’romo+e ingredieni. Ata usage level
of 0.3 10 1.0 percent, the powdered
ingredienJr provides the much soug|'1+—
after umami flavor, allowing up to 50
percent salt reduction. Any mushroom
variety will deliver value: white button,
poriobe”o, and shiitake boost umami
flavor, while enhoncing texture and
moisture management in both |’1y|orid
and |o|on+—bosed formulas.

Beef, and or p|on+fmeo’r producis blended
with a significon’r portion of mushrooms
dre now en vogue and have become
a regu|or oicfering in food service and
food markets. Besides the sustainability

attributes of mushrooms, like carbon

Foo’rprinr reduction, onri—inﬂommorory
and antioxidant properties, Jrhey dre an
ideal vehicle to lower the cost for both
premium beef of "p|on’r meat’ formulated
prod ucts. The "beef-mushroom” bu rgeris
not someﬂiing that has been concocted
in the 2018s. In 1994, the writer of
this article deveioped for McDonald's
Indonesia a “low-cost” bu rger sondwicii,
using mushroom stems fo add texture,
chew, flavor and favorable price points.

Analog or Hybrid

Innovative structuring iecrmo|ogy is
now available using p|onf—bosed profein
irigredieriis that are dried immedio+e|y ofter
extrusion. These produd’s are hyd rated
before use at prices significonﬂy cheoper
than meat. This form of extrusion is
growing at a much greater speed than
high—moisiure processing. For now, a
few enirepreneurio|—driven companies
that sell meof—mimicking food to aoffluent
consumers, moin|y use high moisture

extrusion.

Extruded structured p|or1+ protfein fibers
and chunks will increosingiy cutinto lean
meat formulations to either enhance or
rep|oce sig nificant amounts of expensive
meat sources. Most probolo|y, beef and
tuna foods will be the first to develop
info “fusion” or hybrid meat products
or even become animal-free o|+oge+heri
Beef, salmon, and tuna are expensive
muscle foods. Structured p|or1+ protein
will not on|y deliver cost-savings but
also contribute to a more efficient and
economical use of transitiondl protein
sources. AHhougl’i chickenis o re|oﬁve|y
cheop source of muscle protein, there
are dynomics to infuse chicken food with
structured plant protein ingredients in a
wide range of hybrid chicken prodchrs,
like those appearing on menu boards of
the world's largest fast food companies.

Plant Meat Production

The structured protein ingredierﬁs can
be extruded in many different sl’iopes,
sizes, and colors like nuggets, pe||eJrs,
mince, Hokes, and fibers. These producfs
are often formulated using two main



components: soy protein and wheat
g|ufen. These two components have
covalent disulfide bonds and non-
covalent inferactions, creating a erpico|
comfiguroﬁon also known as lamella.
These lamellas look like fine sheets of
material held c|ose|y Jrogeﬂwer with
hydroﬁon fluid in between.

The composition of the extrusion
formula largely determines the physical
appearance and organoleptic attributes
of the structured profein. Both fiber
structure and laminar properties (cross-
|inl<ing and a reformed expondob|e
structure) p|oy imporfant roles, and are
an infegro| part of the end produd's
characteristics.

Plant protfein ingredierﬁs open up in the
extrusion barrel to inferact with the other
formula components such as wheat
gluten, potato starch, and plant fibers.
Functional plant fibers like those extracted
from rice and fruit can be considered
support ingredierﬁs, and low inclusion
levels may be part of the formula.
These (water-insoluble) fibers +y|oico||y
act as a “dispersing pl’wose”, somew hat
interrupting the nucleation of the melt,
and create a kind of diogono| expansion
showing a zigzag pattern. Nucleation
(aggregation/sticking together) is often
found fo be sensitive to impurities in the
Jrhermodyn@mic phose of the formula
system.

Gluten can be considered a main
ingredierﬁr for creating lamination of
the extruded structured p|on1’ protein,
whereas, soy or pea protein supports the
creation of the |ongi+udino| formation
of the fibers that mimic cooked meat
fibrosier and appearance. Chonging
the wheat and soy or pea protein ratio
can modh(y the structure of a textured
rehydrated plant protein particle. This is
especially important to create elasticity
and stress relaxation properties, o|up|ico’ring
the structure of muscle, thus, c|ose|y
mimicking cooked meat.

Specifico”y, the breoking of the chemical
bond in the proteins -disulfide bonds-

is essential for the protein molecules to
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reo|ign and link into |onger chains, @
process very similar to polymerization.
The continuous flow of the protein
dough and the subsequent breaking of
the disulfide bonds can create extensive
stress on the metal composition of the
barrel |ining, and should be monitored.

The reossembhng of the disulfide

bonds causes the much southr—cnc’rer

properties to resemble mimic meat-like
properties. The conditioned dough has
a +ypico| processing femperature of
120°C - 130°C which finally reaches
the die mounted at the end of the |ong
barrel. The simultaneous sl’weoring and
coo|ing in the end—compor+men+ boost
lamination and cross—|inl<ing. The proo|uc’r
is cut and s|'1c1|oeo| exocﬂy at the point
of poss—fhrough at the die.
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The combination of added moisture,
heat, shear, and pressure in the extruder
barrel creates ge|oﬂnizo’rion of the starch
and denaturation of the |o|om+ proteins.
This builds a viscoelastic mass that flows
and allows o|ignmen+ as well as cross-
|inking, then immedio+e|y expcmds intfo
the requireo| shope and structure when
fino”y escaping the die.

Besides the important role of soy protein
and wheat gluten, there are a few
secondmy—suppod functional ingredien’rs
used to improve not on|y orgono|ep’ric
quo|i’ry but also Wo’rer—ho|o|ing or water
refention. For the latter, stabilized rice
bran or rice fiber can be used ot an
inclusion level of up to 2 percent to
improve the speed of hydroﬂon and

water retention.
Flavor and Color

Extruded structured meat analog particles
still have an overhong of distinct soy, pea
or wheat flavor. The Fres|’1|y extruded
grcmu|es or chunks can on|y be seen as
an infermediate produc’r that still needs
ﬂovoring fhrough marinade diffusion.
Depending on the speciﬂc properties
of the structured meat ono|og fibers,
the water hydration ranges from 2 to
4 parts. These levels of hydration are
fypico| and ono|y+ico||y provide the same
protein values as lean meat.

For the use of +ypico| chicken or beef
flavors, cerfain amino acids -the key
component of sodium g|uf0mo’re— can
be used to create the much-heralded
umami flavor, one of on|y five that the
tongue can perceive. The hydroﬂon or
morinoﬁng is usuo”y done in |Qrge stainless
vacuum tumblers that allow flavors, such
as hydrolyzed plant proteins, yeast extracts,
and seosoning/spices, to diffuse info the
structured p|cm+ protein membranes.

To simulate cooked beef color, both
caramel and malt can be used as a
component of the p|on’r meat. New
fechno|ogies have been deve|opeo| to
include stable heat and color forms of
|f1yo|ro|yzed pro+ein flavors. The inclusion
level of these natural flavors is less than
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1.0 percent and dllows for the by—possing
of flavor addition and diffusion when
the final produd is assembled in the
processing p|cm’r

No+ewor+|'1y is the addition of minute
amounts of titanium dioxide, often
used to camouflage the grey color of
the soy protfein into someH’]ing more
appealing to create the typical cooked
chicken breast look.

High Moisture Extrusion

Premium (high moisture) structured
|o|cm+ protein foods have taken a page
from App|e founder Steve Job's credo
that "Peop|e don't know what H’]ey want
until you show it to them.” Some of the
world-famous Silicon \/o||ey entrepreneurs
are now investing in companies that
use radically different approaches to
create a more sustainable food supply
chain by primori|y Focusing on providmg
alternatives to animal protein.

Market research in consumer attitudes
and expectations can be +ricky and
mis|eoding. The cold fact is that “you can't
ask your customers to tell you what to
do next. They simp|y don't know, until it
is shown to them.” (James Dyson, WS
December 9, 2017). These words from

James Dyson echo the words of Steve Jobs.

High moisture extrusion (HME) can be
described as a sys’rem in which a blend
of p|<:er proteins, starches and processing
aids are moved into a pre—condiﬁoner
where water and oil are added. This
mixture is then moved info co-rofating
and infermesl’wing steel augers, where
specific steam heat, pressure, and shear
conditions alter the protein structure,
inc|uding the influence of chemical
expansion properties of the support
additives. This mechanical process very
quickly creates a dough-like paste while
pushing it forward info the |ong barrel
for transformation into a laminated and
fibrous or fibrated meat-like proo|uc’r‘

[nnovative extrusion Jrechr1o|ogy allows
conversion of |o|om+ protein to animal
protein characteristics like meat properties.

It requires quite a bit of know|eo|ge about
protein interaction and extrusion expertise
to perfecﬂy match the orgono|ep’ric
properties of cooked meat.

High moisture extrusion +echno|ogy
generates prodchrs to have the tfaste
and mouthfeel of genuine muscle mect,
without the need for rehyclroﬁon These
types of plant meat foods are perfectly
suitable for "heat & eat” consumption.

The produd specificoﬁons of high
moisture meat omo|og produc’rs are
Jry|oicc1||y similar to harvested meat:
70-75 percent water, 15-20 percent
protein, and 2-5 percent fat.

For now, the downside of high moisture
extrusion, is ifs rather high consumer
prices. Retail prices are fypico”y higher
than its meat equivo|enf On|y affluent
consumers can afford these high prices.
Even+uc1||y, prices need to come down
to be competitive with animal protein.
The future starts Jroo|oy and an enﬁre|y
new p|on+ profein p|od'Form will emerge,
chcmging the |0ndscope forever.

Moving Ahead

To immedio+e|y reduce meat consu mption,
the way forward should be to choose
a path where lean meat is blended or
infused with structured p|on+ protein
extrudates that ingeniously mimic beef,
chicken or tuna |oy im(using |’1yo|ro’reo|
structured or fibrated p|<:m+ protein
ingredieni’s or porﬁc|es with @ portion
of lean meat. World-famous franchised
restaurants have successfu”y introduced
this concept by using this Jrechno|ogy to
offer affordable chicken patties, bu rgers,
breakfast links, pizza toppings, and
spaghetti meat sauce while maintoining
nutritional value.

Exisﬁng formulated-meat producfs will
|il<e|y undergo concep+uo| chonges‘ For
exomp|e, coextruded dump|ings, hot
dogs, hors d'oeuvres, pizza pepperoni,
and burgers will conﬁnuo”y evolve until
Jrhey are no |onger perceived primori|y
as a meat producf. For exomp|e, KFC

(UK) is testing chicken-like vegetarian



options and p|cmr1ing to launch in
2019. The vegetarian chicken substitute
initiative is based on how the main
fast food restaurants have started to
respond to the growing demand for
meo+—re|o|ocemen+ producfs, which is
another clear sign how breoﬂﬁoking fast
the plant-based meat sector is moving.

The same is true for hand-held “pocket”
foods. This category has exponded into a
wide array of proc|uc+s for peop|e who
have little time or desire to sit down
for a meal. Hand-held Wropped foods
origino+ec| in the Orient, where Jr|'1ey
were known as “|umpio” or spring rolls.
Todoy, these proo|chrs come in many
varieties - from fortillas to a growing
selection of mix-and-match foods - based

on ethnic preferences, flavor, and faste.

\)\/ropped or handheld foods may be
considered as the beginnmg of the demise
of meat as the main focal point of a
meal, and will s\ow|y be +ronsp|on+eo| by
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food—on—ﬂﬂe—go Here, meat is "hidden”
in wropped Fi”ings and s’ruﬁ(ing, which
serves as d ch0r0c+erizing ingredierﬁr
with signh(iccmﬂy less empl’]asis on the

species - whether beef, pouHry or fish.

With the growing popubrify of p|on+»boseo|
meat foods, this category is expected fo
skyrockef The latter is also true for the
sales of fish substitutes —inc|uo|ing sushi,
often considered the last frontier that
people will give up. It will be interesting
to see how the Good Catch “fishless”
proo|uc’rs are occep’red when introduced
later this year. The po’ren+io| of "fake-fish”
has been underestimated, but consumers
are starting to recognize the negatives
of commercial Fisl’]ing practices and the
mercury levels presenJr in fish as vegeforicm
foods become more mainstreamed.

Some may bemoan the chcmge, but the
new concept of formulated meat foods
as tasty and convenient ingredients will
not on|y accelerate consumer demand,

MPM

but also serve as a co+o|ys+ for modern
opp|icofions with the real use of p|chr
protfein as the chosen profein for a new line
of produd& Hence, providing sustainable,
oﬁcordob|e, environmen#ﬂieno”y,

nutrifive, and tasty convenience foods.
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