ROADMAP 2026: PET FOOD EDITION
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Pet Spas & Wellness Preventive Care
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Market Segment for Pet Food
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Organic & Natural
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Grain-Free/ Human-Grade
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Economy/Value
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Supermarket
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Special/ Pet Food Shop
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Online & Direct-to-
Consumer: DTC
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High-quality
protein
for delicious flavour

Salmon oil
for all-important brain
development

Glucosamine &
chondroitin
for growing joints

Prebiotics
for a healthy gut
microbiome

https://smithspets.co.uk/dogs/dog-food/

Puppy Food | Wet, Dry &
Kibblhttps://www.dreamstime.com/e | tails.com

Not your

average kibble. High Protein for

a Healthy Kitty

@ Protein-Packed to Fuel Your Cat's Diet
2 High-Quality Protein to Support Lean Muscles

PREMIUM AIR DRIED @ For All Lifestages

KIBBLE MEAT PIECES

| PREMIUM |
\ KIBBLE /&N
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Jinny Freeze dried T1aLLA7T Indigo Moon™ Chicken Dry Food for Cats | Solid Gold

https://openpaddockpet.com.au/products/pasture-
raised-beef-kibble-for-dogs
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Global Pet Food Market Size (US$ Bn)

Forecasted
value for 2035
US$ 182.06 Bn

Value of Thai pet industry

(in billion Thai baht)

Estimated
value for 2025
US$ 109.85 Bn
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Global Pet Food Market
Share, by Product Type, 2023 (%)
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Pet Food Manufacturing Process
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https://x.com/EMR_Automation

Pet Food Extrusion Line: Dry Pet Food

More than 95% of kibble is manufactured using extrusion technology.

Making Pet Food by Extrusion
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Product Characteristics
* Appearance

« EXxpansion index
* Bulk density

« Size ,
» Texture/ Hardness
» Digestibility




Feed Cooling

hopper water

Driver jacket ppermocouple

Single Screw Extruder

Barrel

Discharge Expansion
steam thermocouple
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Screw with
increasing
root diameter
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Single Screw Extruder

HUIMNUHIAVDY shearing action il
7 b High Shear (Breakfast Cereals and Snackfoods)
2. Medium Shear (Semi-moist Petfoods)

3. Low Shear (Pasta and Meat Products)
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Single Screw Extruder

o funusin: sausrdauazAntsesnen lias
o Tdving: nalabigudau dusionisud lodam

O usefua: aNnsnasusssuiviane (Die) laas

o Efficiency: 1manzdu3u high-output production

@ Durability: Robust and reliable for continuous
operation with minimal downtime.
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die T
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motor

F——-7forming —— ————cooking ——
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cleaning to prevent product contamination

and degradation
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& Gearbox
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Electrical Heating Plate

(4)

(;)

L 25

Feed
Inlet
Bamel 1

Screw

706

(«(«((((((

706

same direction /

4 x 45° Forward Shearlocks 708
Forward cut flight, 1d 710

different direction

@ (Wt

3x45° Foward 712

3x45° Reverse 714 \
2x 45° Reverse 716
https://www.researchgate.net/figure/This-schematic-illustrates-a-twin-screw-extruder-equipped-with-a-main-motor-feed-motor_figs_397503816

Ol ((«((((((((((«\H it

3 x45° Forward 720

3x30° Forward 718

Twin Screw Extruder

Barrel

Die
’ ' Nozzle

Shallow Flight, Cut Flight Cone 722

Various screw configurations
(low shear conveying, high
shear mixing, triple flight cone

screws)

Enables precise modulation
of Specific Mechanical Energy
(SME), low, medium, and high

shear

Can control the physical and
chemical transformation of

biopolymer feedstocks.

Drive innovations for
producing highly
functionalized biomass.@



Specific Mechanical Energy (SME)

ﬂi%ﬂ')%ﬂ']itlﬂﬂdﬁﬂ"lﬂ@?’)ﬂﬂ?ﬂ&d%ﬂ%tlﬁ%ﬂlﬁd 1Ot

Nag \, Mdaa \ [ N Md__
SME (kI /kg) = (H” o )3f-,+(a'ﬂm S )

X Pmax
(1)

where, N actual screw speed 1n rpm, N, ,: maximum
i . iy O = |me

screw speed in rpm., Md,,: actual torque in %, Md,, . base

torque in %, M: mass flow rate in kg'h, and P, : maximum

power of the gear motor in W.

SME (Wh/kg) = [Motor Power (kW) x
% Torque x (Actual Speed / Base
Speed) ] / Mass Flow Rate (kg/h)

- auwdvimniuaiuauisa: Raw Material, Barrel

Temperature Profile, Screw Speed (RPM), L.z
Moisture Content

» Starch Gelatinization & Protein Denaturation: n13
v liidaduaauaznsaaisslasszselusaunln

Effect of screw speed and die temperature on physicochemical,
textural, and morphological properties of soy protein isolate-based
textured vegetable protein produced via a low-moisture extrusion

Die temperature (°C) Screw speed (rpm) Specific mechani-
cal energy (kJ/kg)
180 350 15.50
450 21.24
550 21.72
190 350 1491
450 20.61
550 21.08
200 350 14.31
450 19.99
550 20.44
210 350 13.71
450 19.37
550 19.81

a corotating intermeshing twin-screw extruder (Process-11, Thermo Fisher

Scientific, Inc., UK)

Lyu et al., Food Science and Biotechnology (2023) 32:659-669



Decoding the Different Types : From a) Co-Rotating Extruders:
Intermeshing to Non-Intermeshing Designs

High mixing efficiency, ideal for intensive
compounding and dispersive mixing

Common types of twin-screw extruders * Intermeshing area creates a spiral | (*=”-
shaped) flow that promotes uniform material

distribution.

b) Intermeshing Twin Screw Extruders :

* Fully intermeshing: tightly engaged screws
that maximize mixing

« Partially Intermeshing: influencing mixing
intensity and facilitating self-cleaning

a) Co-rotating screw b) Intermeshing co-rotating screw

C) Counter-Rotating Extruders:
» (Generates stronger shear forces
M « Well-suited for high-pressure applications

// and high-viscosity or heat-sensitive materials
v

d) Non-Intermeshing Twin Screw

¢) Counter- rotating screw d) Non-intermeshing co-rotating screw Extruders:
 The screws operate more independently.
« Enhances material exchange while providing a

gentler processing environment. @

https://www.twinscrew.net/en/article/types-of-twin-screw-extruder.htmi



Twin-Screw Extruder

Advantages:

@ Superior Mixing & Flexibility: highly expanded to
dense meat analogues

@ Consistent Output: araadas: nsanaasiuy Positive
displacement sinls Flow asii usiil feed variations

1
a =

@ Versatile Feeding: l4ingauivanuanalais wet, sticky, or
o11\

@ Easy to Clean: aszuu self-wiping uaz modular design
g IiananTuntsdsuasunsnas Disadvantages:
@ Tailored Process: saa modular design daspauaunisnan 1 o High Cost: Auamuiosdunazmquainngs
Wi

(<%

o Complex Operation: fesldiuauiifiinuzuas

© High Meat Inclusion: sasiunisldiladndanlageis 20- 40%
UDIGFIDINS a1 laga




Twin-Screw Extruder: Modular Design

Feediag of dry powder
plamt protein: based

iplant protein- based wter Teed e
waler Fred Therrnn SCjenlific Foocess P lHIl'F'HI'M“:I Thermo Sdealilic Prooess

i . I
. 1'r- ", -

b A T ST T Dl sgwblom Scirw aedtian PHe asclion

Feeding of dry powder 1505 Featurized protoin made with

Iw,lﬂulﬂul o Myglenic Twin-Scrow Extruder Ag Hyplenkc Twins: Screw Extrusder
; ¥ :rlu < 1M # T:h-r w 1 5

—= = == =

iChange in salerial properiios e led sl dic thange im maierial properiics Strend die noLile

Co-rotational interlocking pilot scale scheme of a twin-screw extruder, presented by
Thermofisher®, for the preparation of meat analogue products with high and low moisture
content.

Independent temperature
control of three
heating/cooling zones
throughout the matrix

Comprehensive process
control through 6 openings
along the die for material
measurements: pressure,
temperature

Individual adaptation of the
entire nozzle dimension
according to processor needs

Products:
The central part of the screws has a high conversion rate, with a long cooling
system; degreased raw materials. Textures of
Protein content above 60%; processing high moisture, from 45 to 80%; diffe rent Sizes as

temperature distribution in the barrel with security and control, low, high and low.

https://en.engormix.com/feed-machinery/extrusion/why-food-technology-extrusion a54524/

required @
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Screw Functionality and Screw Profile: Design for Extrusion Processing

Pitch

Channel ‘
depth

23 \, Screw
_ .% Diameter ‘I\
Rl _\'.'7‘:_:74‘\ \\‘

A 4
——

Description of screw terminology

Courtesy: Anton Paar GmbH

Screw Geometry : Variations,
such as conical versus parallel
designs, directly influence
residence time, shear rate, and
overall product quality.

Metering zone

ST S TR

Compression zone
[ PR
B T A T O i

Liquid Feed zone Solid Feed zone

Material flow

@EE =

Eﬁgﬁ

Kneading elements with Mixing screw- Conveying screws with
different pitch- distributive Distributive mixing different pitch
and dispersive mixing
LAV S
Metering zone Compression zone Feed zone
v Shallow flights + Shallow flights + Deeper flight
+ Polymer melting + Kneading action » Conveying action
+ High shear * Mixing element * No pressure

» Drag flow to die section

https://content.ces.ncsu.edu/screw-functionality-and-screw-profile-design- @
for-extrusion-processing




Conveying Elements
Double Flighted A Sigle Flighted Double Flighted Screw Element Designation and Function:
« Gently move

o §F BiYy B

Kneading blocks the extruder without
30 Degree KB 45 Degree KB 60 Degree KB 90 Degree KB

Eo R S E

Special Elements
Triple Flighted SME * Re-conveying

elements, also called

reverse screw
Screw Configuration

Conveying:

’I/

breaking it down.

Re-conveying:

elements, slow down
the flow of material.

« Added before/after
the kneading
elements to increase
shear during

extrusion. @

3
%

90/5/58
5656

72172
7272

ranz

BG4
7272
64064
45/4/441
60/4/44
656
656
oNH56
64/64
Tam2
72172
56/56
722
72072
A5/4/44L

56/56



Screw Element Designation and Function:

Kneading Element

Toothed Mixing Element
 Break down material and mix it together.

- Different designs of each kneading block provide a * Convey forward and mix
higher distributive or dispersive shear effect with either ingredients evenly.
positive, negative, or neutral conveying effect. » Are placed before the

 Push material backward to create more shear. extruder compression

zone to mix solid and liquid

* The length of reverse elements is less than the
extruder screw diameter to prevent pressure peaks
and significant shear strain in the material.

ingredients.

https://content.ces.ncsu.edu/screw-functionality-and-screw-profile-design-for-extrusion-processing



SCREW ELEMENT COMBINATION

Powder Additon Direction of flow of materials

Y

AT A A A AT AT R R T T O N NN N R 0'_'_ W IR

Direction of screw

;
Conveying elements Kneading Zone

e
RN G 53 5 00 G0 R G R e aie

kneading mixing element Conveying element

https://m.loyalfoodmachine.com/sell-detail-3215-twin-screw-food-extruder-machine.html



Die Types

»

- ot

e g ; ifi'l“i H
L f AN LMV G Ran] KGR

https://www.foodextrusiondies.com/

Yo |
\V"-.'

Single Die Double Die

Triple Die : E Single Die =
WALH e https://hamillmachine.ca/projects/project/fo
od-extrusion-dies/




Food Extrusion Dies

Automatic Meat Strip Extruding Line

https://www.dragonextruder.com/pet-food-processing-line/pet-food-
processing-line.html

https://frazernash.com/pet-food-
machinery/

Grain Free Sally Snacks Pet Food

Extruder All Natural Jerky Dog Treats

Making Machine ‘

I/


https://www.foodextrusionmachines.com/sale-11445527-grain-free-sally-snacks-pet-food-extruder-all-natural-jerky-dog-treats-making-machine.html
https://www.foodextrusionmachines.com/sale-11445527-grain-free-sally-snacks-pet-food-extruder-all-natural-jerky-dog-treats-making-machine.html
https://www.foodextrusionmachines.com/sale-11445527-grain-free-sally-snacks-pet-food-extruder-all-natural-jerky-dog-treats-making-machine.html

Pet Treats Injection Moulding Machine

Special machinery for producing pet
snacks

Various shapes can be made, such as
hedgehog, crocodile, dog, bone, pork
ears, barrel, etc.

Moderate soft and hard and easy to digest

Care of the oral

l‘ cavnty
y Adjust the size sultable for the mouth of your pet = .
. ‘ &-\v “% Health quality By i\

Hot Runner System Pet Food Extrusion Equipment For Dog T
reats dog biscuit maker 89kw https://www.foodextrusionmachines.com/supplier-105934-dog-treat-machine



https://www.foodextrusionmachines.com/sale-7557700-hot-runner-system-pet-food-extrusion-equipment-for-dog-treats-dog-biscuit-maker-89kw.html
https://www.foodextrusionmachines.com/sale-7557700-hot-runner-system-pet-food-extrusion-equipment-for-dog-treats-dog-biscuit-maker-89kw.html
https://www.foodextrusionmachines.com/sale-7557700-hot-runner-system-pet-food-extrusion-equipment-for-dog-treats-dog-biscuit-maker-89kw.html
https://www.foodextrusionmachines.com/sale-7557700-hot-runner-system-pet-food-extrusion-equipment-for-dog-treats-dog-biscuit-maker-89kw.html

The Dog Snacks Molding Machine

Clamping unit

Heating elements

Raw material

| IS m\\u\\\‘\q

Molten material

https://geomiq.com/injection-moulding-guide/

Barrel

Rotating screw

The Injection Moulding Process

Operates using an extrusion
process

1. Ingredient Preparation:

2. Extrusion: heated and pressurized,
transforms the mixture into a
dough-like consistency.

3. Molding: The dough is then passed
through the molding section,
(desired shape and size)

4. Cutting: cut into individual pieces and,
if necessary, further shaped.

5. Drying/Cooking: dried or baked to
desired texture and shelf life.

6. Cooling and Packaging:



https://geomiq.com/injection-moulding-guide/

The Dog Snacks Molding Machine

Injection Mould Type Pet Treat Machine Favorite Dental Care Pet Food Various Shape Dog Chews Food Dog
Dog Dental Treats Injected Molding Manufacturing Machine Dog Chewing Treat Machine Pet Food Extruder
Toy Making 89kw 180rpm Screw Speed

https://www.foodextrusionmachines.com/supplier-105934-dog-treat-machine ‘


https://www.foodextrusionmachines.com/quality-11902066-injection-mould-type-pet-treat-machine-dog-dental-treats-injected-molding
https://www.foodextrusionmachines.com/quality-11902066-injection-mould-type-pet-treat-machine-dog-dental-treats-injected-molding
https://www.foodextrusionmachines.com/quality-11902066-injection-mould-type-pet-treat-machine-dog-dental-treats-injected-molding
https://www.foodextrusionmachines.com/quality-11902066-injection-mould-type-pet-treat-machine-dog-dental-treats-injected-molding
https://www.foodextrusionmachines.com/sale-11443811-favorite-dental-care-pet-food-manufacturing-machine-dog-chewing-toy-making.html
https://www.foodextrusionmachines.com/sale-11443811-favorite-dental-care-pet-food-manufacturing-machine-dog-chewing-toy-making.html
https://www.foodextrusionmachines.com/sale-11443811-favorite-dental-care-pet-food-manufacturing-machine-dog-chewing-toy-making.html
https://www.foodextrusionmachines.com/sale-7572312-various-shape-dog-chews-food-dog-treat-machine-pet-food-extruder-89kw-180rpm-screw-speed.html
https://www.foodextrusionmachines.com/sale-7572312-various-shape-dog-chews-food-dog-treat-machine-pet-food-extruder-89kw-180rpm-screw-speed.html
https://www.foodextrusionmachines.com/sale-7572312-various-shape-dog-chews-food-dog-treat-machine-pet-food-extruder-89kw-180rpm-screw-speed.html
https://www.foodextrusionmachines.com/sale-7572312-various-shape-dog-chews-food-dog-treat-machine-pet-food-extruder-89kw-180rpm-screw-speed.html
https://www.foodextrusionmachines.com/sale-7572312-various-shape-dog-chews-food-dog-treat-machine-pet-food-extruder-89kw-180rpm-screw-speed.html
https://www.foodextrusionmachines.com/sale-7572312-various-shape-dog-chews-food-dog-treat-machine-pet-food-extruder-89kw-180rpm-screw-speed.html

“High-Meat” Trend in Pet Food Formulations:

There are multiple challenges inherent in addressing the “high-meat” trend
in pet food formulations, but extrusion technologies are keeping up.
(Courtesy Clextral)

https://www.petfoodindustry.com/production/pet-food-processing/article/15466227 /fresh-meat-in-
pet-food-no-1-trend-affecting-extrusion

According to the Association of
American Feed Control Officials (AAFCO)

Adult dog foods should contain at least
18% crude protein (%ddb).

Reproducing female dogs and puppies’
foods should contain a minimum of 22.5%
crude protein.

Most in the pet food industry have settled
on a dog formula with at least 30% protein
as a food that can claim to be “high
protein.”

For cat food the protein levels are higher,
at 26% for adult maintenance diets and
30% for growth and reproduction-
focused formulas, according to AAFCO.

‘Made with fresh meat’ or ‘from meat,’ for high-
quality protein sources in their pets’ food, requires

« Understanding of the meat ingredients
« Special handling and storage,

« Hygiene

« Modifications in extruder parameters

Upstream equipment @



https://www.aafco.org/
https://www.aafco.org/
https://www.petfoodindustry.com/articles/8596-kibble-extrusion-challenges-for-modern-dog-cat-food
https://www.petfoodindustry.com/articles/8596-kibble-extrusion-challenges-for-modern-dog-cat-food
https://www.petfoodindustry.com/articles/8596-kibble-extrusion-challenges-for-modern-dog-cat-food

Turns virtually any twin-screw extruder
into a line for high-value center-filled products

clextral.com
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Dual Texture
“Co-extrusion combines steam-induced expansion and filling

injection for expanded products with dual textures,”

_—

Especially in the pet treat market, co-extrusion , o @ D ® E >
L I L ; o - ‘
technology offers processors the ability to differentiate ' -\j\ BV @ ® » J ‘_‘
products with unique texture and color combinations. ¥ y ™ _- = }4 ‘ ‘ b © . e
(Source: Clextral) RY 4 ._ - T » f .f -
4 ; ’ - f

" | -
- I) '

Co-extrusion can be applied when the same formula in
two separate colors needs to be combined for visual

appeal. (Source: Reading Bakery Systems) @
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Dental and Long-Lasting Chews

Filled tube-type product like the Sausage

Dental Sticks

Wanduadnalunsonasuingy

(] wisdauifiununaussaans Active Ingredients 1u

Enamel Care #30 Breath Freshener

@ waila: Low-temperature injection @&msuununais

IWOSNHIALLAWIMAW
@ waawns: inoynansdnsd (Shelf-life) uazainuadios

| ) vaNANd Ay
The long-lasting dental chew category where it is often used to @ Brand Image: A543V UTLANFNIULUNIALEN
deliver two formulas, each offering unique health benefits to ’ e
pets. (Source: Kansas City Treats) https://www.chewy.com/fieldcrest-farms-knash-super-woofa/dp/2017758



Pillow Snacks as "luuusiniean” dhuldnsu

AMsWAnYuNsUBNaUAiAmNNToUMsuDnuaiaNuNdvadld
funsouvanaunslu

wata: 1whasuwuu Manifold wiamnuaiinianawadld
WARNS: AN 1ANAUA 6 2.5 wih Waifisusuaundiauné

Palatability: anutihAuiingu 40% annnansnaasu

Pill Wrappers

winnssu "wuudausn” (Pill Pockets)

(F?_Quu 5

‘eeme
(‘ PILL y

POCKETS

Made with

natural ingredients
Phus minerals & trace
trients

WWDS NET PRIV I RAT) AR
it
0 SRR

Core: ldnsuvoniiaw (High-fat liver paste) wionaunausn lsotinsanysnl
Shell: Lﬁaguﬁmﬁw (High moisture) wal#idwasvioruidfinen sy
Tauldunniin

Dunaunandnsiidulaadugewmnenaindmunwme

https://www.greenies.com/cdn-cgi/image/width=600,height=600,f=auto,quality=90/sites/g/files/fnmzdf8461/files/migrate-product- I



ANsaanuuans Shell vs Core

ovuFUsznoU

ANNDU

wWaALuANsNan

ANVIYUAN

Outer Shell (1/&on) Inner Core (18)

uthana, dnlwe, Tusfiuaudu indudan, iedeTumnandus, Amauiiiun Jeniu
8 (8-12%) oA NHN5OL a4 (20-30%) WamnuiumIA
fnmsmswasdi luszduiidosnns Amnunilaasiiufiaamnudon

Texture & Clean teeth Flavor & Nutrition Injection

Outer Shell: sanuuuiiailasiumsgadoanudusaddmelu uazsnwmnunsou ansiunu

fanduidonuan usitAnaNuwsdoud 14T

Filling Ratio: Usudaauldlsdansdu sulanddunuuazlnwuins

Interface Bond: wafinnsvin Tiiddenuaz 1&ainnzdu linasanndundsriiunsuiunissn

Heat Protection: ns:unumsialdfiasunafishninehosnunasnwansovanan



High Moisture Extrusion (HME)

»

3.3

—~— ASLUIUMTOATUIUNHSOUAMNDTU
34031 40-70% sinanALUUENLANT

¢t 10-30%

asailoduanuuidulpnduiils
(Anisotropic Fibrous

Structure)

WinaNvnu (Palatability)

LAZANSLD N

-
R

by

https://www.flandersfood.com/nl/Event/2020/webinar/Food-
Pilot_High_moisture_extruder



~Extrusion of HMMA (High Moisture Meat Analogues)

LMMAY HMMAY Beel Pork Chicken

Extrusion cooking of hig-h-moi,sture meat analogues - ScienceDirect - | : | @

“https://www.sciencedirect.com/science/article/pii/B9780128153604000079



Principles of Protein Texturization

uani1d: Thermomechanical

Native State Action lUsGud:1AanmsAangdd

(Denaturation) ua:wauwautdu
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Molecular Alignment: lulana:15gvadmunAnIvNsiKa
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Unfolding
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: : . L o azlulawwnAuuaznsngimesn
Mechanism of high-moisture extruded protein fibrous

structure formation based on the interactions among pea
protein, amylopectin, and stearic acid.

yineusaniulunisdfutlgaiie
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PPI-amylopectin-stearic acid Exposure of hydrophobic groups Unfolding structures Rearrangement (A nisotro p ic fibrous structures )

Chen et al., Food Hydrocolloid, 136 (A), 2023, 108254 LaﬂuLLUULﬁﬂZﬁ/ﬁ]’ﬂﬁaﬁu



https://www.sciencedirect.com/journal/food-hydrocolloids/vol/136/part/PA

Multihole Nozzle-Mediated High-Moisture Extrusion of Soy Proteins into Fiber-Rich Structures

Improved the component
design of the cooling die
with multihole nozzles

High-moisture extruded soy proteins Nozzle-assembled extrusion system

Fibrous structure, texture,
and in vitro digestibility of

Q‘i‘; & the nozzle-produced
[« Bsiondis HME-TVP were
N s < investigated at different
i \" j cooling temperatures.

NO A l‘ |
N

L 40 °C exhibited excellent

¥ Yes freeze-thaw stability and

rehydration capacity.

Structural changes in
HME-TVP had little
impact on protein
digestibility unless the
cooling die temperature
was below 40 °

< Lowering cooling die temperature
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Food Hydrocolloids Volume 151, June 2024, 109819



https://www.sciencedirect.com/journal/food-hydrocolloids
https://www.sciencedirect.com/journal/food-hydrocolloids/vol/151/suppl/C
https://www.sciencedirect.com/journal/food-hydrocolloids/vol/151/suppl/C
https://www.sciencedirect.com/topics/food-science/digestible-protein
https://www.sciencedirect.com/topics/food-science/digestible-protein

Development of High-Moisture Meat
Analogues with Hemp and Soy
Protein Using Extrusion Cooking

c YPI commercial YPI local d o _ o
Figure 1 Transversal and longitudinal cutting directions of samples.

Figure 2. a. Visual representations of extruded meat analogues featuring
varying ratios of soy protein concentrate to wheat gluten (WG): (a) 0%WG, (b)
10%WG, (c) 20%WG, (d) 30%WG, and (e) a visual depiction of boiled chicken
breast.

b. Pictures depicting extruded meat analogues with varying formulations with
hemp protein concentrate (HPC): (a - ¢) 20%, 40%, 60% HPC at 65% target
moisture; (d - g) 0%, 20%, 40%, 60% HPC at 70% target moisture; (h - k) 0%,
20%, 40%, 60% HPC at 75% target moisture.

¢. High moisture meat analogues with different pulse protein
isolates/concentrate. YPI = yellow pea isolates, FBC = faba bean concentrate, FBI
= faba bean isolate.

d. Variations in the fibrous structure in meat analogues without [(A) and (B)] and
[(C) and (D)] with added wheat gluten.

FBC commercial FBl local

=1

Food Reviews International Volume 40, 2024 - Issue 9 @



https://www.tandfonline.com/journals/lfri20
https://www.tandfonline.com/toc/lfri20/40/9
https://www.tandfonline.com/toc/lfri20/40/9

High Moisture Extrusion of Pea Protein Isolate to Mimic Chicken Texture: Instrumental
and Sensory Insights

PPl feed
38-53%

Water feed
47-62%

I' I Screw speed

e & SELECTION OF U l"
OPTIMAL CONDITIONS n
Temperature
110 -165°C Texture analysis HMEs, Chicken and Commercial analogue

HIGH MOISTURE PHYSICOCHEMICAL SENSORY TEXTURE
EXTRUSION PROCESSING CHARACTERISATION PROFILE

X

Comparison

PPI: Pea protein isolate
HME: High moisture extrudates

Technical evaluation of HME-plant-based meat products

Determination of their texture, microstructure, oral response,
rheological properties, and sensory characteristics such as flavor, taste,
and mouthfeel.

Food Hydrocolloids Volume 154, September 2024, 110129



https://www.sciencedirect.com/journal/food-hydrocolloids
https://www.sciencedirect.com/journal/food-hydrocolloids/vol/154/suppl/C
https://www.sciencedirect.com/journal/food-hydrocolloids/vol/154/suppl/C

Parameter setting %300 *x4000

Extrusion of high-moisture meat analogues from hempseed protein
concentrate and oat fibre residue P

500 rpm
Parameter
setting
1% set 49 52 54

Moisture Content (%)

49% MC
900 rpm

500 rpm

700 rpm

54% MC
500 rpm

54% MC
900 rpm

900 rpm

2" set 49 52

Parameter setting
20 set

700 rpm

52% MC
700 rpm

52% MC
900 rpm

900 rpm

D

Fig. 2. Microstructure of high-moisture meat analogues (HMMA)
Fig. 1. Visual appearance of the structure of high-moisture meat analogues produced from hempseed protein concentrate (HPC) and oat fibre
(HMMA) produced from hempseed protein concentrate (HPC) and oat fibre residue (OFR) at different moisture contents and screw speeds, for

residue (OFR) at different screw speeds and moisture content. both temperature profiles by SEM with X300 and x4000
10.1016/j.ifoodeng.2023.111567 magnification. MC-moisture content.
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https://doi.org/10.1016/j.jfoodeng.2023.111567
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Texture Profile Analysis of Animal vs Plant-Based Protein Products

2: Knife Blade test: Burgers

TPA Texture Profile Analysis test

Bite 1 Gite 2
Hold

| -
............................................................ - = Start f End

............. —4 . Trigger
_L_- Target
3 3 3 (e 2
@ @ @ 2 @J
Chewing once Chewing twice
N T B T “Press down  Return  Press down Return
The Knife blade assessing ‘bite force’ of beef and Quorn burgers Eorce Hardness
Fracturability Hardness
. . . T— I
Consider the front teeth in a line — !
their action can be imitated by the use Resilienoe :
of a blade on the Texture Analyser. Al B A2l C
01} -"\3 o — \/
Elasticity
Timeg ——»

TPA Texture Profile Analysis Xlacay

https://www.rheologylab.com/texture-profile-analysis-of-animal-vs-plant-based-protein-products/ @



Wity Conral?

improved quality
consistent quality
increased throughput
reduction of energy usage
reduction in waste

more precise control

more stable operation

less operator intervention
faster start-ups

decrease in processing downtimes
reduced product giveaway

increased yield
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Homogeneity of raw materials
Raw material formulations
Moisture content

Extruder type

Length:diameter ratio of the extruder barrel
Barrel temperature profile

Die temperature and pressure
Screw configuration

Rotation speed

Specific mechanical energy (SME)
Die shape and dimension
Pressure profile in the barrel

Feed rate

Residence time distribution (RTD)
Chemical changes in the barrel
Room temperature and humidity
Skill of the operator

Vilai Rungsardthong, AFET/ KMUTNB @



Factors Influencing Extrudate Expansion

MATERIAL PARAMETERS

Composition Molecular structure Interactions between
components
T P T
Barrel & die Screw speed Screw Mechanical Die Air
temperature geometry energy input geometry incorporation

TIME —- TEMPERATURE — SHEAR HISTORY

GELATINIZATION, DEXTRINIZATION, DENATURATION

SHEAR MELT RHEOLOGICAL DIE LD
RATE PROPERTIES

| BUBBLE GROWTH AND COLLAPSE |

| FINAL EXPANSION |

www.ceb.cam.ac.uk/pages/pfg-alumni-nitin-nowj...
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Formulation »

* Carbohydrates

* Lipids

* Proteins

* Minor ingredients
Emulsifiers
Vitamins
Minerals

Pre extruder
operations

— Extruder

*Blending
*Pre conditioning <Die design
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« Screw profile

« Process parameters
Temperature profile
in barrel
Feed rate
Screw speed
Water injection rate

Post extruder
operations

* Drying
* Toasting
 Flavour addition

Fig. 1 Key control points in meeting product requirements.

» Taste

« Colour

« Texture

» Bulk density

» Size and shape

 Microbiological
quality
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Table 1 Examples of starch-based products Table 2 Examples of protein-based products

Class Product type Starch sources Product Product type Protein
Breakfast cereals Corn flake maize group source
Multigrain flake wheat, maize, rice, oat Human beefburger soya/wheat
High fibre flake maize, wheat, rice dehydrated meals gluten
Crisp rice rice
ot noodle
Oat puffs oats p soya/wheat
. . gluten
Snacks Potato sticks potato, maize soya
Potato hoops potato
Corn puffs or curls maize Petfoods canned chunks soya, wheat
Puffs wheat, potato, maize dry chews gluten, fava
Prawn cracker wheat, rice bean
Half-products maize sova. wheat
Mexican style chips wheat, potato gh}llt e’ I
Biscuits Flatbread wheat, maize, rice, cassava
Petfoods Dry cat and dog shapes wheat, maize, rice
Moist morsels wheat
Dry treats wheat, maize
Fish feeds Floating and sinking for fish ~ wheat

Sunken types for prawns wheat
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Table 3 Composition of materials prepared from wheat grain as per cent of dry solids*

Component Whole grain Semolina Flour Starch
Protein 12 11 11 0.2
Starch 75 78 80 90
Fibre 8.0 2.0 1.5 0.5
Lipid 2.5 1.5 1.5 1.0
Ash 1.5 1.0 1.0 0.5

* Data from samples examined at CCFRA.
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100% Human-grade Dog Food
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Properties of Starch after Extrusion:

Native
granular
starch
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Roles of Moisture in Extrusion

Bubbling Agent for Puffing
Improvement of Cooking
Denaturing of Protein
Increasing Extruder Capacity

Reduction of Extruder Wear

Reduction of Processing Cost

Melted Dough Extrudate after
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Specific volume, ml/g

Oil and Fat
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Fig. 1 Graph of the effect of oil addition to the extrusion
cooking of wheat flour at 16% moisture at high
shear/temperature conditions.

Level of Fat in
Extruded Mix

Effect on Product Cuality

0-12%

12-17%

16-22%

Above 22%

Little or no effect

For each 1% of fat above 12%,
the bulk density of the final
product will increase 16 g/l.

Froduct will hawve little of no
expansion, but wil remain
durable.

Final product durability will be
pOOT




Effect of Extrusion Processing Parameters on Properties of Fiber-enriched Snacks

012 | 95 . .

2 o g-,‘,‘g@ g « Expansion ratio decreased
* ¥ ,1 | 9. t . " .
g, g %.11; é ) with the increase of moisture
E 4 2 0 8
i Z 0% % L content at a barrel
’ 3 5% iy

. 20 >

2%
>0

> v " temperature of zone 3 higher

SR >, than 180°C.

s = » Bulk density and maximum
force of the product were
vice versa.

« Total dietary content were
decreased with the increase
of screw speed and barrel
temperature zone 3.

13% MG180 rpm160°<C 15% MG160 rpm180<C 17% MG160 rpm 200<C

18.4% MG126 rpm180°C

Korkerd et al., (2016) Journal of Food Science and Technology, 53 (1), 561-570.




Preconditioning Process

« Warming’ the recipe before it
enters the extrusion barrel,
can reduce the amount of
energy input.

* Improved control of the
cooking step and increased
consistency of the final
product attributes

 The more homogenized
mix can create unique
final product attributes.

- Better process control
can have a large impact on
Preconditioners maximize the capacity of extruders, bring more overall process

thermal energy into the process, and reduce wear on extruder parts. efficiency.
Credit: Clexal
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