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Transitioning toward sustainable food production and a circular food economy are 
viewed as important strategies to reduce the carbon footprint and to feed the growing 
world population. Therefore, the development of alternative protein formulations and the 
research on valorization of food side streams are in focus. Most importantly, sustainable 
food must fulfill consumers’ expectations regarding taste and texture.

Extrusion technology is considered as one of the most promising platforms for the development of sustainable food products. 

It is widely recognized as an energy-efficient and environmentally friendly continuous production process. Moreover, extrusion 

comprises a high range of adjustable process parameters that offer great flexibility to develop many different types of products.1

Rheological characterization is used to optimize the mechanical properties or sensory perceptions of sustainable food 

products to meet high customer expectations regarding taste or texture as well as simulating processing conditions. The high 

flexibility of rheometers with a broad range of application-specific measuring cells for tribology, texture, and interfacial analysis 

or even combined optical methods allow for a comprehensive characterization of products.

Nowadays, the development of sustainable food products encompasses not only food but also biodegradable packaging. 

This compendium shares insights into various topics from food to packaging with selected application notes and videos from 

Thermo Fisher Scientific scientists.

With decades of application know-how, our worldwide demonstration labs, and scientists from different disciplines including 

food extrusion, rheology, and electron microscopy, we can assist you in realizing your specific sustainable food application 

goals. Talk to our experts today and learn what options are available to further your advancement in this innovative arena 

(contact us).

1. Lazou (2022): Food extrusion: An advanced process for innovation and novel product development, Critical Reviews in Food Science and Nutrition, 
DOI: 10.1080/10408398.2022.2143474
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 Create a wide-range of meat-like 
textures that consumers will enjoy
Twin-screw extrusion of plant-based meat

Overview
Twin-screw extrusion processing is considered a key technology for the continuous 

production of plant-based meat products. The main goal of this process is to impart a 

fibrous, muscle meat-like texture into plant protein-based formulations. Two different 

types of products can be produced with this technology: HMMA and texturized 

vegetable protein (texturized proteins).

This application overview demonstrates practical extrusion process setups for producing 

HMMA and texturized vegetable protein (texturized proteins).

Advantages of  
small-scale 

twin-screw extrusion
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Overview
What you will learn during this talk (7 minutes):

• How twin-screw compounders are a flexible solution for the development of 
plant-based proteins

• Range of textures achieved with a modular die design

• Workflow for plant-based meat characterization

View the video
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Extrusion of plant-based meat
Flash talk

Advantages of small-scale twin-screw extrusion 
for product development and material testing

https://players.brightcove.net/1964492303001/default_default/index.html?videoId=6297722840001
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Overview
While the global demand for plant-based meat continues to grow at a rapid pace, many 

consumers still lack variety in marketed products, especially in terms of meat types and 

protein sources. To cope with this demand, food companies continue to develop new 

ingredients and products with the goal to mimicking the taste and texture of meat. 

To obtain plant-based products with a texture perception similar to that of muscle meat, 

the extrusion aims to impart an anisotropic, fibrous, and gel-like structure into plant 

proteins. Scanning Electron Microscopy (SEM) is the ideal tool to assess the structure of 

plant-based meats by visualizing and evaluating these important characteristics.

This application overview introduces you to SEM as a tool to assess the influence of 

process and formulation produced using twin-screw extrusion at a microscopic level.

View the application overview
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meat-like texture
Know that you have achieved a

Structure analysis of plant-based meat
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Figure 3: SEM image of plant-based meat extrudate made with Phenom XL 

G2 Desktop SEM. Comprehensive overview via Automated Image Mapping. 
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 For more information, please visit  thermofisher.com/extruders 

Figure 5: Beef muscle tissue, image made with Phenom XL G2 Desktop SEM.

The Phenom User Interface includes automated software that 
scans large areas, as shown in Figure 4. These samples were 
retrieved from varying extruder die lengths. The image indicates 
that varying the die length imparted different flow patterns 
into the extruded samples. Putting these images in relation to 
the visual sample appearance and texture analysis (4) allows 
product developers to define decisive process conditions that 
need to be controlled to obtain specific textures. The results 
shown in Figure 4, for example, indicate that homogeneity of 
product texture results from varying velocity gradients in the 
flow profile, which can be controlled via die length.

Figure 4: Stitched large area scan of plant-based meat extrudates, red: die 

length = 270 mm; blue: die length: 360 mm. 

Compare animal to plant-based meatFigure 5 shows an SEM image of muscle meat. The image 
depicts the layering of muscle and connective tissue, which 
define the main structural elements that need to be mimicked 
in plant-based meat. When looking at Figure 3 in comparison, 

the structure of the selected plant-based meat sample only 
resembles to a certain degree the fibrous nature of muscle 
tissue. Thus, SEM analysis can be applied to study differences 
in the structural composition of animal and plant-based meat. 
These results can give product developers guidance how to 
obtain structures more comparable to various meat types.

Complete your workflowTogether with Scanning Electron Microscopy, lab-scale extrusion and further advanced analytical equipment, Thermo 
Scientific broad technology portfolio provides state-of-the 
art equipment that can be used along multiple points of the 
workflow in the plant protein-based meat industry.

Structure nalysis of lant-based eat

While the global demand for plant-based meat continues to grow 

at a rapid pace, many consumers still lack variety in marketed 

products, especially in terms of meat types and protein sources. 

To cope with this demand, food companies continue to develop 

new ingredients and products with the goal to mimicing the taste 

and texture of meat. (1)

Structural properties of plant-based meat

Twin-screw extrusion is considered a key technology for 

producing plant-based meat. It utilizes a continuous process 

with a range of adjustable parameters that enables the 

production of di�erent textures. To obtain plant-based products 

with a texture perception similar to that of muscle meat, the 

extrusion aims to impart an anisotropic, fibrous and gel-like 

structure into plant proteins. An exemplary product with a 

typical, meat-like texture is shown in Figure 1.

Application overview | LR91

Figure 1: Plant-based meat extrudate made from pea protein isolate with 

Process 16 Twin-screw Extruder.

It is nowadays assumed that the fibrous characteristic of plant-

based meat derives from the presence of a multiphase system. (2) 

The anisotropic nature of these structures is imparted into the 

final product by the specific flow pattern in the extruder die. It is 

therefore necessary during product development to understand 

the formation of these distinct structural elements in extrusion 

processing.

SEM as the ideal tool for structural analysis

Scanning Electron Microscopy (SEM) has proven to be a 

suitable method to visualize and evaluate these characteristic 

structures in a relevant size range. (3) In particular, the Thermo 

Scientific™ Phenom™ XL G2 Desktop SEM is a powerful tool for  

assessing the structure of plant-based meats. With its unparalleled  

ease-of-use and speed, results can be obtained effortlessly. 

The large sample capacity and low vacuum capabilities allow 

many extrusion products to be imaged simultaneously without 

any sample preparation. Examples of structure analysis using 

Phenom XL G2 Desktop SEM in development of plant-based 

meats are given below.

Assess influence of process and formulation

Figure 4 shows the SEM image of the plant-based meat product  

displayed in Figure 1. The SEM image reveals that the structure  

of the sample consists of a gel-like matrix with further embedded  

elements, which can be identified as dispersed phases. While 

food scientists are still exploring the nature and composition of 

the dispersed phases by different analytical techniques, (3) the 

image allows one to qualify the orientation and anisotropy of 

the structural elements contributing to the texture perception of 

the final product.

Figure 2: The Phenom XL G2 Desktop SEM has the fastest time to data: < 1 

minute to SEM image. No sample preparation or coating is required.

https://assets.thermofisher.com/TFS-Assets/CAD/Application-Notes/lr91-e-structure-analysis-of-plant-based-meat.pdf
https://assets.thermofisher.com/TFS-Assets/CAD/Application-Notes/lr91-e-structure-analysis-of-plant-based-meat.pdf


Overview
Food side streams, although rich in nutrients, have poor techno-functional properties, 

which limits their use in food applications. For example, apple pomace, which is the 

major by-product of the juice industry, is hardly used for pectin extraction or as animal 

feed. Most of it ends as waste, as its poor solubility does not allow for its further use as a 

food ingredient.

This application note showcases the functionalization of apple pomace from commercial 

fruit juice production by twin-screw granulation.

View the application note
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Overview
The texture is an important part of a cheese’s properties. Depending on the kind of 

cheese and its age this can range from creamy to solid. Rheological measurements 

can be used to quantify the viscoelastic properties of cheese and cheese formulations. 

A modern rheometer can also be used to run texture analysis tests. In the case of a 

cheese, this could be used to quantify its bite or its cutting properties.

This application note demonstrates how to measure and the results of various rheological 

measurements and a penetration test on a milk-based cheese and a vegan cheese substitute.

View the application note
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 Is it cheese?
Rheology and texture of cheese 
and a vegan cheese analogue
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Overview
To satisfy the expectations of consumers, it is necessary to develop new products that 

not only replicate the texture of muscular fibers but also authentically mimic the taste, 

aroma, and juiciness of meat. Therefore, the primary technological challenge of today is 

to achieve the organoleptic properties, texture, juiciness, and sensory perception in meat 

substitutes that are comparable to those of animal products. Lipids play a crucial role in 

the quality of meat products and are closely associated with the consumer’s perception 

of juiciness. Therefore, the addition of lipids to meat analogs is of utmost importance.

In this application note, we assess the influence of oil on the surface properties of 

pea-based meat analogs.

View the application note
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measuring mouthfeel properties
 Tribology is a valuable tool for

Measuring the lubricating properties  
of meat analogues
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Overview
Finding new ways to use food side-streams is an important strategy of a circular 

economy. This video introduces a small-scale extruder process setup transforming fruit 

pectin into biodegradable packaging film.

View the video
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Biodegradable pectin films
 Watch demonstration

Biodegradable packaging R&D  
on small-scale extruder
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Application laboratories
Our fully equipped application laboratories are in constant demand for testing customer 

samples and developing and optimizing pioneering applications. We provide a broad 

range of product and application solutions, and our team of application scientist and 

interdisciplinary technique specialists is on hand to answer your questions (contact us).

Register for application and product information at thermofisher.com/specoptin to gain 

access to latest resources to accelerate your research and improve laboratory productivity.

Seminars and trainings
Comprehensive training programs, in-house seminars, and practical rheology and 

extrusion courses in various locations around the world. We support our customers with 

comprehensive on-demand trainings (webinars, videos, and application notes) from our 

experts, benefit from our interdisciplinary knowledge in food science and technologies.
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