ISSN: 2157-7110
Journal of

Food Processing &
Technology

OPEN @ ACCESS Freely available online

Commentary

Food Rheology: Understanding Flow and Deformation in Food Processing

Caelan Whitmore*

Department of Food Rheology and Process Engineering, University of Edinburgh, Edinburgh, United Kingdom

DESCRIPTION

Food rheology is the study of how food materials deform and
flow when subjected to external forces. It provides a scientific
basis for understanding the physical behavior of foods during
processing, handling, storage, transportation, and consumption.
Foods rarely behave as simple liquids or solids because they
contain complex combinations of water, proteins, carbohydrates,
fats, fibers, minerals, and other components. Their physical
response can change with temperature, moisture content, shear
and history.
Understanding these changes enables food processors to design

rate, pressure, composition, processing
equipment, control product consistency, optimize formulations,
and develop foods with desirable and

characteristics.

textural sensory

The rheological behavior of a food is commonly described
through properties such as viscosity, elasticity, yield stress, and
viscoelasticity. Viscosity represents the resistance of a fluid to
flow, while yield stress refers to the minimum applied stress
required for some materials to begin flowing. Elastic behavior
describes the ability of a material to recover part of its
deformation after an applied force is removed. Many foods
exhibit both viscous and elastic characteristics and are therefore
described as viscoelastic materials. Dough, yogurt, sauces,
chocolate, cheese, fruit purees, and gels are examples of food
systems whose processing behavior depends strongly on their
rheological properties.

Food materials can display different flow patterns depending on
the relationship between applied stress and deformation rate.
Newtonian fluids exhibit relatively constant viscosity under a
given temperature and pressure, whereas non-Newtonian fluids
show viscosity changes with shear rate. Many food products are
shear-thinning, meaning their apparent viscosity decreases as the
shear rate increases. Ketchup, yogurt, salad dressings, and some
fruit concentrates commonly demonstrate this type of behavior.
Shear-thinning characteristics can be desirable because a product
may remain stable at rest while becoming easier to pour or
spread during use. Other foods may exhibit shear-thickening

behavior, in which apparent viscosity increases with increasing
shear rate under suitable conditions.

Temperature has a strong influence on food rheology. Increasing
temperature generally decreases the viscosity of many liquid and
semi-liquid foods because molecular movement becomes greater
and intermolecular interactions may weaken. However, heating
can also initiate structural transformations that produce
different rheological responses. Starch gelatinization, protein
denaturation, melting of fats, and formation of gels can
substantially change the flow properties of a food. During
cooling, some systems may develop a stronger structure because
of starch retrogradation, protein interactions, crystallization, or
gel formation. Monitoring rheological changes during heating
and cooling can therefore provide useful information for
designing thermal processing conditions.

Moisture content is another major factor affecting rheological
behavior. Water acts as a plasticizing agent in many food systems
and can reduce resistance to deformation. In dough and bakery
products, changes availability influence mixing
behavior, elasticity, extensibility, and final texture. In powders
and particulate foods, moisture can promote particle adhesion
and affect flowability. Controlling moisture is consequently
important not only for product quality but also for equipment
performance and storage stability.

in water

Rheological measurements widely used in product
formulation and quality control. Instruments such as rotational
rheometers, texture and dynamic
mechanical analyzers can measure different aspects of food
behavior. Rotational measurements can determine apparent
viscosity at different shear rates, while oscillatory tests can
provide information about elastic and viscous components.
Texture measurements can complement rheological data by
assessing firmness, cohesiveness, adhesiveness, and related
characteristics. The selection of an appropriate test depends on
the food structure and the processing or sensory property being
investigated.

are

viscometers, analyzers,

In industrial food processing, rheology influences pumping,
mixing, filling, coating, extrusion, spraying, and heat transfer. A

Correspondence to: Caelan Whitmore, Department of Food Rheology and Process Engineering, University of Edinburgh, Edinburgh, United

Kingdom, E-mail: caelan.whitmore@ed.ac.uk

Received: 15-Sep-2025, Manuscript No. JFPT-25-32832; Editor assigned: 17-Sep-2025, Pre QC No. JFPT-25-32832; Reviewed: 01-Oct-2025, QC
No. JFPT-25-32832; Revised: 08-Oct-2025, Manuscript No. JFPT-25-32832; Published: 15-Oct-2025, DOI: 10.35248/2157-7110.25.16.1181

Citation: Whitmore C (2025). Sustainable Food Rheology: Understanding Flow and Deformation in Food Processing. ] Food Process Technol.

16:1181.

Copyright: ©2025 Whitmore C. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

] Food Process Technol, Vol.16 Iss.5 No: 10001181



Whitmore C

highly viscous product requires greater pumping energy and may
need specialized equipment. Changes in viscosity can also affect
flow through pipes and heat exchangers, influencing processing
time and temperature distribution. During mixing, rheological
properties determine the energy required to achieve uniform
dispersion of ingredients. In extrusion processing, the
relationship between shear, temperature, and viscosity affects
material movement through the extruder and the characteristics
of the final product.

Rheology also contributes to the development of plantbased
and alternative food products. Formulations containing plant
proteins, starches, fibers, oils, and hydrocolloids can produce
complex  flow Rheological
measurements can help researchers understand how processing

and deformation behavior.
conditions influence protein networks, emulsions, gels, and
other structures. This information can assist in adjusting
formulations to obtain appropriate viscosity, stability, mouthfeel,
and processing performance. Hydrocolloids such as pectin,
xanthan gum, carrageenan, and guar gum are frequently used to
modify rheological properties, although their effects depend on
concentration, pH, ionic conditions, temperature, and
interactions with other ingredients.

Food rheology is also closely related to sensory perception.

Consumers  experience viscosity, creaminess, thickness,
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spreadability, firmness, and other textural characteristics during

eating. Instrumental rheological ~measurements cannot
completely reproduce human perception, but they provide
useful physical information that can be related to sensory
observations. Combining rheological measurements with
sensory analysis can help food manufacturers establish product
specifications and improve consistency between production

batches.

In conclusion, food rheology provides an important scientific
framework for understanding the flow, deformation, and
structural behavior of food materials. Its applications extend
from ingredient selection and formulation to processing
equipment design, quality control, storage, and sensory
evaluation. Knowledge of viscosity, viscoelasticity, yield stress,
and temperature-dependent behavior allows food processors to
improve manufacturing efficiency and maintain consistent
product characteristics. Continued development of advanced
rheological instruments, mathematical models, and digital
processing systems will expand the ability to predict food
behavior and design products with specific physical and sensory
properties.
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