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Introduction 

Food has always been central to human survival, yet keeping it safe and edible over time has posed 

challenges since the earliest days of civilisation. Imagine communities thousands of years ago, 

faced with the need to store grains after harvest or preserve meat for long journeys. Their solutions, 

though simple, laid the groundwork for the vast and complex food processing systems we rely on 

today. Understanding this history is not only fascinating, it also helps us appreciate how far the 

science and technology of food preservation have advanced, and why these foundations remain 

relevant in modern food industries. 
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The aim of this Series is to provide you with a clear understanding of the genesis and historical 

development of food processing and preservation, and to establish the scientific and societal 

foundations upon which modern practices are built. 

We shall commence this Series by exploring the genesis of food preservation and processing, 

focusing on early human practices and the reasons that drove them. Next, we will examine the 

historical development of preservation methods, beginning with traditional techniques such as 

drying, smoking, salting, and fermentation, and then considering how scientific approaches and 

industrialisation transformed these practices. Finally, we will wrap up by studying the foundations 

of modern food processing and preservation, highlighting the scientific principles, technological 

influences, and the continuing importance of these practices in contemporary society. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO1.1 define the genesis of food preservation and processing in early human societies, 

SLO1.2 explain how food processing practices evolved across different civilisations, 

SLO1.3 analyse the key drivers that necessitated food preservation such as safety, storage, trade, 

and nutrition, 

SLO1.4 describe traditional preservation techniques including drying, smoking, salting, and 

fermentation, 

SLO1.5 explain the transition from traditional to scientific approaches in food preservation, 

SLO1.6 evaluate the influence of industrialisation on the development of food processing 

methods, 

SLO1.7 explain the scientific principles that form the foundation of modern food preservation, 

SLO1.8 assess the role of technology in shaping contemporary food systems, and 

SLO1.9 discuss the importance of food preservation in modern society. 

 

1.1 Genesis of Food Preservation and Processing 

1.1.1 Early human practices in food preservation 

The story of food preservation begins with the earliest human societies who faced the challenge of 

keeping food safe and edible beyond immediate consumption. Food preservation refers to the 

techniques and processes used to prevent food from spoiling, while food processing involves the 

transformation of raw food materials into forms that are more suitable for consumption, storage, 

or trade. Early humans relied on simple methods such as drying meat in the sun, storing grains in 
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clay pots, or smoking fish over fire. These practices were not only about survival but also about 

ensuring food security during periods of scarcity. 

Fill in the blank: Early humans preserved food mainly to ensure ______ during times of scarcity. 

Plate 1.1: Early food preservation practices 

1.1.2 Evolution of food processing across civilisations 

As civilisations developed, food preservation and processing methods became more sophisticated. 

Ancient Egyptians used salting, which is the application of salt to draw out moisture and inhibit 

microbial growth. Romans perfected fermentation, defined as the biochemical process where 

microorganisms such as yeast or bacteria convert sugars into alcohol or acids, thereby extending 

shelf life and enhancing flavour. In Asia, techniques such as pickling and oil extraction were 

widely practised. These innovations were closely tied to cultural traditions, trade routes, and the 

availability of natural resources. 
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Fill in the blank: The Romans are credited with perfecting the process of ______, which uses 

microorganisms to extend shelf life. 

Figure 1.1: Timeline of food preservation practices from ancient to medieval societies 

1.1.3 Drivers of food preservation: safety, storage, trade, nutrition 

The need for food preservation was driven by several factors. Food safety refers to practices that 

prevent contamination and spoilage, ensuring food remains fit for consumption. Storage was 

essential for maintaining supplies during non-harvest seasons. Trade encouraged the development 

of preservation methods that allowed food to be transported over long distances without spoiling. 

Finally, nutrition was a key driver, as societies sought to retain the health benefits of food even 

after preservation. These drivers collectively shaped the evolution of food preservation and 

processing, making them indispensable to human progress. 

Fill in the blank: One of the main drivers of food preservation was the need to maintain ______ 

during non-harvest seasons. 
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Box 1.1: Key drivers of food preservation

 

Pilot questions 1.1 

Which early food preservation method involved drying meat in the sun? 

What is the definition of fermentation in food preservation? 

Which ancient civilisation perfected the use of salting as a preservation method? 

Name two drivers that influenced the development of food preservation practices. 

Why was trade an important factor in the evolution of food preservation? 

 

1.2 Historical Development of Food Preservation Methods 

1.2.1 Traditional preservation techniques 

Traditional methods of food preservation were developed long before modern science and 

technology. These methods relied on natural processes and readily available resources. Drying is 

the removal of moisture from food using sunlight or air, which inhibits microbial growth. Smoking 

involves exposing food to smoke from burning wood, which imparts flavour and acts as a 
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preservative. Salting is the application of salt to food, drawing out moisture and creating an 

environment unfavourable to microorganisms. Fermentation is the biochemical process where 

microorganisms such as yeast or bacteria convert sugars into alcohol or acids, thereby extending 

shelf life and enhancing flavour. These techniques were simple yet effective, and they formed the 

backbone of food preservation for centuries. 

Fill in the blank: Removing moisture from food using sunlight or air is known as ______. 

Figure 1.2: Traditional food preservation techniques 

1.2.2 Transition to scientific approaches in preservation 

With the advancement of science, food preservation methods began to shift from purely traditional 

practices to more systematic approaches. The discovery of microorganisms, defined as 

microscopic living organisms such as bacteria, yeast, and moulds, helped scientists understand the 
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causes of food spoilage. This led to the development of thermal processing, which uses heat to 

destroy harmful microorganisms and enzymes. The introduction of controlled fermentation and 

chemical preservatives further expanded the possibilities of food preservation. These scientific 

approaches allowed for greater consistency, safety, and efficiency in preserving food. 

Fill in the blank: The discovery of ______ helped scientists understand the causes of food spoilage. 

Box 1.2: Key scientific advances in food preservation

 

1.2.3 Influence of industrialisation on food processing 

The era of industrialisation brought significant changes to food preservation and processing. The 

development of machinery enabled large-scale production and packaging. Industrialisation refers 

to the process of transforming economies from manual labour and small-scale production to 

mechanised and mass production systems. Canning, refrigeration, and mechanised milling became 

widespread, allowing food to be preserved for longer periods and transported across greater 

distances. Industrialisation also introduced standards for food safety and quality, ensuring that 

preserved foods could meet the demands of growing populations and expanding markets. 

Fill in the blank: The process of transforming economies from manual labour to mechanised 

systems is called ______. 
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Plate 1.2: Industrialisation and food preservation 

Pilot questions 1.2 

What traditional preservation method involves exposing food to smoke from burning wood? 

Define fermentation in the context of food preservation. 

Which scientific discovery helped explain the causes of food spoilage? 

Name two scientific approaches that improved food preservation beyond traditional methods. 

How did industrialisation influence the development of food processing? 
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1.3 Foundations of Modern Food Processing and Preservation 

1.3.1 Scientific principles underlying preservation 

Modern food preservation is built upon well-established scientific principles that explain how food 

spoils and how it can be protected. Microbial activity refers to the growth and reproduction of 

microorganisms such as bacteria, yeast, and moulds, which cause food to deteriorate. Enzymatic 

activity is the natural chemical reaction within food that can lead to changes in colour, flavour, 

and texture. Preservation methods aim to control or eliminate these activities through techniques 

such as heating, cooling, or altering the food environment. By applying these principles, food can 

be kept safe, nutritious, and appealing for longer periods. 

Fill in the blank: Preservation methods aim to control or eliminate ______ activity and enzymatic 

activity in food. 
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Figure 1.3: Scientific basis of food preservation 

 

1.3.2 Role of technology in shaping modern food systems 

The application of technology has transformed food preservation from small-scale traditional 

practices into highly efficient modern systems. Refrigeration technology uses controlled low 

temperatures to slow microbial and enzymatic activity. Pasteurisation is the process of heating 

food to a specific temperature for a set time to destroy harmful microorganisms without 

significantly affecting taste or nutrition. Packaging technology involves enclosing food in 

protective materials to prevent contamination and extend shelf life. These technologies have made 

it possible to preserve food safely, distribute it globally, and meet the demands of growing 

populations. 
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Fill in the blank: The process of heating food to a specific temperature to destroy harmful 

microorganisms is called ______. 

Plate 1.3: Technological applications in food preservation 

1.3.3 Importance of food preservation in contemporary society 

Food preservation today is not only about preventing spoilage but also about ensuring global food 

security, reducing waste, and supporting trade. Food security refers to the availability of 

sufficient, safe, and nutritious food to meet dietary needs. Preservation methods make it possible 

to store food for longer periods, transport it across continents, and provide access to diverse diets. 

In addition, preservation reduces food waste, which is the discarding of edible food due to spoilage 

or poor storage. By ensuring that food remains safe and nutritious, preservation contributes to 

public health, economic stability, and sustainable development. 

Fill in the blank: Preservation methods contribute to reducing ______, which occurs when edible 

food is discarded due to spoilage. 

Box 1.3: Importance of food preservation in modern society 
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Pilot questions 1.3 

What is microbial activity in the context of food preservation? 

Define enzymatic activity and explain its effect on food. 

Which technology uses controlled low temperatures to slow microbial activity? 

What is the process of heating food to destroy harmful microorganisms called? 

List two ways food preservation contributes to contemporary society. 

 

Series Summary 

This Series has introduced you to the history and foundations of food processing and preservation, 

highlighting why these practices are essential for human survival and development. We began by 

examining the genesis of food preservation, focusing on early human practices and the drivers that 

made them necessary. Then, we explored the historical development of preservation methods, 

moving from traditional techniques such as drying, smoking, salting, and fermentation to the 

scientific approaches that emerged with the discovery of microorganisms and the influence of 

industrialisation. Finally, we considered the foundations of modern food processing, where 

scientific principles and technological innovations such as refrigeration, pasteurisation, and 

packaging continue to shape contemporary food systems. 

By completing this Series, you should now be able to define the origins of food preservation, 

explain how practices evolved across civilisations, analyse the drivers that necessitated 

preservation, describe traditional techniques, explain the transition to scientific approaches, 

evaluate the impact of industrialisation, and discuss the importance of food preservation in modern 

society. These abilities directly align with the Series Learning Outcomes (SLO1.1 to SLO1.9), 

ensuring that you have gained both historical insight and foundational knowledge that will support 

your understanding of subsequent Series in this course. 
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Glossary of Terms 

Drying: The process of removing moisture from food using sunlight or air, which slows down 

microbial growth and helps preserve the food. 

Enzymatic activity: Natural chemical reactions within food caused by enzymes, leading to 

changes in colour, flavour, and texture that can result in spoilage. 

Fermentation: A biochemical process where microorganisms such as yeast or bacteria convert 

sugars into alcohol or acids, extending shelf life and often enhancing flavour. 

Food preservation: Techniques and processes used to prevent food from spoiling, ensuring it 

remains safe and edible for longer periods. 

Food processing: The transformation of raw food materials into forms that are more suitable 

for consumption, storage, or trade. 

Food security: The availability of sufficient, safe, and nutritious food to meet dietary needs 

consistently. 

Food waste: The discarding of edible food due to spoilage, poor storage, or inefficiency in 

handling. 

Industrialisation: The transformation of economies from manual labour and small-scale 

production to mechanised and mass production systems, which greatly influenced food 

preservation and processing. 

Microbial activity: The growth and reproduction of microorganisms such as bacteria, yeast, 

and moulds, which cause food to deteriorate and spoil. 

Microorganisms: Microscopic living organisms, including bacteria, yeast, and moulds, that 

can cause food spoilage or be harnessed for preservation processes such as fermentation. 

Packaging technology: The use of protective materials to enclose food, preventing 

contamination and extending shelf life. 

Pasteurisation: The process of heating food to a specific temperature for a set time to destroy 

harmful microorganisms without significantly affecting taste or nutrition. 

Salting: The application of salt to food, which draws out moisture and creates conditions that 

inhibit microbial growth. 

Smoking: Exposing food to smoke from burning wood, which imparts flavour and acts as a 

preservative. 

Thermal processing: The use of heat to destroy harmful microorganisms and enzymes in food, 

thereby extending its shelf life. 

Concept Check Questions Series 1 
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Objective questions 

Drying food using sunlight or air helps to inhibit which activity? (Linked to SLO1.1) 

Which ancient civilisation perfected the process of fermentation? (Linked to SLO1.2) 

The discovery of microorganisms led to the development of which scientific preservation 

method? (Linked to SLO1.5) 

What is the process of heating food to a specific temperature to destroy harmful 

microorganisms called? (Linked to SLO1.7) 

Industrialisation introduced standards for which two aspects of food preservation? (Linked to 

SLO1.6) 

Short-answer questions 

Define microbial activity in the context of food preservation. (Linked to SLO1.7) 

Explain why trade was a key driver in the development of food preservation methods. (Linked 

to SLO1.3) 

Describe how salting preserves food. (Linked to SLO1.4) 

What role does packaging technology play in modern food preservation? (Linked to SLO1.8) 

Identify two ways food preservation contributes to contemporary society. (Linked to SLO1.9) 

Long-answer questions 

Analyse the transition from traditional to scientific approaches in food preservation, 

highlighting the role of microorganisms and thermal processing. (Linked to SLO1.5) 

Evaluate the influence of industrialisation on food processing and preservation, with examples 

of technologies introduced during this period. (Linked to SLO1.6) 

Discuss the importance of food preservation in modern society, connecting it to food security, 

waste reduction, and sustainable development. (Linked to SLO1.9) 

Answers to Concept Check Questions Series 1 

Objective questions 

Microbial activity. 

Romans. 

Thermal processing. 

Pasteurisation. 

Food safety and quality. 

Short-answer questions 
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Microbial activity is the growth and reproduction of microorganisms such as bacteria, yeast, 

and moulds that cause food spoilage. 

Trade required food to be transported over long distances, so preservation methods ensured 

food remained safe and edible during journeys. 

Salting draws out moisture from food, creating conditions that inhibit microbial growth. 

Packaging technology encloses food in protective materials, preventing contamination and 

extending shelf life. 

Food preservation ensures food security and reduces waste, while also supporting trade and 

public health. 

Long-answer questions 

Basic response: Traditional methods such as drying and salting were effective but limited. The 

discovery of microorganisms explained why food spoiled, leading to scientific approaches 

such as thermal processing, which uses heat to destroy harmful microbes. Value-added 

response: Beyond the basics, learners may note that controlled fermentation and chemical 

preservatives also emerged, providing consistency and safety. These innovations marked a 

shift from reliance on natural methods to scientifically validated processes. 

Basic response: Industrialisation introduced machinery for large-scale production, canning, 

refrigeration, and milling, which improved preservation and distribution. Value-added 

response: Outstanding learners may add that industrialisation also established regulatory 

standards for food safety and quality, enabling global trade and supporting urbanisation by 

ensuring reliable food supplies. 

Basic response: Food preservation is important today because it ensures food security, reduces 

waste, and supports public health. Value-added response: Learners who go further may 

connect preservation to sustainable development, noting its role in reducing environmental 

impact, supporting economic stability, and enabling diverse diets through global trade. 

 

Answers to Pilot Questions 1 

Part 1: Genesis of Food Preservation and Processing 

Drying meat in the sun. 

Fermentation is the biochemical process where microorganisms convert sugars into alcohol or 

acids. 

Ancient Egyptians. 

Safety and storage. 

To ensure food remained edible during long journeys. 
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Part 2: Historical Development of Food Preservation Methods 

Smoking. 

Fermentation is the conversion of sugars into alcohol or acids by microorganisms. 

Microorganisms. 

Thermal processing and chemical preservatives. 

It enabled large-scale production, packaging, and transportation of food across greater 

distances. 

Part 3: Foundations of Modern Food Processing and Preservation 

The growth and reproduction of microorganisms such as bacteria, yeast, and moulds. 

Enzymatic activity refers to natural chemical reactions within food that cause changes in 

colour, flavour, and texture. 

Refrigeration. 

Pasteurisation. 

It ensures food security, reduces waste, supports trade, promotes public health, and contributes 

to sustainable development. 

References and Attributions [Series 1] 

This section compiles references and attributions for Series 1: History and Foundations of Food 

Processing and Preservation. All sources are presented in APA style for clarity and consistency. 

Suggested Open Educational Resources (OERs) are included where applicable, and AI-generated 

illustration prompts are noted. 

General References 

Fellows, P. (2009). Food processing technology: Principles and practice (3rd ed.). Cambridge: 

Woodhead Publishing. 

Potter, N. N., & Hotchkiss, J. H. (2012). Food science (5th ed.). New York: Springer. 

Prescott, S. C., & Dunn, C. G. (2004). Industrial microbiology. New Delhi: CBS Publishers. 

Illustration References and Attributions 

Plate 1.1: Early food preservation practices 

AI-generated prompt: “Generate an illustration of prehistoric humans drying meat in 

the sun near a fire.” 

Suggested OER search string: “prehistoric food preservation drying meat OER image.” 

Figure 1.1: Timeline of food preservation practices from ancient to medieval societies 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

AI-generated prompt: “Create a timeline diagram showing food preservation methods: 

drying, salting, fermentation, pickling.” 

Suggested OER search string: “timeline of food preservation methods OER diagram.” 

Box 1.1: Key drivers of food preservation 

AI-generated prompt: “Generate a simple infographic listing four drivers of food 

preservation: safety, storage, trade, nutrition.” 

Suggested OER search string: “food preservation drivers infographic OER.” 

Figure 1.2: Traditional food preservation techniques 

AI-generated prompt: “Create a labelled diagram showing drying, smoking, salting, 

and fermentation as traditional food preservation methods.” 

Suggested OER search string: “traditional food preservation methods diagram OER.” 

Box 1.2: Key scientific advances in food preservation 

AI-generated prompt: “Generate a simple infographic listing scientific advances in 

food preservation: microorganisms, thermal processing, fermentation, 

preservatives.” 

Suggested OER search string: “scientific advances in food preservation infographic 

OER.” 

Plate 1.2: Industrialisation and food preservation 

AI-generated prompt: “Generate an illustration of an early industrial food canning 

factory with workers and machinery.” 

Suggested OER search string: “industrialisation food canning factory OER image.” 

Figure 1.3: Scientific basis of food preservation 

AI-generated prompt: “Create a diagram showing microbial activity and enzymatic 

activity leading to food spoilage, with arrows indicating preservation methods that 

control them.” 

Suggested OER search string: “food spoilage microbial enzymatic activity diagram 

OER.” 

Plate 1.3: Technological applications in food preservation 

AI-generated prompt: “Generate an illustration showing refrigeration units, 

pasteurisation equipment, and modern food packaging machines in a food industry 

setting.” 

Suggested OER search string: “modern food preservation technologies refrigeration 

pasteurisation packaging OER image.” 
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Box 1.3: Importance of food preservation in modern society 

AI-generated prompt: “Generate a simple infographic listing the importance of food 

preservation: food security, waste reduction, trade, health, sustainability.” 

Suggested OER search string: “importance of food preservation infographic OER.” 
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Introduction 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Food preservation has always been central to human survival, but the methods used have changed 

dramatically over time. From simple practices such as drying and smoking to more advanced 

scientific techniques like pasteurisation and refrigeration, each approach reflects the needs and 

knowledge of its era. Understanding both traditional and scientific methods allows us to appreciate 

the ingenuity of past generations while recognising the role of modern science in ensuring food 

safety, nutrition, and global availability. This Series builds on the foundations explored earlier, 

guiding you through the practical and scientific aspects of preservation. 

The aim of this Series is to equip you with knowledge of traditional and scientific methods of food 

preservation, enabling you to describe, explain, and evaluate their applications, strengths, and 

limitations. 

We shall commence this Series by examining traditional methods of food preservation, focusing 

on drying, smoking, salting, curing, fermentation, and pickling. Next, we will move on to scientific 

methods, including thermal processing, refrigeration, freezing, chemical preservatives, and 

controlled fermentation. Finally, we will wrap up with a comparative analysis of both approaches, 

highlighting their strengths, limitations, and the ways in which traditional knowledge can be 

integrated with modern science to create effective preservation strategies. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 2.1 describe traditional methods of food preservation such as drying, smoking, salting, 

curing, fermentation, and pickling, 

SLO 2.2 explain how drying and smoking contribute to extending the shelf life of food, 

SLO 2.3 demonstrate the process of salting and curing as traditional preservation techniques, 

SLO 2.4 analyse the role of fermentation and pickling in preserving food and enhancing flavour, 

SLO 2.5 define scientific methods of food preservation including thermal processing, 

refrigeration, freezing, and chemical preservation, 

SLO 2.6 explain the principles of thermal processing such as pasteurisation, sterilisation, and 

canning, 

SLO 2.7 apply knowledge of refrigeration and freezing to illustrate how low temperatures inhibit 

microbial activity, 

SLO 2.8 evaluate the use of chemical preservatives and controlled fermentation in modern food 

preservation, 

SLO 2.9 compare the strengths and limitations of traditional methods with those of scientific 

methods, 
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SLO 2.10 assess how traditional knowledge can be integrated with modern science to improve 

food preservation practices. 

 

2.1 Traditional Methods of Food Preservation 

2.1.1 Drying and smoking 

One of the oldest preservation techniques is drying, which is the removal of moisture from food 

using sunlight, air, or controlled heat. By reducing water content, drying inhibits microbial growth 

and enzymatic activity, making food last longer. Smoking involves exposing food to smoke from 

burning wood, which not only dries the food but also imparts flavour and introduces compounds 

that slow spoilage. These methods were widely used for meat, fish, and grains, and remain 

important in many cultures today. 

Fill in the blank: Removing moisture from food using sunlight or air is known as ______. 
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Figure 2.1: Drying and smoking as traditional preservation methods 

2.1.2 Salting and curing 

Salting is the application of salt to food, which draws out moisture and creates an environment 

unfavourable to microorganisms. Curing refers to the combined use of salt, sugar, and sometimes 

nitrates to preserve food, particularly meat and fish. These methods not only extend shelf life but 

also enhance flavour and texture. Salting and curing were essential in societies without 

refrigeration, allowing food to be stored for long journeys or winter months. 

Fill in the blank: The process of applying salt to food to draw out moisture is called ______. 
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Plate 2.1: Salting and curing in traditional preservation 

2.1.3 Fermentation and pickling 

Fermentation is the biochemical process where microorganisms such as yeast or bacteria convert 

sugars into alcohol or acids, thereby extending shelf life and often enhancing flavour. Common 

examples include yoghurt, cheese, bread, and alcoholic beverages. Pickling involves immersing 

food in vinegar or brine, creating an acidic environment that prevents microbial growth. Both 

methods not only preserve food but also add distinctive tastes and nutritional benefits. 

Fill in the blank: Immersing food in vinegar or brine to prevent microbial growth is known as 

______. 
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Box 2.1: Examples of fermented and pickled foods 

Pilot questions 2.1 

What is the process of removing moisture from food using sunlight or air called? 

Define smoking in the context of food preservation. 

What is the difference between salting and curing? 

Which microorganisms are involved in fermentation? 

What is the preservation method that uses vinegar or brine to inhibit microbial growth? 

 

2.2 Scientific Methods of Food Preservation 

2.2.1 Thermal processing (pasteurisation, sterilisation, canning) 
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One of the most widely used scientific methods is thermal processing, which involves applying 

heat to food to destroy harmful microorganisms and enzymes. Pasteurisation is the process of 

heating food to a specific temperature for a set time to kill pathogens without significantly altering 

taste or nutrition. Sterilisation uses higher temperatures to eliminate all microorganisms, ensuring 

long shelf life. Canning is a preservation method where food is sealed in airtight containers and 

subjected to heat, preventing contamination and spoilage. These techniques revolutionised food 

preservation by making products safer and more reliable. 

Fill in the blank: Heating food to a specific temperature for a set time to destroy harmful 

microorganisms is called ______. 

Figure 2.2: Thermal processing methods in food preservation 

2.2.2 Refrigeration and freezing 

Refrigeration is the use of controlled low temperatures to slow microbial and enzymatic activity, 

thereby extending the shelf life of food. Freezing goes further by lowering temperatures below the 

freezing point of water, halting microbial growth almost completely. These methods are 

particularly effective for perishable foods such as meat, fish, dairy, and vegetables. Refrigeration 
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and freezing are now indispensable in modern households and food industries, ensuring food 

remains fresh and safe for longer periods. 

Fill in the blank: Lowering food temperatures below the freezing point of water to halt microbial 

growth is known as ______. 

Plate 2.2: Refrigeration and freezing in food preservation 

2.2.3 Chemical preservatives and controlled fermentation 

Chemical preservatives are substances added to food to inhibit microbial growth and spoilage. 

Common examples include sodium benzoate, sorbic acid, and nitrates. These chemicals extend 

shelf life and maintain food quality when used within safe limits. Controlled fermentation refers 

to the deliberate use of selected microorganisms under regulated conditions to achieve consistent 

preservation outcomes. Unlike traditional fermentation, controlled fermentation ensures 
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predictable flavour, texture, and safety. Together, these methods highlight how science has refined 

natural processes to meet modern demands. 

Fill in the blank: Substances added to food to inhibit microbial growth and spoilage are called 

______. 

 

 

Box 2.2: Examples of chemical preservatives and controlled fermentation products 

 

Pilot questions 2.2 

What is the process of heating food to a specific temperature for a set time called? 

Define sterilisation in the context of food preservation. 

What is the difference between refrigeration and freezing? 

Give two examples of chemical preservatives. 

What is controlled fermentation and how does it differ from traditional fermentation? 

 

2.3 Comparative Analysis of Traditional and Scientific Methods 

2.3.1 Strengths and limitations of traditional methods 
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Traditional methods such as drying, smoking, salting, curing, fermentation, and pickling have been 

used for centuries. Their strengths include simplicity, low cost, and reliance on natural resources. 

They often add unique flavours and cultural value to food. However, their limitations include 

inconsistency, limited shelf life compared to modern methods, and vulnerability to contamination 

if not properly managed. These methods are still widely practised, especially in rural communities, 

but they may not always meet modern standards of food safety and efficiency. 

Fill in the blank: One limitation of traditional preservation methods is their vulnerability to ______ 

if not properly managed. 

 

Box 2.3: Strengths and limitations of traditional methods 

 

2.3.2 Advantages and challenges of scientific methods 

Scientific methods such as thermal processing, refrigeration, freezing, chemical preservation, and 

controlled fermentation offer greater consistency, safety, and efficiency. Their advantages include 

longer shelf life, predictable outcomes, and compliance with food safety standards. They also 

enable large-scale production and global distribution. However, their challenges include higher 

costs, dependence on technology and infrastructure, and potential health concerns if chemical 

preservatives are misused. Scientific methods are indispensable in modern food systems, but they 

require careful regulation and monitoring. 

Fill in the blank: Scientific methods provide greater consistency and safety but often require 

significant ______ and infrastructure. 
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Figure 2.3: Advantages and challenges of scientific food preservation 

2.3.3 Integration of traditional knowledge with modern science 

An important aspect of food preservation today is the integration of traditional knowledge with 

modern science. Traditional methods often carry cultural significance and unique flavours, while 

scientific methods provide safety and efficiency. Combining both approaches can lead to 

innovative practices that respect heritage while meeting modern demands. For example, controlled 

fermentation builds on traditional fermentation but ensures consistency and safety. This integration 

highlights the importance of balancing cultural practices with scientific advancements to create 

sustainable food systems. 

Fill in the blank: Controlled fermentation builds on traditional fermentation but ensures ______ 

and safety. 
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Plate 2.3: Integration of traditional and scientific preservation methods 

Pilot questions 2.3 

What is one strength and one limitation of traditional preservation methods? 

Identify two advantages of scientific preservation methods. 

What is one challenge associated with scientific methods? 

How does controlled fermentation integrate traditional and scientific approaches? 

Why is it important to balance cultural practices with scientific advancements in food 

preservation? 
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Series Summary 

This Series has guided you through both traditional and scientific methods of food preservation, 

showing how practices have evolved to meet human needs across time. We began with traditional 

methods such as drying, smoking, salting, curing, fermentation, and pickling, highlighting their 

simplicity, cultural significance, and limitations. We then moved on to scientific methods 

including thermal processing, refrigeration, freezing, chemical preservatives, and controlled 

fermentation, emphasising their consistency, safety, and efficiency. Finally, we compared the 

strengths and challenges of both approaches, considering how traditional knowledge can be 

integrated with modern science to create sustainable and effective preservation strategies. 

By completing this Series, you should now be able to describe traditional methods, explain their 

processes, and analyse their role in food preservation. You should also be able to define scientific 

methods, explain principles such as pasteurisation and refrigeration, apply knowledge of modern 

techniques, and evaluate the use of chemical preservatives and controlled fermentation. In 

addition, you should be able to compare traditional and scientific approaches and assess how they 

can be integrated. These abilities align directly with the Series Learning Outcomes (SLO 2.1 to 

SLO 2.10), ensuring you have gained practical and conceptual knowledge that strengthens your 

foundation in food processing and preservation. 

 

Glossary of Terms 

Canning: A preservation method where food is sealed in airtight containers and heated to 

destroy microorganisms, preventing contamination and spoilage. 

Chemical preservatives: Substances added to food to inhibit microbial growth and spoilage, 

such as sodium benzoate, sorbic acid, and nitrates. 

Controlled fermentation: The deliberate use of selected microorganisms under regulated 

conditions to preserve food, ensuring consistent flavour, texture, and safety. 

Curing: A preservation technique that combines salt, sugar, and sometimes nitrates to preserve 

food, particularly meat and fish. 

Drying: The removal of moisture from food using sunlight, air, or controlled heat, which slows 

microbial growth and enzymatic activity. 

Fermentation: A biochemical process where microorganisms such as yeast or bacteria convert 

sugars into alcohol or acids, extending shelf life and enhancing flavour. 

Freezing: A preservation method that lowers food temperatures below the freezing point of 

water, halting microbial growth almost completely. 
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Pasteurisation: The process of heating food to a specific temperature for a set time to destroy 

harmful microorganisms without significantly affecting taste or nutrition. 

Pickling: A preservation method that involves immersing food in vinegar or brine, creating an 

acidic environment that prevents microbial growth. 

Refrigeration: The use of controlled low temperatures to slow microbial and enzymatic 

activity, extending the shelf life of perishable foods. 

Salting: The application of salt to food, which draws out moisture and creates conditions that 

inhibit microbial growth. 

Smoking: Exposing food to smoke from burning wood, which dries the food, imparts flavour, 

and introduces compounds that slow spoilage. 

Sterilisation: A preservation process that uses high temperatures to eliminate all 

microorganisms, ensuring long shelf life. 

Thermal processing: The use of heat to destroy harmful microorganisms and enzymes in food, 

including methods such as pasteurisation, sterilisation, and canning. 

 

Concept Check Questions 2 

Objective questions 

Drying food using sunlight or air helps to inhibit which activity? (Linked to SLO 2.2) 

Which preservation method involves immersing food in vinegar or brine? (Linked to SLO 2.4) 

What is the process of heating food to a specific temperature for a set time to destroy harmful 

microorganisms called? (Linked to SLO 2.6) 

Lowering food temperatures below the freezing point of water to halt microbial growth is 

known as what? (Linked to SLO 2.7) 

Which substances are added to food to inhibit microbial growth and spoilage? (Linked to SLO 

2.8) 

Short-answer questions 

Define curing in the context of food preservation. (Linked to SLO 2.3) 

Explain the difference between refrigeration and freezing. (Linked to SLO 2.7) 

Describe one advantage and one limitation of traditional preservation methods. (Linked to SLO 

2.9) 

Identify two examples of controlled fermentation products. (Linked to SLO 2.8) 
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Why is it important to integrate traditional knowledge with modern science in food 

preservation? (Linked to SLO 2.10) 

Long-answer questions 

Analyse the role of fermentation and pickling in traditional food preservation, highlighting 

their strengths and limitations. (Linked to SLO 2.4) 

Evaluate the principles and applications of thermal processing, including pasteurisation, 

sterilisation, and canning. (Linked to SLO 2.6) 

Compare the strengths and limitations of traditional methods with the advantages and 

challenges of scientific methods. (Linked to SLO 2.9) 

Assess how integrating traditional knowledge with modern science can improve food 

preservation practices, using examples. (Linked to SLO 2.10) 

Answers to Concept Check Questions 2 

Objective questions 

Microbial activity. 

Pickling. 

Pasteurisation. 

Freezing. 

Chemical preservatives. 

Short-answer questions 

Curing is the preservation technique that combines salt, sugar, and sometimes nitrates to 

preserve food, particularly meat and fish. 

Refrigeration slows microbial and enzymatic activity by keeping food at low temperatures, 

while freezing lowers temperatures below the freezing point of water, halting microbial 

growth almost completely. 

Advantage: Traditional methods are simple and low cost. Limitation: They often produce 

inconsistent results and shorter shelf life. 

Yoghurt and cheese. 

Integration ensures cultural practices are respected while modern science provides safety, 

efficiency, and sustainability. 

Long-answer questions 

Basic response: Fermentation and pickling preserve food by creating environments that inhibit 

microbial growth. They add flavour and extend shelf life. Value-added response: Beyond 
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the basics, learners may note that fermentation can enhance nutritional value, while 

pickling provides cultural diversity in diets. However, both methods may lack consistency 

compared to scientific approaches. 

Basic response: Thermal processing uses heat to destroy harmful microorganisms. 

Pasteurisation kills pathogens without altering taste, sterilisation eliminates all 

microorganisms, and canning seals food in airtight containers. Value-added response: 

Outstanding learners may add that thermal processing revolutionised food safety, enabled 

mass production, and supported global trade, though it requires careful control to avoid 

nutrient loss. 

Basic response: Traditional methods are simple and culturally significant but less consistent, 

while scientific methods provide safety and efficiency but require infrastructure. Value-

added response: Learners who go further may highlight that combining both approaches 

can balance heritage and modern demands, ensuring sustainable food systems. 

Basic response: Integrating traditional knowledge with modern science improves preservation 

by combining cultural practices with safety and efficiency. Value-added response: 

Learners may expand by citing examples such as controlled fermentation, which builds on 

traditional fermentation but ensures consistency, or artisanal products enhanced by modern 

packaging and refrigeration. 

 

Answers to Pilot Questions 2 

Part 2.1: Traditional Methods of Food Preservation 

Drying. 

Smoking is exposing food to smoke from burning wood to dry it and add flavour. 

Salting applies salt to draw out moisture, while curing combines salt, sugar, and sometimes 

nitrates. 

Yeast and bacteria. 

Pickling. 

Part 2.2: Scientific Methods of Food Preservation 

Pasteurisation. 

Sterilisation is the use of high temperatures to eliminate all microorganisms, ensuring long 

shelf life. 

Refrigeration slows microbial activity at low temperatures, while freezing halts microbial 

growth below the freezing point. 

Sodium benzoate and sorbic acid. 
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Controlled fermentation is the deliberate use of selected microorganisms under regulated 

conditions, unlike traditional fermentation which is less predictable. 

Part 2.3: Comparative Analysis of Traditional and Scientific Methods 

Strength: Traditional methods are simple and low cost. Limitation: They can be inconsistent 

and prone to contamination. 

Longer shelf life and greater consistency. 

High costs and dependence on infrastructure. 

Controlled fermentation integrates traditional practices with scientific regulation to ensure 

consistency and safety. 

Because it respects cultural heritage while ensuring food safety, efficiency, and sustainability. 

 

References and Attributions [Series 2] 

This section compiles references and attributions for Series 2: Traditional and Scientific 

Approaches to Food Preservation. All sources are presented in APA style for clarity and 

consistency. Suggested Open Educational Resources (OERs) are included where applicable, and 

AI-generated illustration prompts are noted. 

General References 

Fellows, P. (2009). Food processing technology: Principles and practice (3rd ed.). Cambridge: 

Woodhead Publishing. 

Potter, N. N., & Hotchkiss, J. H. (2012). Food science (5th ed.). New York: Springer. 

Prescott, S. C., & Dunn, C. G. (2004). Industrial microbiology. New Delhi: CBS Publishers. 

Illustration References and Attributions 

Figure 2.1: Drying and smoking as traditional preservation methods 

AI-generated prompt: “Create a labelled diagram showing drying of grains in the sun 

and smoking of fish over a fire.” 

Suggested OER search string: “drying and smoking food preservation diagram OER.” 

Plate 2.1: Salting and curing in traditional preservation 

AI-generated prompt: “Generate an illustration showing salted fish and cured meat 

hanging in storage.” 

Suggested OER search string: “salting and curing food preservation OER image.” 

Box 2.1: Examples of fermented and pickled foods 
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AI-generated prompt: “Generate a simple infographic listing examples of fermented 

foods and pickled foods.” 

Suggested OER search string: “fermented and pickled foods infographic OER.” 

Figure 2.2: Thermal processing methods in food preservation 

AI-generated prompt: “Create a labelled diagram showing pasteurisation of milk, 

sterilisation of canned food, and canning process steps.” 

Suggested OER search string: “thermal processing pasteurisation sterilisation canning 

diagram OER.” 

Plate 2.2: Refrigeration and freezing in food preservation 

AI-generated prompt: “Generate an illustration showing refrigerated storage units and 

frozen food products in a supermarket.” 

Suggested OER search string: “refrigeration freezing food preservation OER image.” 

Box 2.2: Examples of chemical preservatives and controlled fermentation products 

AI-generated prompt: “Generate a simple infographic listing examples of chemical 

preservatives and controlled fermentation products.” 

Suggested OER search string: “chemical preservatives controlled fermentation 

infographic OER.” 

Box 2.3: Strengths and limitations of traditional methods 

AI-generated prompt: “Generate a simple infographic listing strengths and limitations 

of traditional food preservation methods.” 

Suggested OER search string: “traditional food preservation strengths limitations 

infographic OER.” 

Figure 2.3: Advantages and challenges of scientific food preservation 

AI-generated prompt: “Create a diagram comparing advantages (long shelf life, safety, 

efficiency) and challenges (cost, infrastructure, chemical concerns) of scientific 

food preservation.” 

Suggested OER search string: “scientific food preservation advantages challenges 

diagram OER.” 

Plate 2.3: Integration of traditional and scientific preservation methods 

AI-generated prompt: “Generate an illustration showing artisanal cheese production 

combining traditional techniques with modern equipment.” 

Suggested OER search string: “integration of traditional and modern food preservation 

OER image.” 
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Course code: FST201 

Course title: Principles of Food Processing and Preservation 

Course credit load: 2 Units 

List of Series: 

Foundations and History of Food Processing and Preservation 

Traditional and Scientific Methods in Food Preservation 

Principles and Technologies of Drying, Dehydration, and Chemical Preservation 

Modern Industrial Approaches: Milling, Cold Storage, Freezing, Irradiation, and Extrusion 

Emerging Techniques in Food Processing and Preservation 

 

Part 3.1 Principles of drying and dehydration 

Sub-Part 3.1.1 Definition and distinction between drying and dehydration 

Sub-Part 3.1.2 Principles of moisture removal and water activity 

Sub-Part 3.1.3 Traditional and modern drying methods 

Part 3.2 Technologies of drying and dehydration 

Sub-Part 3.2.1 Sun drying and air drying 

Sub-Part 3.2.2 Mechanical and industrial drying technologies (e.g., tray, drum, spray, freeze 

drying) 

Sub-Part 3.2.3 Applications and limitations in food preservation 

Part 3.3 Principles and applications of chemical preservation 

Sub-Part 3.3.1 Definition and role of chemical preservatives 

Sub-Part 3.3.2 Common chemical preservatives (e.g., sodium benzoate, sorbic acid, nitrates) 

Sub-Part 3.3.3 Safety considerations and regulatory standards 

Part 3.4 Comparative evaluation of drying, dehydration, and chemical preservation 

Sub-Part 3.4.1 Strengths and limitations of drying and dehydration 

Sub-Part 3.4.2 Advantages and challenges of chemical preservation 

Sub-Part 3.4.3 Integration of physical and chemical methods for effective preservation 
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Introduction 

Food preservation is essential for ensuring that food remains safe, nutritious, and available across 

seasons and distances. Among the many methods developed, drying, dehydration, and chemical 

preservation stand out as some of the most widely applied techniques. These approaches not only 

extend shelf life but also reduce waste, support trade, and provide consumers with a diverse range 

of food products. Building on the foundations explored in the previous Series, this Series focuses 

on the principles and technologies that underpin these methods, helping you to understand both 

their scientific basis and practical applications. 

The aim of this Series is to introduce you to the principles and technologies of drying, dehydration, 

and chemical preservation, and to equip you with the ability to explain, apply, and evaluate these 

methods in the context of food processing and preservation. 

We shall commence this Series by examining the principles of drying and dehydration, including 

the distinction between the two processes, the role of moisture removal, and traditional as well as 

modern methods. Next, we will move on to the technologies of drying and dehydration, exploring 

sun drying, air drying, and industrial techniques such as tray, drum, spray, and freeze drying, along 

with their applications and limitations. Following that, we will consider the principles and 

applications of chemical preservation, focusing on the role of preservatives, common examples, 

and safety standards. Finally, we will wrap up with a comparative evaluation of drying, 

dehydration, and chemical preservation, highlighting their strengths, challenges, and how they can 

be integrated for effective food preservation. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 3.1 define drying and dehydration, and distinguish clearly between the two processes, 

SLO 3.2 explain the principles of moisture removal and water activity in food preservation, 

SLO 3.3 describe traditional and modern methods of drying and dehydration, 

SLO 3.4 demonstrate knowledge of sun drying and air drying as basic preservation techniques, 

SLO 3.5 explain the operation of mechanical and industrial drying technologies such as tray, 

drum, spray, and freeze drying, 

SLO 3.6 analyse the applications and limitations of drying and dehydration in food 

preservation, 

SLO 3.7 define chemical preservatives and explain their role in food preservation, 
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SLO 3.8 identify common chemical preservatives such as sodium benzoate, sorbic acid, and 

nitrates, 

SLO 3.9 evaluate safety considerations and regulatory standards governing the use of chemical 

preservatives, 

SLO 3.10 compare the strengths and limitations of drying and dehydration with the advantages 

and challenges of chemical preservation, and 

SLO 3.11 assess how physical and chemical methods can be integrated for effective food 

preservation. 

 

3.1 Principles of Drying and Dehydration 

3.1.1 Definition and distinction between drying and dehydration 

Drying is the process of removing moisture from food using natural means such as sunlight, air, 

or smoke. It is one of the oldest preservation methods and relies on environmental conditions. 

Dehydration, on the other hand, refers to the controlled removal of moisture using mechanical or 

industrial equipment. While both methods aim to reduce water content and inhibit microbial 

growth, dehydration ensures greater consistency, efficiency, and safety compared to traditional 

drying. 

Fill in the blank: The controlled removal of moisture using mechanical or industrial equipment is 

called ______. 
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Figure 3.1: Distinction between drying and dehydration 

3.1.2 Principles of moisture removal and water activity 

The effectiveness of drying and dehydration depends on moisture removal, which reduces the 

amount of water available for microbial growth. A related concept is water activity, defined as 

the measure of free water in food that microorganisms can use for growth. Lowering water activity 

below critical levels prevents spoilage and extends shelf life. Foods with reduced water activity, 

such as dried fruits or powdered milk, remain stable for longer periods. 

Fill in the blank: The measure of free water in food that microorganisms can use for growth is 

called ______. 

Box 3.1: Key points on moisture removal and water activity 
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3.1.3 Traditional and modern drying methods 

Traditional drying methods include sun drying, air drying, and smoking. These are simple, low-

cost techniques but depend heavily on weather conditions and may expose food to contamination. 

Modern drying methods, such as tray drying, drum drying, spray drying, and freeze drying, use 

controlled environments to ensure consistency, safety, and efficiency. These technologies allow 

for large-scale production and preservation of diverse food products. 

Fill in the blank: A modern drying method that uses very low temperatures to preserve food quality 

is called ______ drying. 
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Plate 3.1: Traditional and modern drying methods 

Pilot questions 3.1 

What is the controlled removal of moisture using mechanical or industrial equipment called? 

Define water activity in the context of food preservation. 

What is one limitation of traditional drying methods? 

Name two modern drying methods. 

Which modern drying method uses very low temperatures to preserve food quality? 

 

3.2 Technologies of Drying and Dehydration 

3.2.1 Sun drying and air drying 

Sun drying is the traditional technique of spreading food under direct sunlight to remove moisture. 

It is simple and inexpensive but depends heavily on weather conditions and exposes food to 

contamination. Air drying involves exposing food to moving air, either naturally or with the aid 

of fans, to accelerate moisture removal. While both methods are cost-effective, they often lack 

consistency and control compared to modern technologies. 

Fill in the blank: The traditional technique of spreading food under direct sunlight to remove 

moisture is called ______. 
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Plate 3.2: Sun drying and air drying methods 

3.2.2 Mechanical and industrial drying technologies 

Modern food preservation relies on mechanical drying technologies, which use controlled heat 

and airflow to remove moisture more efficiently. Examples include tray drying, where food is 

placed on trays and heated air circulates; drum drying, where food is spread on a heated rotating 

drum; spray drying, which atomises liquid food into fine droplets that dry quickly in hot air; and 

freeze drying, which removes moisture by sublimation at very low temperatures, preserving 

flavour and nutrients. These technologies ensure consistency, safety, and large-scale production. 

Fill in the blank: The drying method that atomises liquid food into fine droplets and dries them 

quickly in hot air is called ______ drying. 
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Figure 3.2: Mechanical and industrial drying 

3.2.3 Applications and limitations in food preservation 

Drying and dehydration technologies are widely applied to foods such as fruits, vegetables, dairy 

products, meat, and fish. They extend shelf life, reduce weight for easier transport, and maintain 

nutritional value when properly managed. However, limitations include high energy costs, 

potential loss of flavour or texture, and the need for specialised equipment. Freeze drying, for 

example, preserves quality but is expensive, while spray drying is efficient but mainly suitable for 

liquid foods. Understanding these applications and limitations helps in selecting the most 

appropriate method for different food products. 

Fill in the blank: The drying method that preserves flavour and nutrients but is expensive is called 

______ drying. 

Pilot questions 3.2 

What is the traditional technique of spreading food under direct sunlight to remove moisture 

called? 

Define air drying in the context of food preservation. 

Which drying method atomises liquid food into fine droplets and dries them quickly in hot air? 
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Name two foods commonly preserved using drying and dehydration technologies. 

Which drying method preserves flavour and nutrients but is expensive? 

 

3.3 Principles and Applications of Chemical Preservation 

3.3.1 Definition and role of chemical preservatives 

Chemical preservatives are substances deliberately added to food to inhibit microbial growth, 

slow spoilage, and extend shelf life. They work by creating conditions that are unfavourable for 

microorganisms, such as altering pH, interfering with enzyme activity, or disrupting cell 

membranes. The role of chemical preservatives is crucial in modern food systems, as they ensure 

safety, maintain quality, and allow for longer storage and distribution. 

Fill in the blank: Substances deliberately added to food to inhibit microbial growth and extend 

shelf life are called ______. 

Figure 3.3: Mechanisms of chemical preservatives in food preservation 

3.3.2 Common chemical preservatives 

Several chemical preservatives are widely used in food preservation. Sodium benzoate is effective 

in acidic foods such as fruit juices and soft drinks. Sorbic acid is commonly used in cheese, baked 

goods, and beverages to prevent mould and yeast growth. Nitrates and nitrites are used in cured 
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meats to inhibit bacterial growth and maintain colour. Each preservative has specific applications 

depending on the type of food and desired shelf life. 

Fill in the blank: The preservative commonly used in acidic foods such as fruit juices and soft 

drinks is ______. 

 

Box 3.2: Examples of common chemical preservatives and their applications 

 
3.3.3 Safety considerations and regulatory standards 

While chemical preservatives are effective, their use must be carefully regulated to ensure 

consumer safety. Excessive or inappropriate use can lead to health risks, including allergic 

reactions or toxic effects. Regulatory bodies such as the Food and Agriculture Organization (FAO) 

and national food safety agencies establish permissible limits and guidelines for their use. 

Labelling requirements also ensure that consumers are informed about the presence of 

preservatives in food products. Safe application of chemical preservatives balances the need for 

preservation with public health concerns. 

Fill in the blank: Regulatory bodies establish permissible ______ for the use of chemical 

preservatives to ensure consumer safety. 

Pilot questions 3.3 

What are substances deliberately added to food to inhibit microbial growth and extend shelf 

life called? 

Give one example of a preservative commonly used in acidic foods. 
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Which preservative is used in cured meats to inhibit bacterial growth and maintain colour? 

Why must chemical preservatives be regulated? 

Name one international body that establishes guidelines for the safe use of chemical 

preservatives. 

 

3.4 Comparative Evaluation of Drying, Dehydration, and Chemical 

Preservation 

3.4.1 Strengths and limitations of drying and dehydration 

Drying and dehydration are effective methods for reducing moisture content in food, thereby 

inhibiting microbial growth and extending shelf life. Their strengths include simplicity, reduced 

weight for easier transport, and preservation of many nutrients. However, limitations exist, such 

as dependence on weather conditions in traditional drying, high energy costs in industrial 

dehydration, and possible changes in flavour or texture. These factors must be considered when 

selecting the appropriate method for different food products. 

Fill in the blank: One limitation of industrial dehydration is its high ______ costs. 

Box 3.3: Strengths and limitations of drying and dehydration 

 
3.4.2 Advantages and challenges of chemical preservation 

Chemical preservation offers consistency, efficiency, and extended shelf life by inhibiting 

microbial growth through substances such as sodium benzoate, sorbic acid, and nitrates. Its 

advantages include predictable outcomes, suitability for large-scale production, and compliance 

with food safety standards when properly regulated. Challenges include potential health risks if 
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misused, consumer concerns about artificial additives, and the need for strict regulatory oversight. 

Balancing these advantages and challenges is essential for safe and effective application. 

Fill in the blank: Chemical preservation provides consistency and efficiency but requires strict 

______ oversight. 

 
Figure 3.4: Advantages and challenges of chemical preservation 

3.4.3 Integration of physical and chemical methods for effective preservation 

Modern food systems often integrate physical methods such as drying and dehydration with 

chemical methods to achieve optimal preservation. For example, dried fruits may also be treated 

with preservatives to prevent mould growth, while dehydrated dairy products may include 

additives to maintain flavour and colour. This integration combines the strengths of both 

approaches, ensuring safety, efficiency, and consumer satisfaction. It also highlights the 

importance of innovation in food preservation, where traditional and scientific methods 

complement each other. 

Fill in the blank: Combining physical and chemical methods in food preservation ensures both 

safety and ______ satisfaction. 

Pilot questions 3.4 

What is one limitation of industrial dehydration? 

Identify one advantage of chemical preservation. 

Why does chemical preservation require strict oversight? 

Give an example of how physical and chemical methods can be integrated in food preservation. 

What benefit does integration of preservation methods provide to consumers? 
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Series Summary 

This Series has focused on the principles and technologies of drying, dehydration, and chemical 

preservation, showing how these methods contribute to safe, efficient, and sustainable food 

systems. We began by clarifying the distinction between drying and dehydration, exploring the 

principles of moisture removal and water activity, and considering both traditional and modern 

approaches. We then examined specific technologies such as sun drying, air drying, tray drying, 

drum drying, spray drying, and freeze drying, highlighting their applications and limitations. 

Following that, we studied chemical preservation, looking at the role of preservatives, common 

examples such as sodium benzoate and sorbic acid, and the importance of safety regulations. 

Finally, we compared the strengths and challenges of physical and chemical methods, and 

considered how they can be integrated for effective preservation. 

By completing this Series, you should now be able to define and explain key concepts such as 

drying, dehydration, and water activity, describe traditional and modern drying methods, and 

demonstrate knowledge of mechanical and industrial technologies. You should also be able to 

identify common chemical preservatives, evaluate their safety considerations, and compare 

physical and chemical approaches to preservation. In addition, you should be able to assess how 

these methods can be integrated to achieve optimal outcomes. These abilities align directly with 

the Series Learning Outcomes (SLO 3.1 to SLO 3.11), ensuring you have gained both theoretical 

understanding and practical insight into food preservation techniques. 

 

Glossary of Terms 

Air drying: A method of food preservation where food is exposed to moving air, either 

naturally or with fans, to remove moisture. 

Chemical preservatives: Substances added to food to inhibit microbial growth, slow spoilage, 

and extend shelf life. 

Dehydration: The controlled removal of moisture from food using mechanical or industrial 

equipment, ensuring consistency and safety. 

Drum drying: A modern drying method where food is spread on a heated rotating drum to 

remove moisture. 

Freeze drying: A drying method that removes moisture by sublimation at very low 

temperatures, preserving flavour and nutrients. 

Moisture removal: The process of reducing water content in food to inhibit microbial growth 

and extend shelf life. 

Nitrates/nitrites: Chemical preservatives used in cured meats to inhibit bacterial growth and 

maintain colour. 
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Sodium benzoate: A chemical preservative commonly used in acidic foods such as fruit juices 

and soft drinks. 

Spray drying: A drying method where liquid food is atomised into fine droplets and dried 

quickly in hot air. 

Sorbic acid: A chemical preservative used in cheese, baked goods, and beverages to prevent 

mould and yeast growth. 

Sun drying: A traditional preservation method where food is spread under direct sunlight to 

remove moisture. 

Tray drying: A mechanical drying method where food is placed on trays and heated air 

circulates to remove moisture. 

Water activity: A measure of the free water in food that microorganisms can use for growth. 

 

Concept Check Questions 3 

Objective questions 

Which process involves the controlled removal of moisture using mechanical or industrial 

equipment? (Linked to SLO 3.1) 

What is the measure of free water in food that microorganisms can use for growth called? 

(Linked to SLO 3.2) 

Which drying method atomises liquid food into fine droplets and dries them quickly in hot air? 

(Linked to SLO 3.5) 

Name the preservative commonly used in acidic foods such as fruit juices and soft drinks. 

(Linked to SLO 3.8) 

Which drying method preserves flavour and nutrients but is expensive? (Linked to SLO 3.6) 

Short-answer questions 

Define dehydration in the context of food preservation. (Linked to SLO 3.1) 

Explain one limitation of traditional drying methods. (Linked to SLO 3.3) 

Describe the role of sorbic acid in food preservation. (Linked to SLO 3.8) 

Identify two foods commonly preserved using drying and dehydration technologies. (Linked 

to SLO 3.6) 

Why must chemical preservatives be regulated? (Linked to SLO 3.9) 

Long-answer questions 
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Analyse the principles of moisture removal and water activity, explaining their importance in 

food preservation. (Linked to SLO 3.2) 

Evaluate the applications and limitations of mechanical drying technologies such as tray, drum, 

spray, and freeze drying. (Linked to SLO 3.6) 

Compare the strengths and limitations of drying and dehydration with the advantages and 

challenges of chemical preservation. (Linked to SLO 3.10) 

Assess how integrating physical and chemical methods can improve food preservation 

practices, using examples. (Linked to SLO 3.11) 

Answers to Concept Check Questions 3 

Objective questions 

Dehydration. 

Water activity. 

Spray drying. 

Sodium benzoate. 

Freeze drying. 

Short-answer questions 

Dehydration is the controlled removal of moisture from food using mechanical or industrial 

equipment. 

Traditional drying methods depend heavily on weather conditions and may expose food to 

contamination. 

Sorbic acid prevents mould and yeast growth in foods such as cheese, baked goods, and 

beverages. 

Fruits and dairy products. 

To prevent health risks, ensure consumer safety, and comply with food safety standards. 

Long-answer questions 

Basic response: Moisture removal reduces water content, while water activity measures free 

water available for microbial growth. Lowering water activity prevents spoilage and 

extends shelf life. Value-added response: Outstanding learners may add that controlling 

water activity is critical for designing safe food products, and that different foods require 

specific target levels to balance preservation with quality. 

Basic response: Tray drying, drum drying, spray drying, and freeze drying are mechanical 

methods that ensure consistency and efficiency. Each has specific applications and 

limitations. Value-added response: Learners may expand by noting that freeze drying 
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preserves nutrients but is costly, spray drying is efficient for liquids, and tray or drum 

drying are suitable for semi-solid foods. They may also discuss industrial scalability and 

energy demands. 

Basic response: Drying and dehydration are simple and effective but can be costly or 

inconsistent, while chemical preservation offers efficiency and predictability but requires 

strict regulation. Value-added response: Learners may highlight that consumer perceptions 

of chemical preservatives can influence acceptance, and that combining methods can 

balance safety, cost, and cultural preferences. 

Basic response: Integrating physical and chemical methods combines the strengths of both, 

ensuring safety and efficiency. Value-added response: Learners may provide examples 

such as dried fruits treated with preservatives or dehydrated dairy products with additives, 

showing how integration enhances shelf life, flavour, and consumer satisfaction. 

 

Answers to Pilot Questions 3 

Part 3.1: Principles of drying and dehydration 

Dehydration. 

Water activity. 

Dependence on weather conditions and risk of contamination. 

Tray drying and freeze drying. 

Freeze drying. 

Part 3.2: Technologies of drying and dehydration 

Sun drying. 

Air drying. 

Spray drying. 

Fruits and dairy products. 

Freeze drying. 

Part 3.3: Principles and applications of chemical preservation 

Chemical preservatives. 

Sodium benzoate. 

Nitrates/nitrites. 

To prevent health risks and ensure consumer safety. 
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Food and Agriculture Organization (FAO). 

Part 3.4: Comparative evaluation of drying, dehydration, and chemical preservation 

High energy costs. 

Consistency and efficiency. 

To prevent misuse and protect public health. 

Dried fruits treated with preservatives. 

Consumer satisfaction. 

 

References and Attributions [Series 3] 

This section compiles references and attributions for Series 3: Principles and Technologies of 

Drying, Dehydration, and Chemical Preservation. All entries are presented in APA style for 

clarity and consistency. Suggested Open Educational Resources (OERs) are included where 

applicable, and AI-generated illustration prompts are noted. 

General References 

Fellows, P. (2009). Food processing technology: Principles and practice (3rd ed.). Cambridge: 

Woodhead Publishing. 

Potter, N. N., & Hotchkiss, J. H. (2012). Food science (5th ed.). New York: Springer. 

Prescott, S. C., & Dunn, C. G. (2004). Industrial microbiology. New Delhi: CBS Publishers. 

Food and Agriculture Organization (FAO). (2019). Food additives and preservatives: 

Guidelines and standards. Rome: FAO. 

Illustration References and Attributions 

Figure 3.1: Distinction between drying and dehydration 

AI-generated prompt: “Create a diagram showing drying of grains in the sun versus 

dehydration using industrial equipment.” 

Suggested OER search string: “drying vs dehydration food preservation diagram 

OER.” 

Box 3.1: Key points on moisture removal and water activity 

AI-generated prompt: “Generate a simple infographic listing key points about moisture 

removal and water activity in food preservation.” 

Suggested OER search string: “moisture removal water activity infographic OER.” 

Plate 3.1: Traditional and modern drying methods 
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AI-generated prompt: “Generate an illustration showing grains drying in the sun next 

to modern freeze-drying equipment.” 

Suggested OER search string: “traditional vs modern drying methods food preservation 

OER image.” 

Plate 3.2: Sun drying and air drying methods 

AI-generated prompt: “Generate an illustration showing grains drying under the sun 

and fish being air dried with fans.” 

Suggested OER search string: “sun drying air drying food preservation OER image.” 

Figure 3.2: Mechanical and industrial drying technologies 

AI-generated prompt: “Create a labelled diagram showing tray drying, drum drying, 

spray drying, and freeze drying processes.” 

Suggested OER search string: “tray drum spray freeze drying food preservation 

diagram OER.” 

Figure 3.3: Mechanisms of chemical preservatives in food preservation 

AI-generated prompt: “Create a diagram showing chemical preservatives acting on 

microorganisms to inhibit growth and spoilage.” 

Suggested OER search string: “chemical preservatives food preservation diagram 

OER.” 

Box 3.2: Examples of common chemical preservatives and their applications 

AI-generated prompt: “Generate a simple infographic listing common chemical 

preservatives and their food applications.” 

Suggested OER search string: “examples of chemical preservatives in food infographic 

OER.” 

Box 3.3: Strengths and limitations of drying and dehydration 

AI-generated prompt: “Generate a simple infographic listing strengths and limitations 

of drying and dehydration methods.” 

Suggested OER search string: “strengths limitations drying dehydration food 

preservation infographic OER.” 

Figure 3.4: Advantages and challenges of chemical preservation 

AI-generated prompt: “Create a diagram showing advantages (consistency, efficiency, 

extended shelf life) and challenges (health risks, consumer concerns, regulatory 

oversight) of chemical preservation.” 
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Suggested OER search string: “advantages challenges chemical preservation diagram 

OER.” 

 

 

 

 

Course code: FST201 
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List of Series: 
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Sub-Part 4.1.1 Principles of milling in food processing 

Sub-Part 4.1.2 Types of milling equipment and applications 

Sub-Part 4.1.3 Extrusion technology and its role in modern food production 

Part 4.2 Cold storage and freezing methods 

Sub-Part 4.2.1 Principles of cold storage in food preservation 

Sub-Part 4.2.2 Freezing techniques and their applications 

Sub-Part 4.2.3 Advantages and limitations of cold storage and freezing 

Part 4.3 Irradiation in food preservation 

Sub-Part 4.3.1 Definition and principles of food irradiation 

Sub-Part 4.3.2 Applications of irradiation in food safety and preservation 

Sub-Part 4.3.3 Safety concerns and regulatory standards 

Part 4.4 Comparative evaluation of industrial approaches 

Sub-Part 4.4.1 Strengths and limitations of milling, cold storage, freezing, irradiation, and 

extrusion 
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Sub-Part 4.4.2 Integration of industrial methods for effective food preservation 

Sub-Part 4.4.3 Future trends in industrial food preservation technologies 

 

Introduction 

In today’s world, food preservation has advanced far beyond traditional methods, relying on 

modern industrial technologies to meet the demands of large-scale production, global distribution, 

and consumer safety. These approaches, including milling, cold storage, freezing, irradiation, and 

extrusion, are central to ensuring that food remains safe, nutritious, and accessible. By 

understanding these technologies, learners can appreciate how science and engineering have 

transformed food systems to support both industry and society. 

The aim of this Series is to introduce you to modern industrial food preservation techniques and 

to equip you with the knowledge and skills needed to explain, apply, and evaluate milling, cold 

storage, freezing, irradiation, and extrusion in the context of food processing. 

We shall commence this Series by exploring milling and extrusion technologies, focusing on their 

principles, equipment, and applications in food production. Next, we will move on to cold storage 

and freezing methods, examining how they extend shelf life and maintain food quality. Following 

that, we will consider irradiation, looking at its definition, applications, and safety standards. 

Finally, we will wrap up with a comparative evaluation of these industrial approaches, highlighting 

their strengths, limitations, and future trends in food preservation. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 4.1 define milling in the context of food processing, 

SLO 4.2 describe different types of milling equipment and their applications, 

SLO 4.3 explain the principles of extrusion technology and its role in modern food production, 

SLO 4.4 define cold storage and explain its importance in food preservation, 

SLO 4.5 demonstrate knowledge of freezing techniques and their applications in preserving food 

quality, 

SLO 4.6 analyse the advantages and limitations of cold storage and freezing methods, 

SLO 4.7 define food irradiation and explain its principles, 

SLO 4.8 identify key applications of irradiation in food safety and preservation, 

SLO 4.9 evaluate safety concerns and regulatory standards related to food irradiation, 
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SLO 4.10 compare the strengths and limitations of milling, cold storage, freezing, irradiation, and 

extrusion, and 

SLO 4.11 assess how industrial methods can be integrated to improve food preservation and 

discuss potential future trends. 

 

4.1 Milling and Extrusion Technologies 

4.1.1 Principles of milling in food processing 

Milling is the mechanical process of grinding or crushing food materials, such as grains, into 

smaller particles or flour. It is one of the oldest industrial food processing techniques and plays a 

vital role in producing staple foods like bread, pasta, and cereals. Milling improves digestibility, 

enhances texture, and allows for easier cooking and storage. The principle behind milling is the 

application of mechanical force to break down food structures while maintaining nutritional value. 

Fill in the blank: The mechanical process of grinding or crushing grains into flour is called ______. 

Figure 4.1: Principle of milling in food processing 

4.1.2 Types of milling equipment and applications 

Different types of milling equipment are used depending on the food product and desired outcome. 

Hammer mills use rotating hammers to crush grains, producing coarse flour. Roller mills pass 

grains between rotating cylinders to produce fine flour with uniform particle size. Stone mills 
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grind grains between two stones, often used for traditional or artisanal products. Each type of 

equipment has specific applications, ranging from large-scale industrial production to small-scale 

traditional milling. 

Fill in the blank: The milling equipment that passes grains between rotating cylinders to produce 

fine flour is called a ______ mill. 

Plate 4.1: Types of milling equipment used in food processing 

4.1.3 Extrusion technology and its role in modern food production 

Extrusion technology is a process where food materials are forced through a specially designed 

machine called an extruder, under controlled temperature and pressure, to create products with 

specific shapes and textures. Extrusion is widely used in producing snacks, breakfast cereals, pasta, 

and pet foods. The process combines cooking, shaping, and texturising in one step, making it 

efficient and versatile. Extrusion also allows for fortification of foods with vitamins and minerals, 

enhancing nutritional value. 

Fill in the blank: The machine used to force food materials through controlled temperature and 

pressure to create specific shapes is called an ______. 
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Figure 4.2: Extrusion technology in food production 

Pilot questions 4.1 

What is the mechanical process of grinding or crushing grains into flour called? 

Name one type of milling equipment used to produce fine flour. 

Which milling equipment is commonly used for traditional or artisanal products? 

What is the machine used in extrusion technology called? 

Give two examples of food products made using extrusion technology. 

 

4.2 Cold Storage and Freezing Methods 

4.2.1 Principles of cold storage in food preservation 

Cold storage refers to keeping food at low temperatures, typically between 0°C and 10°C, to slow 

down microbial growth and enzymatic activity. By reducing the rate of spoilage, cold storage helps 

maintain freshness, flavour, and nutritional quality. It is particularly important for perishable foods 

such as fruits, vegetables, dairy, and meat. 

Modern cold storage facilities often include controlled humidity to prevent dehydration of fresh 

produce, and ventilation systems to maintain air circulation. For example, apples stored at 2°C 

with 90% relative humidity can remain fresh for several months, while milk stored at 4°C can last 

up to a week. Cold storage is therefore a cornerstone of supply chains, ensuring that food reaches 

consumers in good condition. 
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Fill in the blank: The practice of keeping food at low temperatures between 0°C and 10°C to slow 

spoilage is called ______. 

Figure 4.3: Principles of cold storage in food preservation 

4.2.2 Freezing techniques and their applications 

Freezing lowers food temperature below 0°C so that water inside the food forms ice crystals. This 

halts microbial activity and slows chemical reactions, making freezing one of the most effective 

preservation methods. 

There are several techniques: 

Blast freezing: Rapid cold air circulation freezes food quickly, reducing ice crystal size and 

preserving texture. Commonly used for fish fillets and bakery products. 

Cryogenic freezing: Liquid nitrogen or carbon dioxide is used for ultra-fast freezing. This 

method is ideal for high-value products such as prawns, berries, or ready-to-eat meals, as 

it preserves delicate flavours and textures. 

Plate freezing: Food is placed between refrigerated metal plates, ensuring uniform freezing. 

Often used for packaged meat or fish blocks. 

Applications are diverse. Vegetables such as peas are blanched and then frozen to retain colour 

and nutrients. Meat and poultry are frozen to prevent microbial growth during long-distance 

transport. Ready meals are frozen to provide convenience and safety for consumers. 
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Fill in the blank: The freezing technique that uses liquid nitrogen or carbon dioxide for ultra-fast 

freezing is called ______ freezing. 

Plate 4.2: Applications of freezing in food preservation 

4.2.3 Advantages and limitations of cold storage and freezing 

Cold storage and freezing offer significant advantages, including extended shelf life, preservation 

of nutritional value, and maintenance of sensory qualities such as taste and texture. They also 

support global food distribution by allowing products to be transported over long distances. 

However, limitations include high energy costs, the need for specialised equipment, and potential 

quality issues such as freezer burn, which occurs when food is improperly packaged. Balancing 

these advantages and limitations is essential for effective use of cold storage and freezing in food 

systems. 

Fill in the blank: A common quality issue in freezing that occurs when food is improperly packaged 

is called ______ burn. 

Pilot questions 4.2 

What is the practice of keeping food at low temperatures between 0°C and 10°C called? 

Which freezing technique uses liquid nitrogen or carbon dioxide for ultra-fast freezing? 

Name two foods commonly preserved using freezing. 

What is one advantage of cold storage and freezing? 
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What is the quality issue that occurs when food is improperly packaged during freezing? 

 

4.3 Irradiation in Food Preservation 

4.3.1 Definition and principles of food irradiation 

Food irradiation is the process of exposing food to controlled doses of ionising radiation, such as 

gamma rays, X-rays, or electron beams, to eliminate harmful microorganisms, insects, and 

parasites. The principle behind irradiation is that radiation damages the DNA of these organisms, 

preventing them from reproducing and causing spoilage or disease. Unlike radioactive 

contamination, irradiation does not make food itself radioactive. Instead, it enhances food safety 

and extends shelf life. 

For example, spices treated with irradiation remain free from insect infestation, while poultry 

irradiated under approved conditions shows reduced levels of pathogens such as Salmonella. 

Fill in the blank: The process of exposing food to controlled doses of ionising radiation to eliminate 

microorganisms is called ______. 

 
Figure 4.4: Principle of food irradiation 

4.3.2 Applications of irradiation in food safety and preservation 

Irradiation has diverse applications in modern food systems. It is used to: 

Reduce microbial contamination in meat, poultry, and seafood, thereby lowering the risk of 

foodborne illness. 

Control insect infestation in grains, spices, and dried fruits, ensuring longer storage stability. 

Delay ripening and sprouting in fruits and vegetables, such as mangoes and potatoes, to 

extend shelf life. 

Sterilise food for medical use, particularly for patients with weakened immune systems who 

require pathogen-free diets. 
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These applications demonstrate how irradiation supports both consumer safety and international 

trade. For instance, mangoes exported from tropical countries are irradiated to prevent insect 

spread across borders. 

Fill in the blank: Irradiation helps reduce pathogens such as ______ and E. coli in food products. 

4.3.3 Safety concerns and regulatory standards 

Although irradiation is effective, it raises safety concerns among consumers. Some worry about 

nutritional loss or mistakenly believe that irradiated food becomes radioactive. Scientific evidence 

shows that irradiation is safe when applied within regulated limits, and nutritional changes are 

minimal. 

Regulatory bodies such as the World Health Organization (WHO), the Food and Agriculture 

Organization (FAO), and national food safety agencies establish permissible limits, approve 

facilities, and require labelling of irradiated foods. Labelling ensures transparency and builds 

consumer confidence. For example, foods treated with irradiation often carry the Radura symbol, 

which indicates compliance with international standards. 

Fill in the blank: Regulatory bodies such as WHO and FAO set ______ for the safe use of food 

irradiation. 

 

4.4 Comparative Evaluation of Industrial Approaches 

4.4.1 Strengths and limitations of milling, cold storage, freezing, irradiation, and extrusion 

Each industrial preservation method offers unique strengths but also presents certain limitations. 

Milling improves digestibility and creates versatile products such as flour, yet it can reduce fibre 

content and requires careful storage to prevent rancidity. Cold storage slows microbial growth 

and maintains freshness, but it is energy-intensive and limited to short-term preservation. Freezing 

halts microbial activity and preserves nutrients, though improper packaging can lead to freezer 

burn and texture changes. Irradiation effectively reduces pathogens and insect infestation, but 

consumer acceptance remains a challenge due to misconceptions. Extrusion allows for innovative 

product design and fortification, yet high temperatures may alter sensitive nutrients. 

Fill in the blank: A common quality issue in freezing that occurs when food is improperly packaged 

is called ______ burn. 
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Box 4.1: Strengths and limitations of selected industrial approaches 

 

4.4.2 Integration of industrial methods for effective food preservation 

In practice, food industries often integrate multiple methods to achieve optimal preservation. For 

example, grains may be milled and then stored under cold conditions to prevent spoilage. Frozen 

vegetables may also be blanched and packaged with protective films to reduce freezer burn. 

Irradiation can complement cold storage by reducing microbial load before long-term 

refrigeration. Extrusion is frequently combined with fortification, producing cereals that are both 

shelf-stable and nutritionally enhanced. Integration ensures that weaknesses in one method are 

balanced by the strengths of another, resulting in safer, higher-quality products. 
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Fill in the blank: Combining irradiation with cold storage helps reduce microbial load and maintain 

______ quality. 

 
Figure 4.5: Integration of industrial food preservation methods 

4.4.3 Future trends in industrial food preservation technologies 

Looking ahead, industrial food preservation is evolving towards greater efficiency, sustainability, 

and consumer acceptance. Advances in smart packaging are helping monitor freshness and 

reduce waste. Energy-efficient refrigeration systems are being developed to lower costs and 

environmental impact. High-pressure processing (HPP) is emerging as a non-thermal alternative 

that preserves nutrients while ensuring safety. Consumer demand for minimally processed foods 

is also driving innovation, with extrusion being adapted to produce healthier snacks and plant-

based alternatives. Irradiation is gaining wider acceptance as regulatory bodies and public 

education address misconceptions. 

Fill in the blank: A non-thermal preservation method that uses high pressure to ensure safety while 

retaining nutrients is called ______ processing. 

Pilot questions 4.4 
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What is one limitation of milling in food preservation? 

Which preservation method is energy-intensive but maintains freshness? 

How can irradiation complement cold storage? 

Name one emerging non-thermal preservation technology. 

Why is integration of methods important in industrial food preservation? 

 

Series Summary 

This Series has explored modern industrial approaches to food preservation, highlighting their 

importance in ensuring safety, quality, and efficiency across global food systems. We began with 

milling and extrusion technologies, examining how they transform raw materials into versatile 

products and support innovation in food design. We then moved on to cold storage and freezing 

methods, considering their principles, applications, and the balance between advantages and 

limitations. Following that, we studied irradiation, focusing on its role in reducing pathogens, 

controlling infestation, and meeting regulatory standards. Finally, we compared these approaches, 

assessing their strengths, limitations, and potential integration, while also looking ahead to future 

trends such as smart packaging and energy-efficient systems. 

By completing this Series, you should now be able to define and explain key industrial preservation 

methods, describe their applications, and analyse both their benefits and challenges. You should 

also be able to evaluate safety concerns and regulatory frameworks, compare different approaches, 

and assess how integration can improve food preservation practices. These abilities align directly 

with the Series Learning Outcomes (SLO 4.1 to SLO 4.11), ensuring you have gained both 

practical insight and theoretical understanding of modern industrial food preservation 

technologies. 

 

Glossary of Terms 

Blast freezing: A freezing method that uses rapid cold air circulation to quickly lower food 

temperature and reduce ice crystal size. 

Cold storage: The practice of keeping food at low temperatures, usually between 0°C and 

10°C, to slow spoilage and maintain freshness. 

Cryogenic freezing: A freezing technique that uses liquid nitrogen or carbon dioxide for ultra-

fast freezing, preserving delicate flavours and textures. 

Electron beams: A type of ionising radiation used in food irradiation to eliminate 

microorganisms and pests. 
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Extruder: A machine that forces food materials through controlled temperature and pressure 

to create products with specific shapes and textures. 

Extrusion technology: A process that combines cooking, shaping, and texturising in one step, 

often used to produce snacks, cereals, and pasta. 

Food irradiation: The process of exposing food to controlled doses of ionising radiation to 

reduce pathogens, control infestation, and extend shelf life. 

Freezer burn: A quality issue in frozen food caused by improper packaging, leading to 

dryness, discolouration, and texture changes. 

Gamma rays: A form of ionising radiation commonly used in food irradiation to destroy 

microorganisms and pests. 

Hammer mill: A type of milling equipment that uses rotating hammers to crush grains into 

coarse flour. 

Ionising radiation: Energy in the form of rays or particles that can break down DNA in 

microorganisms, preventing spoilage and disease. 

Milling: The mechanical process of grinding or crushing food materials, such as grains, into 

smaller particles or flour. 

Plate freezing: A freezing method where food is placed between refrigerated metal plates to 

ensure uniform freezing. 

Radura symbol: An international symbol used on food packaging to indicate that the product 

has been treated with irradiation. 

Roller mill: A milling machine that passes grains between rotating cylinders to produce fine 

flour with uniform particle size. 

Smart packaging: Modern packaging technology that monitors food freshness and quality, 

helping reduce waste and improve safety. 

Stone mill: Traditional milling equipment that grinds grains between two stones, often used 

for artisanal products. 

 

Concept Check Questions 4 

Objective questions 

Which milling equipment passes grains between rotating cylinders to produce fine flour? 

(Linked to SLO 4.2) 

What is the machine used in extrusion technology called? (Linked to SLO 4.3) 

At what temperature range is cold storage typically maintained? (Linked to SLO 4.4) 
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Which freezing technique uses liquid nitrogen or carbon dioxide for ultra-fast freezing? 

(Linked to SLO 4.5) 

What international symbol indicates that food has been treated with irradiation? (Linked to 

SLO 4.9) 

Short-answer questions 

Define milling in the context of food processing. (Linked to SLO 4.1) 

Explain one limitation of cold storage as a preservation method. (Linked to SLO 4.6) 

Describe the principle of food irradiation. (Linked to SLO 4.7) 

Identify two foods commonly preserved using extrusion technology. (Linked to SLO 4.3) 

Why do regulatory bodies require labelling of irradiated foods? (Linked to SLO 4.9) 

Long-answer questions 

Analyse the advantages and limitations of freezing methods, including blast and cryogenic 

freezing. (Linked to SLO 4.6) 

Evaluate the role of irradiation in food safety and preservation, considering both benefits and 

consumer concerns. (Linked to SLO 4.8, SLO 4.9) 

Compare milling and extrusion technologies in terms of their applications and impact on food 

quality. (Linked to SLO 4.1, SLO 4.3) 

Assess how integrating industrial methods such as cold storage, freezing, irradiation, and 

extrusion can improve food preservation practices. (Linked to SLO 4.11) 

Answers to Concept Check Questions 4 

Objective questions 

Roller mill. 

Extruder. 

Between 0°C and 10°C. 

Cryogenic freezing. 

Radura symbol. 

Short-answer questions 

Milling is the mechanical process of grinding or crushing food materials, such as grains, into 

smaller particles or flour. 

Cold storage is energy-intensive and limited to short-term preservation. 
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Food irradiation exposes food to controlled doses of ionising radiation to eliminate 

microorganisms and pests without making the food radioactive. 

Breakfast cereals and pasta. 

To ensure transparency, build consumer confidence, and comply with international safety 

standards. 

Long-answer questions 

Basic response: Freezing extends shelf life and preserves nutrients. Blast freezing reduces ice 

crystal size, while cryogenic freezing preserves delicate textures. Limitations include high 

energy costs and risks of freezer burn. Value-added response: Outstanding learners may 

add that blast freezing is widely used in fish exports, while cryogenic freezing is ideal for 

high-value products. They may also discuss how packaging innovations reduce freezer 

burn and improve consumer acceptance. 

Basic response: Irradiation reduces pathogens, controls infestation, and extends shelf life. 

Concerns include misconceptions about radioactivity and minor nutritional changes. 

Value-added response: Learners may expand by noting that irradiation supports 

international trade, such as tropical fruit exports, and that public education campaigns are 

essential to improve consumer acceptance. 

Basic response: Milling produces flour and other staple products, while extrusion creates 

shaped foods like snacks and cereals. Both improve digestibility and product variety. 

Value-added response: Learners may highlight that extrusion allows fortification with 

vitamins and minerals, while milling can reduce fibre content. They may also compare 

industrial scalability and nutritional impacts. 

Basic response: Integrating methods balances strengths and limitations, ensuring safer and 

higher-quality food products. Value-added response: Learners may provide examples such 

as irradiated grains stored under cold conditions, or extruded cereals fortified with nutrients 

and packaged for global distribution. They may also discuss future trends like smart 

packaging and energy-efficient refrigeration. 

 

Answers to Pilot Questions 4 

Part 4.1: Milling and extrusion technologies 

Milling. 

Roller mill. 

Stone mill. 

Extruder. 

Snacks and breakfast cereals. 
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Part 4.2: Cold storage and freezing methods 

Cold storage. 

Cryogenic freezing. 

Meat and vegetables. 

Extended shelf life. 

Freezer burn. 

Part 4.3: Irradiation in food preservation 

Food irradiation. 

Salmonella. 

Meat and spices. 

To ensure transparency and consumer confidence. 

World Health Organization (WHO) and Food and Agriculture Organization (FAO). 

Part 4.4: Comparative evaluation of industrial approaches 

Reduction of fibre content. 

Cold storage. 

It reduces microbial load and maintains quality. 

High-pressure processing. 

To balance strengths and limitations for safer, higher-quality food products. 

 

References and Attributions [Series 4] 

This section compiles references and attributions for Series 4: Modern Industrial Approaches: 

Milling, Cold Storage, Freezing, Irradiation, and Extrusion. All entries are presented in APA 

style for clarity and consistency. Suggested Open Educational Resources (OERs) are included 

where applicable, and AI-generated illustration prompts are noted. 

General References 

Fellows, P. (2009). Food processing technology: Principles and practice (3rd ed.). Cambridge: 

Woodhead Publishing. 

Potter, N. N., & Hotchkiss, J. H. (2012). Food science (5th ed.). New York: Springer. 

Prescott, S. C., & Dunn, C. G. (2004). Industrial microbiology. New Delhi: CBS Publishers. 
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Food and Agriculture Organization (FAO). (2019). Food irradiation and food safety 
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World Health Organization (WHO). (2015). Food safety and irradiation guidelines. Geneva: 

WHO. 

Illustration References and Attributions 

Figure 4.1: Principle of milling in food processing 

AI-generated prompt: “Create a labelled diagram showing grains entering a milling 

machine and flour being produced.” 

Suggested OER search string: “principle of milling food processing diagram OER.” 

Plate 4.1: Types of milling equipment used in food processing 

AI-generated prompt: “Generate an illustration showing hammer mill, roller mill, and 

stone mill side by side.” 

Suggested OER search string: “types of milling equipment hammer roller stone mill 

OER image.” 

Figure 4.2: Extrusion technology in food production 

AI-generated prompt: “Create a labelled diagram showing food material entering an 

extruder and shaped products exiting.” 

Suggested OER search string: “extrusion technology food production diagram OER.” 

Figure 4.3: Principles of cold storage in food preservation 

AI-generated prompt: “Create a labelled diagram showing cold storage chambers with 

controlled temperature and humidity for fruits and meat.” 

Suggested OER search string: “cold storage food preservation diagram OER.” 

Plate 4.2: Applications of freezing in food preservation 

AI-generated prompt: “Generate an illustration showing frozen meat, vegetables, and 

fish stored in industrial freezers.” 

Suggested OER search string: “applications of freezing food preservation OER image.” 

Figure 4.4: Principle of food irradiation 

AI-generated prompt: “Create a labelled diagram showing food products being passed 

through an irradiation chamber with gamma rays.” 

Suggested OER search string: “principle of food irradiation diagram OER.” 

Box 4.1: Strengths and limitations of selected industrial approaches 
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AI-generated prompt: “Generate a comparative infographic showing strengths and 

limitations of milling, cold storage, freezing, irradiation, and extrusion.” 

Suggested OER search string: “comparative strengths limitations food preservation 

methods infographic OER.” 

Figure 4.5: Integration of industrial food preservation methods 

AI-generated prompt: “Create a diagram showing how milling, freezing, irradiation, 

and extrusion can be combined for effective preservation.” 

Suggested OER search string: “integration of food preservation methods diagram 

OER.” 

 

 

 

Course code: FST201 

Course title: Principles of Food Processing and Preservation 

Course credit load: 2 Units 

List of Series: 

Foundations and History of Food Processing and Preservation 

Traditional and Scientific Methods in Food Preservation 

Principles and Technologies of Drying, Dehydration, and Chemical Preservation 

Modern Industrial Approaches: Milling, Cold Storage, Freezing, Irradiation, and Extrusion 

Emerging Techniques in Food Processing and Preservation 

 

Part 5.1 High-pressure and pulsed electric field processing 

Sub-Part 5.1.1 Principles of high-pressure processing (HPP) 

Sub-Part 5.1.2 Applications of HPP in food safety and quality 

Sub-Part 5.1.3 Pulsed electric field (PEF) technology and its role in non-thermal preservation 

Part 5.2 Nanotechnology and novel preservation methods 

Sub-Part 5.2.1 Introduction to nanotechnology in food systems 

Sub-Part 5.2.2 Nano-encapsulation for nutrient delivery and preservation 

Sub-Part 5.2.3 Other novel methods: ultrasound, ozone treatment, and plasma technology 

Part 5.3 Smart packaging and digital monitoring systems 
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Sub-Part 5.3.1 Principles of smart packaging 

Sub-Part 5.3.2 Indicators and sensors for freshness and safety 

Sub-Part 5.3.3 Integration of digital monitoring in food supply chains 

Part 5.4 Comparative evaluation and future outlook 

Sub-Part 5.4.1 Strengths and limitations of emerging techniques 

Sub-Part 5.4.2 Integration with traditional preservation methods 

Sub-Part 5.4.3 Future trends and sustainability considerations 

 

Introduction 

Food preservation is constantly evolving, driven by the need to maintain safety, extend shelf life, 

and meet consumer demand for high-quality products. Traditional methods such as milling, 

freezing, and irradiation have served the industry well, but new challenges such as sustainability, 

energy efficiency, and global trade require more advanced solutions. Emerging technologies are 

now reshaping the way food is processed and preserved, offering innovative approaches that 

combine science, engineering, and digital monitoring. 

The aim of this Series is to introduce you to these emerging food processing and preservation 

technologies and to equip you with the knowledge and skills needed to explain, apply, and evaluate 

their principles, applications, and future potential. 

We shall commence this Series by exploring high-pressure and pulsed electric field processing, 

focusing on their principles and uses in non-thermal preservation. Next, we will move on to 

nanotechnology and other novel methods such as ultrasound, ozone treatment, and plasma 

technology, considering how they enhance food safety and quality. Following that, we will 

examine smart packaging and digital monitoring systems, highlighting their role in freshness 

detection and supply chain management. Finally, we will wrap up with a comparative evaluation 

of these emerging techniques, assessing their strengths, limitations, and sustainability outlook for 

the future of food preservation. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 5.1 define the principles of high-pressure processing (HPP) in food preservation, 

SLO 5.2 explain the applications of HPP in improving food safety and quality, 

SLO 5.3 describe the principles of pulsed electric field (PEF) technology, 

SLO 5.4 demonstrate how PEF can be applied as a non-thermal preservation method, 
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SLO 5.5 define nanotechnology in the context of food systems, 

SLO 5.6 explain the role of nano-encapsulation in nutrient delivery and preservation, 

SLO 5.7 describe other novel preservation methods such as ultrasound, ozone treatment, and 

plasma technology, 

SLO 5.8 explain the principles of smart packaging and its role in food preservation, 

SLO 5.9 identify indicators and sensors used in smart packaging to monitor freshness and 

safety, 

SLO 5.10 analyse how digital monitoring systems can be integrated into food supply chains, 

SLO 5.11 evaluate the strengths and limitations of emerging food preservation techniques, 

SLO 5.12 assess how emerging techniques can be integrated with traditional methods to 

improve effectiveness, and 

SLO 5.13 discuss future trends and sustainability considerations in food processing and 

preservation technologies. 

 

5.1 High-Pressure and Pulsed Electric Field Processing 

5.1.1 Principles of high-pressure processing (HPP) 

High-pressure processing (HPP) is a non-thermal preservation method that uses extremely high 

pressure, typically between 300 and 600 megapascals (MPa), to inactivate microorganisms and 

enzymes in food. Unlike heat-based methods, HPP maintains the sensory and nutritional qualities 

of food because it does not rely on high temperatures. The principle is simple: pressure is applied 

uniformly and instantaneously, ensuring that microbial cells are disrupted while the food structure 

remains intact. 

For example, fruit juices treated with HPP retain their fresh flavour and vitamin content, while 

ready-to-eat meats benefit from extended shelf life without chemical preservatives. 

Fill in the blank: The non-thermal preservation method that uses pressures between 300 and 600 

MPa is called ______. 
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Figure 5.1: Principle of high-pressure processing 

 

5.1.2 Applications of HPP in food safety and quality 

HPP is widely applied in the food industry to improve safety and extend shelf life. It is particularly 

effective against pathogens such as Listeria monocytogenes and Escherichia coli, making it 

valuable for products like deli meats, seafood, and dairy. In addition, HPP preserves the natural 

colour, flavour, and nutritional profile of foods, which is especially important for fresh juices and 

smoothies. 

Another advantage is that HPP can be applied to foods already packaged, reducing the risk of post-

processing contamination. However, it is less suitable for foods containing air pockets, such as 

bread, because pressure can alter texture. 

Fill in the blank: High-pressure processing is especially effective against pathogens such as ______ 

monocytogenes. 

5.1.3 Pulsed electric field (PEF) technology and its role in non-thermal preservation 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Pulsed electric field (PEF) technology is another non-thermal preservation method that uses short 

bursts of high voltage electricity to inactivate microorganisms in liquid and semi-liquid foods. The 

principle is based on electroporation, where the electric field disrupts microbial cell membranes, 

leading to cell death. 

PEF is particularly suitable for fruit juices, milk, and liquid eggs, as it preserves flavour, colour, 

and nutrients while ensuring microbial safety. Compared to HPP, PEF is more energy-efficient 

and faster, but it is limited to pumpable foods and requires specialised equipment. 

Fill in the blank: The process where electric fields disrupt microbial cell membranes is known as 

______. 

 
Figure 5.2: Principle of pulsed electric field technology 

Pilot questions 5.1 

What non-thermal preservation method uses pressures between 300 and 600 MPa? 

Which pathogen is HPP especially effective against? 

Why is HPP less suitable for foods containing air pockets? 
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What principle underlies pulsed electric field technology? 

Name two types of foods commonly treated with PEF. 

 

5.2 Nanotechnology and Novel Preservation Methods 

5.2.1 Introduction to nanotechnology in food systems 

Nanotechnology refers to the science and application of materials at the nanoscale, typically 

between 1 and 100 nanometres. At this scale, materials exhibit unique physical and chemical 

properties that can be harnessed in food processing and preservation. In food systems, 

nanotechnology is used to improve packaging, enhance nutrient delivery, and detect spoilage. 

For example, nanoparticles can be incorporated into packaging films to provide antimicrobial 

properties, while nanosensors can detect gases released during food spoilage. These innovations 

help extend shelf life and improve food safety. 

Fill in the blank: The science and application of materials at the scale of 1 to 100 nanometres is 

called ______. 

Figure 5.3: Applications of nanotechnology in food systems 

5.2.2 Nano-encapsulation for nutrient delivery and preservation 
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Nano-encapsulation is the process of enclosing nutrients, flavours, or preservatives within 

nanoscale carriers to protect them from degradation and control their release. This technique 

ensures that sensitive compounds such as vitamins, antioxidants, and probiotics remain stable 

during processing and storage. 

Nano-encapsulation also allows targeted delivery of nutrients in the digestive system, improving 

bioavailability. For instance, omega-3 fatty acids can be encapsulated to prevent oxidation and 

unpleasant flavours, while probiotics can be protected until they reach the intestine. 

Fill in the blank: The process of enclosing nutrients within nanoscale carriers to protect them from 

degradation is called ______. 

 
Plate 5.1: Nano-encapsulation for nutrient delivery and preservation 

5.2.3 Other novel methods: ultrasound, ozone treatment, and plasma technology 

Beyond nanotechnology, several other innovative methods are emerging in food preservation. 

Ultrasound technology uses high-frequency sound waves to disrupt microbial cells and improve 

mass transfer during processing. Ozone treatment applies ozone gas, a strong oxidising agent, to 

inactivate microorganisms and degrade pesticides on food surfaces. Plasma technology involves 

ionised gases that generate reactive species capable of destroying pathogens without leaving 

harmful residues. 
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These methods are valued because they are non-thermal, energy-efficient, and capable of 

preserving food quality. For example, ultrasound can be used to tenderise meat while reducing 

microbial load, ozone can sanitise fresh produce, and plasma can sterilise packaging materials. 

Fill in the blank: The preservation method that uses ionised gases to generate reactive species for 

destroying pathogens is called ______ technology. 

Pilot questions 5.2 

What is the science and application of materials at the scale of 1 to 100 nanometres called? 

What is the process of enclosing nutrients within nanoscale carriers to protect them from 

degradation? 

Give one example of a nutrient that benefits from nano-encapsulation. 

Which novel method uses ozone gas to inactivate microorganisms and degrade pesticides? 

What preservation method uses ionised gases to generate reactive species for destroying 

pathogens? 

 

5.3 Smart Packaging and Digital Monitoring Systems 

5.3.1 Principles of smart packaging 

Smart packaging refers to packaging systems that go beyond traditional containment and 

protection by incorporating technologies that monitor, sense, and sometimes respond to changes 

in the food environment. These systems can detect spoilage, measure freshness, and provide 

information to consumers and suppliers. The principle is that packaging becomes an active 

participant in food preservation, rather than a passive container. 

For example, smart packaging may include colour-changing indicators that reveal when food is no 

longer fresh, or antimicrobial films that actively reduce microbial growth. 

Fill in the blank: Packaging systems that monitor, sense, and respond to changes in the food 

environment are called ______ packaging. 
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Figure 5.4: Principles of smart packaging 

5.3.2 Indicators and sensors for freshness and safety 

Smart packaging often uses indicators and sensors to provide real-time information about food 

quality. Indicators are visual cues, such as colour changes, that signal freshness or spoilage. 

Sensors are more advanced devices that detect gases, temperature changes, or microbial activity 

and may transmit data digitally. 

For instance, time–temperature indicators can show whether food has been exposed to unsafe 

conditions during transport. Gas sensors can detect carbon dioxide or ammonia released during 

spoilage, while biosensors can identify specific pathogens. These tools help both consumers and 

suppliers make informed decisions about food safety. 

Fill in the blank: Devices that detect gases, temperature changes, or microbial activity in smart 

packaging are called ______. 
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Plate 5.2: Indicators and sensors in smart packaging 

5.3.3 Integration of digital monitoring in food supply chains 

Digital monitoring systems integrate smart packaging with broader supply chain technologies. 

These systems use tools such as RFID (radio-frequency identification), QR codes, and blockchain 

to track food products from production to consumption. The integration ensures transparency, 

reduces waste, and enhances consumer confidence. 

For example, a QR code on packaging can provide detailed information about the product’s origin, 

storage conditions, and expiry date. Blockchain technology can record every step of the supply 

chain, ensuring authenticity and reducing fraud. Digital monitoring also supports sustainability by 

helping companies identify inefficiencies and reduce losses. 

Fill in the blank: A technology that records every step of the food supply chain to ensure 

authenticity is called ______. 

Pilot questions 5.3 

What type of packaging monitors, senses, and responds to changes in the food environment? 

What devices in smart packaging detect gases, temperature changes, or microbial activity? 

Give one example of an indicator used in smart packaging. 
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Which technology records every step of the food supply chain to ensure authenticity? 

How can QR codes in smart packaging support consumer confidence? 

 

5.4 Comparative Evaluation and Future Outlook 

5.4.1 Strengths and limitations of emerging techniques 

Emerging preservation methods such as high-pressure processing (HPP), pulsed electric field 

(PEF), nanotechnology, and smart packaging each offer distinct strengths. High-pressure 

processing (HPP) maintains flavour and nutrients while effectively inactivating pathogens. 

Pulsed electric field (PEF) is energy-efficient and suitable for liquid foods. Nanotechnology 

enhances nutrient delivery and packaging performance, while smart packaging provides real-time 

monitoring of food quality. 

However, limitations exist. HPP requires costly equipment and is unsuitable for foods with air 

pockets. PEF is restricted to pumpable foods and demands specialised systems. Nanotechnology 

raises concerns about safety and regulatory acceptance, while smart packaging can increase 

production costs and requires consumer education. 

Fill in the blank: The preservation method that is energy-efficient and suitable for liquid foods is 

called ______. 

 

 

 

 

 

 

 

 

 

 

 

Box 5.1: Strengths and limitations of emerging techniques 
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5.4.2 Integration with traditional preservation methods 

Emerging techniques are most effective when integrated with traditional methods. For example, 

HPP can complement refrigeration by extending shelf life without altering sensory qualities. PEF 

can be combined with pasteurisation to ensure microbial safety while reducing heat damage. 

Nanotechnology can enhance conventional packaging by adding antimicrobial properties, and 

smart packaging can improve traceability in supply chains already using cold storage or freezing. 

This integration balances innovation with practicality, ensuring that food industries can adopt new 

technologies without abandoning established practices. 

Fill in the blank: Combining nanotechnology with conventional packaging can add ______ 

properties to improve food safety. 
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Figure 5.5: Integration of emerging and traditional food preservation methods 

5.4.3 Future trends and sustainability considerations 

Looking ahead, the future of food preservation will be shaped by sustainability, efficiency, and 

consumer trust. Sustainability refers to practices that reduce environmental impact, such as 

energy-efficient refrigeration and biodegradable smart packaging. Efficiency involves faster, non-

thermal methods like PEF and plasma technology that preserve nutrients while lowering energy 

use. Consumer trust will depend on transparent labelling, regulatory approval, and education 

about the safety of nanotechnology and irradiation. 

Emerging trends include the use of blockchain for supply chain transparency, biodegradable films 

in smart packaging, and wider adoption of plasma and ozone treatments. These innovations aim to 

reduce waste, improve safety, and meet global demand for healthier, minimally processed foods. 

Fill in the blank: A key factor shaping the future of food preservation is consumer ______, which 

depends on transparency and education. 
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Plate 5.4: Future trends in food preservation technologies 

Pilot questions 5.4 

Which emerging preservation method is energy-efficient and suitable for liquid foods? 

What property can nanotechnology add to conventional packaging? 

Give one example of how HPP can be integrated with traditional preservation methods. 

What factor will strongly influence consumer acceptance of emerging technologies? 

Name one sustainability trend in future food preservation. 

 

Series Summary 

This Series has focused on emerging food processing and preservation technologies, highlighting 

their growing importance in meeting consumer expectations for safety, quality, and sustainability. 

We began with high-pressure and pulsed electric field processing, examining their principles and 

applications as non-thermal methods. We then moved on to nanotechnology and novel approaches 

such as ultrasound, ozone, and plasma, considering how they enhance nutrient delivery and 

microbial control. Following that, we explored smart packaging and digital monitoring systems, 
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showing how indicators, sensors, and supply chain tools improve transparency and confidence. 

Finally, we concluded with a comparative evaluation, assessing strengths, limitations, integration 

with traditional methods, and future sustainability trends. 

By completing this Series, you should now be able to define and explain the principles of these 

emerging techniques, describe their applications, and analyse their benefits and limitations. You 

should also be able to evaluate how they integrate with traditional preservation methods, apply 

knowledge of smart packaging and monitoring systems, and discuss future directions in sustainable 

food preservation. These abilities align directly with the Series Learning Outcomes (SLO 5.1 to 

SLO 5.13), ensuring you have gained both practical insight and theoretical understanding of 

modern innovations in food processing and preservation. 

 

Glossary of Terms 

Blockchain: A digital system that records transactions across a network, ensuring transparency 

and authenticity in food supply chains. 

High-pressure processing (HPP): A non-thermal preservation method that uses very high 

pressure (300–600 MPa) to inactivate microorganisms while maintaining flavour and 

nutrients. 

Indicators: Visual cues in smart packaging, such as colour changes, that signal freshness or 

spoilage. 

Nanotechnology: The science and application of materials at the nanoscale (1–100 

nanometres), used in food systems to improve packaging, nutrient delivery, and spoilage 

detection. 

Nano-encapsulation: The process of enclosing nutrients, flavours, or preservatives within 

nanoscale carriers to protect them from degradation and control their release. 

Ozone treatment: A preservation method that uses ozone gas, a strong oxidising agent, to 

inactivate microorganisms and degrade pesticides on food surfaces. 

Plasma technology: A preservation method that uses ionised gases to generate reactive species 

capable of destroying pathogens without leaving harmful residues. 

Pulsed electric field (PEF) technology: A non-thermal preservation method that applies short 

bursts of high voltage electricity to disrupt microbial cell membranes in liquid and semi-

liquid foods. 

RFID (radio-frequency identification): A technology that uses radio signals to track and 

identify food products in supply chains. 

Sensors: Devices in smart packaging that detect gases, temperature changes, or microbial 

activity, often transmitting data digitally. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Smart packaging: Packaging systems that monitor, sense, and sometimes respond to changes 

in the food environment, helping to ensure freshness and safety. 

Sustainability: Practices in food preservation that reduce environmental impact, such as 

energy-efficient refrigeration and biodegradable packaging. 

Ultrasound technology: A preservation method that uses high-frequency sound waves to 

disrupt microbial cells and improve processing efficiency. 

Time–temperature indicators: Tools in smart packaging that show whether food has been 

exposed to unsafe conditions during storage or transport. 

 

Concept Check Questions 5 

Objective questions 

Which non-thermal preservation method uses pressures between 300 and 600 MPa to 

inactivate microorganisms? (Linked to SLO 5.1) 

What principle underlies pulsed electric field (PEF) technology? (Linked to SLO 5.3) 

Which process encloses nutrients within nanoscale carriers to protect them from degradation? 

(Linked to SLO 5.5) 

What type of packaging monitors, senses, and responds to changes in the food environment? 

(Linked to SLO 5.8) 

Which digital tool records every step of the food supply chain to ensure authenticity? (Linked 

to SLO 5.10) 

Short-answer questions 

Explain one advantage of high-pressure processing (HPP) compared to traditional thermal 

methods. (Linked to SLO 5.2) 

Describe one limitation of pulsed electric field (PEF) technology. (Linked to SLO 5.4) 

Give one example of a nutrient that benefits from nano-encapsulation. (Linked to SLO 5.6) 

Identify one type of indicator used in smart packaging. (Linked to SLO 5.9) 

Why is consumer trust important in the adoption of emerging food preservation technologies? 

(Linked to SLO 5.13) 

Long-answer questions 

Analyse the strengths and limitations of nanotechnology in food preservation. (Linked to SLO 

5.5, SLO 5.6, SLO 5.7) 
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Evaluate how smart packaging and digital monitoring systems contribute to food safety and 

supply chain transparency. (Linked to SLO 5.8, SLO 5.9, SLO 5.10) 

Compare high-pressure processing (HPP) and pulsed electric field (PEF) in terms of their 

applications and suitability for different food types. (Linked to SLO 5.1, SLO 5.2, SLO 

5.3, SLO 5.4) 

Assess how integrating emerging techniques with traditional preservation methods can 

improve sustainability in food systems. (Linked to SLO 5.11, SLO 5.12, SLO 5.13) 

Answers to Concept Check Questions 5 

Objective questions 

High-pressure processing (HPP). 

Electroporation. 

Nano-encapsulation. 

Smart packaging. 

Blockchain. 

Short-answer questions 

HPP preserves flavour and nutrients while effectively inactivating pathogens without heat 

damage. 

PEF is limited to pumpable foods and requires specialised equipment. 

Omega-3 fatty acids. 

Time–temperature indicators. 

Consumer trust ensures acceptance of new technologies and supports transparency in food 

safety. 

Long-answer questions 

Basic response: Nanotechnology improves packaging and nutrient delivery, helping preserve 

food quality. Limitations include safety concerns and regulatory acceptance. Value-added 

response: Outstanding learners may add that nanotechnology enables targeted nutrient 

release, enhances antimicrobial packaging, and supports innovation, but requires careful 

risk assessment and consumer education. 

Basic response: Smart packaging and digital monitoring provide real-time information on 

freshness and safety, improving consumer confidence. Value-added response: Learners 

may expand by noting that blockchain ensures authenticity, RFID improves logistics, and 

QR codes enhance transparency, collectively reducing waste and fraud in supply chains. 
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Basic response: HPP is suitable for solid and packaged foods, while PEF is best for liquid and 

semi-liquid foods. Both are non-thermal methods that preserve nutrients. Value-added 

response: Learners may highlight that HPP is widely used for juices and meats, whereas 

PEF is more energy-efficient and faster, but less versatile. They may also discuss cost and 

scalability differences. 

Basic response: Integrating emerging techniques with traditional methods balances innovation 

with practicality, improving food safety and shelf life. Value-added response: Learners 

may provide examples such as combining HPP with refrigeration or nanotechnology with 

conventional packaging, and discuss how these integrations reduce environmental impact 

and support sustainability goals. 

 

Answers to Pilot Questions 5 

Part 5.1: High-pressure and pulsed electric field processing 

High-pressure processing (HPP). 

Listeria monocytogenes. 

Because pressure can alter texture in foods with air pockets. 

Electroporation. 

Fruit juices and liquid eggs. 

Part 5.2: Nanotechnology and novel preservation methods 

Nanotechnology. 

Nano-encapsulation. 

Omega-3 fatty acids. 

Ozone treatment. 

Plasma technology. 

Part 5.3: Smart packaging and digital monitoring systems 

Smart packaging. 

Sensors. 

Time–temperature indicators. 

Blockchain. 

By providing detailed product information and transparency. 

Part 5.4: Comparative evaluation and future outlook 
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Pulsed electric field (PEF). 

Antimicrobial. 

HPP can be integrated with refrigeration to extend shelf life. 

Consumer trust. 

Biodegradable smart packaging. 

 

References and Attributions [Series 5] 

This section compiles references and attributions for Series 5: Emerging Food Processing and 

Preservation Technologies. All entries are presented in APA style for clarity and consistency. 

Suggested Open Educational Resources (OERs) are included where applicable, and AI-generated 

illustration prompts are noted. 
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Illustration References and Attributions 

Figure 5.1: Principle of high-pressure processing 

AI-generated prompt: “Create a labelled diagram showing packaged food placed in a 

high-pressure chamber with water surrounding it.” 

Suggested OER search string: “high pressure processing food preservation diagram 

OER.” 

Figure 5.2: Principle of pulsed electric field technology 

AI-generated prompt: “Create a labelled diagram showing liquid food flowing between 

electrodes in a pulsed electric field system.” 

Suggested OER search string: “pulsed electric field food preservation diagram OER.” 
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Figure 5.3: Applications of nanotechnology in food systems 

AI-generated prompt: “Create a labelled diagram showing nanoparticles in packaging 

films and nanosensors detecting food spoilage.” 

Suggested OER search string: “nanotechnology food packaging nanosensors diagram 

OER.” 

Plate 5.1: Nano-encapsulation for nutrient delivery and preservation 

AI-generated prompt: “Generate an illustration showing fortified beverages with 

nutrients encapsulated in nanoscale carriers.” 

Suggested OER search string: “nano encapsulation nutrients food preservation OER 

image.” 

Figure 5.4: Principles of smart packaging 

AI-generated prompt: “Create a labelled diagram showing smart packaging with 

freshness indicators, antimicrobial films, and QR codes.” 

Suggested OER search string: “smart packaging food preservation diagram OER.” 

Plate 5.2: Indicators and sensors in smart packaging 

AI-generated prompt: “Generate an illustration showing packaged meat with a colour-

changing freshness indicator and a sensor label.” 

Suggested OER search string: “smart packaging indicators sensors food preservation 

OER image.” 

Box 5.1: Strengths and limitations of emerging techniques 

AI-generated prompt: “Generate a comparative infographic showing strengths and 

limitations of HPP, PEF, nanotechnology, and smart packaging.” 

Suggested OER search string: “comparative strengths limitations emerging food 

preservation methods infographic OER.” 

Figure 5.5: Integration of emerging and traditional food preservation methods 

AI-generated prompt: “Create a diagram showing integration of HPP with 

refrigeration, PEF with pasteurisation, nanotechnology with packaging, and smart 

packaging with cold storage.” 

Suggested OER search string: “integration emerging traditional food preservation 

methods diagram OER.” 

Plate 5.4: Future trends in food preservation technologies 

AI-generated prompt: “Generate an illustration showing biodegradable smart 

packaging, blockchain-enabled QR codes, and plasma-treated produce.” 
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Suggested OER search string: “future trends sustainable food preservation smart 

packaging blockchain plasma OER image.” 

 

 


