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Chapter I11. Introduction to food processing and production technologies

I. Introduction

Food technology involves applying scientific principles to various aspects of food production,
including selection, preservation, processing, packaging, distribution, and utilization, to ensure
healthy and balanced nutrition with good quality and value. Food technologists develop
methods to process, preserve, package, and store food while adhering to industry and
government standards. These technologies play a crucial role in ensuring food safety and quality

from farm to table.

Il. Characteristics of agricultural raw materials

Agricultural raw materials possess several noteworthy characteristics that impact their
suitability for use in the food industry:

1. Complexity: Agricultural raw materials are inherently complex due to their diverse
biochemical composition and organizational levels. This complexity arises from the presence
of various molecules, such as carbohydrates, proteins, lipids, vitamins, minerals, and
phytochemicals, which contribute to the nutritional and sensory properties of the raw materials.
Additionally, these materials can consist of living cells with intricate structures and functions.
Unlike simple materials, the interactions among the components in agricultural raw materials

lead to emergent properties, making their analysis and manipulation more challenging.

2. Instability: The biochemical composition and the presence of living cells, including
microorganisms, render agricultural raw materials highly unstable. Factors such as enzymatic
activity, microbial growth, chemical reactions, and physical changes can contribute to their
instability. For instance, enzymatic reactions can lead to degradation of nutrients and formation
of undesirable compounds, while microbial contamination can cause spoilage and foodborne
illnesses. Furthermore, external factors such as temperature, humidity, light, and mechanical
stress can accelerate the deterioration of agricultural raw materials. Managing this instability is

crucial to ensure the safety, quality, and shelf-life of food products derived from these materials.
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3. Variability: Agricultural raw materials exhibit significant variability in their composition,
quality, and properties. This variability can arise from several factors, including genetic
diversity, environmental conditions, agricultural practices, post-harvest handling, and storage
conditions. For example, different varieties of the same crop may contain varying levels of
nutrients and phytochemicals, while environmental factors such as soil fertility, climate, and
weather patterns can influence the growth and development of agricultural raw materials.
Moreover, variations in processing techniques and storage conditions can further impact the
quality and characteristics of these materials. Managing and minimizing variability is essential

to ensure consistency and uniformity in food production processes and end products.

I11. Transformation processes

Transformation processes in food production play a critical role in converting raw materials
into finished products, and they encompass a variety of methods and techniques. Let's explore

these processes in more detail:

1. Physical Processes: Physical processes involve the application of physical forces or changes
in temperature to transform raw materials into finished products. These processes can include
techniques such as heating, cooling, drying, freezing, milling, grinding, pressing, and extrusion.
Temperature is often used to denature proteins, deactivate enzymes, kill pathogens, and enhance
the shelf-life of products. Mechanical stress can be applied to break down cell walls, extract
juices or oils, and alter the texture of food products. Irradiation, another physical process,

utilizes ionizing radiation to control microbial contamination and extend the shelf-life of foods.

2.Biotechnological Processes: Biotechnological processes harness the power of
microorganisms, enzymes, and fermentation to transform raw materials into finished products.
Fermentation, a key biotechnological process, involves the metabolic activity of
microorganisms to produce desirable changes in food products, such as flavor development,
preservation, and production of bioactive compounds. Enzymes, either from microbial, plant,
or animal sources, are utilized to catalyze specific biochemical reactions, such as hydrolysis,
oxidation, and polymerization, to improve the quality, texture, and functionality of food

products.

3. Chemical Processes: Chemical processes, although less common in the food industry,
involve chemical reactions to bring about desired changes in raw materials or food products.

Examples of chemical processes include acidification, alkalinization, caramelization, and
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Maillard browning. These processes can be used to adjust pH, enhance flavor, color, and aroma,
as well as improve the stability and functionality of food products. However, chemical
processes are typically carefully controlled to ensure food safety and regulatory compliance.

Traditional methods of food preservation also fall under transformation processes and involve
techniques such as sun drying, salting, smoking, fermentation, and preservation by sugar and
acetic acid. These methods have been used for centuries to extend the shelf-life of foods by

inhibiting microbial growth and enzymatic activity.

Regardless of the type of transformation process employed, effective control of microbial
growth is crucial for ensuring the safety and quality of food products. This often involves
targeting elements essential for microbial development, such as water activity, availability of
oxygen, and controlling temperature throughout processing and storage. Additionally,
understanding the complexity of agricultural materials and food products is essential for
optimizing transformation processes and ensuring the desired characteristics of the final

products.

I11. Food industry
1. Objectives of the food industry
w  Transformation: The primary objective of the food industry is to transform relatively
inedible raw ingredients into edible food products through various processes such as
cooking, fermentation, extraction, separation, and blending.
=  Stabilization: Another important objective is to preserve food during periods of high
availability for consumption during off-seasons. Stabilization methods include drying,
heat or refrigeration treatments, salting, smoking, pickling, and other preservation

techniques.

2. Principles of the food industry:
= Transformation: The food industry is based on transforming products through various
processes such as cooking, fermentation, extraction, separation, blending, and

stabilization methods.
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= Unit operations: Unit operations in the food industry include mixing, separation, heat
transfer, mass transfer, size adjustment, and flow. Additionally, chemical and
biochemical operations such as enzymatic reactions, fermentations, and chemical

additions (preservatives, flavors, colorants) are crucial:

3. Unit Operations:
@ Mixing: Involves the production of a homogeneous mass from two or more
components, with objectives including ingredient incorporation and heat transfer.
= Heat Transfer: Movement of energy in the form of heat to or from a product. Heating
is used to destroy germs, extend shelf life by destroying certain enzymes, and improve
organoleptic acceptability. Cooling primarily serves a preservation function.

4. Process engineering: Process engineering involves studying, designing, and optimally
implementing physical, chemical, or biochemical transformation processes of matter, including

those specific to the food industry.

4.1. Unit Processes:
= Definition: Unit processes are simple, specific, and identifiable steps in the manufacture
of a product. Production systems require combinations of unit processes to transform
raw materials into finished products.
= Examples: Examples of unit processes include filtration, cleaning, peeling, slicing,
grating, concentration, drying, coating, and others, which may consist of combinations
of unit operations and/or chemical or biochemical operations.
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In summary :

= Agricultural raw materials for the food industry exhibit three key characteristics
: complexity, instability, and variability. They originate from agriculture, fishing,
the sea, underground sources, and the chemical industry. These materials are
complex due to their diverse biochemical composition and organizational levels.
Unlike complicated systems, where parts can be analyzed independently, complex
systems involve interactions among their elements, leading to emergent properties.
Their instability arises from their biochemical composition and the presence of
living cells, including microorganisms. While agricultural products vary in their
biological state, from living tissues to dormant seeds, stabilizing them is crucial for
food processing.

w  Transformation processes in food production involve converting raw materials
into finished products through physical, chemical, or biochemical means. These
processes can be categorized based on their main mechanisms : physical,
biotechnological, and chemical. Physical processes utilize temperature, mechanical
stress, and irradiation, while biotechnological processes rely on fermentations and
enzyme usage. Chemical processes are less common in the food industry. These
operations require analysis considering the complexity of agricultural materials
and food products, incorporating various scales and reaction dynamics.
Traditional methods include sun drying, salting, smoking, fermentation, and
preservation by sugar and acetic acid. Effective inhibition of microbial growth
involves targeting elements essential for their development, such as water, oxygen,
and temperature.

w  The food industry operates with the objectives of transforming inedible raw
ingredients into edible products and stabilizing food for consumption during off-
seasons. Guided by principles such as transformation through cooking,
fermentation, extraction, and blending, the industry utilizes unit operations like

mixing and heat transfer alongside chemical and biochemical processes. Process
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engineering, tracing back to historical milestones such as fire and pottery, involves
studying, designing, and implementing physical, chemical, or biochemical
transformations. Unit processes, comprising steps like filtration, cleaning, and
drying, are combined to convert raw materials into finished products,

underscoring the industry's multifaceted approach to ensuring the production of

safe, high-quality food.




