BLOCK-1 INTRODUCTION TO FOOD
SCIENCE AND FOOD DISPERSIONS

Food is anything solid or liquid that, when swallowed, is digested and assimilated.
In contrast, the food science is the study of the composition of food and the
scientific concepts that underlie its modification, preservation, and decay. is
known as Food-Science. Everything from growing and harvesting to processing
and packaging to shipping and selling to eating and drinking are covered under the
umbrella of food science. The processing methods are classified according to the
proportions of proteins, carbohydrates, fat, vitamins, and minerals. In the current
scenario, food science deals with the essential physical, chemical, and biological
reactions of food during processing but also facilitates knowledge in different
dimensions like food processing and engineering, food packaging, protein
chemistry, carbohydrate chemistry, lipid chemistry, sensory science, and food
safety. It is the need of the hour to focus on the needs of the consumers and
demands of the market, as the needs and demands now shift to not only
maintaining the shelf life of food products but also maintaining their organoleptic

properties.

Unit-1 deals with the ‘Introduction to Food Science’. The unit elaborates on
different aspects of food science. This unit also facilitates knowledge regarding the
evolution of the food industry and provides a detailed description of the

development of allied industries associated with food science.

Unit-2 is about ‘Constituents of Food’. This unit explains the definition,
constituents, and chemistry of food. This unit also helps to understand food's

properties and significance better.

Unit-3 covers ‘Water and Food Dispersions’. This unit discusses water's
physical, chemical, and structural properties. Detailed descriptions of different
food dispersions like gel, emulsion, and foam are given. Other terms like water
activity, food spores, freezing, free and bound water, and the rheological

properties of food are discussed in detail in this unit.
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1.0 OBJECTIVE

After reading this unit, students will be able to:

e Know the definition and concept of food science.
e Explain the evolution of the food industry.
e Describe the different allied industries of food science.

e Discuss recent advancements in food science.

1.1- INTRODUCTION- DEFINITION OF FOOD SCIENCE

Food, as it is experienced, is the core of one's being. It is a fascinating topic to
learn more about, and one knows its importance and values. In earlier days,

humans started experimenting with a wide range of shapes and flavours. Because



of this, the art of cooking came into existence. Later some people who developed

particular interests became experts and earned names and fame.

Food science and food technology can be defined as.

1.1.1- Food Science: Food science can be defined as applying the study of the
fundamental physical, chemical, and biological properties of foods as well as the

concepts of food preparation using the basic sciences and engineering.

1.1.2- Food Technology: Food technology is the application of the findings of
food science to the tasks of food procurement, storage, processing, packaging, and

distribution.

1.2-  FOOD SCIENCE AS A DISCIPLINE

The chemistry of food, including carbohydrates, proteins, fats, water, and fibre,
and their processing and storage by the body is given considerable attention in the
field of food science. Food science encompasses a wide range of subfields,
including but not limited to microbiology, engineering, and chemistry. There are
some food scientists that are also interested in the psychology of food choice
because of the direct interaction food has with humans. These professionals deal
with the gastronomic senses. Raw agricultural materials like wheat are processed
by food technologists into more refined foods like flour and baked pastries.
Chemical and mechanical engineering concepts are also present in the food
processing industry. Almost every edible item comes from some sort of living
organism. Thus, foods contain “Edible Biochemical,” and biochemists often work
with foods to understand the chemical effects of processing or storage on their
biochemistry. In a similar vein, nutritionists check on goods throughout production

to guarantee they stay true to their labelled nutrient profiles. There are also



government-employed food scientists who check for quality, safety, and accuracy
in labelling.

Within the discipline of food science, closely connected fields are important for a

better understanding of food science. The fields’ are:

1.2.1 Sensory Science: Sensory science and analysis are the methods through

which individuals assess flavours, looks, and food textures. Scientists in this
industry may develop novel food products and flavours that are either more
nutritious or more convenient. For example, they may develop an all-organic
frozen lasagna or a new cereal flavour. Others may prefer to conduct quantitative
descriptive analysis using a focus group of consumers. Participants may submit
numerical evaluations to sensory characteristics during this type of analysis.

1.2.2 Nutrition: Some food scientists are interested in finding strategies to keep
food's nutritious content while improving its organoleptic properties. This could
include fortifying foods with vitamins or folic acid, or recovering nutritional value
lost during the milling or goods manufacturing processes via the restoration or

enrichment process.

1.2.3 Food Chemistry: Understanding food chemistry is critical for producing

healthier foods. Food chemists can help extend a product's shelf life, assure
consistent texture, and provide more simple ways to produce food by

understanding the structure of basic ingredients.

1.2.4 Microbiology: This discipline investigates how microorganisms such as

bacteria, yeast, and mould interact with food. Food safety professionals may study
microbiology to discover how to remove hazardous germs and mould from foods,
and then conduct testing to assure consistency throughout their supply chain (from
processing to transportation to retail channels to customers). Fermented foods are a
subset of the microbiology study of dairy products, soy, drinks, vegetables, and

other foods.

1.2.5 Engineering and Processing: Food engineers are critical in the

transformation of basic ingredients into safe and healthy meals. Process engineers



then assist in maintaining flavour, colour, and shelf life by making identical candy
bars and deciding on the material of the wrapper. Packaging, such as vacuum-
sealed meats, and even genetically engineering apples to produce thicker skins are

examples of this.

13 EVOLUTION OF THE FOOD INDUSTRY

The food business is a diverse group of enterprises that operate on a worldwide
scale and are responsible for providing food and energy to a major section of the
world's population. The food processing industry is one of India's most important
and significant economic sectors. It ranks sixth in terms of output, consumption,
exports, and predicted growth. The food processing business is widely regarded as
a 'Sunrise business' in India, with enormous potential for boosting the agricultural
economy, establishing large-scale processed food production and food chain
facilities, and producing jobs and export revenues. From being the world's second-
largest food producer to the world's number-one producer, India has immense
growth potential. The word "food processing” refers to the handling of a wide
range of commodities originating in several sub-industries such as agriculture,
horticulture, plantations, animal husbandry, and fisheries. The transportation of
food from the farm to the consumer's plate is a critical component of the food
industry.

India's culinary tradition is always evolving in new directions. As a result of
urbanisation, increased salaries, an increase in the number of working women, and
the proliferation of fast food outlets, the acceptance of pre-packaged and ready-to-
eat food products is increasing, particularly among the urban middle class. Food
goods that are highly specialised, highly processed or packed, as well as ready-to-

serve, ready-to-cook, or reconstitutable, are in great demand.

India is the world's second-largest food producer, trailing only China. India has a
production advantage in many agricultural items and the potential to develop a

wide range of agricultural raw materials required by the food-processing industry



due to its diversified agro-climatic conditions. India is a significant supplier of
spices, essential oils, condiments, and fruit pulps.

Small and medium-sized local players who are familiar with the local food habits
and marketplaces have a competitive edge in the marketplace as a result of the
significant variances in food habits and culinary traditions that can be found across
the country. By lowering their pricing, several Indian food-processing companies
have been able to grow their share of the market. Imports are made considerably
more expensive due to the high import levies placed on processed goods and food
products.

As India’s total food production is expected to triple in the next 10 years, there is a
huge opportunity for major investments in food processing, notably in canning,
dairy processing, speciality processing, packaging, frozen food/refrigeration, and
thermal processing. The majority of the industry's subsectors have recently
expanded rapidly. The food processing sector is one of India's most important

industries in terms of production, consumption, exports, and growth potential.

In the recent decade, India has transitioned from a scarcity to a surplus in terms of
food. The Indian food processing business is on a definite path to expansion and
profitability in the coming decades. In 2018, the packaged food segment grew by
double digits, with edible oils and dairy products accounting for a sizable part.
Packaged flatbread sales (chapatis, naans, rotis, parathas, and kulcha) have also
increased, owing to the introduction of GST and variable serve packs, as well as a
lower tax level. Consumer demand for packaged dessert mixes and other premium

packaged bakery goods (croissants, filled muffins, etc.) has also surged.

Meanwhile, the breakfast cereal market, rebranded as a healthy snack, is becoming
more competitive, with new entries as well as novel versions aimed at health-

conscious customers.

Interestingly, with year-round availability of fresh produce, retail demand for

frozen vegetables is dropping; but, demand for frozen vegetables is increasing



among food service providers. The frozen processed seafood category grew in
popularity, as did demand for overseas seafood. Internet retail channels, a growing
emphasis on healthful food, and the convenience of long-term storage are further

driving growth in the seafood market.

Consumer preferences are shifting towards healthier foods and the convenience of
long-term storage. In cereals, the development of varieties such as muesli and
granola has disrupted the conventional breakfast cereal product, flakes; in edible
oils, there has been a trend towards olive oil and rapeseed oil as favoured edible
oils. Meanwhile, the Indian market for naturally healthy beverages and Ayurvedic-
based juices has seen tremendous value development. In recent years, organic
packaged food has shown double-digit growth in retail volume and current value

sales.

Other food segments showing high growth include sauces, soups, noodles and
pasta, chocolate confectionary, specialized cheeses (Mozzarella, Cheddar, and

Parmesan), etc.

1.3.1Dairy Processing

India's effectiveness in implementing Operation Flood Programmes has allowed
the country to preserve its status as the world's leading milk producer since 1988.
Milk is produced, processed, and sold/consumed in India in a way that is
completely different from everywhere else in the world. To make the dairy
industry sustainable and profitable, almost 70 million rural households (mostly

small and marginal farmers and landless labourers) produce milk.
1.3.2 Health Food

Another rapidly growing food market category that is gaining appeal among the
health-conscious is health food and supplements. India is one of the world's largest
food producers, accounting for less than 1.5 percent of global food commerce.
This represents a large opportunity for both investors and exporters.



1.3.3 Value-Added Food Products

India produces milk, rice, wheat, fruits, vegetables, livestock, fish, seafood, and
eggs, and the country is among the top producers in the world. In comparison to
its agricultural output, its existing food processing facilities are limited. Only 8%
of agricultural output is converted into value-added products. However, according
to demand, the manufacturing of value-added products in India is expected to

increase in the future years.

1.3.4 Fruits and Vegetable Processing-

Ready-to-drink beverages, fruit juices, pulps, dried and frozen fruit and vegetable
goods, tomato products, pickles, convenience vegetable-spice pastes, processed
mushrooms, and curried vegetables have all showed signs of growth in recent

years.

Domestic consumption of value-added fruits and vegetables is low in comparison
to processed foods and fresh fruits and vegetables. In India, only a small

percentage of fruits and vegetables are processed.

1.3.5 Meat and Meat Processing:

India has the world's greatest livestock population, with 50 percent of the world's
buffaloes and 20 percent of the world's cattle, yet only around 1 percent of total
meat production is transformed to value-added goods. Poultry meat is India's

fastest-growing animal protein in the meat and meat processing business.

Freshly cut meat purchased at a wet market is significantly more popular among
Indian consumers than frozen or processed meat items. As a result, large
processing companies have been unable to expand their economic interests in this
area. Only around 1% of this is processed into value-added products (ready-to-eat

or ready-to-cook). Large animals are primarily processed for export.



However, in recent years, as a result of newly emerging health risks from diseases
that can be transmitted from animals to humans through meat, consumers of meat
have become more vigilant regarding the wholesomeness of the meat, and they are
demanding that meat and poultry products be processed in an environment that is
clean and sanitary. This demand is a direct result of the growing concern that
consumers have regarding the safety of the meat. The demand for "convenience
items” such semi-cooked, ready-to-eat, and ready-to-cook meat products are
expected to increase in metropolitan regions and other urban areas in the near
future. In accordance with the Meat Food Products Order (MFPO) of 1973, a
licence is required for the processing of meat products.

[The primary goals of the Meat and Fish Products Organisation Act of 1973 are to
regulate the production and sale of meat food products through manufacturer
licencing, to enforce the sanitary and hygienic conditions prescribed for the
production of wholesome meat food products, and to exercise stringent quality
control at all stages of the production of meat food products, fish products,

including chilled poultry, and so on.

1.3.6- Ethnic Food/Street Food-

In industrialised countries, the concept of a traditional food street has taken on new
meaning, with food streets emerging as new tourist attractions. Food streets in
major tourist locations are typically filled with interesting local cuisine. Street food

has long been popular in India due to its low cost and easy accessibility.

This is an area with enormous potential for greater revenue creation for merchants
as well as a boost to the tourism sector. This may also increase the popularity of

local cuisine traditions, such as fast food, which is popular among Indians.



14 CHALLENGES FOR THE FOOD INDUSTRY

The food and beverage business is a consumer-driven, multibillion-dollar vertical
industry that, while demonstrating admirable, excessive growth, is nevertheless
beset by a number of challenges. People are becoming more nutrition-conscious,
preferring fat- and sugar-free foods, and are generally more inclined to maintain
good health. This school of thought is supported by the notion that food products
are evaluated based on their quality and nutritional value. This dynamic thought
process has compelled food companies to implement substantial modifications in
the present manufacturing process in order to effectively address some of the food

and beverage market's critical difficulties.

1.4.1- The ‘Plastic Ban’

The steady growth rate of industrialization, of which the food and beverage sector
Is a vital arm, had a terrible influence on the environment, which has become one
of the major difficulties confronting food and beverage management today. Food
and beverage makers and merchants are currently working to make the food
manufacturing process more environmentally friendly by implementing a variety
of recycling practises. Green business practises, from production to packaging and
supply chain management, are critical to addressing contemporary food industry

concerns.

Another environmental component that contributes to the current issues of the
food and beverage industry is waste management. The food sector generates
significant waste, from raw material procurement to food retailing and distribution.
The detrimental impact has been identified as one of the most critical
environmental challenges in the food and beverage industry, which must be

addressed promptly.



1.4.2- The rise of health-consciousness among consumers-

Food-related problems are becoming more common, prompting consumers to
adjust their diet and lifestyle, making them more health-conscious than ever. As a
result, one of the most difficult tasks in the food and beverage industry is for
producers to provide nutritious goods that deliver adequate nutrients while not
detracting from the brand's attractiveness. This has resulted in a variety of nutrient-
dense foods appearing in supermarket aisles labelled 'gluten-free," ‘dairy-free,
‘sugar-free," and so on. The vast proliferation of the food supplement ingredient

business is an excellent example of justification for the aforementioned.

Another trend that is at the heart of the issues that food and beverage managers
face is the growing desire for organic products. The sharp decline in demand for
processed foods has propelled the organic food sector, raising awareness of natural
foods' good health effects. This has boosted demand for natural, nutritious foods,

propelling organic rice protein market trends.

1.4.3- The rising concerns about product traceability-

Traceability is a crucial concern in the food and beverage business, not just for
record management but also for meeting the bottom line—generating money for
all sectors. Consumers' increasing interest in knowing what goes into their food
has resulted in 'ingredient labelling' being an important aspect of the packaging
process. End-to-end traceability has emerged as one of the current trends in the
food and beverage industry, with public faith in food supply chains dwindling and

awareness of flaws in the F&B supply chain expanding over the previous decade.

1.4.4- The ascent of the meat-free and veganism trends

The increased concern for animals is causing a shift in people's eating habits. As
more consumers choose vegetarian and vegan products, demand for meat and
other products has decreased dramatically, providing a big issue in the food and

beverage business. People prefer purchasing products with labels such as



"humane-certified" and "cage-free" because social platforms and internet

information portals have opened the path for animal abuse awareness.

1.4.5- The pervasive presence of e-commerce

An online presence is a significant challenge in the food and beverage industry,
considering consumers are more tech-savvy and socially informed. Undeniably,
the challenges faced by food and beverage managers are a dime a dozen, owing to
the ridiculously fierce competition and the fact that a single change is bound to
affect the entire supply chain. Newer markets, changing consumer spending,
increasing food prices, global appetite, and advanced technology will bring about
extensive changes in this sector in the next few years. Despite the consistent
challenges facing the food and beverage industry, it is predicted to show healthy
gains in the future. It is unclear how the global F&B market will perform in the
coming years as a result of rising disposable income, shifting lifestyles, and

beneficial government reforms.

1.5 NEW OPPORTUNITY FOR FOOD PROCESSING INDUSTRY IN INDIA

The uniform market size of India, along with rising incomes and changing
lifestyles, has provided great market prospects for food producers, machinery
manufacturers, food technology and service suppliers. The food processing
business has a high potential for export and employment. Investor-friendly policies
are in place, and the country has ample technology and human resources.
However, poor quality perceptions and an unfavourable image of Indian products
are preventing Indian food products from making significant inroads into

worldwide markets.

The production of high-quality processed meals that fulfil international quality
standards and regulations could open up new markets for Indian food goods. This
will help India to become a prominent player in the global food market by creating
a dynamic and competitive local food processing industry. A shift in attitude

towards quality is required.



1.6 MAIN INITIATIVE FOR FOOD PROCESSING INDUSTRY IN INDIA

1.6.1- Cold Chain: To address the situation and create a modern cold chain for the
preservation and value addition of perishables

1.6.2- Mega Food Parks- A new mega food park project in the country is

suggested, with each park including a well-defined agri-horticultural processing
zone with state-of-the-art processing equipment, support infrastructure, and a well-
established supply chain. The Mega Food Park is intended to eventually connect
farmers with retail markets while minimising intermediaries. a vibrant and
competitive local food processing industry, allowing India to become a prominent

player in the global food market. A shift in attitude towards quality is required.
1.6.3- Abattoirs-

The Indian meat business is concerned on sanitary and scientific slaughtering, as
well as the best use of by-products. It causes massive waste, contamination, and
unnecessary cruelty to animals. The ministry is initiating a comprehensive

initiative to upgrade existing abattoirs and build modern abattoirs.
1.6.4- Food Parks-

The government is working on agri-zones and the concept of mega food parks to
help the food sector. Twenty mega parks will be built in various cities around the
country to attract Foreign Direct Investment (FDI) in the food processing sector.
Between January 2002 and May 2005, the government authorised 105 bids from
foreign manufacturers to establish food processing factories in India, total Rs.
643.47 crore (US$ 144 million).

1.7 DEVELOPMENT OF ALLIED INDUSTRIES OF THE FOOD
INDUSTRY

In terms of growth, production, consumption, and exports, India's food processing

industry is among the largest in the country. Meat, poultry, fisheries, fruits,



vegetables, spices, milk and milk products, alcoholic drinks, plantations, and
cereals are all produced by the industry. In India, there are various additional
businesses that are closely related to the food industry and are referred to as "allied
industries” of the food industry. Food and processing industries are related with

the following fields or sectors:

1.7.1- Food Chemistry: Because foods are inherently biological molecules that

are highly changeable and complicated, food chemistry is a constantly evolving
and increasing branch of knowledge that underpins other fields of food science.
Food chemists work to identify the composition and qualities of food, as well as to
understand the chemical changes that occur throughout production, storage, and

consumption and how they might be managed.

1.7.2- Food Analysis: This field deals with the basic properties of foodstuffs and

different instrumental methods for determining their composition.

1.7.3- Food Biochemistry: Food science is an interdisciplinary field that requires

knowledge of microbiology, chemistry, biology, biochemistry, and food system
engineering. Understanding biochemical processes is essential for controlling

many elements of food properties and stability.

1.7.4- Food Biotechnology: Biotechnology has been broadly defined as utilizing

biologically derived molecules, structures, cells, or organisms to carry out a
specific process. Many conventional food processing techniques utilize living
organisms and bioactive molecules, especially in the brewing and fermentation

industries.

1.7.5- Food Microbiology: This field discusses the microorganisms essential to

the food industry, including viruses, bacteria, yeasts, protozoa, and worms. The
field experts associated with the examination of microbial growth and methods of

measuring these microbial growths.



1.7.6- Food Processing: Food processing involves different cleaning, separation,

size reduction, combining, heating, cooling, and packaging activities that convert
basic food resources into high-quality, nutritious products. We become dependant
on indigenous, in-season foods if food processing is not available. Food processing
increases shelf life while also adding variety and a more sensory eating

experience.

1.7.7- Food Engineering: In a food processing plant, raw food is converted and

processed into desired products using a variety of equipment. In designing food
processing equipment for any given purpose, an engineer must consider numerous
criteria that are inherent to the process. So this industry is mostly associated with

designing food processing equipment.

1.7.8- Food Packaging- Food processing involves different cleaning, separation,

size reduction, combining, heating, cooling, and packaging activities that convert
basic food resources into high-quality, nutritious products. We become dependant
on indigenous, in-season foods if food processing is not available. Food processing
increases shelf life while also adding variety and a more sensory eating

experience.

1.7.9- Nutrition: In the present scenario, not only is nutrition shaping the
development of new food products, but technological innovations have helped

create a range of nutritious and functional foods.

1.7.10- Sensory Evaluation: Sensory evaluation is a science that measures

people's reactions to items as perceived via their senses. Understanding human
behaviour and the physiology of the senses is essential for acquiring useful
information. The impact of physical features on sensory characteristics and,
ultimately, how they affect consumer preference and purchasing behaviour is an

important rationale for sensory testing of processed food products.

1.7.11- Quality Assurance and Legislation: Consumers want safe food, and

legislation is being drafted to assist assure this. Food scientists and technologists



play an important part in the manufacture of safe and healthful food that satisfies
the needs of customers. They are responsible for ensuring that necessary
inspections on suppliers are performed, establishing effective quality procedures,

and assisting in the maintenance of product safety and quality.

1.7.12 Regulatory Toxicology-The presence of potentially hazardous compounds
in food is a global public health concern, and most countries handle these potential
dangers through regulatory toxicology. Different regulatory toxicology agencies
evaluate animal and other research to characterise dangers and, when possible,
determine safe or tolerable levels based on adequate levels of protection.

1.8 LET US SUM UP

In this unit, we have discussed the definition and concept of food science and food
technology. After that, we have a detailed description of food science as a
discipline, as different disciplines are closely associated with it, like food
microbiology, food chemistry, sensory science, etc. This unit also facilitates
knowledge about the evolution of the food industry, in which we have discussed
some major industries of the food industry, including the dairy industry, fruit and
meat processing industries, and value-added and ethnic food products, which have
shown major evolution in recent years. The major challenges of the food industry,
like plastic bans and veganism, were also discussed in the unit, and at the same
time, major opportunities in the food industry were also marked in this unit, like
cold chains and mega food parks. The different allied industries of food science

were also discussed in the unit.

After going through this unit, a complete knowledge of different aspects of food

science as a discipline and the food processing industry must be facilitated.

Food Science Food Science can be defined as the study of the

fundamental physical, chemical, and biochemical nature of



foods as well as the fundamental principles of food
processing through the application of the fundamental

sciences and engineering.

Food Technology Food technology is the application of the knowledge
gained from food science to the activities of food selection,
preservation, processing, packaging, and distribution, with
the goal of ensuring that consumers are consuming food

that is not only healthful but also safe.

Food Processing  The processing of food is often a mechanical process that
involves the use of equipment for extrusion, massive
mixing, grinding, chopping, and emulsifying in the

preparation of the final product.

Value Added A change in the physical state or form of the product in a

Products manner that enhances its value.

Cold Chain The cold chain is defined as the series of actions and
equipment applied to maintain a product within a specified
low-temperature range from harvest or production to

consumption.

Mega Food Park Mega Food Park is a scheme of the Ministry of Food
Processing to establish a "direct linkage from farm to
processing and then to consumer markets" through a

network of collection centers and primary processing

centers.
Sensory Sensory analysis is a scientific discipline that applies
Evaluation principles of experimental design and statistical analysis to

the use of human senses to evaluate consumer products.

CHECK YOUR PROGRESS EXERCISE




1-  What do you understand by the term “Food Science”?

2-  Write down a short note on “Challenges for the Food Industry”.
3- Briefly explain the new opportunities for the food processing industry.
4- Write down about Allied Industries of Food Science.

Fill in the Blanks-

1. A process that changes the physical state or form of the food product in a
manner that enhances its value is known as ...........................e

2. A scientific discipline that applies principles of experimental design and
statistical analysis to the use of human senses to evaluate consumer
products is known as.......................

3. A series of actions and equipment applied to maintain a product within a
specified low-temperature range from harvest/production to consumption is

knownas ......oooeeveiiiiiiiiiin..



A o, field deals with the basic properties of foodstuffs
and different instrumental methods for the determination of the

composition of foodstuffs.

State whether the statement is True or False-

1. Food processing transforms raw food materials through a variety of
methods into high-quality, nutritious products.

2. Food biotechnologists attempt to define the composition and properties of
food and understand the chemical changes undergone during production,
storage, and consumption.

3. Food science is the use of the information generated by food science in the
selection, preservation, processing, packaging, and distribution of food.

4. Mega Food Park is a scheme of the Ministry of Food Processing.
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1.0 OBJECTIVE

After reading this unit, students should be able to-
e Understand the major properties of Food
o Know the significance of different properties of Food

e Know the constituents of food and their properties and significance



1.1 INTRODUCTION TO MAJOR PROPERTIES OF FOOD

Food has two crucial properties: nutritive value and hedonic value. The former is
relatively easy to assess because key nutrients are scarce, and their effects are well
characterized. It is more difficult to define taste since it must take into
consideration all the aspects of food that interact with our senses, such as visual
appeal, smell, taste, and texture. A wide number of chemicals, some of which have
yet to be found, alter these qualities. Foods are increasingly being appraised based
on qualities that determine how they are handled, in addition to their nutritional
and hedonic merits.

1.1.1 Physical Properties of Foods-

It is possible to define the physical qualities of food in a broad sense as those
properties that are more amenable to being described and quantified using physical
means as opposed to chemical means.

a) Geometrical Properties- These include size, shape, volume, density, and

surface area as applied to homogeneous units. Texture's geometrical properties
apply to structural geometry and structurally heterogeneous foodstuffs.

e Size and Shape- Fruits and vegetables are divided into 13 shapes,

including round, oblate, oblong, conic, elliptical, truncated, ribbed, and so
on. Sphericity is the most used method for quantitative shape description,
also:
Sphericity = de/dc

Where de is the diameter of a similar shape to the test object and dc is the
diameter of the smallest circumscribing sphere (usually the longest
diameter of the test object). Size is typically defined by defining the
opening, such as in a sieve or screen, through which the product will or
will not pass, as well as measuring the diameter or length of the product.

e Volume, Density and Surface Area- The only issue with measuring the

volume and density of liquid foods is ensuring that the temperature at
which they are measured is properly controlled. Standard volumetric

methods (graduated cylinder) for measuring volume are easy, as are



pycnometers and commercial density meters for measuring density.
Typically, the volume of agricultural goods, particularly those with an
irregular shape, is governed by water displacement. Solids' density can be
evaluated by floating them in liquids (often salt solutions) of varying
densities. Certain agricultural produce's (peas, lima beans, potatoes)
density is also an indirect indicator of their texture. Separation by density
in floatation is also used to eliminate faulty components and extraneous
substances from a variety of agricultural products. Density can be
measured and characterized in several different ways, including actual
density, material density, particle density, apparent density, and bulk
density. In heat transmission, surface area values are relevant. Several
methods for calculating the surface area of products, such as fruits, based
on shape factor measurement have been developed (e.g., areas of axial or
longitudinal cross sections).

b) Optical Properties- The color and surface appearance (gloss) of the produce

are the most crucial optical characteristics from a quality standpoint. Along with

some spectrophotometers that measure light in both transmittance and reflectance

modes, these instruments work with reflected light. Defects like apple water cores

may be found using transmitted light.

Color- It is one of the most essential characteristics, capable of
distinguishing high-quality produce (such as the brilliant yellow of a table
orange) or alerting the consumer to a potential psychological hazard (such
as green processed meat). It also infers flavor requirements in products like
beverages and dessert gels, and it influences consumer impressions. The
spectrophotometric method for describing color is based on three
parameters: reflectance (lightness), dominant wavelength, and purity. The
color scales L, a, and b are employed in this Hunter color lab equipment. L
represents brightness, a represents red-green lines, and b represents blue-
yellow lines.

Gloss- The appearance of a surface, whether shiny or drab, is a significant

physical feature of food quality that human vision detects. Apples,



cucumbers, and cherries are examples of items with a shiny surface,
whereas oranges, green beans, and other vegetables have a dull surface.
The psychological guality of gloss in surfaces connected with the spectrum

reflects and varies from surface to surface.

1.1.2- Rheological Properties of Food-

Some of the reasons for documenting individually the flow behavior of distinct
foods are the complex nature of foods, their variability, and their unique behavior.
There are two basic categories for evaluating the rheological qualities of solid
foods. Fundamental tests examine material properties that are independent of
sample shape, loading situation, or apparatus, such as modulus of elasticity,
Poisson ratio, relaxation duration, and shear modulus. Empirical or imitator tests
are used to determine attributes such as piercing force and extrusion energy, where
the mass of the sample, geometry, test speed, and other factors all contribute to the
estimated value. The fundamental tests for solid foods can be separated into two
groups: those performed under static (quasistatic) loading circumstances and those
performed under dynamic ones. Fluid foods are those that flow under gravity and
do not hold their structure. Foods can exist as solids at one temperature and as
liquids at another (such as ice cream), and solid matter suspensions can be fluid
media or emulsions. Foods have flow behavior ranging from simple Newtonian to
time dependent non-Newtonian and visco-elastic due to the enormous variety of
their structure and content. Raw whole egg, for example, was discovered to be a
Newtonian fluid at 21 degrees Celsius. Frozen egg, on the other hand, was

discovered to be a shear-thinning fluid.

1.1.3 Thermal Properties of Food-

Thermal characteristics are critical for understanding heat transport throughout the
heating and cooling processes that meals are constantly subjected to. All food
products have varying compositions and physical qualities. The key thermal
parameters are specific heat, enthalpy, thermal conductivity, thermal diffusivity,
and heat transfer coefficient. When building a food heating/cooling system, these



are often used qualities. Melting/freezing point, latent heat, heat of respiration,
heat of adsorption, coefficient of thermal expansion, dielectric constant,
emissivity, and absorptivity (radiation heat transfer) are other thermal properties

that are important in most heat transfer applications.

1.1.4 Mass Transfer Properties of Food-

Mass transfer is crucial in food processing's basic unit processes. It's also
employed in physical, chemical, and biological food processes like salting,
sugaring, oxygen absorption, de-aeration, and process equipment cleaning.
Moisture, vapors/gases, and flavour components can all have an impact on food

quality during manufacturing and storage.

1.1.5 Electrical Properties of Food-

These characteristics govern how much energy is coupled by a food product and
how it is distributed throughout the product. Electrical characteristics and
dielectric properties are important in high frequency food processing because they
influence various related electrical parameters that affect energy coupling and
distribution within a food product. In terms of their ability to store and discharge
electrical energy from an applied electromagnetic field via radiation transfer,
biological materials serve as heavy insulators or non-ideal capacitors. These
characteristics are characterised by fundamental dielectric qualities and result from
electric charge and reduced current in general.

1.2 INTRODUCTION TO MAJOR CONSTITUENTS OF FOOD

It is critical to have a thorough grasp of the food elements and their interacting
behavior to process foods by converting raw materials into creative, desirable,
attractive, and appealing products that are both safe to consume and have year-
round consistency. Foods, by definition, are complex and multi-component in
composition. Foods, in addition to water, contain carbs, proteins, fats, and oils.

Flavors, vitamins, minerals, and chemicals such as preservatives are also included



in minor but significant concentrations. Not all foods include all of these

ingredients in equal amounts.

1.2.1- Water

Water makes up more than 70% of our body weight and is a necessary component
of all human cells. Water is required for all biological activities in our body. Water
accounts for two-thirds of a human body's weight. It not only maintains body
temperature but also eliminates waste. As a result, water is an essential component
of a well-balanced diet. Although water does not provide energy, it is a necessary
nutrient. It serves the following functions in the body:

1. Water transports food, waste, gases, and other substances (including hormones)
throughout the body.

2. Water promotes digestion by dissolving nutrients, which the body then absorbs
or digests.

3. Water carries waste from the body in the form of sweat and urine.

4. Water contributes in the control of body temperature.

An individual's water requirements are dictated by their age, occupation, and
climate. Athletes and people who do a lot of hard labour must drink a lot of water
since they sweat a lot. Our bodies require more water in the summer than in the

winter for the same reason.

1.2.2- Moisture

Moisture is present in all food materials. It exists in two forms: free water and
bound water. It is one of the most essential food material properties that influences
food processing, preservation, and storage. Water accounts for 50-60% of the
human body weight. Fruits and vegetables have 90 percent to 99 percent moisture,
fruit juices have 80 percent to 89 percent moisture, pasta, beans, beef, and dairy
have 10 percent to 60 percent moisture, while crackers and cereals have 1 percent

to 9 percent moisture.

1.2.3- Carbohydrates




The majority of carbs in the diet come from plant sources. Simple carbohydrates
are made up of different forms of sugar (monosaccharides and disaccharides),
whereas complex carbohydrates (polysaccharides) include starches and dietary
fibre. They have the formula Cn(H20)n and are composed of carbon and water.
Although no single carbohydrate is required, carbs play an important part in
numerous body functions. Carbohydrates are categorised in the following ways.

* Monosaccharides- It can have six carbons (known to as hexoses) or five carbons

(referred to as pentoses). Glucose (dextrose), fructose, and galactose are the three
most common hexoses. Ribose and deoxyribose are two of the most frequent
pentoses.

» Disaccharides- A disaccharide is created by putting two monosaccharides
together. The most common disaccharide is sucrose (sugar), which consists of one
molecule of glucose and one molecule of fructose. Lactose, the predominant sugar
in milk, is made up of one glucose molecule and one galactose molecule. Maltose
is a disaccharide made up of two glucose molecules.

 Polysaccharides- When two or more sugars are joined, they are referred to as

oligosaccharides until they are particularly large, in which case they are referred to
as polysaccharides. Raffinose and stachyose are two oligosaccharides.
Polysaccharides are nutritionally added to increase fibre content and functionally
added to thicken, form gel, bind water, and stabilise proteins. Starch, cellulose, and
gums are the most common polysaccharides.

Carbohydrates in the form of glucose are consumed by the cells. After being
absorbed from the small intestine, glucose is processed in the liver, where it is
stored as glycogen, a starch-like substance, and the remainder is released into the
bloodstream. When there is glucose present, triglycerides can be broken down into
ketones. The bloodstream carries glucose to the muscles and organs for oxidation,
while excess quantities are stored as fats to be retrieved during low carbohydrate
times. Complex carbohydrates, such as unprocessed grains, tubers, vegetables, and
fruits, provide the most nutrients and are high in proteins, vitamins, minerals, and
lipids. Sweets and soft drinks made from refined sugar are a less beneficial source

because they are high in calories but low in nutrients.



Carbohydrate Functions-

e Carbohydrates offer energy for the body's appropriate operation.

e Carbohydrates also store food in the body for the contingency period.
e Carbohydrates are the building blocks of nucleic acids.

e Carbohydrates also help animals' skeletal systems.

e Carbohydrates add sweetness and flavour to foods.

e Carbohydrates help to break down fatty acids.

1.2.4- Protein

Amino acids are the building components of protein. Plants and animals provide
dietary protein. Proteins are polymers of amino acids. The sequence of a protein's
amino acids determines its structure and consequently its function. Proteins must
be hydrolyzed (broken down) into amino acids before they may be utilized. Once
absorbed, amino acids are used to make proteins, converted to energy, or stored as
fat. Protein constitutes around 20% of the human body.

Amino acids have an amino group (-NH2) and an acid group (-COOH). Proteins
include twenty amino acids. Peptide bonds are formed when amino acids combine.
A protein molecule's native conformation is dictated by its primary structure,
secondary structure, and tertiary structure.

e Primary- The fundamental structure is formed by combining amino acids
in the correct sequence via peptide bonds. This structural level
classification implies no other forces or bonds.

e Secondary- A pleated or helical structure is an example of secondary
structure. The alpha helix is held together by hydrogen bonding between
the carboxyl and amide groups of the peptide bonds, which exist in a
regular sequence along the amino acid chain.

e Tertiary-A tertiary structure is the folding of a coiled chain or chains.
Covalent, hydrogen, and Vander Waals forces may all have a role in the

structural arrangement of protein molecules.



As they are more easily digested and absorbed by the body, animal proteins are
considered superior to vegetable proteins. Adult protein needs are around 1
gramme per kilogram of body weight per day. Due to their constant growth,
children may require 2 to 3.5 grammes of protein per kilogram of body weight.
Additionally, proteins aid in the repair of damaged tissues. Proteins can also be
employed as a source of energy during famine. Approximately 4 calories are
produced when one gramme of protein is burned. The fundamental tasks of
proteins include the construction and repair of human tissues, the regulation of
body processes, and the synthesis of enzymes and hormones such as insulin, which
regulate communication between organs and cells, as well as other complicated
chemicals that govern body processes. Animal and plant proteins are broken down
by digestive enzymes called proteases into nitrogen-containing amino acids before
they are utilized. Proteases break the peptide bonds that connect the ingested
amino acids, allowing them to be absorbed via the intestine into the blood to
recombine into the required tissue.

Proteins facilitate the development of antibodies, which enable the immune system
to combat infection. Proteins are an important energy source. There are numerous
types of proteins, each of which has a specific purpose in the body. Proteins, along
with water, constitute the majority of the human body. Enzymes are chemical
compounds that participate in many chemical processes. Enzymes are protein-
based substances. For instance, salivary amylase is an enzyme secreted by the
salivary glands that converts starch to sugar.

Functions of Proteins-

* Proteins are the primary players in the cell, carrying out the functions defined by
the information contained in genes.

* Proteins are necessary for general body growth.

* Proteins act as a bio-catalyst and a biotic regulator.

* Proteins give rapid energy, which is extremely important during an emergency.

* Proteins aid in the catalysis of metabolic reactions.

* Proteins are required for the replication of DNA.

* Proteins actively aid in the movement of chemicals throughout the body.



Types of Protein-

» Enzymes- Enzymes perform a crucial function in the breakdown of substances.
Enzymes are also essential for cell digestion and development.

« Structural Proteins- These proteins provide cells, tissues, and organs strength.

« Signalling Proteins- These proteins help cells communicate with one another by

sending signals. Defensive proteins assist organisms in fighting infection and
assisting damaged tissue in mending quickly.

» Hormones- Some hormones are proteins that aid in metabolic processes.

1.2.5- Lipids-

Lipids consist of plant and animal fats and oils. Food components that are soluble
in organic solvents are lipids. Included in this category are fatty acids,
triglycerides, phospholipids, pigments, vitamins, and cholesterol. Fatty acids found
in nature contain an even number of carbons. Reaction products of long-chain fatty
acids have an essential role in the flavor of foods.

« Fatty Acids- Fatty acids can be saturated or unsaturated (have double bonds).
Monounsaturated fatty acids have one double bond, while polyunsaturated fatty
acids have two or more double bonds. Unsaturated fatty acids can be cis or trans,
based on the configuration of the regions of the fatty acid molecules around the
double bonds. Lipid double bonds are extremely reactive to oxygen.

« Triglycerides- Triglycerides are fat components present in meals that are made
up of three molecules of fatty acids connected to one molecule of glycerol. The
vast majority of foods include some level of fat in the form of triglycerides.
Lipases enzymes are in charge of separating triglycerides, which results in the
formation of soapy items. A di-glyceride is a molecule of triglyceride from which
one fatty acid has been removed, whereas a mono-glyceride is a molecule from
which two fatty acids have been removed.

» Phospholipids- Some fatty acids are connected to phosphorus-containing

glycerol molecules. These distinct lipids are phospholipids like lecithin. They



provide important functions in the body, but they are not necessary nutrients
because the body can produce enough of them.

* Cholesterol- Cholesterol is a naturally occurring chemical that has received a lot
of attention because of its alleged link to heart disease. Some people have a
congenital problem with the mechanism that regulates cholesterol synthesis,
resulting in excessive cholesterol production. In general, these people have much
higher serum cholesterol levels. Because elevated serum cholesterol is a risk factor
for coronary heart disease, this is cause for concern.

The majority of the food we eat supplies energy for our everyday activities. The
remaining food is converted into fat and stored in the body. As a result, fats act as
an energy bank in the body, supplying energy whenever it is needed. The majority
of fat is stored beneath the skin and serves to protect internal organs from jolts and
shocks. Vitamins A, D, E, and K are soluble in lipids, which aids absorption. Fats
also enhance the flavour of meals. Because fats take longer to digest, we do not

feel hungry for long after eating fried meals.

Functions of Fat-

« Fat is a necessary dietary need.

* Fat is usually the stored source of energy in the body that is stored beneath the
skin.

» Fat serves as a protective layer, particularly in the human body, and provides
protection.

» Some vitamins, such as vitamin A, D, E, and K, are fat-soluble, which means
they can only be absorbed, digested, and transported in conjunction with fats.

» Fats actively contribute to the maintenance of good skin and hair.

* Fats protect body organs from external trauma.

* Fats also help to keep the body temperature stable.

* Fats support proper cell activity.

Types of Fats-
1- Unsaturated Fats-




e Unsaturated fats are fats that remain in liquid form at room temperature.
e Unsaturated fats are advantageous to health since they lower blood
cholesterol levels, stabilise heartbeats, and so on.
e Vegetable oils, almonds, and many seeds are high in unsaturated fats.
2- Saturated Fats-

e Saturated fats have no double bonds between the carbons in their chain.

e Saturated fats may easily solidify and are normally found in solid form at
room temperature.

e Saturated fats are present in animal meat, cheese, ice cream, and other

dairy products.

1.2.6- Vitamins-

Vitamins are chemical substances that stimulate the breakdown of proteins,
carbohydrates, and lipids. Without vitamins, food could not be broken down.
Certain vitamins aid in the formation of blood cells, hormones, chemicals in the
nervous system, and genetic material. Vitamins are divided into two categories:

fat-soluble and water-soluble.

Fat-soluble Vitamins- Includes vitamin A, D, E and K

Typically, they are absorbed with fatty foods, further broken down by bile, and the
emulsified molecules travel through the lymphatic and venous systems before
being delivered to the arteries. Extra calories are stored in the liver, kidneys, and
fat cells. As they are perishable, they are not required to be consumed every day.

e Vitamin_ A- It is crucial for epithelial cell health and appropriate
development. Due to the deficiency's impact on the retina, skin changes
and night blindness or failure to adjust to the dark result. It can be derived
through animal-based foods such as milk, eggs, and liver. In developing
nations, it is derived from the carotene found in green and yellow fruits and
vegetables.

e Vitamin D- It functions as a hormone and affects the absorption and
metabolism of calcium and phosphorus. Some vitamin D can be gained

from eggs, fish, liver, butter, margarine, and milk, but the majority of



vitamin D is obtained via direct sunlight. Its deficiency leads to childhood
rickets and adult osteomalacia.

Vitamin E- It is important for many vertebrate species, but its function in
the human body remains unknown. There is no conclusive proof that it
treats any ailment. It is present in vegetable oils and wheat germ.

Vitamin K- It is essential to blood clotting. It aids in the formation of
prothrombin, which is required to create fibrin for blood clots. In addition
to being created by bacteria in the colon, vitamin K is also found in leafy
green vegetables and egg yolk.

Water-soluble Vitamins: Includes vitamin C and B complex

Vitamin C- They must be ingested every day to replenish body demands
because they cannot be stored. In addition to preventing scurvy, vitamin C
is crucial for the synthesis and maintenance of connective tissues. Citrus
fruit is the main source.

Vitamin B complex- Thiamine (B1), riboflavin (B2), nicotinic acid (also

known as niacin), pyridoxine (B6), pantothenic acid, lecithin, choline,
inositol, paraaminobenzoic acid (PABA), folic acid, and cyanocobalamin
are the essential B-complex vitamins (B12). These vitamins guard against
illnesses like pellagra and beriberi by assisting in a variety of metabolic
processes in the body. They are present in liver and yeast.

List of Vitamins and Diseases/Disorders Caused by its Deficiency

Vitamins Chemical Name | Solubility Deficiency disease
Vitamin A Retinol Fat Night blindness, keratomalacia,
etc.

Vitamin B1 Thiamine Water Beriberi

Vitamin B2 Riboflavin Water Ariboflavinosis, glossitis, etc.
Vitamin B3 Niacin Water Pellagra

Vitamin B5 Pantothenic acid Water Paresthesia

Vitamin B6 Pyridoxine Water Anemia




Vitamin B7 Biotin Water Dermatitis
Vitamin B9 Folic acid Water Megaloblastic anemia
Vitamin B12 | Cyanocobalamin Water Pernicious anemia
Vitamin C Ascorbic acid Water Scurvy
Vitamin D Cholecalciferol Fat Rickets
Vitamin E Tocopherols Fat Hemolytic anemia (in children)
Vitamin K Phylloquinone Fat Bleeding diathesis

Functions of Vitamins-

e Like hormone, vitamin D regulates and helps in mineral metabolism.

e Vitamin D also regulates and helps cells and tissue growth.

e Vitamin C and vitamin E act as antioxidants.

e Vitamin B complex acts as co-enzymes or the precursors of

enzymes and helps them ascatalysts in metabolic activities.

1.2.7 Minerals-

The structural makeup of both hard and soft bodily tissues must include inorganic

mineral components, which also take part in activities including the function of the

enzyme system, muscle contraction, nerve reactions, and blood clotting. The diet

needs to contain the essential nutrients copper, cobalt, manganese, flourine, zinc,

and the main elements calcium, phosphorous, magnesium, iron, iodine, and

potassium.

e Calcium helps to create bone, maintains the health of the heart, muscles,

and digestive system, as well as the synthesis and operation of blood cells.

Dairy products, fish in cans with bones (salmon, sardines), leafy green

vegetables, nuts, and seeds are all good sources of calcium for the diet.

e Phosphorus plays a variety of biological roles, including digesting energy

and being a component of bones. It plays a significant part in the cell's

energy metabolism and mixes with calcium to form the bones and teeth.




Magnesium is necessary for processing human metabolism as well as
sustaining nerve and muscle cells' electrical potential. Malnourished
individuals, particularly drinkers, might have deficiency, which can cause
tremors and convulsions.

Sodium, A systemic electrolyte, can be found in extracellular fluid where
it regulates the electrolyte balance. Edema can result from excessive use. It
is now clear that using too much table salt, which contains sodium
chloride, causes high blood pressure.

Iron is essential for the synthesis of several proteins and enzymes, most
notably haemoglobin. Red meat, leafy green vegetables, fish (tuna,
salmon), eggs, dried fruits, legumes, whole grains, and enriched grains are
all good sources.

lodine is required for thyroid hormone synthesis. Goiter can be caused by
a deficiency. Traces elements are inorganic substances that present in
minute levels in the body and are necessary for optimal health. They
include copper, which is a necessary component of many redox enzymes.
Its insufficiency is linked to the inability to utilize iron in the synthesis of
haemoglobin. Zinc forms enzymes, and its shortage impairs tooth and bone
formation. Fluoride is essential for preventing bone demineralization.

Chromium, molybdenum, and selenium are among more trace elements.

Major Minerals-

Minerals Deficiency disease Sources
Potassium Hypokalaemia Sweet potato, potato, tomato,
lentils, banana, carrot,orange, etc.
Chlorine Hypochloraemia Table salt
Sodium Hyponatremia Table salt, sea vegetable, milk, etc.
Calcium Hypocalcaemia Eggs, canned fish, dairy products,
nuts, etc.
Phosphorus Hypophosphatemia Red meat, fish, bread, dairy products,




rice, oats, etc.

Magnesium Hypomagnesemia Legumes, nuts, seeds, spinach, peanut
butter, etc.
Iron Anaemia Meat, seafood, beans, nuts, etc.
Zinc Hair loss, diarrhoea Red meat, nuts, dairy products, etc.
Manganese Osteoporosis Grains, nuts, leafy vegetables,
legumes, seeds, tea,coffee
Copper Copper deficiency Seafood, oysters, nuts, seeds
lodine Goitre Grains, eggs, iodized salt

1.2.8 Phytochemicals-
Phytochemicals have a wide range of physiological and pharmacologic effects.

Active derivatives taken from plant leaves, stems, roots, flowers, and fruits can be
divided into three categories:

1. Toxic with no clear medicinal application, such as pyrrolizidine alkaloids,
nicotine, and hydrazine derivatives.

2. Toxic but effective for illness therapy when taken in controlled levels; for
example, morphine, digitalis, and vinca alkaloids.

3. Chemopreventative, beneficial in the treatment of disorders such as
arteriosclerosis, cancer, and diverticular disease

The most active chemopreventative phytochemicals are celluloids, pectins, and
lignins, as well as low-molecular-weight compounds like carotenoids,
dithiolthiones, flavnoids, indole carbinols, isothiocyanates, mono- and

triterpenoids, and thioallyl derivatives.

Role of Water and Water Activity in Food-

Food production and processing necessitate vast amounts of different quality
water. The food sector needs to design reasonable water usage management plans
that maximise health protection as awareness of the intimate relationship between

water and food borne disease grows. Water, like food, is a vector for the spread of



numerous pathogens and continues to cause substantial disease outbreaks in both
industrialised and poor countries around the world. Food can also be contaminated
by water. Food contamination during primary production can contribute to the

spread of food-borne disease.

Water is a vital natural resource for the food processing industry since huge
volumes are required to meet processing demands. Water is used for cleansing,
nutrient transport, plasticization, dilution, and food production. It has a significant
impact on all chemical reactions and changes in physical state that occur
throughout various food processing activities.

Water has numerous important aspects in the world of food science. Water's
physical characteristics are influenced by solutes such as salts and carbohydrates.
Solutes influence the boiling and freezing points of water. One mole of sucrose per
kilogramme of water, for example, raises the boiling point of water by 0.52
degrees Celsius, while one mole of salt per kilogramme of water raises the boiling
point by 1.04 degrees Celsius. Similarly, increasing the quantity of dissolved
particles reduces the freezing point of water. Water activity is also affected by
solutes in water, which impacts several chemical reactions and the growth of
bacteria in food. Water activity is defined as the ratio of water vapour pressure in a
solution to pure water vapour pressure. Water solutes reduce water activity. This is
significant since most bacterial development stops at low levels of water activity.
Microbial proliferation influences not just food safety, but also food preservation
and shelf life.

Water hardness is also an important consideration in food preparation. It has a
significant impact on product quality and plays a function in sanitation. The
hardness of water also influences its pH balance, which is important in food
processing. Hard water, for example, limits the successful creation of clear
beverages. Water hardness also has an impact on sanitation; as hardness increases,

its effectiveness as a sanitizer decreases.

In the food processing sector, the concept of free water as opposed to total water,

including bound water, has acquired widespread recognition. Water activity has



been shown to have a significant impact on phenomena such as colour, taste, and
scent alteration, food poisoning and spoiling (shelf life), vitamin loss, and so on.
The total moisture content of the food has very little effect on these metrics. Water
activity in foods can be managed by utilising various additions (e.g., salts, sugars,
etc.), good packaging materials, and good storage conditions. Water activity
assessments are becoming more used in food research and quality control

facilities.

The Importance of Water Activity in Foods-

The importance of water activity in foods is illustrated by the following few

examples:

1- Growth of Microorganisms: Water activity denotes the amount of water
available to microorganisms in the total water content of the food. Each
microorganism (bacteria, yeast, and mould) has its own minimum water activity
value below which growth is impossible. Water activity is particularly effective in
forecasting the growth of bacteria, yeasts, and moulds. Controlling either the
acidity level (pH) or the amount of water activity, or an appropriate combination
of the two, is required for a food to have an acceptable shelf life without relying on
refrigerated storage. This can significantly improve product stability and allow for
the prediction of shelf life under known ambient storage conditions. Food can be
made safe to store by reducing the water activity to a level where harmful
organisms like Clostridium botulinum and Staphylococcus aureus cannot grow.
Water activity levels can support the growth of specific kinds of bacteria, yeasts,

and moulds.

Example- Food with a water activity of less than 0.6 will not allow the growth of
osmophilic yeasts, which might be an issue in high sugar goods. Clostridium
botulinum, the most hazardous food poisoning bacterium, cannot grow in water
with an activity of 0.93 or below. Food poisoning should be avoided while eating
low acid meals (pH > 4.5) with a water activity greater than 0.86. Staphylococcus

aureus, a common food poisoning pathogen, may thrive in water with this low



activity level. Cheese and fermented sausages held above proper refrigeration
temperatures may foster the growth of this bacterium.

Chemical Stability:

Controlling water activity is critical for food chemical stability. Because most
foods contain carbs and proteins, they are susceptible to non-enzymatic browning
reactions (Maillard reaction). The Maillard reaction becomes stronger as water
activity increases, reaching its maximum at 0.6 to 0.7. This reaction becomes
rapidly weaker as water activity increases. Water activity has a strong influence on
the spontaneous autocatalytic breakdown of fat molecule chains. This type of food
deterioration becomes more prevalent at high water activity levels. Foods with a
high fat content, even at low water activity levels, develop a rancid taste after
some time in storage. Foods that produce fatty acids with short molecular chains as
a result of lipase action are particularly susceptible to this type of spoilage: they
emit a strong and undesirable odour. Food conservation is influenced by several
changes caused by oxidation, such as colour change of carotene, oxidation of
myoglobin in meat, oxidation of proteins and vitamins, and so on. When water
activity falls below 0.2, the oxidation of lipids and other dietary components drops

dramatically.

Enzymatic Stability:

Controlling water activity is critical for food chemical stability. Because most
foods contain carbs and proteins, they are susceptible to non-enzymatic browning
reactions (Maillard reaction). The Maillard reaction becomes stronger as water
activity increases, reaching its maximum at 0.6 to 0.7. This reaction becomes
rapidly weaker as water activity increases. Water activity has a strong influence on
the spontaneous autocatalytic breakdown of fat molecule chains. This type of food
deterioration becomes more prevalent at high water activity levels. Foods with a
high fat content, even at low water activity levels, develop a rancid taste after
some time in storage. Foods that produce fatty acids with short molecular chains as
a result of lipase action are particularly susceptible to this type of spoilage: they

emit a strong and undesirable odour. Food conservation is influenced by several



changes caused by oxidation, such as colour change of carotene, oxidation of
myoglobin in meat, oxidation of proteins and vitamins, and so on. When water
activity falls below 0.2, the oxidation of lipids and other dietary components drops

dramatically.

1.3 LET US SUM UP

Food is fundamentally necessary for humans for energy. Nutrition refers to the
mechanisms by which the foods individuals eat give the nutrients they require to
grow and maintain their health. Proteins, carbs, fats, vitamins, minerals, and water
are the six types of nutrition. The chemistry of these nutrients has an impact on the

properties of the meal.

We covered the different properties of food in this unit, such as physical,
rheological, electrical, thermal, and mass transfer, because these aspects influence
all the food we eat. This section primarily disseminates knowledge and awareness
about food ingredients and their relevance. Water, moisture, carbohydrates,
protein, lipid, vitamins, minerals, and phytochemicals are the key food elements
examined in this subject. This course elaborates on all conceivable nutritional and
biochemical facts of all dietary ingredients while also discussing the importance of
these nutrients in food and the human body.

1.4 KEYWORDS

Food: Foods are materials that are ingested by humans for
food, sustenance, and enjoyment in their naturally

occurring, processed, or prepared forms.

Lipids: A large class of fat-like compounds having
comparable characteristics.

Minerals: Minerals are only required in trace amounts and



serve a variety of roles in the human body.

Nutrition: It refers to the processes by which the foods
individuals eat deliver the nutrients they require to

grow and maintain their health.

Nutrient Needs: It is the bare minimum of nutrient consumption

required to maintain normal functions and health.
Protein: Long chains of amino acids form large molecules.

Properties of foods:  Food qualities include physical, rheological,
electrical, thermal, and optical properties.

Triglycerides: A neutral fat molecule composed of three fatty
acids connected to one glycerol molecule by a

specific chemical bond known as ester.

Vitamins: Vitamins are chemical components found in food
that are required in minute quantities to regulate

chemical reactions in our bodies.

CHECK YOUR PROGRESS EXERCISE

1-  What are the major properties of food? Define them.

2-  Write down a short note on “Chemistry of Carbohydrate and Protein”.

3- Briefly explain about the Essential Nutrients and their function for Human
Health



4- Write down a short note on “Phytochemicals”

1 is the basic unit of Protein.

2. The composition of  Starch  molecule

3. The lipids which are solid at room

State weather the statement is True or False-

1. Unsaturated Fatty Acids contain only single bond.
2. All the Enzymes and Hormones are Protein.
3. Glucose is the Primary Source of the Energy.

4. Fibres are non-Digestible part of the Food.

is  Amylose

temperature

and

known



UNIT 3: WATER AND FOOD DISPERSION

3.1. Introduction
3.2. Physical properties of water and ice
3.3. Chemical nature
3.4. Structure of water molecule
3.5. Sorption phenomena
3.6. Solution and colligative properties
3.7. Free and water bound
3.8. Water activity and food spoilage
3.9. Freezing and ice structure
3.10.Colloidal salts
3.10.1. Stabilization of colloidal system
3.10.2. Rheology of food dispersion
3.11.Gel
3.12.Emulsion
3.13.Foams
3.14.Let us sum up
3.15.Glossary
3.16.Check your progress exercise

3.17.Answer key

3.1. Introduction

In the previous unit, we explored the essential constituents, properties, and
significance of food. We gained a deeper understanding of the vital components
that make up our diet and their importance in nourishing our bodies. Now, in this
unit, we will shift our focus towards water and its role in food dispersion. Water
plays a crucial role in numerous biological processes, and its presence greatly
influences the dispersion of food components. By studying the physical and
chemical properties of water and ice, we can gain insights into how they interact
with food components. This knowledge helps in understanding food processing



techniques, ingredient functionality, and the overall behaviour of food systems.
Knowledge of sorption phenomena, water activity, and solution properties is
crucial for understanding food preservation methods and predicting food spoilage.
It allows us to determine the conditions that support microbial growth, enzymatic
reactions, and chemical degradation, helping us develop effective preservation
strategies. The study of colloidal systems, gel formation, and rheology helps us
understand the texture, stability, and mouthfeel of food products. It enables the
development of desirable sensory attributes and assists in formulating products
with the desired consistency and structure. Emulsions and foams are important in
many food products, such as dressings, sauces, ice creams, and baked goods.
Understanding their formation, stability, and the role of surfactants and emulsifiers
helps in creating products with desired characteristics, such as smoothness,
creaminess, and mouth-coating properties.
Therefore, in this unit we will explore the physical properties of water and ice, the
chemical structure of water molecules, and the phenomenon of sorption. We will
learn about the different types of water and their colligative properties.
Furthermore, we will examine the concept of free and bound water activity and its
relation to food spoilage. Additionally, we will study the freezing process and the
structure of ice, as well as the stabilization of colloidal systems and the rheology
of food dispersion. Moreover, we will delve into the structure, formation, strength,
types, and permanence of gels. Lastly, we will explore the formation, stability,
surfactants, and emulsifiers involved in emulsions, as well as the structure,
formation, and stabilization of foams.
Obijectives
You will be able to:

e Learn about the Physical properties, Chemical nature and structure of water

and ice
o Comprehend the Sorption phenomena, Solution and colligative properties
e Learn about the types of water, free and bound water, water activity and
food spoilage

e Understand about the Colloidal salts, gel, emulsion and foams.



Water is an indispensable constituent of food, playing a crucial role in its
composition and overall functionality. It serves as the primary medium for various
biological processes, ensuring proper hydration and supporting the optimal
functioning of the human body. Water contributes to the moisture content of food,
influencing its texture, juiciness, and sensory attributes. Additionally, it acts as a
medium for heat transfer during cooking, helping to soften ingredients, dissolve
flavors, and facilitate the culinary process. Water is also vital in food preservation
and processing, serving as a cleaning agent and carrier for additives and
preservatives. Furthermore, water participates in the development of food structure
and texture, interacting with proteins, starches, and other components to create
desirable viscosities and stability. Lastly, water enables the rehydration of dried
food products, restoring their original texture, flavor, and nutritional value. In
summary, water's presence as an essential constituent in food is vital for its

sensory appeal, nutritional value, and overall quality
3.2. Physical properties of water and ice:
Water:

e When the temperature as well as pressure are normal, water is a liquid. It
changes from a solid to a liquid form at a temperature of 0 degrees Celsius (32
degrees Fahrenheit), and from a liquid to a gaseous form at a temperature of
100 degrees Celsius (212 degrees Fahrenheit).

e Liquid water has a density of about 1 gram per cubic centimeter (g/cm?3) at 4
degrees Celsius (39 degrees Fahrenheit). It is at its densest at this temperature,
and as it cools further, it expands and becomes less dense.

e Water can absorb and store a lot of heat energy due to its high specific heat
capacity, without experiencing major temperature variations. This property
makes water an efficient temperature regulator and contributes to the stability
of aquatic environments and Earth's climate.

e The high heat of vaporisation of water indicates that converting it from a liquid

to a gas demands a significant amount of energy. This property allows water to



effectively absorb heat during processes like evaporation, cooling, and
perspiration.

Water has the capacity to dissolve a large variety of compounds, earning the
tag of "universal solvent”. The separation and dissolution of solutes are made
possible by the bonds that hydrogen makes with other molecules that are polar
or ions.

Ice:

Water exists in its solid state as ice. When water becomes liquid at
temperatures below 32 degrees Fahrenheit (O degrees Celsius). Ice is created
when water molecules rearrange themselves into a crystalline framework.

Ice floats on the water's surface because it has a lower density than liquid
water. For the same volume of liquid water, ice molecules create an open
lattice structure, taking up a greater amount of space.

Unlike most substances, water expands as it freezes. This expansion can exert
significant force, leading to the cracking of containers or structures if the water
within them freezes.

Ice crystals typically exhibit a hexagonal lattice structure, with water
molecules arranged in a repeating pattern. This structure gives ice its
characteristic shape and properties.

Ice has a lower heat capacity compared to liquid water, meaning it requires less
heat energy to raise its temperature. This property allows ice to melt at a

relatively lower temperature compared to the boiling point of liquid water.

3.3. Chemical nature:

Two hydrogen (H) atoms are covalently bound to one oxygen (O) atom to
produce water. It is a chemical molecule having the molecular formula H,0O.
The chemical nature of water arises from its molecular structure and the
bonding interactions between its atoms. The one atom of oxygen and the two
atoms of hydrogen are linked to form a bent or V-shaped configuration. The

bonds that exist are covalent, which means that both the oxygen atom and



hydrogen atom share electrons. Since the oxygen atom has a stronger
electronegativity than the hydrogen atom, the oxygen atom draws the electrons
that are shared towards itself, causing the oxygen atom to have a partially

negative charge (-) and the hydrogen atoms to have a partially positive charge

(+).

This polarity makes the molecule of water polar, with an unequal distribution
of positive and negative charges. In contrast to hydrogen atoms, which have a
small positive charge, oxygen atoms are slightly negatively charged. Hydrogen
bonds can be formed between water molecules because of their polarity. When
one water molecule's partially positive hydrogen atom attracts the partially
negative oxygen atom of another water molecule, resulting in the formation of

hydrogen bonds.

These hydrogen bonds are relatively weak compared to covalent bonds but are
crucial in determining many of the unique properties and behaviours of water.

The chemical nature of water as a polar molecule with hydrogen bonding gives
rise to its cohesive and adhesive properties, high boiling and melting points,
high specific heat capacity, and its ability to dissolve many substances. These
characteristics make water an excellent solvent, a crucial component in

biological processes, and a key medium for many chemical reactions.
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Figure 1: Structure of water and ice
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Figure 2: Different bonds of water molecule

3.4. Structure of water molecule:

The structure of water refers to the arrangement of water molecules and the
bonding interactions between them. Water is a simple molecule composed of
two hydrogen atoms bonded to one oxygen atom, forming a V-shaped
geometry.

The key features of water's structure are:

e The oxygen atom and the two hydrogen atoms in a water molecule
form covalent bonds. The sharing of electrons between atoms creates
covalent bonds, which lead to the construction of stable molecular
frameworks.

e Because hydrogen and oxygen have different electronegativity, water is
a polar molecule. A partial negative charge (-) is created on the oxygen

atom, and a partial positive charge (+) is created on the hydrogen atoms



as a result of the oxygen atom's higher electronegativity drawing the
shared electrons towards it.

e The two hydrogen atoms in water are arranged asymmetrically around
the oxygen atom, resulting in a bent or VV-shaped molecular structure.
This bent shape arises from the repulsion between electron pairs and
the orientation of the hydrogen atoms.

e As a result of hydrogen bonds, molecules of water attract one another.
One water molecule's oxygen atom connects with another's hydrogen
atom via a hydrogen bond. The partially positive hydrogen atom and
the partially negative oxygen atom magnetise to one another by
electrostatic force of attraction, resulting in the formation of hydrogen
bonds.

e Water molecules are not randomly arranged but rather form a
tetrahedral arrangement due to the geometry of hydrogen bonding.
Every water molecule has the ability to create hydrogen bonds with up
to four of its neighbours, creating a web of interlinked water molecules.

The structure of water and the presence of hydrogen bonding contribute too

many of its unique properties, such as high boiling and melting points, high

specific heat capacity, surface tension, and its ability to act as a solvent.

The arrangement and interactions between water molecules are essential

for understanding water's behaviour and its role in various biological,

chemical, and physical processes.
3.5. Sorption phenomena:

Sorption phenomena in water encompass the intricate processes of adsorption
and absorption. Adsorption entails the adherence of substances to the surface
of solid or liquid materials, such as water. It is a consequence of intermolecular
forces and interactions, causing the adsorbates to bind to the adsorbent's
surface. This phenomenon plays a pivotal role in water treatment, where
adsorbents like activated carbon selectively attract and retain contaminants
through mechanisms such as chemical bonding, electrostatic interactions, or

Van der Waals forces.



Absorption, on the other hand, involves the penetration and dispersion of
substances into the bulk of a material, in this case, water. It occurs when
solutes permeate and disperse throughout the water volume, whether in the
form of dissolved gases or solutes. For instance, the absorption of carbon
dioxide into water leads to the formation of carbonic acid, influencing the
water's pH and playing a significant role in the phenomenon of ocean
acidification. Absorption is also relevant in scenarios like groundwater
contamination, where pollutants are absorbed into the water phase and
subsequently transported through subsurface aquifers.

Desorption, the reverse of adsorption, denotes the release or removal of
adsorbed substances from the surface of an adsorbent or water itself.
Environmental conditions, such as alterations in temperature, pH, or the
presence of competing ions, can trigger desorption. Desorption processes are
crucial as they govern the mobility and fate of contaminants in water
environments. In soil-water systems, for example, desorption of adsorbed
pollutants can result in their release into groundwater, potentially causing
contamination.

lon exchange is another noteworthy sorption phenomenon, characterized by
the interchange of ions between the water phase and solid materials. Certain
materials, like ion exchange resins or zeolites, possess surfaces with specific
charges that attract and retain ions of opposite charge. By facilitating the
exchange of ions, ion exchange processes are employed extensively in water
treatment, such as the softening of water by swapping calcium and magnesium

ions for sodium ions.
3.6. Free and water bound

Water that is easily retrieved or detachable from a substance or material is
referred to as free water. It is water that can be isolated by physical methods
like compressing, cutting, or pressing and is not tightly bound or linked with
other components. In liquids or other compounds having a large amount of
moisture, can often be available as free water. The term "free water" in

the foods implies the water that is readily available in the food matrix. The



liquid that is released when you cut a fruit, or squeeze a citrus fruit is free
water. It is easily obtainable and does not require much effort to be isolated
from the food.

Bound water is water that is tightly bound to other substances or
macromolecules like protein, carbohydrates, or fibres and is difficult to
physically separate. Bound water is difficult to separate, in contrast to free
water, which is easily retrieved by squeezing or cutting. It retains its position
by a variety of means, including hydrogen bonding, electrostatic interactions,
and physical trapping, and it stays closely linked to the food's constituent parts.
The qualities of food products are impacted by bound water. For instance, the
volume as well as distribution of bound water have an impact on the flexibility,
firmness, and juiciness of meat, vegetables, and fruits. Bound water can aid in
preserving of moisture and the prevention of staling in baked goods.

Food dispersion: Food dispersion refers to the process of distributing and
dispersing various components and ingredients within a food system. It
involves achieving a homogeneous mixture and even distribution of solids,
liquids, gases, flavors, and nutrients throughout the food matrix. Food
dispersion is essential for ensuring uniformity in taste, texture, and nutritional

content in food products.
3.7. Solution and colligative properties

A homogenous mixture made up of two or more substances is referred to as a
solution. The solute and the solvent are the two primary elements of a solution.
The substance that is going to be dissolved is known as the solute, and the
solvent is the substance that the solute is dissolved in. Solutions can be
classified into various types based on the physical states of the solute and
solvent. For example, if both the solute and solvent are in the liquid state, it is
a liquid-liquid solution. If the solute is a solid and the solvent is a liquid, it is a
solid-liquid solution. If the solute is a gas and the solvent is a liquid, it is a gas-
liquid solution. Additionally, solutions can also exist between gases and

between solids.



The solute particles must be uniformly dispersed throughout the solvent
particles in order develop a solution. Intermolecular interactions between the
molecules of the solvent and solute cause this to happen. These interactions
may be based on forces such as London dispersion forces, interactions between
dipoles, or hydrogen bonding. Different qualities, including concentration,
solubility, and colligative features, can be used to explain how solutions
behave. The term "concentration” describes how much solute is contained in a
specific amount of solvent or solution. At a specific temperature and pressure,
the maximum quantity of a solute that may dissolve in a given amount of
solvent is referred to as its solubility.

True solution: In a true solution, the particle size of the solute is typically on
the molecular or ionic scale, meaning the particles are extremely small. The
solute particles are often less than 1 nanometer (107-9 meters) in diameter.
Due to their small size, the solute particles are not visible to the naked eye and
do not scatter light, resulting in a transparent solution. This small particle size
allows for the solute to be uniformly dispersed and remain in a stable state
within the solvent.

Colligative features describe a solution's physical characteristics that are purely
dependent on the quantity of particles present, irrespective of their nature. In
simple terms, colligative qualities are the characteristics of a solution that are
influenced by the quantity of solute particles present rather than by the
composition of those particles.

Solutions have the following four colligative characteristics:

Vapour Pressure Depression: The vapour pressure of a solution is reduced
by the existence of a non-volatile solute in the solvent. This is due to the fact
that the solute particles take up space on the solvent's surface, which lowers
the number of solvent molecules that can exit into the gas state. Vapour
pressure depression is a colligative feature as it solely depends on the solute
particle concentration not its nature.

Boiling Point Elevation: The boiling point of the solution rises when a non-

volatile solute is added to a solvent. This is so because the solute particles



prevent the solvent from vaporising properly, demanding a greater temperature
to dissipate the vapour pressure. Because it solely relies on the solute particles'
concentration and not their nature.

Freezing Point Depression: A solvent's freezing point is lowered when a
solute is present. It becomes more challenging for the solvent to solidify as a
result of the solute particles interfering with the development of the solvent's
crystal lattice framework. Due to its dependence only on the concentration of
the solute particles and not their nature, freezing point depression is considered
as colligative feature.

Osmotic Pressure: The amount of pressure needed to force solvent molecules
from one area with low solute concentration to another with a high solute
concentration through a semipermeable membrane is known as osmotic
pressure. The osmotic pressure of the solution increases as solute particle
concentration increases. It is regarded as colligative property as its only depend
on the concentration of the solute particles and not on the nature of those

particles.
3.8. Water activity and food spoilage:

Water activity (aw) is a measurement that describes the readily accessibility
for growth of microbes, chemical reactions, and enzymatic activity in a food
product. It is defined as the vapour pressure of water in a food sample divided
by the vapour pressure of pure water at the same temperature. Water activity
values range from 0 to 1, with higher values indicating more available water.
Water activity is a crucial factor in food preservation and the prevention of
food spoilage. When the water activity of a food product is high (close to 1), it
provides an environment conducive to microbial growth, including bacteria,
yeasts, and molds. These microorganisms require available water to survive,
reproduce, and cause spoilage. Therefore, controlling water activity is essential
in preventing microbial spoilage in food.

By controlling water activity, food manufacturers can extend the shelf life of
products and maintain their quality. Lowering the water activity can inhibit

microbial growth and enzymatic reactions, thereby reducing the risk of



spoilage. Several preservation techniques, such as drying, salting, and adding
preservatives, aim to reduce water activity in foods.

Some microorganisms are more tolerant to low water activity conditions, such
as certain molds and bacteria. They can survive and even grow at lower water
activity levels. Therefore, understanding the water activity requirements of
specific microorganisms is crucial for effective food preservation strategies.
Along with microbial spoilage, high water activity can trigger chemical
processes like lipid oxidation and enzymatic browning that can negatively
impact the nutritional value and sensory qualities of food products. Controlling
water activity can help minimize these reactions and maintain the desired
product characteristics. Food regulatory agencies and industry guidelines often
specify water activity limits for different types of food products to ensure their
safety and stability. Manufacturers routinely measure and monitor water
activity to assess the potential for microbial growth and implement appropriate

preservation methods.

3.9. Freezing and ice structure

When water is cooled below its freezing point, it undergoes a phase transition
and transforms into ice. The freezing process involves the formation of an
organized and structured arrangement of water molecules, resulting in the
formation of ice crystals.

The arrangement of water molecules gives ice its distinctive shape. Ice is a
solid form of water. Each water molecule contains two hydrogen atoms and
one oxygen atom that are linked by a covalent bond. Water molecules are
always moving and are loosely attached to each other. However, during
freezing, the water molecules slow down and come together, forming a more
rigid and ordered structure.

The most common form of ice is known as ice, which is the stable hexagonal
crystal lattice structure. Each water molecule in this arrangement forms a

three-dimensional network through hydrogen bonds with four of its



neighbours. Ice's distinctive six-fold symmetry is due to the water molecules'

hexagonal configuration.

Figure 3: Structure of ice crystal

The hydrogen bonds between water molecules in ice are responsible for its
unique properties. These hydrogen bonds hold the water molecules in a fixed
position, creating a stable and rigid structure. This is why ice is less dense than
liquid water, as the hydrogen bonds in the crystal lattice cause the water
molecules to be more spaced out. Ice crystals can vary in size and shape
depending on factors such as the rate of freezing and the presence of
impurities. Slow freezing allows for the growth of larger ice crystals, while

rapid freezing can lead to the formation of smaller crystals.
3.10. Colloidal salts

Colloidal salts refer to salts that are in a colloidal state, meaning they exist as
colloidal particles dispersed in a medium (usually a liquid) without completely
dissolving. Colloidal particles are larger than individual ions or molecules but
smaller than visible particles, typically ranging in size from 1 to 1000
nanometers.

When a salt is in a colloidal state, the salt particles are dispersed throughout
the medium, forming a stable colloidal suspension. The salt particles have a net
electric charge, which helps to repel each other and prevent their aggregation

or settling.



Colloidal salts can be formed through various processes, such as the controlled
precipitation of salts under specific conditions or the dispersion of finely
ground salts in a liquid medium.

3.10.1. Stabilization of colloidal system

The choice of the medium and the conditions of formation play a crucial role
in achieving colloidal stability.

Colloidal salts have unique properties due to their colloidal nature. These
properties include:

Particle Size: Colloidal salts have a relatively small particle size, which allows
them to remain dispersed and suspended in a medium for an extended period.
The small particle size also contributes to their large surface area, which can
impact their reactivity and interactions with other substances.

Stability: Colloidal salts exhibit stability due to the repulsive forces between
the charged particles. This stability prevents the particles from agglomerating
or settling, maintaining the colloidal suspension over time.

Optical Properties: Colloidal salts can exhibit unique optical properties, such
as the Tyndall effect. When light passes through a colloidal suspension, the
dispersed particles scatter the light, making the suspension appear hazy or

milky.
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Figure 4: Tyndall effect
Reactivity: Colloidal salts may display different reactivity compared to their

fully dissolved counterparts. The larger surface area and the interaction



between the charged particles and the medium can influence their chemical
behavior and potential applications.

3.10.2. Rheology of food dispersion:

The rheology of food dispersions refers to the study of how food materials
behave under applied forces, such as shear or deformation, when they are in a
dispersed or particulate form. It involves understanding the flow and
deformation characteristics of food dispersions, including their viscosity,
elasticity, and other rheological properties.

Food dispersions encompass a wide range of products, including emulsions
(such as salad dressings or mayonnaise), suspensions (such as fruit juices with
pulp), and foams (such as whipped cream). Each type of dispersion exhibits its
own unique rheological behavior due to the specific arrangement and
interaction of the dispersed particles within the continuous phase.

Rheological properties play a crucial role in determining the sensory attributes,
stability, processing, and quality of food dispersions. Here are some key
rheological properties and phenomena associated with food dispersions.
Viscosity: Viscosity refers to the resistance of a fluid to flow. In food
dispersions, viscosity determines the thickness or fluidity of the product. It
affects attributes such as mouthfeel, texture, and spreadability. The viscosity of
a dispersion can be influenced by factors such as particle size, concentration,
particle interactions, and temperature.

Shear-Thinning and Shear-Thickening: Many food dispersions exhibit non-
Newtonian behavior, meaning their viscosity changes with the applied shear
rate. Shear-thinning behavior is observed when the viscosity decreases as shear
rate increases (e.g., tomato ketchup). Shear-thickening behavior occurs when
the viscosity increases with shear rate (e.g., some starch-based suspensions).
Yield Stress: Yield stress refers to the minimum amount of stress required to
initiate flow in a material. Some food dispersions, such as gels or pastes,
exhibit a yield stress, meaning they behave as solid-like materials until a

certain stress threshold is reached. Examples include yogurt or mayonnaise.



Elasticity: Elasticity refers to the ability of a material to deform and then
return to its original shape when the applied force is removed. Some food
dispersions, like foams or certain gels, possess elastic properties. The elasticity
can affect the stability, structure, and mouthfeel of the food product.

Thixotropy: Thixotropy is a time-dependent shear thinning behaviour
observed in some food dispersions. These dispersions show a decrease in
viscosity over time when subjected to continuous shear, but the viscosity
recovers when shear is removed. Thixotropic behaviour is common in certain

sauces or dressings.
3.11. Gel

Gel structure refers to the framework or network of interconnected solid-like
structures that form within a gel. Gels are semi-solid materials composed of a
liquid trapped within a three-dimensional matrix. The structure and strength of
a gel depend on the specific gel-forming material and the conditions under
which it forms.

Gel formation occurs through a process known as gelation, which involves the
transformation of a sol (a dispersed phase in a liquid) into a gel (a continuous
network). The structure and strength of a gel depend on various factors,
including the nature of the gelatinous material and the conditions under which
gelation occurs.

Gels can be classified into chemical gels and physical gels.

Chemical Gels: Chemical gels form through the chemical reaction of
molecules, resulting in the cross-linking or polymerization of the gel-forming
material. For example, gelatin gels form when gelatin proteins undergo
denaturation and subsequent reassociation to form a three-dimensional
network.

Physical Gels: Physical gels form through non-covalent interactions, such as
hydrogen bonding, electrostatic forces, or physical entanglement of polymer
chains. These gels rely on reversible interactions and can be formed by
cooling, evaporation, or addition of suitable agents. Examples include agar or

alginate gels.



Gels can exhibit varying strengths depending on the extent and nature of the
network formed:

Weak Gels: Weak gels have a loose or fragile structure with relatively low
resistance to deformation. They may exhibit low viscosity under low stress
conditions but can undergo flow or collapse under applied shear or stress.
Strong Gels: Strong gels have a more robust and tightly connected network,
offering higher resistance to deformation. They typically exhibit higher
viscosity or firmness and maintain their structure even under significant stress.
The permanence of a gel refers to its stability over time. Some gels are
reversible, meaning they can be transformed back into a sol or a liquid-like
state under suitable conditions, while others are permanent or irreversible gels
that maintain their structure indefinitely.

The permanence of a gel depends on factors such as the strength of the gel
network, the presence of stabilizers, and external conditions like temperature,
pH, or mechanical stress. Some gels, like those formed by physical
interactions, can be easily disrupted and revert to a sol state when the
conditions change (e.g., heating or dilution). Other gels, such as chemically
cross-linked gels, are more stable and maintain their structure even under

varying conditions.

3.12. Emulsion: formation

An emulsion is a type of colloidal dispersion in which two immiscible liquids
are dispersed in each other. Typically, an emulsion consists of two phases: the
dispersed phase and the continuous phase. The dispersed phase is composed of
small droplets or globules of one liquid dispersed throughout the continuous
phase.

The two common types of emulsions are oil-in-water (O/W) and water-in-oil
(W/O) emulsions, depending on whether the continuous phase is water or oil,
respectively.

In an oil-in-water emulsion (O/W), tiny droplets of oil are dispersed within a

continuous phase of water. Examples of O/W emulsions include milk, salad



dressings, and most lotions. In this type of emulsion, an emulsifier is typically
used to reduce the interfacial tension between the oil and water phases,
allowing the oil droplets to remain dispersed and preventing them from
coalescing.

On the other hand, in a water-in-oil emulsion (W/O), small droplets of water
are dispersed within a continuous phase of oil. Examples of W/O emulsions
include butter and margarine. Emulsifiers, such as mono- and diglycerides, are
used to stabilize the emulsion and prevent the water droplets from merging.
Emulsions can have a wide range of applications in various industries,
including food, cosmetics, pharmaceuticals, and paints. They are used to create
desirable textures, improve flavor release, enhance stability, and facilitate the

delivery of active ingredients.
3.12.1. Emulsifier

Emulsifiers have two distinct parts: a hydrophilic (water-loving) head and a
hydrophobic (water-hating) tail. The hydrophilic head is attracted to water,
while the hydrophobic tail is attracted to oil. When added to an oil-water
mixture, emulsifiers position themselves at the oil-water interface, with their
hydrophilic heads in the water phase and their hydrophobic tails in the oil
phase. This arrangement forms a protective layer around the oil droplets,

preventing their coalescence and maintaining the stability of the emulsion.

3.12.2. Stability

The stability of an emulsion is determined by the balance between various
forces. The main forces at play are:

Interfacial Tension: Emulsifiers reduce the interfacial tension between oil and
water, preventing the droplets from coalescing and separating. Lower
interfacial tension contributes to greater stability.

Steric Hindrance: Emulsifiers form a protective layer around the oil droplets,
creating steric hindrance that impedes droplet coalescence. This hindrance is

due to the physical presence of the emulsifier molecules at the interface.



Electrostatic Repulsion: Some emulsifiers carry an electrical charge, which
leads to electrostatic repulsion between oil droplets. The repulsive forces
hinder droplet aggregation and enhance emulsion stability.

Stability: Choosing the appropriate emulsifier is essential for achieving and
maintaining emulsion stability. Different emulsifiers have varying degrees of
effectiveness depending on the specific oil and water phases involved. Factors
such as the emulsifier concentration, type of emulsifier, pH, temperature, and
mixing techniques also influence emulsion stability.

Surfactant: Surfactants, which are a type of emulsifier, play a vital role in
emulsion formation and stability. They reduce surface tension between
immiscible phases and help disperse one liquid phase into smaller droplets
within the other phase. Surfactants have hydrophilic and hydrophobic regions,
enabling them to interact with both oil and water phases, thereby stabilizing
the emulsion.

Common examples of emulsifiers include:

Lecithin: Extracted from sources like soybeans or egg yolks, lecithin is a
natural emulsifier commonly used in food and cosmetic products.

Mono- and Diglycerides: These are fatty acid esters of glycerol and act as
emulsifiers in various food products, such as baked goods and dairy items.
Polysorbates: Polysorbates, such as Polysorbate 80, are synthetic emulsifiers
used in food, pharmaceuticals, and cosmetics to stabilize emulsions and
improve texture.

Sodium Stearoyl Lactylate (SSL): SSL is a food-grade emulsifier that helps
stabilize emulsions and improve dough properties in baked goods.

Sorbitan Esters (Span): Sorbitan esters, also known as Spans, are widely used

as emulsifiers in the food and cosmetic industries.
3.13. Foams

Foams are dispersions consisting of gas bubbles dispersed within a liquid or
solid matrix. They are encountered in various food and beverage products like

whipped cream, meringues, and carbonated beverages. The structure and



stability of foams are determined by the processes of foam formation and
stabilization.
Foam formation begins with the incorporation of gas bubbles into a liquid or
solid matrix. This can occur through mechanical agitation, such as whisking or
mixing, or through the release of gas during fermentation or chemical
reactions. The gas bubbles become dispersed within the continuous phase, and
their size and distribution play a significant role in foam properties.
Stabilization: The stabilization of foams is crucial to prevent the coalescence
and collapse of gas bubbles. Stabilization is achieved through the interaction of
various components, including:
Surfactants: Surfactants play a key role in foam stabilization. They are
molecules with hydrophilic (water-loving) and hydrophobic (water-hating)
regions. Surfactants concentrate at the gas-liquid interface, where their
hydrophilic ends interact with the liquid phase, while their hydrophobic
ends align towards the gas phase. This arrangement creates a surface film
that reduces surface tension and inhibits bubble coalescence.
Proteins: In many food systems, proteins act as natural surfactants and
contribute to foam stability. Proteins unfold and adsorb at the gas-liquid
interface, forming a protective film that stabilizes the foam. The type and
concentration of proteins influence the foam structure and stability.
Polysaccharides: Certain polysaccharides, such as gums and stabilizers,
can enhance foam stability. They contribute to viscosity, create a network
within the liquid phase, and help trap and stabilize gas bubbles.
Mechanical Factors: Mixing or whipping the foam can also contribute to
its stability. Mechanical agitation incorporates air into the system,
promotes bubble distribution, and creates a network of gas bubbles. It can
also disrupt large bubbles and promote the formation of smaller, more
stable bubbles.
Foam stability can be affected by various factors, including temperature, pH,

concentration of stabilizers, and the presence of other ingredients. Over time,



foams may lose stability due to bubble coalescence and drainage, where liquid

drains from the foam structure.

3.14. LET US SUM UP

In food science, colligative properties are significant because they affect the
texture, stability, and shelf-life of food products. For example, the freezing
point depression of ice cream mixtures due to the addition of sugar or other
solutes affects the texture and creaminess of the final product. Similarly, the
osmotic pressure of a brine solution in pickling affects the texture.

Water activity is a critical parameter in food preservation. By controlling water
activity, food manufacturers can prevent microbial spoilage, extend shelf life,
and maintain the quality and safety of food products. Understanding the
relationship between water activity and food spoilage is essential for
developing effective preservation strategies in the food industry. The rheology
of food dispersions helps in product formulation, processing optimization, and
quality control. It enables manufacturers to achieve desired textural attributes,
control product stability, and ensure proper handling and flow properties.
Rheological measurements and modeling techniques, such as viscosity
measurements, creep testing, or oscillatory rheology, are used to characterize
and analyze the rheological properties of food dispersions. The gel structure,
formation, strength, and permanence is crucial in various industries, including
food, cosmetics, and pharmaceuticals. It helps in the development of products
with desired textures, stability, and functional properties, allowing for the
creation of a wide range of gel-based formulations.

Emulsions are formed and stabilized by emulsifiers or surfactants. These
molecules reduce interfacial tension, create a protective layer, and promote
stability by preventing droplet coalescence. The choice of emulsifier and other
formulation parameters are crucial in achieving and maintaining stable
emulsions with desired properties. Foam structure and stabilization is essential
in the formulation and processing of food products. By selecting appropriate

ingredients, controlling processing conditions, and incorporating stabilizers,



manufacturers can achieve and maintain desirable foam structures and enhance

the sensory and textural attributes of their products.

3.15. Glossary

Solvent: A substance capable of dissolving other substances to
form a solution. In food dispersion, water is often
referred to as the universal solvent due to its ability to
dissolve a wide range of solutes.

Hydration: The process of water molecules binding to other
molecules, promoting softening and improved
digestibility in food ingredients.

Emulsification: The dispersion of immiscible liquids, such as oil and
water, through the use of emulsifying agents or
techniques to create stable emulsions. Emulsions

enhance texture, mouthfeel, and flavor in various food

products.
Homogeneous A uniform mixture where the components are evenly
Mixture: distributed at a molecular or particle level. In food

dispersion, achieving a homogeneous mixture is
important for consistent product quality.

Stabilization: The process of preventing ingredient separation and
maintaining the homogeneity and texture of food
dispersions.  Stabilizers, such as emulsifiers,
hydrocolloids, and proteins, help achieve stability in
food systems.

Rheology: The study of the flow and deformation of matter. In
food dispersion, rheological properties, such as
viscosity, elasticity, and yield stress, influence the
texture and mouthfeel of food products.

True Solution: A homogeneous mixture at a molecular or ionic level,

where solute particles are uniformly dispersed and



Colloidal
System:

Emulsifier:

Gel:

Aerosol:

Brownian

Motion:

Suspensions:

individually surrounded by solvent molecules. True
solutions do not scatter light and do not settle over
time.

A type of dispersion where microscopic particles,
called colloids, are dispersed within a continuous
medium. Colloidal particles range in size from
approximately 1 nanometer to 1 micrometer and
exhibit unique properties due to their size and surface
characteristics.

An ingredient or compound that helps stabilize
emulsions by reducing the interfacial tension between
immiscible liquids, allowing them to remain dispersed
in a stable form.

A colloidal dispersion where the continuous medium
forms a three-dimensional network, trapping dispersed
particles and creating a solid-like structure. Gels have a
semi-solid consistency.

A colloidal dispersion where solid or liquid particles
are dispersed within a gas medium, such as mist, fog,
or smoke.

The random motion exhibited by colloidal particles due
to collisions with molecules in the continuous medium.
Brownian motion helps keep colloidal particles evenly
dispersed and prevents their settling.

Heterogeneous mixtures where solid particles are
dispersed within a liquid medium but tend to settle over
time. Unlike colloidal systems, suspensions exhibit

visible settling and may scatter light.

3.16. CHECK YOUR PROGRESS EXERCISE

Fill in the blanks:



) I is characterized by the interchange of ions between the
water phase and solid materials.

b) Water is referred to asthe ...................... due to its ability to dissolve a
wide range of substances.

(o) IR is water that is tightly bound to other substances or
macromolecules like protein, carbohydrates, or fibres and is difficult to
physically separate.

d) Water has a high ......................... indicating that it requires a
substantial amount of energy to transition from a liquid to a gas phase

e) Colloidal particles are larger than individual ions or molecules but smaller
than visible particles, typically ranging in size from.........................

) In ...l light passes through a colloidal suspension, the
dispersed particles scatter the light, making the suspension appear hazy or
milky.

Q) is a time-dependent shear thinning behaviour in some food
dispersions.

h) is a natural emulsifier extracted from sources like egg yolks.

Short answer type question:

1. Briefly explain the structure of water.



3. Define the following terms:

a) Absorption

6. Discuss the structure of ice.






3.17. Answer key

a)
b)
c)
d)
e)
f)
9)
h)

lon exchange
universal solvent
Bound water

heat of vaporization
1 to 1000 nanometers
Tyndall effect
Thixotropy

Lecithin



BLOCK-2 POLYSACCHARIDES, SUGARS AND SWEETENERS,

CEREAL AND OIL PRODUCTS

The first by products of photosynthesis in plants are carbohydrates. More than half
of the organic material on Earth is made up of these compounds in one way or
another. The tissues of plants, animals, and microorganisms all contain different
types and amounts of carbohydrates. Along with oils and fats, they constitute the
main source of energy for the human body. Monosaccharides and oligosaccharides
are abundant in plants. The main carbohydrate found in grains and root vegetables
is starch. Cellulose, hemicellulose, and pectin are the "bricks" or structural
carbohydrates of plants. The body's primary energy sources are lipids and
carbohydrates. Various changes take place while food is being prepared. Both
plant and animal sources contain lipids. During the production and storage of food,
they also go through physical and chemical changes. Therefore, knowledge of
these molecules’ physical and chemical characteristics is essential for food
preservation. Students will learn about the numerous facets of carbohydrates and

lipids in this block.

Unit- 4 focuses on 'Sugars, Sweeteners, and Polysaccharides'. The many types
of polysaccharides, including starch and non-starch polysaccharides, sugars and
sweeteners, and their respective food processing techniques, are discussed in detail

in this unit.

Unit-5 contains information related to "Cereals & Cereal Products.” The
structure and make-up of cereal and items made from cereal are broken down and
discussed in this section. This course helps students build a greater understanding
of the various cereal products available, such as puffed and flaked cereals,

morning cereals, and more.

Unit-6 includes "Fats, oils, and associated Products” in its scope of coverage. In

this lesson, we will discuss the origins of fats and oils, their makeup, and the effect



that their composition has on the fat's qualities. This unit also helps make it easier
to understand facts regarding the breakdown of fat and antioxidants.

UNIT-1 POLYSACCHARIDES, SUGARS AND SWEETENERS

Structure-
1.0  Objective
1.1  Introduction to Polysaccharides
1.2 Introduction to Starch
1.2.1- Structure of Starch
1.2.2- Characteristics of Starch
1.2.3- Starch Gelatinization and Retrogradation
1.3 Introduction to Non-Starch Polysaccharides
1.3.1- Cellulose
1.3.2- Hemicellulose
1.3.3- Pectins
1.3.4- Gums
1.3.5- Animal Polysaccharides
1.4-  Introduction to Sugars and Sweeteners
1.4.1- Sugars
1.4.2- Syrups
1.4.3- Sugar Products
1.4.4- Chemistry of Sweeteners
1.4.5- Utilization in Food Products
1.5 Introduction to Fermentation
1.5.1- Acidic Fermentation
1.5.2- Alcoholic Fermentation
1.5.3- Significance of Fermentation
1.6 Non-Enzymatic Browning
1.7 LetUs Sum Up
1.8 Keywords



1.0 OBJECTIVE

After reading this unit, Students will be able to-

1. Define Starch and Non-Starch Molecules

2. Explain the structural components and, properties, the functionality of
starches in our food

3. Discuss the role of modified starches in the food industry and in-home use

4. Understand the chemistry and significance of Sugars and Sweeteners

5. Describe the basic chemistry behind different food-related mechanisms like

fermentation

4.1 INTRODUCTION TO POLYSACCHARIDES

The majority of food polysaccharides are made from starch, while the rest are
referred to as non-starch polysaccharides (NSPs). The availability of starch, a
natural polysaccharide, is second only to that of cellulose, making it the primary
source of food carbohydrates worldwide. This places starch in a special position.
Although the majority is consumed along with the accompanying nutritious
material in the form of protein, fat, fibre, and minerals, the amount isolated in a
pure form is significantly greater than that of all other NSPs. Although
polysaccharides typically appear in complicated mixes, the molecular structures of
dietary polysaccharides, which are typically derived from plant sources, are well

understood.

Polysaccharides are polymers made up of ten or more monosaccharide molecules.
These monosaccharide units are connected by glycosylated bonds. While hetero-
polysaccharides have two or more types of monosaccharide units, homo-
polysaccharides contain just one type of monosaccharide unit. Some
polysaccharides are made up of sugar derivatives, such as the monosaccharide
glucosamine, a derivative of glucose, which is a repeating monosaccharide found

in chitin. Different polysaccharides can be distinguished from one another by their



kind of repeating monosaccharide unit, quantity of repeating units, degree of
branching, and type of glycosidic connection between the monomeric units.

Homo-polysaccharides can be further divided into storage polysaccharides and
structural polysaccharides based on the functional roles they play. Storage
polysaccharides are used to store fuel-grade monosaccharides. Plants such as
starch and animals such as glycogen are examples of storing polysaccharides.
Structural polysaccharides like cellulose and chitin serve as structural elements in
the cell walls of plants and animals, respectively. Homo-polysaccharides do not
support life extracellularly; hetero-polysaccharides do. Hetero-polysaccharides
build a matrix in the extracellular space of animal tissues that holds individual

cells together and gives the cells and tissues form, support, and defence.

4.1.1- Homo-polysaccharides- In the process of hydrolysis, homo-

polysaccharides break down into a single type of monosaccharide. They function
not only as structural polymers but also as storage polymers (such as cellulose,
chitin, xylan, and pectin) for example, starch, glycogen, dextran, and inulin. Table
1 provides an overview of the structures and characteristics of a selection of homo-

polysaccharides.

Table-1- Structures and properties of some Homo-polysaccharides

Name Constituent Size (No. of Biological Significance
Monosaccharide | Monosaccharide
Residue)
Starch a-D-glucose 50-5000 Energy storage in plants
Glycogen a-D-glucose Upto 50000 Energy storage in both
animals and bacteria
Cellulose B-D-glucose Up to 15000 Structural role: give the
cell wall stiffness and
strength.
Chitin N-acetyl- Very large Structural role: supply
Dglucosamine insects' exoskeletons




with rigidity and
strength.

Dextran a-D-glucose Wide range Structural: Bacterial

extracellular adhesive

Inulin -D-fructose 30-35 Storage of energy in
plants
Pectin a-D-galacturonic Structural: binds together
acid cellulose fibrils in plant
cell walls
Xylan B-D-xylose 30-100 Storage and auxiliary

functions in plants

4.1.2- Hetero-polysaccharides-

Hydrolysis of heteropolysaccharides results in a variety of monosaccharides. They

can be found in plant, animal, and bacterial extracellular matrix.

a) Agar-

In the cell walls of marine red algae like Gelidium, Gracilaria, and Gigartina, a
gelatinous polymer called agar is present. It is a sulphated heteropolysaccharide
mixture made up of ether-linked D- and L-galactose derivatives between C3 and
C6. The agar component with the fewest charged groups is agarose (sulfates,
pyruvates). In hot water, agar and agarose dissolve to form a sol that cools to form
a gel. Agarose gels are employed as an inert support in the electrophoretic
separation of nucleic acids. Agar is used as a surface for the growth of bacterial

and plant tissue cultures.

b)_Peptidoglycan-

The bacterial cell wall contains a hard substance called peptiddoglycan. It is a
heteropolysaccharide made up of alternating residues of N-acetyl-D-glucosamine
and N-acetyl muramic acid that are (1(4) linked. N-acetyl muramic acid links the
brief peptides that join the linear polysaccharide chains. A strong sheath that




surrounds the entire cell and prevents osmotic rupture is created when peptide
cross-links the polysaccharide chains together. By hydrolyzing the peptidoglycan's

a-(1->4)-D glycosidic bonds, the enzyme lysozyme, which is present in human tears,

destroys bacteria.

4.2 INTRODUCTION TO STARCH

Starch, commonly referred to as Amylum, is a polymeric carbohydrate comprised

of many glucose units connected by a-(1—4)-D glycosidic bonds. The majority of

green plants produce this polysaccharide to store energy. It is the most prevalent
carbohydrate in human diets and is plentiful in staple foods like wheat, potatoes,

maize (corn), rice, and cassava (manioc).

Pure starch is an odourless, tasteless, white powder that is insoluble in cold water
and alcohol. It is composed of linear and helical amylose and branched
amylopectin. Depending on the plant, starch contains 20 to 25 percent amylose and
75 to 80 percent amylopectin by weight. Glycogen, the energy store of an
organism, is a highly branched version of amylopectin.

In industry, starch is routinely converted into sugars, for instance by malting.
These sugars can be fermented into ethanol, which can be used to generate beer,
whisky, and biofuel. Moreover, numerous processed foods contain sugars

generated from processed starch.

4.2.1- Structure of Starch

Starch is a polysaccharide composed of a long chain of glucose molecules. There
are two kinds of glucose chains in starch. The first is a simple chain called

amylose, while the second is a complex branching version called amylopectin.

Starch granules are often made up of amylose (20-30%) and/or amylopectin (70-
80%) molecules spread radially. Each granule typically contains several million
amylopectin molecules, each of which is made up of several million glucose units,
as well as a far greater number of smaller amylose molecules, each of which is

made up of 500 to 20,000 glucose units in each chain. Amylopectin, which is


https://en.wikipedia.org/wiki/Glycosidic_bond
https://en.wikipedia.org/wiki/Glycosidic_bond

responsible for granule formation, is a fundamental component of most starches.
Amylopectin (without amylose) can be removed from 'waxy' maize starch (so
named because the new surface of the kernel appears vitreous or waxy when cut),
whereas amylose (without amylopectin) is best isolated after hydrolyzing the

amylopectin with pullulanase specifically.

A. Amylose

Amylose molecules range in molecular weight from 104 to 206. Amylose can take
on a variety of shapes (hydrodynamic radius 7-22 nm), It does, however, create a
stiff left-handed single helix or even stiffer parallel left-handed double helical
junction zones. The helix's centre is lipophilic and contains just hydrogen atoms,
whereas the hydroxyl groups are found on the coil's surface. Most starches include
approximately 25% amylose. The apparent amylose levels of two commercially

available high amylose corn starches are around 52 percent and 70-75 percent.

B. Amylopectin

Amylopectin has a branching structure with around 30 glucose units in a chain
connecting the branches. 'Outer' unbranched chains (also known as A-chains) are
more common than ‘inner' branched chains (called B-chains). The solitary
reducing group is contained in only one chain (referred to as the C-chain). Each
amylopectin molecule contains up to two million glucose residues in a tight shape.
Amylopectin's branching structure gives it a striped appearance, with knotted
branch points in a row and smooth chains separating them. Because these
molecules are so large, they appear stripped under a light microscope, causing

"growth rings" in the starch grain.

4.2.2- Functional Properties of Starch-

The majority of the calories that are contained in grains, tubers, and the foods that
are created from them come from starch. However, when starch is added to
products as an ingredient, it is usually the functional capabilities of the starch that
are important, not the calories that are contributed to the product. Due to their

adaptability and low cost, starches find use in an extremely wide variety of food



applications. Clouding, Adhesives, bindings, dusting, glazing, moisture holding,
stabilising, texturizing, film forming, foam strengthening, anti-staling, gelling, and

thickening are just a few of the applications.

a)_Starch as Thickening Agent- The primary component that causes a thickening

in puddings, gravies, and sauces is starch. When starch is boiled, it transforms into
a gel after absorbing water. The formation of the gel is caused by amylopectin,
which is produced as the starch expands under the influence of water. Some
starches have a larger amylopectin concentration than others, and as a result, they
produce superior gels to those that have a significant amount of amylose. When
compared to a starch solution with the same concentration, a higher amylose
content results in a lower swelling power and a lower gel strength. Amylose is the

component that is primarily responsible for the thickening effect.

b) Starch as a Binder, Fillers and Fat Substitute - The long water-soluble

chains increase viscosity, which is not affected by temperature. Amylose chains
create helices (spirals) when they coil up, with the hydrophobic regions on the
inside. This allows them to trap lipid (oil and fat) and aroma molecules inside the
helix. Because starches are so good at absorbing water and bulking/swelling up,

they play an important role in the "mouth feel" of many food products.

The swelling power is calculated after heating the starch in excess water as the
ratio of the wet weight of the sedimented gel formed to its dry weight. It is
affected by processing parameters such as temperature, time, stirring, and
centrifugation and can be thought of as its water binding capabilities.

The substantial but relatively poor water-binding capability of starches helps give
foods structure and mouthfeel. In processed meat, starches serve as a filler, binder,
moisture retainer, and fat substitute (hot dogs, sausages, etc.). Extruded cereals,

ready-to-eat morning cereals, and snacks all employ them to keep their form.

c) Starch as Bulking Agent and Prebiotics- It is difficult to calculate what

percentage of dietary starch is resistant to digestion in the stomach and small

intestine since it varies so much depending on factors such as the kind of starch



and the method of boiling it before consumption. Resistant starch, which is the
sum of all starch and the byproducts of starch breakdown that are not absorbed by
the small intestine of healthy people, is a type of dietary fibre that can be used to
relieve constipation. By delaying the rate at which food leaves the stomach,
resistant starch is useful for dieters. It plays a number of crucial physiological
activities, including providing substrate for the intestinal microorganisms that

generate vitamins (and intestinal gas).

4.2.3- Starch Gelatinization and Retrogradation

A. Starch Gelatinization-

When exposed to warm water, starch continues to swell until it reaches the
gelatinization temperature, at which point it begins to lose its structure and spill
out its eight constituents. Gelatinization describes the process through which
anything transforms into a substance similar to jelly. Gelatinization is a process
that takes place when heat and moisture are present in the environment at the same
time. When cooked to a temperature of 1000 degrees Celsius, starch loses its
ability to form H-bonds, which results in the granule expanding and the constituent
starch polymers being more soluble. The viscosity of the solution increases, it gets
less opaque, and it ultimately transforms into a paste. The term "gelatinization"

refers to this particular procedure.

The gelatinization process involves the absorption of water, which causes the
starch granule to experience an irreversible expansion to several times its original
size. When starch is cooked with excess water, the molecular order of the granule
is gradually and irrevocably destroyed at the gelatinisation temperature, which for
most starches is in the range of 60-70°C. Amylose is preferentially leached out of
the network and solubilized; however, some amylose leaching can occur prior to
gelatinization as well. This is because amylose is soluble in water. When the
temperature is raised to a high enough level, the granules of starch are shattered,

and only a portion of the starch is dissolved.

Gelatinization in its entirety often takes place over a temperature range, with

gelatinization of bigger granules typically occurring first. True molecular solution



cannot be attained at temperatures lower than 100 degrees Celsius, and the
swollen, hydrated granules that are predominantly composed of amylopectin
continue to be present. Continued heating of starch granules in excess water
promotes granule swelling, increased leaching of soluble components (mostly
amylose), and eventually complete granule disruption, especially when shear
pressures are applied. As a result of this process, a starch paste is formed.

B. Starch Retrogradation:

Starch is insoluble in cold water, but when it is exposed to warm water, it begins to
swell until it reaches its gelatinization temperature, at which point it begins to lose
its structure and leak out its eight constituents. Gelatinization describes the process
through which anything transforms into a substance similar to jelly. Gelatinization
is a process that takes place when heat and moisture are present in the environment
at the same time. When cooked to a temperature of 1000 degrees Celsius, starch
loses its ability to form H-bonds, which results in the granule expanding and the
constituent starch polymers being more soluble. The viscosity of the solution
increases, it gets less opaque, and it ultimately transforms into a paste. The term

"gelatinization" refers to this particular procedure.

The absorption of water during the gelatinization process leads the starch granule
to expand irreversibly to several times its original size. When starch is cooked with
excess water, the molecular order of the granule is gradually and irrevocably
destroyed at the gelatinisation temperature, which for most starches is in the range
of 60-70°C. Amylose is preferentially leached out of the network and solubilized;
however, some amylose leaching can occur prior to gelatinization as well. This is
due to the fact that amylose is water soluble. When the temperature is elevated

sufficiently, the starch granules fracture and only a fraction of the starch dissolves.

Gelatinization normally occurs over a temperature range, with larger granules
gelatinizing first. True molecular solution cannot be achieved at temperatures
below 100 degrees Celsius, and swollen, hydrated granules largely made of
amylopectin remain present. Continued heating of starch granules in excess water

promotes further granule swelling, increased leaching of soluble components



(mostly amylose), and eventually complete granule disruption, especially when
shear pressures are applied. This technique yields a starch paste.

4.3 INTRODUCTION TO NON-STARCH POLYSACCHARIDES

Carbohydrate fractions that do not include starch or free sugars are referred to as
non-starch polysaccharides, or NSPs. These are a type of polymeric carbohydrates
that are distinct from amylase and amylopectin in both their content and their
structure. They are the structural analogues of the animal kingdom's skeletal
system that can be found in the plant kingdom. NSPs are high-molecular-weight
polymers composed of -linked chains of pentoses and hexoses, with molecular
weights ranging from 80,000 to one million. NSPs constitute the majority of cell
wall polysaccharides and have close relationships with other polysaccharides and
non-carbohydrate components such as protein and lignin.

The macromolecules pectins, cellulose, hemicellulose, and oligosaccharides are all
included in NSP (such as alpha-galactosidase, etc.). The key components that
combine to form dietary fibre are NSPs and lignin. NSP is made up of
macromolecular polymers of monosaccharides that are bound together via a type
of linkage known as a glycosidic bond. When the hemiacetal group of one sugar
interacts with the hydroxyl group of another sugar, this connection is formed.
NSPs can be found within and outside of cells, however the most majority are
generated from the cell wall. It cannot be hydrolyzed by the enzymes found
naturally in the body. Xylans, arabinoxylans (pentosans), beta-glucan, and
cellulose are the most common non-starch polysaccharides (NSP) found in cereal

grains.

4.3.1- Classification of Non-Starch Polysaccharides

a) Based on Solubility-

e Cellulose —Insoluble in water, alkali or dilute acids.



e Non-cellulosic Polymers- Arabinoxylans are a combination of connected

beta glucans, xyloglucan, mannans, fructan and galactans. These are just
slightly soluble in water.

e Pectic Polysaccharides- Polygalactouronic acids that can be replaced by

arabinogalactan, arabinan, and galactan. These are just slightly soluble in
water.
b) Based on Linkage-
e Water Soluble or Partially Water Soluble- Beta 1, 4 glycosidic linkage

backbones along with beta 1, 3 linkages.

e Water Insoluble- Long sequence of beta 1, 4 glycosidic unit.

4.3.2- ROLE OF NON-STARCH POLYSACCHARIDES IN HUMAN HEALTH

The majority of total fibre in diets is made up of insoluble NSP. It satisfies the
animals’ appetites. A modest amount helps to promote stomach
evacuation/defecation and maintain normal gut health. By decreasing the residence
time of digestion, a high concentration of dietary fibre lowers digestion and
absorption of feed components. Soluble NSPs act as an anti-nutritive substance in
the body. It ferments swiftly in the colon and provides energy to anaerobic
microbes. It promotes the spread of harmful bacteria like Clostridium perfringens,
which causes a number of diseases in animals and poultry.

Consuming fibre increases mucous discharge. It increases nutrition transfer barrier
across the epithelial interface by thickening the mucous layer and changing the
physiochemical characteristics of mucus. The viscous form of NSP slows
digestion and absorption due to nutritional encapsulation.

A high-insoluble NSP-containing meal greatly boosted fermentation in the small
intestine. NSP not only interferes with digestion processes, but it also has a
considerable negative influence on animal energy and mineral availability.
Insoluble NSP-rich meals are very effective at preventing the onset of cannibalism
in laying hens. It is due to the bulky structure of fibre and the resulting effect on

digestion transit rate.



4.3.3 DISCUSSION ON SOME COMMON NON-STARCH
POLYSACCHARIDES

Non-Starch Polysaccharides that are commonly used include:
1- Cellulose-

Condensation, or the elimination of water, joins these glucose molecules and
creates (1,4) glycosidic bonds. Each straight chain of cellulose is made up of 100-
1000 units. Parallel chains that are joined together by weak hydrogen bonds are
known as Cellulose Microfibrils (CM).

CM join together to form microfibrils, which are thicker bundles. (These are
frequently referred to as fibres.) In order to create complex structures like plant
cell walls, additional substances like hemicelluloses and calcium pectate
frequently act as "glue" to bind the cellulose fibres together. Compared to
amylose, cellulose has a different overall shape due to the connections. It forms
extended straight chains that hydrogen bond with one another to create a very stiff
structure.

Cellulose, the most abundant organic substance on the planet, is an important
structural polysaccharide. Wood is composed of 50% cellulose, a material found in
plant cell walls that provides strength and rigidity. Although it provides critical
roughage (dietary fibre) to stimulate stomach contraction and aid in food transit
through the digestive system, most animals lack the enzymes required to digest
cellulose. Some animals, such as cows, sheep, and horses, can consume cellulose
by converting it to glucose utilising bacterial colonies in their digestive systems;
ruminants use multiple stomachs to allow the substance to breakdown. Other
species, such as rabbits, reprocess previously digested food to give the cellulose
more time to break down.

Because of its application in products such as cotton, cellophane, wood, paper,
rayon, photographic films (cellulose acetate), linen, and nitrocellulose (guncotton).

As a result, cellulose is also useful in the industrial sector.



2- Inulin-

The tubers of dahlias and artichokes, as well as the roots of dandelion, are good
places to look for inulin storage. In addition to that, onion and garlic both contain
it. Inulin has a molecular weight of about 5,000 and contains 30-35 fructose units
per molecule on average.

In plants, it is created by removing a water molecule from the glycosidic OH
group on carbon atom 2 of one group and carbon atom 1 of the adjacent p — D —
fructose unit.

3- Pectin-

Young plant tissues contain pectins, which are intercellular substances. The pectin
content of ripe fruits such as guavas, apples, and pears is especially high. Pectin is
a polymer whose carboxyl groups are either completely or partially esterified with
methyl alcohol, whereas other carboxyl groups are connected with calcium or

magnesium ions. Chemically, they are known as polygalacturonides.

4- Hemicellulose-

Low molecular weight non-cellulosic polysaccharides known as hemicelluloses
make up the majority of NSPs. It is only moderately water-soluble.. They typically
consist of D — xylose, L — Arabinose, D — glucuronic acid, Dmannose D —
galactose ,D — glucose, etc. and are most frequently found as heteropolymers of
monosaccharides and less frequently as homopolymers.

5- Gums-

Gums occurring naturally in plants are polysaccharides, which are long chains of
sugars that are either water-soluble or water-absorbent. When these
polysaccharides are combined with water, gels are produced.

Humans can only partially digest gums and gums normally have little harmful side
effects. In the food sector, they are commonly employed as thickeners, emulsifiers,
and stabilisers. Due to the fact that they are regarded inert compounds, they are

frequently utilised in diet goods and medications.



Animal Polysaccharides-

1- Glycogen-

Glycogen is a glucose polymer with many branches that functions as an energy
storage compound in mammals, fungi, and bacteria. It is the primary glucose
storage type in the human body.

Adipose tissue (body fat) also stores energy in the form of triglycerides, but for a
longer period of time than glycogen. Humans produce and store glycogen

predominantly in liver and skeletal muscle cells.

Glycogen is found in small quantities in the kidneys, red blood cells, white blood
cells, and glial cells of the brain, among other organs and cells. Glycogen is stored
in the uterus to provide fuel for the developing baby. Physical exertion, resting
metabolic rate, and dietary choices are the primary determinants of glycogen stores
in the body.

2- Chitin-

Chitin is a polymer found in many different places, from the shells of insects to the
webs of spiders. It's found in every kind of plant and animal on Earth. Due to its
molecular similarities with cellulose, it is sometimes thought of as a cellulose
derivative. The hydroxyl group is present in cellulose, whereas the acetamide can
be found in chitin. Chitin is unusual because it is a "natural polymer,” or a
compound made from elements found in nature.

Humans typically create polymers. Chitin is found in abundance in crabs, beetles,
worms, and mushrooms. Chitin is a very stiff material that serves to protect insects
from harm.

3- Hvyaluronic Acid-

It is the most common type of mucopolysaccharide and can be found in the
synovial fluid of joints, the vitreous body of the eye, and the umbilical cord of
mammals. D-glucuronic acid and N-acetyl-D-glucosamine form alternating chains

in this polymer (NAG). The material probably has around 5,000,000 molecules.



4- Heparin-

Heparin, commonly known as unfractionated heparin, is a medicine and
glycosaminoglycan that occurs naturally. Heparins are considered anticoagulants
since they depend on the activity of antithrombin. In particular, it is also used to

treat heart attacks and unstable angina.

4.4 INTRODUCTION TO SUGARS AND SWEETENERS

Since prehistoric times, humans have consumed sweeteners of one kind or another,
which are types of carbohydrates. Their inclusion in the healthy-diet is always
debated.

A variety of sweeteners, which are also used in foods for purposes other than
sweetness, are used by consumers to satisfy their "sweet tooth." Jams and jellies
use sugar as a preservative, it gives ice cream and baked goods body and texture,
and it helps breads and pickles ferment.

There are both nutritive and nonnutritive sweeteners. Despite missing other
nutrients necessary for growth and health maintenance, nutritive sweeteners
provide calories or energy at a rate of about four calories per gramme or 17
calories per tablespoon. Examples of healthy sweeteners include sucrose, high
fructose corn syrup, fructose, molasses, corn syrup, honey, and sugar alcohols such
xylito and sorbitol. Because they don't have calories, nonnutritive sweeteners are
sometimes known as artificial sweeteners. Each sweetener has unique uses and
limitations. Not between "natural” and "refined,” but between concentrated sugars
like honey, table sugar, concentrated fruit juices, and corn sweeteners and diluted
sweeteners, which are naturally occurring sugars in foods like milk, potatoes,

oranges, and corn is the important distinction between sugar sources.
4.4.1- Sugars-
All naturally occurring sugars consist of simple carbs. There are three groups of

carbohydrates: monosaccharides (one unit of sugar), disaccharides (two units of
sugar), and polysaccharides (many units of sugar).



a) Monosaccharides-

Fructose is the sweetest natural sugar and 1.5 times sweeter than sucrose.
It is also referred to as levulose and is present in honey and fruits..

Glucose is present in the majority of plant diets. The primary form into
which the body transforms other sugars and carbohydrates is glucose.
Since it is the main sugar flowing in the blood, it is referred to as "Blood
Sugar." Dextrose is another name for glucose. The wonderful thing about
glucose is how quickly it enters the bloodstream and, to a lesser extent, the
mouth mucosa.

Galactose is rare in nature as free sugar. It is typically associated with

glucose in lactose.

b) Disaccharides-

Sucrose is the most prevalent type of sugar in plants and is a disaccharide
made up of two simple sugars. The chemically bound simple sugars glucose
and fructose are released during sucrose digestion and taken up by the body
for use as fuel. The most widely used industrial and household sugar is
sucrose, which is made by condensing sugar from sugarcane or sugar beet
juice.

Although historically "sugar" has meant sucrose, there are now so many
other sugars on the market that this could lead to misunderstandings. At
several stages, sucrose is purified and granulated to create raw, white,
brown, and powdered sugars. During processing, a molasses-colored liquid
IS created.

Lactose is the sugar found in milk, sometimes referred to as milk sugar. The
main purpose of lactose is to give things bulk. It is rarely used as a
sweetener because it is the least sweet of all the sugars. Normally, lactase
divides lactose into its two monosaccharide components, glucose and
galactose. Because they lack or have insufficient amounts of the lactase
enzyme, some persons lose their ability to digest lactose and develop lactose

intolerance.



Despite the fact that cheese is manufactured from milk, less lactose is

present because fermentation turns lactose into lactic acid.

Maltose, also referred to as malt sugar, is created during the brewing of
beer and bread. During digestion, maltose is divided into two glucose units

so that they can be absorbed.

c) Other Sugars-

Honey is a plant-based nectar that honey bees make. Fructose and glucose
are the same sugars found in both honey and table sugar. Honey contains
more calories per equivalent measure than crystalline table sugar because
honey is more concentrated. It's a frequent misconception that honey is
healthier than sugar. That is misleading. Although it includes trace
minerals and B vitamins, the amounts are so little that they have no impact
on a diet that is balanced.

Maple sugar is made by evaporating water from syrup that has been
gathered from the mature sugar maples' spring sap flow. The main
component of maple sugar is sucrose.

Cornstarch was processed with acid, heat, and/or enzymes to create corn
syrup, a glucose sweetener, in the 1920s. The procedure produced maize
syrup as a byproduct. Although corn syrup doesn't have as much sweetness
as sucrose, it is frequently used in place of or in addition to sucrose to
provide food body and texture.

High-Fructose Corn Syrup is produced by turning glucose into fructose
from corn syrup. This innovative enzymatic technique, discovered in 1970,
produces a product that is significantly sweeter, allowing for a reduction in
the amount used. The main nutritive sweetener used by the soft drink
industry is high-fructose corn syrup, which may also be referred to as corn
sweetener or high fructose corn syrup.

Agave Nectar is a sweetener made from many native Mexican varieties of
the agave plant. The primary components of agave nectar are fructose and
honey, and its flavour is comparable to honey.

Sugar alcohols are sweeteners produced from fruits and vegetables or



glucose. Sorbitol, mannitol, maltitol, and xylitol are the most widely used
sugar alcohols. The most naturally occurring sorbitol of any fruit that is
often consumed in the US is found in prunes. In addition, sorbitol is
abundant in apples and pears. Chewing gum, gum coatings, and diabetic
candies all include sugar alcohols. Even though items that include sugar
alcohol may be labelled "Sugar-Free,” "Sugarless,” or "No Sugar," they
nevertheless contain carbohydrates and calories. Sugar alcohols do not lead
to tooth decay. They are absorbed more gradually than carbohydrates,
which would explain why they have laxative effects.
4.4.2- Non-Nutritive Sweeteners-

Non-nutritive sweeteners must have permission from the Food and Drug
Administration in order to be sold in the United States, even though they do not
contain any calories when consumed. The FDA has currently approved the use of
six non-nutritive sweeteners: saccharin, aspartame, acesulfame-K, sucralose,

neotame, and rebaudioside A. Rebaudioside A is an additional choice.
a) Saccharin

In the year 1879, saccharin was discovered, and since then, it has been available
for purchase. Saccharin has been used for such a long time without any reported
adverse effects that it has been accorded the GRAS designation. There is no
evidence that saccharin, when consumed by humans, can lead to the development
of cancer. Approximately 300 times sweeter than sucrose, saccharin maintains its
sweetness throughout a wide range of temperatures.

Because of a study that was conducted in Canada linking saccharin to bladder
cancer in rats, the Food and Drug Administration (FDA) suggested in 1977 that
people stop using saccharin. Because of the backlash from the public, Congress
decided to put a hold on the FDA's plan to remove saccharin from distribution.
The moratorium is still being enforced at this time. Saccharin was taken off of the
list of substances that had a reasonable possibility of causing cancer in humans in

the year 2000. Warning labels are no longer required to be placed on saccharin.



b) Aspartame-

Aspartame is a synthetic sweetener that was discovered in 1965. It has no
nutritional value. It has a sweetness that is between 180 and 200 times that of
sucrose. In 1981, the FDA approved aspartame for use as a tabletop sweetener and
as a component in dry foods such dry beverage mixes and cold cereals. In 1983,
the authorization for carbonated beverages was expanded. The FDA established a
50 mg Acceptable Daily Intake (ADI) for aspartame per kilogramme of body
weight.

Because it degrades and loses its sweetness when exposed to high temperatures or
temperatures that are maintained for an extended period of time, the use of
aspartame is restricted at these temperatures. If you are going to use aspartame in
your cooking, you should wait until the very end of the cooking process to add it.
This will help avoid the product from becoming ruined. If by some chance you
heat a food that contains aspartame, the item will still be safe to consume, but it
won't have the desired level of sweetness.

Although the safety of aspartame has been questioned by some people, it is one of
the ingredients that has been put through the most rigorous testing in the food
chain. The ADI represents a daily intake recommendation that should be adhered
to throughout one's entire life and includes a built - in safety factor. In studies
conducted with humans, consumption of significantly higher doses of aspartame

than the ADI did not result in any adverse effects.

c) Acesulfame-K-

In July of 1988, the FDA gave its approval for the use of acesulfame-K as a
sweetener that is free-flowing on tabletop surfaces, in addition to being used in
chewing gum, puddings, and dry-base beverage mixes. The "K" stands for
potassium in this equation. Acesulfame-K has a sweetness that is approximately

200 times that of sucrose.



Acesulfame-K can withstand high temperatures and is hence suitable for use in
baking. The sweetness of foods can be maintained throughout time with the help
of acesulfame-K, which extends the amount of time that items can remain sweet.
Foods with Acesulfame-K mixes have up to 40% less total sweetness overall than
foods without these blends. This sweetener is frequently used with other low-
calorie sweeteners to produce a flavour that is more like to sugar than any of the

low-calorie sweeteners provide when used alone.

The FDA has determined that the recommended daily intake (ADI) for
acesulfame-K is 15 mg per kg of body weight. Acesulfame-K contains a small
amount of potassium, but not nearly as much as potassium found naturally in
meals. The structure of sulphur is different from that of sulfites or sulfa medicines,
both of which have been known to cause allergic reactions, despite the fact that it

contains sulphur.
d) Sucralose-

Sucralose was approved by the FDA in April 1998. It is the only non - nutritive
sweetener made from sucrose and is around 600 times sweeter than sugar.
Sucralose is legal to use as a tabletop sweetener, in processed fruit juices and other
fruit products, salad dressings, baked goods, and dairy products. Products made
with sucralose maintain their sweetness even after extended periods of storage,

baking, and cooking.
e) Neotame-

Neotame's use was authorised by the FDA in 2002. Three molecules of 3-
dimethylbutyaldehyde with the two amino acids aspartic acid and phenylalanine
make up the compound neotame. Between 30 and 60 times sweeter than
aspartame, it is between 7,000 and 13,000 times sweeter than sucrose. A warning
label is not necessary because neotame is not significantly converted to
phenylalanine. It was approved for use as a general-purpose sweetener in addition
to meat and poultry. Additionally, it can withstand heat and be utilised in baked

foods.



f) Rebaudioside A-

In 2008, the FDA approved Rebaudioside A for use as a sweetener. Prior to 2008,
it could only be offered for sale as a dietary supplement. A refined stevia plant

product is Rebaudioside A.

g) Cyclamates-

Cyclamate is a 30 times sweeter than sugar nonnutritive sweetener that blends well
with other calorie-free sweeteners. When mixed with other low-calorie sweeteners,
cyclamate has a synergistic effect that lowers the overall amount of sweeteners
needed. Since its discovery in 1937, it has been legal to use in foods and beverages
in more than 50 nations, including Canada, Australia, and Mexico. Although it was
made illegal in the US in 1970, the FDA is currently considering a petition to re-

approve cyclamate.

4.4.3- Working Mechanism of Non-Nutritive Sweeteners-

A sweetening agent needs to be water soluble and simple to bind to the receptor
molecule on the surface of the tongue in order to work effectively. The sweetener
interacts with the receptor to produce the sweetness of an artificial sweetener. The
receptor is actually connected to a G- protein, and when the sweetener binds to the
receptor, the G- protein starts to dissociate, triggering an event sequence in which

the signals are transmitted to and interpreted by the brain.

Our tongue's surface is frequently covered with several taste buds, each of which
has a number of taste receptors that can discern different flavours. Our taste

receptors come into contact with food molecules as we eat.

Our brain receives a signal when a chemical and a receptor are in perfect
alignment, enabling us to identify the taste. For instance, the sugar molecule
exactly fits into our taste receptor for sweetness, enabling the brain to differentiate

the sweetness of food.

Anrtificial sweetener molecules resemble sugar molecules sufficiently to fit on the

sweetness receptor. However, they differ significantly from sugar in terms of how



many calories they contain. They provide a sweet taste without adding extra
calories, which is why they are known as Non-Nutritive Sweeteners.

4.5 INTRODUCTION TO FERMENTATION

Sugar is fermented into acids, fumes, or alcohol as part of a metabolic process.
Lactic acid fermentation occurs in yeast and bacteria, as well as in oxygen-starved
muscle cells. The term "fermentation™ can also be used to describe the widespread
multiplication of microorganisms on a growth medium for the purpose of
extracting a desired chemical, such as an enzyme, a vaccine, an antibiotic, a food
product or additive, and so on. French microbiologist Louis Pasteur is famous for
his research into the microbial origins of fermentation. The study of fermentation,

or zymology.

Without oxygen, the electron transport chain can't generate energy, thus
fermentation steps in as the cell's primary source of ATP (energy). Fermentation
has been used by humans to produce food and drink since the Neolithic era. Sour
foods like pickled cucumbers, kimchi, and yoghurt, and alcoholic beverages like
wine and beer are all preserved by the fermentation process, which produces lactic

acid. Animals, including humans, can undergo fermentation in their stomachs.
4.5.1- Types of Fermentation-

1. Ethanol Fermentation or Alcoholic Fermentation- The process involves

creating ethanol and carbon dioxide.
2. Lactic Acid Fermentation- Further classified as-

¢ Homolactic Fermentation exclusive to the synthesis of lactic acid
e Heterolactic Fermentation is the process of producing lactic acid as well

as other acids and alcohols.

Sugar is the most common fermentation substrate, while the most common
fermentation products are ethanol, lactic acid, carbon dioxide, and hydrogen gas

(H2). Fermentation, on the other hand, can produce more new compounds such as



butyric acid and acetone. Yeast is responsible for the fermentation of ethanol in
beers, wines, and other alcoholic beverages, as well as the production of massive
volumes of carbon dioxide. Fermentation occurs in mammalian muscle during
moments of intense exercise when oxygen supply is limited, resulting in lactic acid

generation.
a) Ethanol Fermentation or Alcoholic Fermentation-

The alcoholic fermentation of glucose (C6H1206) is illustrated by the following
chemical equation. Two molecules of ethanol and two molecules of carbon dioxide

are created from one glucose molecule.
C6H1206 — 2 C2H50H + 2 CO2

Ethanol has the chemical compostition C2H50H. Prior to fermentation, one

glucose molecule is split into two pyruvate molecules. This process is known as
glycolysis.

Lactic Acid Fermentation-

Homolactic Fermentation- The simplest fermentation process is one that solely

produces lactic acid. When pyruvate from glycolysis is subjected to a
straightforward redox mechanism, lactic acid is created. Being one of the few
respiration processes that does not result in the production of gas byproducts, it is
exceptional. Two molecules of lactic acid are created from one glucose molecule
(or any sugar with six carbons).
C6H1206—2CH3CHOHCOOH

It happens when an animal's muscles need oxygen-rich blood more quickly than
the blood can provide it. Additionally, it is present in several fungi and bacteria,
including Lactobacilli. By converting the lactose in yoghurt to lactic acid, this type
of bacterium gives it its sour flavour. Both homolactic and heterolactic

fermentation are possible with these lactic acid bacteria.



Heterolactic Fermentation- In cases where lactate is further metabolised, various

metabolic products such as ethanol, carbon dioxide, acetate, and so on are formed

as.
CsH1206—CH3CHOHCOOH+C2H50H+CO2

When lactose is fermented (as it is in yoghurt and cheese), it first becomes glucose

and galactose, both of which have six carbons and the same atomic formula as:
C12H22011 + H20 — 2 C6H1206

Between lactic acid fermentation and other types, including alcoholic

fermentation, is heterolactic fermentation.

Process of Fermentation-

Anaerobic conditions are present during fermentation. The production of pyruvic
acid by glycolysis, where net 2 ATP molecules are created, is the first stage of
fermentation, which is equivalent to the first stage of cellular respiration. Pyruvate
Is transformed into lactic acid, ethanol, or other compounds in the following stage.

NAD+ is created here and used again during the glycolysis process.

Significance of Fermentation-

Fermentation is compatible with all surroundings. It is one of the most ancient
metabolic pathways shared by eukaryotes and prokaryotes. Fermentation is utilised

extensively in numerous sectors.

Using specific microbes and environmental circumstances, the following

fermentation products are produced:

o Beer

e Biofuels
e Pickles
e Bread

e Wine



e Yoghurt
e Certain antibiotics and vitamins
e Sour foods containing lactic acid
Fermentation can improve the nutritive value, digestibility, and flavour of food.

There are numerous advantages to ingesting fermented foods.

e It enhances digestion and aids in the maintenance of gut microorganisms.
e Reduces lactose intolerance
e It possesses anti-cancer properties.

e Improves immune system

Fermentation is used in many different businesses than the food industry. Methane
is produced during fermentation in sewage treatment facilities and freshwater

sediments.

4.6 NON-ENZYMATIC BROWNING

Foods acquire their brown colour through a chemical process called non-
enzymatic browning. The caramelization of sugars as well as quinines' interactions
with amines and amino acids cause non-enzymatic browning in addition to the

ca