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Abstract

Food preservation techniques play an essential role in developing countries, where
access to fresh food is often limited, and food insecurity is a prevalent issue. The food
preservation techniques enable people to store food for an extended period, reducing food

waste and allowing them to have access to a variety of nourishment throughout the year.

However, due to the lack of infrastructure and resources, many developing countries face
challenges in preserving food. The thesis is a review of some of the food preservation
techniques and the evaluation of possibilities and use of the application of some modern
methods of food preservation in developing countries. We find out that the most common
novel food preservation techniques including high pressure processing, pulsed electric
field, ultrasound, irradiation, MAP and aseptic packaging are already being implemented
and used in some developing countries but in small scaled due to some factors like the

cost, energy, infrastructure and engineering.

Key words: Food preservation, developing countries, novel food processing,

advanced food processing technologies, Non-thermal Technologies for Food Processing
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2. Introduction

Food preservation is the procedure or method of retaining foods at a desired level

of properties or nature in order to preserve their nutritional content (Rahman 2007).

Food can be defined as any substance that is consumed by living organisms to
provide the nutrients (WHO 2021) necessary for growth, maintenance, and repair of
bodily tissues, and to provide energy for various physiological processes (Liu 2013). In
general, it is made up of a combination of macronutrients (such as carbohydrates,
proteins, and fats) and micronutrients (such as vitamins and minerals) (Drewnowski

2020), which provide the necessary building blocks and fuel for the body to function
properly.
Food can come from both plant and animal sources (Ludwig 2021), and can be

consumed in a wide variety of forms, such as raw or cooked, solid or liquid (Rahman

2007).

We preserve foods to ensure safety, convenience, nutritional content and flavour
(Gould 2010) as it prevent the growth of harmful microorganisms, make it easier to store,
transport, prepare and also allows for seasonal foods to be available year-round (Joardder

& Masud 2019), and reduces food waste by preventing spoilage.

The methods of preservation begin with a thorough examination and
comprehension of the entire food chain as, in general, each phase of food handling,
processing, storage, and distribution impacts the food's qualities (Singh 2023) as shown
in the figure 1 due to the physical, microbial, enzymatic reactions and, chemical factors
(Joardder & Masud 2019) which may be unfavourable (Hameed 2018). Thus, it is crucial
in food processing to understand the impacts of each preservation technique and the foods

handling procedure.



Percentage(%)
= N N w w B »
(6] o (9] o (0] o (6]

=
o

(€]

o

Meat and Fish Fruits and Milk and Dairy Cereals Pulses and Roots and
Vegetable Oilseeds Tubers
B Production M Postharvest M Processing Distribution  ® Consumption

Figure 1 Estimated percentage of waste in different stages of the food chain for various types

of foods. Adapted from (Joardder & Masud 2019).

Food preservation techniques play an essential role in developing countries, where
access to fresh food is often limited, and food insecurity is a prevalent issue (FAO 2022).
The food preservation techniques enable people to store food for an extended period,
reducing food waste and allowing them to have access to a variety of nourishment
throughout the year (Rahman 2007). However, due to the lack of infrastructure and

resources, many developing countries face challenges in preserving food.

There are several traditional and modern food preservation techniques used in
developing countries, including drying, smoking, salting, fermentation, canning, and
refrigeration (Ayoub 2018). Each technique has its advantages and disadvantages, and
their use depends on several factors, including the type of food, the availability of
resources, and the economic situation of the community (Mashoko 2022). While
traditional preservation techniques have been used for centuries, modern technologies
have revolutionized the industry of food preservation in the recent years. However, the
adoption of modern techniques in developing countries is often limited due to the high

cost of equipment and the lack of infrastructure required to support their use (FAO 2019).



Food preservation is a critical issue that requires attention and innovation to
address food insecurity in developing countries (Ayoub 2018). By using a combination
of traditional and modern techniques, it is possible to increase access to a variety of food

and reduce food waste.

In this literature review, we will outline the major ancient techniques of

preservation and the new preservation techniques with their possible use in developing

countries.



3. Aims of the Thesis

The aim of the Bachelor's Thesis was to evaluate the current literature on traditional
food preservation techniques and to evaluate the possibilities and use of preservation methods
considered as advanced preservation techniques with a specific focus on developing

countries.



4. Methodology

The thesis was done in the form of a literature review using scientific databases:
Web of Science, Scopus, Google Scholar, Hindawi, Wiley, Institute of Food Science
Technology, National Library of Technology, Springer nature, Sciendo, Science direct,

Research gate, and, a total of 108 literature sources was used for the research.

The research was done by using the keywords and research questions such as “
Food preservation; Food preservation techniques; Food preservation techniques in
developing countries; Advanced food preservation techniques; Methods of food
preservation use in developing countries; Traditional food preservation; use of novel food
preservation techniques in developing countries; challenge in food preservation in
developing countries; actual food preservation method in developing countries; Salting
as food preservation; canning as food preservation; Fermentation as food preservation;
Drying as food preservation; Irradiation as food preservation; Ultrasound as food
preservation; High pressure processing as food preservation; Pulsed electric field as food
preservation; Hydrodynamic cavitation as food preservation; what are the method of food
preservation; what is ancient food method; what is novel food technique; in the research

section, the use of filters like years or type of paper (if it is article or book).

The methodology used involved selecting relevant articles, analysing and
organizing the articles into categories, synthesizing the findings, writing the literature

review, and concluding with a summary of the key findings and their implications.



5. Literature Review

5.1.  Traditional food preservation techniques

Traditional food preservation techniques, also called ancient food preservation
techniques or old method of food preservation, refer to methods of preserving food that
have been developed from the prehistoric times (Desrosier & Singh 2023) and passed
down from generation to generation and have played an essential role in the survival of
human societies. These techniques involve using processes as shown in the TABLE 1.
They help to extend the shelf life of food, prevent spoilage, and ensure food safety (Pace
et al. 1989).

Traditional food preservation techniques are often simple and do not require the
use of modern technology (Rahman 2007). They have been used for thousands of years
and continue to be used in many cultures around the world (Mashoko 2022). These
techniques are a vital part of our culinary heritage and contribute to the diversity of

flavours and textures in our food (Onyeaka & Nwabor 2022).

In this chapter, we will explore some of the most common traditional food
preservation techniques such as salting and curing, smoking, fermentation, drying,
canning, identified through a combination of literature review, historical research,
consultation of books, academic journals, and articles on the history of food preservation

to identify the oldest and most widely used methods of food preservation.

The factors such as the availability of resources, the climatic conditions of
different regions, and the cultural traditions and preferences of different communities was

also taken into consideration.



Table 1 Traditional food preservation methods adapted from (Linares-Morales et al. 2018;

Rahman 2007)
Methods Characteristics References
Salting Non thermal; reduce water  (Pefiarubia 2021; Kanagaraj &
Curi activities of Chandra Babu 2002; Rahman
uring
microorganisms 2007)
Drying Thermal (FAO 2009 ; Nonclercq et al.

Osmotic dehydration

Smoking

2009 ; Taheri et al. 2012)

Fermentation

Inhibition of

microorganism

(Joardder & Masud 2019 ;
Kwon et al. 2014)

Canning

Sugaring

Destroy microorganisms

and enzymes

(Desrosier & Singh 2023;
Teixeira 2015; Verkhivker &
Miroshnychenko 2020)

Freezing

Chilling; refrigeration

Inhibit microorganism

(Desrosier & Singh 2023;
Rahman 2007)

Sterilization

Pasteurization

Magnetic field

Thermal

(Desrosier & Singh 2023;
Joardder & Masud 2019;
Teixeira 2014)

Food additives

Organic acid or esters

(Linares-Morales et al. 2018 ;

Rahman 2007)
Thermalization Kills vegetative (Rahman 2007; Hameed 2018
Cooking microorganism; thermal (Joardder & Masud 2019)
Blanching
Clarification Remove microbial cells (Rahman 2007)

and spores




Pickling Inhibition of (Desrosier & Singh 2023)

microorganism
Boxing Minimal damages (Joardder & Masud 2019)
Bulking Inhibition of

microorganism

Undergrown storage

5.1.1. Salting and curing

Salting and curing are traditional food preservation techniques that have been used
for centuries to extend the shelf life of various foods, including meats, fish, and vegetables
(Kanagaraj 2002). These methods work by reducing the water activity and creating an
environment that is inhospitable to the growth of bacteria and other microorganisms that
cause spoilage (Rahman 2007). While modern preservation techniques have largely
replaced these traditional methods, salting and curing are still used in many parts of the

world to produce unique and flavourful foods.

5.1.1.1. Salting

Salting is one of the oldest and most basic methods of food preservation
(Kanagaraj 2002). The technique involves covering the food in salt or brine, which draws
moisture out of the food and lowers its water activity (Pefiarubia 2021). The figure 2
shows the application of salt to preserve fishes (FAO 2013), according to the Codex

Alimentarius Code of Practice for Fish and Fishery Products.



Figure 2 Fish salting (FAO 2021)

This makes it difficult for bacteria to grow and multiply, thereby extending the
shelf life of the food. Salting is most effective in preserving foods with a low moisture
content, such as meats and fish, as the salt can effectively remove enough water to create

an inhospitable environment for bacteria (Rahman 2007).

There are two main types of salting: dry salting and brining. In dry salting, the food is
coated with salt as shown in figure 3 and left to cure for a period of time. This method is
often used for preserving meats, such as ham and bacon (Garcia 2004). In brining, the
food is soaked in a saltwater solution as shown in figure 4, which helps to distribute the
salt more evenly and can add flavour to the food. This method is often used for preserving

fish, such as salmon and herring (Toyohara 1999).

¢

Figure 3 A leg of sheep prepared for dry salting. It will be totally covered with salt and stored for
2-5 days at a cool place, depending on weight (Michelsen 2015).



Figure 4 Salmon in brine ( Wordpress 2023).

5.1.1.2. Curing

Curing is a method of food preservation that involves the addition of salt, as well
as other ingredients such as sugar, nitrates, and spices (Xiao-Hui et al. 2022). The goal of
curing is not only to preserve the food but also to add flavour and colour. Cured meats,

such as bacon and prosciutto, are prized for their rich flavour and distinctive texture.

The addition of nitrates to the curing mixture can also help to inhibit the growth of
bacteria and prevent the development of botulism (Sindelar 2012). However, there is
some concern about the potential health risks associated with nitrates, particularly in large
amounts. As such, some producers are now using natural alternatives (Leistner 2000),

such as celery juice or powder, which also contain nitrates but in smaller amounts.

5.1.2. Smoking

Smoking is a traditional food preservation technique that has been used for
centuries. It involves exposing food to smoke from burning wood, which helps to preserve
it by drying it out and imparting flavour (FAO 2013). Smoking was used in the past to

preserve meats and fish, but today it is also used to add flavour to food.

The smoke produced by burning wood contains chemicals such as phenols, which have
antimicrobial properties that can help to prevent the growth of harmful bacteria on the
food (Rahman 2007). This can help to extend the shelf life of the food and make it safer

to eat. Smoking can also help to reduce the moisture content of the food, which can inhibit

10



the growth of microorganisms that require moisture to survive. This can help to prevent

spoilage and can make the food more stable for storage (Hameed 2018).

There are different methods of smoking, including cold smoking and hot smoking (FAO
2013). Cold smoking involves smoking the food at a temperature of less than 37.8°C for
several hours (FAO 2013), while hot smoking involves smoking the food at a temperature

of between 51.7°C and 121.1°C for several hours.

It is important to note that smoking can also produce harmful chemicals, such as
polycyclic aromatic hydrocarbons (PAHs) and heterocyclic amines (HCAs), which can
be carcinogenic (FAO 2009.). Therefore, it is important to follow safe smoking practices,
such as using the right type of wood, controlling the temperature and duration of smoking,

and using a smoke generator that produces clean smoke.

Figure 5 Sri Lanka, Kopalapillai Theivarmallar using traditional smoking method

of fish in her village (FAO 2017).



5.1.3. Fermentation

Fermentation is a traditional food preservation technique that has been used for
centuries to preserve a variety of foods such as fruits, meat, vegetables and milk. It
involves the use of microorganisms (Joardder & Masud 2019) such as bacteria, yeasts,
and fungi to convert sugars and other carbohydrates in the food into acids, alcohols, and

other compounds that inhibit the growth of harmful bacteria and other microorganisms.

The fermentation not only preserves the food but also improves its flavour, texture, and
nutritional value (Kwon et al. 2014). It is a natural and healthy method of food

preservation that has gained popularity in recent years due to its numerous health benefits.

Fermentation can occur in various ways, including natural fermentation, in which
microorganisms naturally present on the food initiate the process, and inoculated
fermentation, in which a starter culture is added to the food to initiate the process

(Hameed 2018).

Examples of fermented foods include sauerkraut, kimchi, yogurt, kefir, sourdough

bread, cheese, wine, and beer (Galimberti et al. 2021).

As the fermentation is a complex process that involves various biochemical and
microbiological changes in the food (Rahman 2007), the key factors that influence the
fermentation process include the type and concentration of microorganisms, temperature,

pH, and the presence of oxygen.

It is important to note that while fermentation can improve the safety and quality
of food, it can also pose some risks if not done properly (Abiola et al. 2022). It is important
to follow safe fermentation practices, such as using the right type and concentration of
microorganisms, controlling the temperature and pH of the fermentation, and ensuring

hygienic conditions to prevent the growth of harmful bacteria (Kwon et al. 2014).

12



Figure 6 Fermentation by brining of fish (Fall 2019)

5.1.4. Drying

Drying is one of the oldest food preservation techniques (Joadder et al. 2019),
which involves the removal of moisture from the food to inhibit the growth of
microorganisms and preserve the food (Rahman 2007). This technique has been used for
thousands of years and is still widely used today to preserve fruits, grains, meat, and
vegetables. There are several methods of drying food, including sun drying, air drying,
oven drying, and freeze drying (Rifna et al. 2022). Each method has its own advantages
and disadvantages, and the choice of method depends on the type of food being dried, the

quantity of food, and the available resources.

Drying can preserve the food for a long period, depending on the moisture content
of the food and the storage conditions (Kumar et al. 2022). Dried foods can be stored at

room temperature, which makes them convenient for long-term storage and transport.

13



The process not only preserves the food but also concentrates its flavour and
nutrients (Rahman 2007). However, the drying process can also result in the loss of some
nutrients, such as vitamins and minerals, so it is important to balance the benefits and

drawbacks of the technique (FAO 2009).

Figure 7 Drying of meat in Angola, (FAO 2023).

5.1.5. Canning

Canning is a popular food preservation technique that involves heating food in
airtight containers to destroy microorganisms and enzymes that cause food spoilage
(Rahman 2007). The process creates a vacuum seal that prevents air and bacteria from
entering the container, allowing the food to be stored for extended periods of time

(Hameed 2018).

There are two principal categories of canning methods: water bath canning and
pressure canning (Teixeira 2014). Water bath canning is suitable for high-acid foods such
as jams, fruits, and pickles while pressure canning is used for low-acid foods such as
meats, poultry and vegetables (Verkhivker & Miroshnychenko 2020). Canning requires
careful attention to detail to ensure that the food is properly processed and the containers

are sealed correctly. Failure to follow safe canning practices can result in the growth of

14



harmful bacteria such as Clostridium botulinum, which can cause botulism, a potentially
deadly illness (Pflug 2018). When done correctly, canning can preserve the quality and
nutritional value of food. Canned foods are convenient and can be stored at room
temperature, making them a popular choice for home food preservation (Joardder &

Masud 2019).

Figure 8 African American woman selling canned foods at Market Days -

Tallahassee (FM 1986).

5.2. Advanced food preservation techniques

Advanced food preservation techniques can be defined as a group of novel or new,
non-thermal technologies that use physical, chemical, or biological methods to inactivate
microorganisms, enzymes, or other factors that contribute to food spoilage (Rahman
2007). These techniques are designed to improve the safety, quality, and shelf life of food
products while minimizing the impact on their nutritional and sensory properties
(Desrosier & Singh 2023). The TABLE 2 shows the advanced food preservation
techniques in food industry.

15



Table 2 Advanced food preservation techniques adapted from (Hameed 2018; Linares-Morales et

al. 2018; Rahman 2007).

Methods

Characteristics

References

High pressure processing

Non thermal

(Hameed 2018; Joadder et
al. 2019)

Microwave

Thermal

(Hameed 2018 ; Linares-
Morales et al. 2018)

Pulsed electric fields

Non thermal

(Arshad 2021; Hameed

2018)
Radio frequency Thermal (Hameed 2018)
Irradiation Non thermal (Bisht 2021; Hameed
2018)
Ohmic heating Thermal (Hameed 2018)
Ultrasound Non thermal (Ferreira-Lazarte 2023 ;
Hameed 2018)
Inductive heating Thermal (Hameed 2018)

Hydrodynamic Non thermal (Hameed 2018; Ranade
cavitation 2022)
Cold plasma Non thermal (Hameed 2018 ; Manzoor
2023)
Ozone Supercritical Thermal (Hameed 2018)

water

Essential oils

Cell wall degradation

(Heydari et al. 2015 ;
Linares-Morales et al.

2018)

Edible films and coatings

Economic, non toxic

(Corbo et al. 2015;
Linares-Morales et al.

2018)

16



Modified atmosphere Affect the balance of (Chaudhary et al. 2015
packaging microenvironment Linares-Morales et al.

2018 ; Rahman 2007)

Active packaging Non thermal Corbo et al. 2010 ;
Linares-Morales et al.

2018 ; Lu et al. 2015)

Vacuum packaging

Bioprotection Decrease pH (Linares-Morales et al.,

2018 ; Adam et al. 2016)

Aseptic processing Thermal (Desrosier & Singh 2023;
Rahman 2007)
Nanotechnology Non thermal (Suthar et al. 2023)

Advanced food preservation techniques are becoming increasingly important in
the food industry as consumer demand for minimally processed, high-quality, and safe
food products grow (Sridhar et al. 2021). These techniques have the potential to
revolutionize the way food is preserved and distributed, improving food safety, extending
shelf life, and reducing waste while satisfying consumer preferences and future demands

(Rahman 2007).

In this chapter, we will explore some of the most common advanced food
preservation techniques such as vacuum packaging, irradiation, high pressure processing,
pulse electric field, cold plasma processing, ultrasound and hydrodynamic cavitation.
They were identified through a combination of literature review and industry research,
academic journals, industry reports, and news articles to find the latest advancements in

food preservation technology and to assess their popularity and effectiveness.

Some factors such as the frequency of use of the preservation techniques in the
food industry and their availability in different geographic regions was also taken into

consideration.
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5.2.1. Vacuum packaging

Vacuum packaging is a process that involves removing air from the packaging of
food products (Angiolillo 2016). It can be considered a subset of modified atmosphere
packaging (MAP) due to the fact that a portion of the typical headspace is eliminated,
resulting in an unregulated initial environment following packaging (Rahman 2007). This
process helps to protect the food from oxidation, which can cause spoilage, and inhibit

the growth of aerobic bacteria that require oxygen to grow (Joardder & Masud 2019b).

Vacuum packaging is commonly used for perishable food products such as meat,
cheese, and fish, as well as for non-food products like pharmaceuticals products and
electronics (Souza 2017). The technique involves sealing the food in a plastic film or

pouch and then removing the air from the package using a vacuum sealer machine.

The benefits of vacuum packaging include extended shelf life, reduced food waste, and
improved food safety. It Eliminate the oxygen and prevent from oxidation, conserve the
flavour, prevent from freezer burn, regulate the natural moisture and help in the inhibition

of mold (Angiolillo et al. 2016).

However, it is important to note that vacuum packaging is not a substitute for proper food
handling and storage practices. Foods that are vacuum packaged still require proper

refrigeration or freezing to maintain their quality and safety.

Heater
Sponge O/ Bag

\\E@

Plate Food

Vacuum pump

Figure 9 Nozzle-type machine for vacuum packaging (Wani et al. 2014).

5.2.2. Irradiation

Food irradiation is a non-thermal, energy-efficient, non-chemical and physical
method of food preservation in which the food is exposed to various ionizing and non-

ionizing radiations (Bisht 2021). The technique helps to kill bacteria and other

18



microorganisms that cause food spoilage (Ajibola 2020) and can also reduce the number

of pathogens such as Salmonella and E. coli in foods, improving their safety (Wei 2022).

The ionizing radiation used in food irradiation is typically produced by gamma rays, X-
rays, or electron beams (Wei et al. 2022). The food is exposed to the radiation for a
specific amount of time, depending on the type of food and the desired level of
preservation. Irradiation can be used to preserve a variety of foods, including meats, fruits,
vegetables, and spices (Dominic 2022). The process does not add any chemical

preservatives to the food and does not make the food radioactive (Dominic 2022).

The U.S. Food and Drug Administration (FDA) has approved the use of irradiation
for a number of food products, and the World Health Organization (WHO) and other
international organizations have also recognized the safety and effectiveness of the
technique (WHO 2023). However, some consumer groups and food safety advocates have
raised concerns about the potential long-term effects of irradiated foods on human health

and the environment.

5.2.3. High-pressure processing

High pressure processing (HPP) is a non-thermal preservation technique that
involves applying high pressure to food products to inactivate bacteria as shown in figure
10, viruses, and other microorganisms that cause the food spoilage (Hameed 2018). It has
proven to be an effective  alternative  to  conventional = food  preservation
technologies to enhance safety and shelf life of perishable foods (Dattaa & Deeth 2018).

The process can also help to maintain the nutritional and sensory quality of the food.

The high pressure is typically applied using a machine that subjects the food to pressures
of up to 1400 MPa on a laboratory scale and up to 600 MPa on an industrial scale
(Marszatek et al. 2018) for a few seconds to several minutes. The process can be used for

a wide range of foods, including fruits, vegetables, meats, seafood, and juices.
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Figure 10 The process of inhibition of bacteria by HPP (Thyssenkrupp 2023)

HPP has several advantages over other food preservation techniques. It does not
use heat or chemicals, which can affect the nutritional and sensory quality of the food
(Dattaa & Deeth 2018). It also does not produce any waste products, making it an
environmentally friendly preservation method. We can state in general that the HPP can
extend the shelf life of foods, improve food safety, and allow food manufacturers to
produce fresh-like, minimally processed products that require fewer additives and

preservatives (Rahman 2007.).

5.2.4. Pulsed electric field processing.

Pulsed electric field (PEF) processing is a non-thermal food preservation
technique that induces pore generation (electroporation phenomenon) by exposing tissues
to short bursts of high-voltage electric fields in the range of 10-80 KV/cm (Hameed 2018),
resulting in permeabilization of the cell membrane. The process can inactivate
microorganisms, enzymes, and spoilage-causing bacteria, helping to extend the shelf life

of the food (Razola-Diaz et al. 2023).
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Control Cell PEF Treated Cell

Figure 11 Comparison of a reference cell with a PEF- treated cell, showing the damage to the cell

membrane (IFT 2016).

During PEF processing, food products are placed between two electrodes and then
exposed to brief, high-intensity pulses of electric fields. The electric fields disrupt the cell
membranes of microorganisms and other cells in the food, causing them to lose their
ability to grow and reproduce (Zhou et al. 2022) and at the same time, maintaining the
structures and durability of the molecules including polyphenols, vitamin C, minerals,

amino acids, lipids and carbohydrates (Razola-Diaz et al. 2023).

The use of PEF in biological cells is based on the principle of electro
permeabilization caused by an induced transmembrane potential. It differences as a
function of time A¥m(t) (V) (Buchmann et al. 2019) and can be calculating using
Equation 1 with form factor f (-) (1.5 for a spherical cell) (Buchmann et al. 2019).

Equation 1: (Bushmann et al. 2019)

AYm(t)=f-E(t)-am-cosO-(1—e—t/tm)

The electric field strength, denoted by E(t) in the equation Y, is determined by the
membrane capacitance per unit area (Cm in F), extracellular conductivity (ce in S m—1),
intracellular conductivity (o1 in S m—1), cell radius (am in m), angle with respect to the
direction of the electric field (0 in degrees), treatment time (t in s), and membrane

charging time (tm in s) (Buchmann et al. 2019).
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Equation 2 (Bushmann et al. 2019)

tm=am-Cm-(1/20e + 1/0i)

The PEF processing can be used for a variety of food products, including juices, dairy
products, meats, and fruits and vegetables (Arshad et al. 2021). The technique has several
advantages over other preservation methods, including minimal impact on the nutritional
and sensory quality of the food (Karki et al. 2023), and the ability to extend shelf life

without the use of chemicals or heat.

The technology is still being developed and refined, and further research is needed

to fully understand its potential and limitations (Hameed 2018).

5.2.5. Cold plasma processing

Cold plasma processing is an emerging non-thermal food preservation technique
that involves exposing food products to ionized gas, or plasma, at low temperatures. The
process helps to inactivates microorganisms, enzymes, and spoilage-causing bacteria on
foods and packing materials with the use of highly reactive gaseous molecules and species
(Birania et al. 2022). The term ‘plasma’ refers to a quasi-neutral ionized gas, primarily
composed of electrons, ions and reactive neutral species in their fundamental or

excited states (Hameed 2018).
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Figure 12 Corona discharge plasma generation (Birania et al. 2022)

During cold plasma processing, a high voltage is applied to a gas, such as air or
nitrogen, creating a plasma. The plasma is then directed towards the food as shown in
figure 12, where it interacts with the surface of the food and disrupts the cell membranes
of microorganisms and other cells (Birania et al. 2022). This disrupts the cell structure
and metabolic pathways of the microorganisms, leading to their inactivation. The cold
plasma processing can be used for a variety of food products, including fruits, vegetables,
meats, and dairy products (Farooq et al. 2023). The technique has several advantages over
other preservation methods, including minimal impact on the nutritional and sensory
quality of the food, and the ability to extend shelf life without the use of chemicals or
heat. It is still being developed and refined, and further research is needed to fully

understand its potential and limitations.

5.2.6. Hydrodynamic cavitation

Hydrodynamic cavitation (HC) is as a underexplored non-thermal preservation
technique in the food industry (Hameed 2018). It is regarded as being more physically
effective and energy efficient than treatment with ultrasound, and can be an alternative to
traditional thermal methods, such as pasteurization and sterilization, as it can preserve the
quality of the food while maintaining its nutritional value (Gogate 2011). The process
include a rapid changes in pressure and temperature occur due to the formation and

inclusion of vapor bubbles in a fluid medium (Ranade et al. 2022) . These extreme
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conditions can cause physical and chemical changes in the surrounding environment,
which can be harnessed for various applications, including food processing and
preservation. The method is safer, healthier and the food is minimally treated according

to the consumers’ needs (Castro-Mufioz et al. 2023).

HC can be used for different food types, including liquids, solids, and even gases. For
liquids, it can cause shear and shock waves that can disrupt the cell walls of
microorganisms, leading to their inactivation (Gogate 2011). The process can also cause
the release of reactive oxygen species that can further damage the microorganisms. In
solid foods, HC can be used to enhance mass transfer and diffusion, which can increase
the efficiency of antimicrobial treatments (Asaithambi et al. 2019). In gases, HC can be
used to enhance the solubility of gases, such as oxygen, which can help to preserve the

quality of food.

According to the Bernoulli’s equation as shown in equation 3, the increase of the
linear velocity increases the dynamic pressure, which lower the static pressure to maintain
the energy balance in the fluid (Castro-Muiioz et al. 2023). The equation 3 also explains,
in terms of the cavitation number, the extend of cavitation taking place in all systems.

The Bernoulli’s theorem is expressed by the following equation:

Equation 3: (Gogate 2011)

P2 — Pv
(v=—"7F—7-
ZPV*

Where:
P2 is fully recovered downstream pressure (Gogate 2011)
Pv is the vapor pressure of the liquid (Hameed 2018)

V is the velocity of the liquid at constriction where cavitation takes place

24



Several studies have demonstrated the potential of HC as a food preservation
technique. For example, researchers have used HC to inactivate E. coli in apple juice,
grapefruit juice, and soy milk, achieving a 5-log reduction in microbial counts with an
exposure of 3 min using energy input of 490 W/L. The division of E. coli cells stopped
by 75% (Gogate 2011). Another study showed that HC treatment of milk could extend its

shelf life by up to 14 days while maintaining its nutritional value.

One of the advantages of HC as a food preservation technique is its scalability. It
can be easily integrated into existing food processing lines, making it a cost-effective
solution for large-scale food production. Additionally, HC can be used in combination
with other preservation techniques, such as high-pressure processing and pulsed electric

field, to enhance their effectiveness (Asaithambi et al. 2019).

5.2.7. Ultrasound

Ultrasound is a non-polluting and environmentally friendly green technique that
has shown potential for use in food preservation (Ahmad et al. 2023). It’s a modern
technology that is widely recognized for its dependable and cost-efficient utilization of
energy and time, and it distinguishes itself from conventional methods due to its non-
invasive nature, its negligible thermal damage as well as its high performance (Ferreira-
Lazarte & Villamiel 2023). It’s a type of energy is generated through longitudinal
mechanical waves with frequencies exceeding 20 kHz, which is beyond the range of
human auditory perception. The waves can penetrate food products and cause mechanical
vibrations, which can lead to a range of physical and chemical effects (Molaee-aghaee et
al. 2022). These effects can be harnessed to inhibit the growth of microorganisms and

other spoilage agents in food products, thereby extending their shelf life.

The Ultrasonic spectrum can be classified into two types based on the frequency
and intensity of the waves: low-frequency high-power Ultrasound, where we have less
than 100 kHz for the frequency and more than 1W/cm2 for the power, and high
frequency- low power Ultrasound, where we have more than100 kHz for the frequency
and less than 1W/cm2 for the power (Molaee-aghaee et al. 2022). The TABLE 1 shows

the most popular applications of the two types of Ultrasounds.
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Table 3: Applications of high-power ultrasound and low-power Ultrasound in the food industry

adapted from (Molaee-aghaee et al. 2022)

Type of Ultrasound

Applications

High frequency- Low

power

Honey

Vegetables + fruits + juice

Dairy products+ milk

Cereal products

Food proteins

Meat products

Emulsion products and Fat

Aerated foods

Desserts

Whipped cream

Bread dough

Ice cream

Confectionary

Food gels

Monitoring of food freezing

Low frequency- High

power

Food cutting

Food Microbial and enzyme inactivation
) Microbial decontamination and

preservation
surface cleaning

Mass transfer ~ Extraction
Drying and dehydration

Energy transfer Heating

Freezing
Thawing

Degassing and Foaming capacity

Texture modification

Filtration

Emulsion formation

There are several ways in which Ultrasound technology can be used for food

preservation. Some examples include:

Inactivation of microorganisms: Ultrasonic waves can be used to kill bacteria,

yeast, mold, and other microorganisms in food products (Ahmad et al. 2023). This can

help to reduce the risk of foodborne illness and extend the shelf life of the product.

Enzyme inactivation: Ultrasonic waves can be used to inactivate enzymes in food

products that cause spoilage or ripening (Ferreira-Lazarte & Villamiel 2023). This can

help to extend the shelf life of fruits, vegetables, and other perishable products.
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Enhancement of mass transfer: Ultrasonic waves can be used to enhance the
diffusion of substances such as water, nutrients, and preservatives into food products
(Hameed 2018). This can help to improve the preservation of the product and reduce the

amount of preservatives needed.

Texture modification: Ultrasonic waves can be used to modify the texture of food
products (Jiang et al. 2020), making them more resistant to spoilage and improving their

overall quality.

One of the advantages of Ultrasound technology is that it is non-thermal, meaning that it
does not involve the use of heat (Molaee-aghaee et al. 2022). And the fact that it is

relatively low-cost, it can be easily integrated into existing food processing systems.

5.3. Advanced food preservation techniques in Developing countries.

In the tropical regions of Africa and South-eastern Asia, food product preservation was
done through various methods including sun drying, salting, smoking, and cooling
(Onyeaka & Nwabor 2022). Many developing countries continue to depend on traditional
methods for preserving food. as the example of Nigeria, where more than 70% of food is
preserved or processed traditionally (Joardder & Masud 2019). There are several
advanced food preservation techniques, that are being explored and implemented in
Africa, Asia and South America to help reduce food waste, increase food security, and
improve the economic sustainability of the agriculture industry (Tirivangasi & Rankoana
2021). It is important to note that the adoption of these techniques in developing countries
may be limited by factors such as those related to cost, infrastructure, technical expertise,

regulatory issues, and cultural preferences.

5.3.1. High Pressure Processing in developing countries

There are some examples of HPP being used in developing countries, particularly in the
context of small and medium-sized enterprises (SMEs) that specialize in high-value food
products (Komolprasert 2016). For instance, HPP technology has been used in the
production of fruit juices, sauces, and ready-to-eat meals in countries such as Mexico,

India, and Brazil (Aneesh et al. 2017).
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The adoption of HPP may vary significantly across different regions, the figure 12 shows
the use of high pressure processing technology in food industry in the world (Huang et
al. 2017) . It appear clearly that the North America and Mexico has the highest percentage
of use of the HPP followed by the Europe. The major challenge of the implementation in
developing countries is mostly related to the financial aspect as a set of HPP equipment
costs between $600,000 to $4 million dollars, depending on its capacity and operational

parameter range (OSU 2023).

W North America and Mexico M Latin America M Europe M Africa MAsia M Oceania

Figure 13 The food industry use of high-pressure processing technology. Adapted from (Huang
et al. 2017)

5.3.2. The use of Pulse Electric Field in developing countries

Pulse Electric Field technology is also being developed in some developing
countries, however, it’s implementation faced several challenges (UNIDO 2019). The
initial cost of equipment and infrastructure may be prohibitively high for small-scale food
producers as a PEF system (monopolar, square wave pulses, three pairs of chambers with
heat recovery) is estimate to be $2,100,000¢/1 (Sampedro et al. 2014). Additionally, the
lack of technical expertise and trained personnel may hinder the adoption of this

technology, as the PEF processing necessitates a multidisciplinary strategy,
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encompassing knowledge of revolutionary ideas in biology, electrical engineering and

fluid dynamics (Buchmann et al. 2019).

The potential benefits of PEF technology for food processing and preservation in
developing countries are significant and to expand its implementation, It was found that
inadequate reporting of process protocols and insufficient characterization and regulation

of pulse parameters need to be addressed.

5.3.3. The use of Ultrasound in developing countries

Another example of implemented new technology in developing countries is
Ultrasound, which is the easiest implementation due to its low-cost characteristics

(Molaee-aghaee et al. 2022). We have as example the following cases:

The preservation of fruits and vegetables in Tanzania: The researchers from the
Nelson Mandela African Institution of Science and Technology in Tanzania have used
Ultrasound technology to preserve fruits and vegetables (Kayange 2019). The researchers
found that Ultrasound treatment helped to extend the shelf life of fruits and vegetables by
inhibiting the growth of microorganisms that cause spoilage (Ahmed et al. 2022). The
TABLE 2 shows the numerous ways in which Ultrasound can be used to destroy
microorganisms in fruits and vegetables. Its ability to inactivate cells is linked to
intracellular cavitation (Jiang et al. 2020) and mechanical shocks, which can harm cells'

structural and functional elements until they lyse (Chemat et al. 2011).
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Table 4: Shelf life extension and microbial reduction of fruits and vegetables by Ultrasound

treatment (Ahmed et al. 2022).

Products Treatments Parameters Microbial Shelf life
reductions
(log10CFU/g
Araca-boi fruits US Smin - 3-6 days
Cherry (Prunus US 20-40min - 15 days
avium)
Strawberry US 35 kHz, 120 YMC: 1.4 13 days
W, 15%C TVC: 0.6
Strawberry uUsS 40 kHz, 350 YMC: 0.5 8 days
WIL, 20°C, TVC: 0.6
10 min
Peach (Prunus US 32 kHz,60 - 28 days
persica L. Batsch) W/L,10 min
Fresh tomato US 20 kHz, 750 <10 CFU/g 10 days
juice W, 10 min
Carrots and US 20 kHz, 100 5 log reduction 10 weeks
spinach W, 15 min

YMC: Yeast and Mold Counts ; TVC: Total Viable Counts.

Preservation of milk in India: In India, researchers from the National Dairy
Research Institute have used Ultrasound technology to preserve milk (Chaudhari et al.
2015). The researchers found that ultrasound treatment helped to reduce the number of

bacteria in milk, thereby extending its shelf life.

Preservation of fish in Bangladesh: In Bangladesh, researchers from the
Bangladesh Agricultural University from the department of fisheries have used
Ultrasound technology to preserve fish (Islam 2019). The researchers found that
Ultrasound treatment helped to reduce the number of bacteria in fish, thereby extending

its shelf life and reducing the risk of foodborne illness.

Preservation of traditional foods in Nigeria: In Nigeria, researchers from the
University of Nigeria have used Ultrasound technology to preserve traditional foods such

as cassava and yam (Oladejo et al. 2021). The researchers found that ultrasound treatment
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helped to reduce the microbial load in the foods, thereby extending their shelf life and

preserving their nutritional quality.

Overall, Ultrasound technology has shown promise as a low-cost and effective
method for food preservation in developing countries. However, further research and
development is needed to optimize the technology for different types of foods (Ayoub

2018) and to ensure that it can be easily implemented by small-scale food producers.

5.3.4. Improved drying systems in developing countries

5.3.4.1. Advanced solar drying

Improved solar drying system is also a possible helpful and quite modern technology, as
it involves placing the food in an enclosed chamber rather than directly exposing it in
open areas (Taheri et al. 2012). This involves using solar energy to dry and preserve
fruits, vegetables, and grains, while insuring their safety from outside damages and
contaminations due to unexpected rainfall, birds, dust and insects (Joardder & Masud
2019e¢). This technique is especially useful in regions with high levels of sunlight, as it is
low-cost, sustainable, and does not require electricity or fuel. In some cases, solar dryers

have been designed and built to improve the efficiency and effectiveness of the process.
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Figure 14 Improved Solar Drying (Taheri et al. 2012)

5.3.4.2. Microwave drying

Microwave drying is also a solution for new preservation method for developing
countries, but as the continuous microwave heating is not uniform, for a good drying it
must be intermittent. Compared to the continuous drying process, the Intermittent
Microwave Convective Drying method is characterized by higher energy efficiency.

(Joardder & Masud 2019b).

5.3.5. The packaging processing in developing countries

5.3.5.1. Use of Aseptic processing in developing countries

Another example is aseptic processing, which involves sterilizing food and
packaging separately and then filling the sterile food into sterile packaging in a sterile
environment (Rahman 2007). This technique can help to extend the shelf life of packaged
foods and reduce the risk of contamination. Some companies in Africa are using aseptic

processing to produce packaged fruit juices, dairy products, and tomato paste.
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5.3.5.2. Implementation of Modified Atmosphere Packaging in

developing countries

There are already some successful implementations of MAP in some developing
countries including Nigeria, India and Bangladesh, for the preservation of vegetables and

fruits.
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Figure 16 Successful implementation of MAP, adapted from (Joardder & Masud 2019b)

5.3.6. Implementation of irradiation in developing countries

Some developing countries have successfully implemented irradiation for food

preservation. For example:

In India, the government has approved the use of irradiation and the country has a number
of facilities that use irradiation for food preservation, including a facility in Mumbai that
processes spices, dried fruits, and vegetables (Ahmed et al. 2020). Similarly, in Thailand,
where irradiation is used to preserve a range of food products including fruits, vegetables,

and seafood (FAO 2019).

Vietnam: In Vietnam, irradiation is used to preserve a variety of food products, including

fruits, vegetables, and seafood (Jayathilakan et al. 2012).
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Costa Rica: Costa Rica has been using irradiation to preserve fruits and vegetables since
the early 2000s. The country's irradiation facility is located in the capital city of San Jose.
(WHO 2019)

South Africa: South Africa has been using irradiation to preserve a variety of food
products, including fresh produce and meat, since the 1980s. The country's largest

irradiation facility is located in Gauteng province (FAO 2019)

One of the benefits of irradiation is that it can help reduce food waste, which is a major
problem in developing countries where food shortages are common (Akinloye et al.
2015). By extending the shelf life of food, irradiation can help prevent spoilage and
reduce food losses. However, there are also concerns about the safety and efficacy of
irradiation, particularly among consumers who may be wary of the technology (Dominic
2022). It is important for governments and food safety authorities to provide education

and information about the benefits and safety of irradiation to help address these concerns.

Irradiation seems to be an effective food preservation technique in developing countries,
but it requires infrastructure, technical expertise, and public acceptance to be successful

(Akinloye et al. 2015).
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6. Conclusions

Advanced food preservation techniques are important for improving the efficiency
and sustainability of the agriculture industry in developing countries and can help to
address food insecurity and reduce food waste. The traditional methods of preservation
of food have been offering lot of advantages since the prehistoric era, therefore, there are
lot of challenges and issues that cannot be resolved with the existing ancient technologies

practiced in developing countries.

However, many novel food preservation techniques are able to overcome those
challenge and issues effectively as the new researches and studies have proven the
successful implementation and use in developing countries. Thus, some factors such as
the cost, the energy, the socio-cultural aspect must be addressed for a complete

accommodation of new technologies in developing countries.
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