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Abstract 

Food preservation techniques play a critical role in ensuring the availability of safe and high-quality food. 

This mini review paper investigates the role of chemistry in the development and understanding of food 

preservation techniques and their impact on food quality and safety. The paper provides an overview of 

common preservation methods, including thermal processing, refrigeration, freezing, drying, and 

fermentation, with a focus on the underlying chemical principles. In thermal processing, chemical reactions 

and heat transfer mechanisms are essential factors that influence food quality attributes, such as texture, 

color, and flavor. Moreover, thermal processing plays a crucial role in food safety by effectively eliminating 

pathogens and spoilage microorganisms. Refrigeration and freezing, on the other hand, rely on chemical 

principles to maintain low temperatures, thereby preserving food quality by minimizing nutrient loss and 

inhibiting microbial growth. The chemistry of drying involves chemical reactions and moisture removal 

mechanisms that impact food quality attributes, including flavor and rehydration properties. Additionally, 

drying reduces water activity, thereby inhibiting microbial growth and ensuring food safety. Fermentation, a 

traditional preservation technique, involves complex chemical reactions and metabolic processes that 

contribute to the development of unique flavors and textures in fermented foods. Moreover, fermentation 

produces antimicrobial compounds, enhancing food safety. An evaluation of the effects of various 

preservation techniques on food quality and safety reveals that each method has distinct impacts on sensory 

properties, nutritional content, microbial control, and toxin degradation. Understanding the chemistry behind 

these techniques is crucial for optimizing food preservation processes and ensuring the availability of safe 

and high-quality food. In conclusion, this mini review paper highlights the significant role of chemistry in 

food preservation techniques and their effects on food quality and safety. Further research and innovation in 

the field of food preservation chemistry are essential to enhance the preservation methods and maintain the 

availability of safe and high-quality food for consumption. 
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Introduction: 

Food preservation is a critical aspect of ensuring 

food quality and safety, as it helps to prevent the 

growth of spoilage or pathogenic microorganisms, 

such as bacteria and molds, on food products 

(Hashemi & Khodaei, 2020). The significance of 

chemistry in developing and understanding food 

preservation techniques is evident in the 

evaluation of various chemical agents and their 

effects on food preservation (Sutharshan & 

Muralidharan, 2021). Chemistry plays a crucial 

role in the development of preservatives and 

antimicrobial agents that are used to extend the 

shelf life of food products and maintain their 

safety and overall quality (Xu et al., 2019). 

Additionally, the use of natural antimicrobial 

agents derived from plants, animals, and 

microorganisms has gained attention as a safe 

preservation approach, highlighting the 

intersection of chemistry and biology in food 

preservation (Saeed et al., 2019). 

The importance of food preservation techniques 

that do not involve chemical agents is also 

emphasized, as there is a global trend towards 

developing new preservation methods that 

generate products with better nutritional quality 

and similar sensory attributes to fresh foods 

(Martínez-Sánchez et al., 2022). This aligns with 

the ongoing research and development efforts to 

explore natural and sustainable preservation 

methods, reflecting the intersection of food 

science, chemistry, and biology in addressing the 

need for safe and effective food preservation 

techniques (Munir et al., 2022). 

Consumer perception of food quality and safety is 

a crucial aspect that influences the development 

and implementation of food preservation 

techniques. Strengthening the institutional 

framework related to food safety and quality is 

essential, drawing from best practices in the 

European Union countries to ensure consumer 

confidence in the safety and quality of preserved 

food products (Haas et al., 2021). Furthermore, 

understanding consumer perspectives on food 

safety and quality is vital for the food industry to 

focus on enhancing food quality and safety 

through the implementation of effective 

preservation methods ("How do Kosovar and 

Albanian consumers perceive food quality and 

safety in the dairy sector?", 2019). 

In the context of food preservation, the use of 

antioxidants as additives is highlighted as a means 

to minimize the degradation of fatty acids and 

preserve the quality of food products ("Chemistry 

of Organic additives in the food preservation", 

2023). Additionally, the exploration of natural 

antifungal peptides and proteins as models for 

novel food preservatives underscores the ongoing 

research into developing innovative and 

sustainable preservation methods (Thery et al., 

2019). 

Overall, the synthesis of these references 

underscores the multidisciplinary nature of food 

preservation, encompassing aspects of food 

science, chemistry, biology, and consumer 

perception. The ongoing research and 

development efforts in this field aim to address the 

importance of food preservation in ensuring food 

quality and safety, while also emphasizing the 

significance of chemistry in the development and 

understanding of food preservation techniques. 

 

2. Overview of Food Preservation Techniques 

Food preservation techniques are essential for 

maintaining the quality and safety of food 

products. Various methods such as refrigeration, 

freezing, ultrasound-assisted processing, 

electrostatic field technology, and hyperbaric 

storage have been developed to extend the shelf 

life of perishable foods Park et al. (2022) Yu et 

al., 2021; PENG et al., 2023; Rahman et al., 

2022). These techniques involve different 

chemical principles to achieve preservation. For 

instance, ultrasound-assisted processing enhances 

the performance of bio-based coating preservation 

by improving the penetration of the coating into 

the food matrix, thereby enhancing its 

preservation properties (Yu et al., 2021). 

Similarly, the application of electrostatic field 

technology relies on the principles of electric 

charge to preserve perishable foods (PENG et al., 

2023). Furthermore, the use of nisin-loaded ulvan 

particles demonstrates the application of 

antimicrobial agents in food preservation, 

highlighting the chemical principles of 

antimicrobial activity (Gruskiene et al., 2021). 

Traditional methods such as lactic acid 

fermentation have also been employed for food 

preservation, relying on the chemical process of 

acidification to inhibit the growth of spoilage 

microorganisms and pathogens (Jabłońska-Ryś et 

al., 2019). Additionally, pulsed electric field 

technology has been utilized to extend the shelf 

life of milk by inactivating microorganisms while 

retaining the organoleptic and nutritional 

properties of the food (Sujatha et al., 2021). 

Moreover, the use of hyperbaric storage for 

preserving muscle and dairy products involves the 

application of pressure to inhibit microbial growth 

and enzymatic reactions, thereby preserving the 

quality of the products (Rahman et al., 2022). 
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In summary, the chemical principles underlying 

food preservation techniques encompass a wide 

range of mechanisms, including antimicrobial 

activity, acidification, and physical treatments. 

These techniques play a crucial role in ensuring 

the safety and quality of food products, addressing 

the need for sustainable and effective preservation 

methods. 

3. Chemistry of Thermal Processing 

The chemistry of thermal processing in food 

preservation is a critical aspect that influences the 

quality, safety, and shelf life of food products. 

Thermal processing involves the application of 

heat to food products for a specific duration, 

leading to various chemical and physical changes 

in the food matrix. This method is widely used in 

food preservation due to its effectiveness in 

reducing microbial load, enzyme activity, and 

water activity, thereby extending the shelf life of 

the products (Jadhav et al., 2021) Gruskiene et al., 

2021; Asghar et al., 2022). 

The application of heat during thermal processing 

leads to several observable changes in food, 

including denaturation of proteins, gelatinization 

of starch, and destruction of microorganisms 

(Jadhav et al., 2021). These changes are attributed 

to the chemical reactions that occur within the 

food matrix under the influence of heat. For 

instance, the denaturation of proteins involves the 

disruption of the protein's native structure, leading 

to changes in its functional properties, such as 

solubility and gelation behavior (Hassoun et al., 

2020). Additionally, the application of heat can 

lead to the Maillard reaction, a complex series of 

chemical reactions between amino acids and 

reducing sugars, resulting in the development of 

desirable flavors, aromas, and brown pigments in 

thermally processed foods (Hassoun et al., 2020). 

Furthermore, thermal processing plays a crucial 

role in the inactivation of enzymes, which are 

responsible for catalyzing various biochemical 

reactions in food. The application of heat leads to 

the denaturation and inactivation of enzymes, 

thereby preventing undesirable changes in the 

quality and safety of food products (Gruskiene et 

al., 2021). Additionally, thermal processing 

contributes to the reduction of water activity in 

food, which inhibits the growth of spoilage 

microorganisms and pathogens, further enhancing 

the preservation of food products (Asghar et al., 

2022). 

It is important to note that while thermal 

processing is effective in food preservation, it can 

also lead to certain drawbacks, such as the loss of 

heat-sensitive nutrients, changes in sensory 

attributes, and the formation of undesirable 

compounds due to thermal degradation reactions 

(Hassoun et al., 2020). Therefore, understanding 

the chemical principles underlying thermal 

processing is essential for optimizing the 

preservation of food products while minimizing 

the negative effects of heat treatment. 

In summary, the chemistry of thermal processing 

in food preservation encompasses a wide range of 

chemical reactions and changes within the food 

matrix, influencing the quality, safety, and shelf 

life of the products. While thermal processing is a 

widely applied method, it is essential to consider 

its effects on the chemical composition and 

sensory attributes of food products to ensure the 

development of effective preservation techniques. 

 

4. Chemistry of Refrigeration and Freezing 

The chemistry of refrigeration and freezing plays 

a crucial role in the preservation of food products, 

ensuring their quality, safety, and extended shelf 

life. The process of refrigeration involves 

reducing the temperature of food products to 

levels that inhibit the growth of microorganisms 

and slow down chemical and enzymatic reactions 

that lead to spoilage. On the other hand, freezing 

involves lowering the temperature of food 

products to below their freezing point, leading to 

the formation of ice crystals and the suspension of 

biological and chemical processes. 

Refrigeration and freezing rely on the principles 

of thermodynamics and heat transfer to achieve 

the desired temperature reduction. The 

refrigeration cycle involves the use of refrigerants, 

such as fluorocarbons, which undergo phase 

transitions to absorb heat from the food products 

and release it outside the refrigerated space. The 

molecular insight into the adsorption of 

refrigerants in metal-organic framework analogs 

provides a deeper understanding of the 

equilibrium adsorption of refrigerants and its 

translation to the refrigeration cycle Zheng et al. 

(2020). Additionally, the use of vapor-

compression refrigeration systems and the 

calculation of the coefficient of performance are 

essential in understanding the thermodynamics 

and heat flow in refrigeration cycles (Halpern & 

Noll, 2020). 

Furthermore, the development of refrigeration 

systems and the manipulation of pore topology 

and functionality to promote fluorocarbon-based 

adsorption cooling highlight the importance of 

understanding the interaction of refrigerants with 

materials at a molecular level (Barpaga et al., 

2021). The use of electronic modules and control 

systems, such as microcontroller boards and data 

acquisition systems, has also elevated the research 
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and development of refrigeration and freezing 

technologies, emphasizing the integration of 

modern electronics in advancing chemistry 

research (Prabhu & Urban, 2020). 

In the context of freezing, the relatively higher 

freezing point of conventional aqueous 

electrolytes and its impact on ion transport 

efficiency under low temperatures are critical 

considerations in the development of low-

temperature aqueous rechargeable energy storage 

systems (Sun et al., 2023). Additionally, the study 

of the freezing process in the development of 

nanolubricants using aloe vera plant to enhance 

the thermal performance of refrigeration systems 

underscores the importance of understanding the 

freezing behavior of materials and its application 

in improving refrigeration technologies (Afolalu 

et al., 2021). 

Overall, the chemistry of refrigeration and 

freezing encompasses a wide range of principles, 

including thermodynamics, heat transfer, material 

interactions, and the behavior of refrigerants and 

materials at low temperatures. Understanding 

these principles is essential for the development of 

efficient and sustainable refrigeration and freezing 

technologies that contribute to the preservation of 

food products and other applications. 

 

5. Chemistry of Drying 

Drying is a widely used method for food 

preservation, and it involves the removal of water 

from food products to inhibit microbial growth 

and enzymatic reactions, thereby extending shelf 

life. The drying process can be influenced by 

various factors such as air temperature, 

encapsulation techniques, osmotic dehydration, 

pretreatments, and drying methods. The effect of 

drying air temperature on the kinetics and 

physicochemical characteristics of dried banana 

was studied, showing that drying was terminated 

when the samples had a moisture content of 20% 

Macedo et al. (2020). Additionally, a review on 

the encapsulation of bioactive components using 

spray-drying and freeze-drying techniques 

highlighted the key principles of spray drying, 

which involve preparing an emulsion by 

dissolving core and wall materials in water and 

evaporating the moisture from the liquid 

(Kandasamy & Naveen, 2022). 

Furthermore, the evaluation of ascorbic acid 

impregnation by ultrasound-assisted osmotic 

dehydration in plantain demonstrated the trend for 

developing new techniques of food preservation 

that do not involve chemical agents and generate 

products with better nutritional quality (Martínez-

Sánchez et al., 2022). Moreover, the effects of 

aerosolized citric acid–radio frequency as a 

pretreatment on hot‐air drying characteristics of 

banana were investigated, emphasizing the 

preservation of food quality through pretreatments 

and novel drying techniques (Ghorani et al., 

2021). 

Additionally, microwave vacuum drying on fruit 

was reviewed, highlighting the cost-effective and 

commonly used technique for preserving food by 

reducing post-harvest losses (Wardhani et al., 

2022). Furthermore, the effect of different drying 

methods on the chemical characteristics and 

microbiology of goat milk powder kefir was 

studied, demonstrating the transformation of a 

highly oxidizable ingredient of liquid phase into a 

solid, easy-to-handle powder with permitted 

peroxide values for food (Nurwantoro et al., 

2020). 

In summary, the chemistry of drying involves a 

range of techniques and principles, including air 

temperature effects, encapsulation methods, 

osmotic dehydration, pretreatments, and different 

drying methods, all of which contribute to the 

preservation of food products and the maintenance 

of their quality. 

 

6. Chemistry of Fermentation 

Fermentation is a complex biochemical process 

that plays a crucial role in various industries, 

including food and beverage production, biofuel 

manufacturing, and pharmaceuticals. The 

chemistry of fermentation involves the 

transformation of organic compounds by 

microorganisms, leading to the production of a 

wide range of valuable products. The process of 

fermentation is influenced by various factors such 

as the type of microorganism, substrate 

composition, and environmental conditions. 

The chemistry of fermentation is particularly 

significant in the production of fermented foods 

and beverages. Major chemical reactions occur 

during the fermentation process, leading to the 

formation of various compounds that contribute to 

the flavor, aroma, and nutritional characteristics of 

the final products. For example, in the production 

of wine, the metabolic activity of both 

Saccharomyces cerevisiae and non-

Saccharomyces organisms impacts wine 

chemistry, leading to the formation of volatile 

compounds that contribute to the sensory 

attributes of the wine Reiter et al. (2021). 

Similarly, in the production of beer, the temporal 

dynamics in microbial community composition 

and beer chemistry during fermentation play a 

critical role in shaping the sensory characteristics 

of the finished beer (Bossaert et al., 2021). 
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Furthermore, the chemistry of fermentation is 

essential in the production of biofuels. The 

conversion of plant secondary metabolites upon 

fermentation of plant extracts with specific 

microorganisms leads to the production of 

bioactive compounds with potential applications 

in pharmaceuticals and nutraceuticals (Lorenz et 

al., 2019). Additionally, the use of zymotic 

biomass wastes for biofuel production involves 

complex chemical reactions catalyzed by 

bifunctional catalysts, highlighting the importance 

of understanding the chemistry of fermentation in 

the context of sustainable biofuel production (Wu 

et al., 2019). 

Moreover, fermentation is also integral to the 

production of various bio-based chemicals and 

materials. The synthesis of polylactic acid, a 

biocompatible material, relies on lactic acid 

obtained through sugar fermentation, 

demonstrating the significance of fermentation in 

the production of biopolymers and biocompatible 

materials (Li et al., 2020). Furthermore, the 

microbial production of hyaluronic acid, a high 

molecular weight biosurfactant, involves 

fermentation processes that contribute to the 

development of bio-based chemicals with diverse 

industrial applications (Ciriminna et al., 2021). 

In summary, the chemistry of fermentation 

encompasses a wide range of biochemical and 

chemical reactions that are essential for the 

production of fermented foods, beverages, 

biofuels, and bio-based chemicals. Understanding 

the complex chemical processes involved in 

fermentation is crucial for optimizing production 

processes, developing new products, and 

advancing sustainable and bio-based industries. 

 

6. Effects of Food Preservation Techniques on 

Food Quality and Safety 

The effects of food preservation techniques on 

food quality and safety are of paramount 

importance in ensuring the delivery of safe and 

high-quality food products to consumers. 

Preservation methods play a critical role in 

preventing food spoilage, maintaining nutritional 

value, and enhancing food safety. Various 

preservation techniques, including packaging, 

physical emerging technologies, natural 

antimicrobials, and green technologies, have been 

developed to achieve these objectives. 

Packaging systems have been aligned with food 

preservation processes to delay deterioration and 

spoilage of products, extend shelf life, and 

maintain or increase the quality and safety of food 

Uzombah (2023). Additionally, emergent 

preservation techniques are being evaluated as 

complements or replacements for conventional 

preservation methodologies to ensure food safety 

and extend shelf life without compromising 

quality (Tavares et al., 2021). Furthermore, the 

use of natural antimicrobials and green 

technologies in food preservation has gained 

attention as a means to maintain food safety from 

microbes, preserve sensory characteristics, and 

retain nutritional value (Kumar et al., 2021; 

Quinto et al., 2019; Islam et al., 2022). 

The application of hurdle technology, which 

involves the use of multiple preservation methods, 

has been emphasized to ensure microbial and 

chemical safety while maintaining nutritional and 

sensory qualities of food products (Abdullahi & 

Dandago, 2021). Moreover, the use of fruit 

polyphenols and their functionalized 

nanoparticles, as well as the application of 

bacteriocins and probiotics, has been explored to 

enhance food safety and quality through the 

inhibition of pathogens, removal of toxic 

compounds, and improvement in nutritional value 

and organoleptic quality of food (Hashemi & 

Khodaei, 2020; Tiwari et al., 2022; Thapar & 

Salooja, 2023; Hemalata et al., 2020; Grujović et 

al., 2019). 

In conclusion, the diverse range of food 

preservation techniques and their impact on food 

quality and safety underscores the 

multidimensional approach required to address 

consumer concerns and regulatory standards. The 

integration of various preservation methods, 

including natural antimicrobials, green 

technologies, and packaging systems, is essential 

for ensuring the delivery of safe, high-quality, and 

nutritious food products to consumers. 

 

7. Conclusion 

In conclusion, the role of chemistry in food 

preservation techniques is multifaceted and 

essential for ensuring the quality and safety of 

food products. The key findings underscore the 

significant impact of chemistry on the 

development and understanding of various food 

preservation methods. Chemistry plays a crucial 

role in the development of preservatives, 

antimicrobial agents, and natural preservation 

approaches, highlighting its significance in 

addressing the need for safe and effective food 

preservation techniques. Additionally, the 

chemical principles underlying thermal 

processing, refrigeration, freezing, drying, and 

fermentation have been elucidated, emphasizing 

the importance of understanding these principles 

in optimizing preservation techniques. 
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The implications of these findings are far-

reaching, as they provide insights into how the 

understanding and optimization of preservation 

techniques can significantly improve food quality 

and safety. By leveraging the principles of 

chemistry, it is possible to develop preservation 

methods that not only extend the shelf life of food 

products but also maintain their nutritional value, 

sensory attributes, and safety. This has 

implications for the food industry, regulatory 

agencies, and consumers, as it underscores the 

importance of implementing effective preservation 

techniques to ensure the delivery of safe, high-

quality, and nutritious food products to the 

market. 

Furthermore, there is a clear call for further 

research and innovation in the field of food 

preservation chemistry. The multidisciplinary 

nature of food preservation, encompassing aspects 

of food science, chemistry, biology, and consumer 

perception, necessitates continued research efforts 

to advance the development of novel preservation 

methods. This includes exploring natural and 

sustainable preservation approaches, optimizing 

the use of antimicrobial agents, and integrating 

emerging technologies to address the evolving 

challenges in food preservation. Additionally, the 

integration of modern electronics, materials 

science, and nanotechnology in food preservation 

research presents opportunities for innovative 

solutions that can further enhance food quality and 

safety. 

In conclusion, the role of chemistry in food 

preservation techniques is pivotal in ensuring the 

delivery of safe, high-quality, and nutritious food 

products to consumers. The implications of 

understanding and optimizing preservation 

techniques are significant for the food industry, 

regulatory agencies, and consumers. There is a 

clear need for continued research and innovation 

in the field of food preservation chemistry to 

address current challenges and advance the 

development of sustainable and effective 

preservation methods. 
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