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Abstract

Food preservation is a critical issue in the field of food science. One of the most pressing issues in recent years has been
food preservation. From the standpoint of safe eating, food preservation's goal is to prevent or postpone food spoilage,
loss of quality, and inedibility for a longer period of time. In relation to growing population and depleting natural
resources, food waste is a significant problem that affects public health, the environment, and the economy. Waste
happens at every stage, from harvest to consumer, necessitating the use of cutting-edge food preservation methods. In this
review paper some of the latest food preservation techniques such as Hurdle system, Edible films, Nanotechnology in
food preservation, ultrasound, Traditional methods and Modern Methods of food preservation reviewed. This revision
aims to provide a current overview on newest preservative techniques related to food. This group of food preservation
techniques reviewed in this work.
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1. INTRODUCTION

Since prehistoric times, food preservation has been at the forefront of food processing technologies. One of the most
pressing concerns in food science is the prevention of microbial spoilage and oxidative deterioration. Food preservation
procedures include drying, food additives, and coating application (Kutlu et al., 2021).

Benefits and drawbacks of food preservation (Table 1) On behalf of the different researches there is successfully
preserved lots of food with freshness, nutritive value etc. The disadvantages show the health complications, alteration in
taste etc.

Microbial metabolism, enzymatic activity, chemical interactions, sensory degradation, and toxin buildup all
contribute to food deterioration. However, given the prevalence of various concerns about In order to address the
shortcomings of current solutions and ensure the safety of conventional chemical preservatives, it is urgently necessary to
research novel materials and methods for food preservation (Yu et al., 2021).

From the standpoint of safe eating, the goal of food preservation is to prevent or postpone food spoilage, loss of
quality, and inedibility a longer time span. It entails restricting growth of bacteria, fungi, and other microbes (Hygreeva,
et al.,, 2014; Gutiérrez-del-Rio et al., 2021). Food preservation is the process of protecting food products from
deterioration and spoilage, increasing shelf life, and assuring consumers that the food is free of pathogenic bacteria. A
suitable food preservation method is one that creates hostile environments for bacteria. Heat treatments, lowering storage
temperatures, using proper production processes, and adding additives all contribute to food shelf-life and safety. Water
activity (aw), temperature, acidity, dehydration, preservatives, and non-thermal methods are the main obstacles (Pernu et
al., 2020).

Kurbah & Haorongbam (2023) stated that the Food deterioration also has an effect on nutritional quality. Physical,
biological, microbiological, chemical, and metabolic factors can all contribute to food deterioration. In order to apply
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preservation techniques as soon as feasible in the food preparation chain, both plant and animal commodities need first
undergo the proper postharvest management. In order to ensure continuity of preservation, processing processes typically
rely on suitable packing techniques and materials.

Joardder (2019) mentioned the way processed foods are treated throughout storage, transport, retail, and by customers
has an impact on how well they are preserved. The product itself, the amount of pathogenic and spoilage microorganisms
present, and the cost all have an impact on the technology and methods chosen for food preservation. Product-inherent
variables include customary methods of consuming the specific food, sensitivity to heat or other principles used to
inactivate microbes, and other physical and chemical properties of the food.

Saleem & Khan (2023) has stated the ancient people had to interact with nature in order to survive. In cold
environments, ancient people would freeze seal meat on ice; in warm environments, they would dry their food in the sun.
Food preservation entails food processing steps that inhibit yeast-like bacteria growth and slow the rate at which fat
oxidizes and becomes rancid. As enzymatic browning rises in an apple after it is sliced during food preparation, food
preservation may also include a process that prevents aesthetic degradation.

Food wastes can be reduced considerably by preservation, which is a vital approach for minimizing costs of
production and boosting the effectiveness of the food system. Enhanced nutritional status and food safety may support
ecological sustainability. It will, for instance, result in a reduction in the ecological impact of food production. More than
only food preservation methods are involved in many procedures aimed at keeping food. For example, to preserve fruit by
making jam, it should be boiled and sold in an airtight jar to prevent cross-contamination. The quality of foods and food
systems are effected differently by distinct techniques of food preservation (Yu et al., 2021).

Sridhar (2020) reported that when compared to more modern approaches, some historical methods of food preservation
cost less energy and have lower carbon footprints. Some food preservation procedures are known to produce carcinogens.
To survive, ancient man had to rely on nature. He froze seal flesh on the ice in cold climates. In hot climates, he dried
food by exposing it to the sun.

Food naturally starts to spoil as soon as it is harvested. Ancient man's ability to develop roots, settle down, and
create colonies was facilitated by food storage. He may now keep some of the Kill or harvest for later use instead of
having to devour it right once. Each culture used the same basic food preservation methods to preserve its local food
supplies (Tavman et al., 2019).

Table 1 Benefits and Drawbacks of Food Preservation

S. NO. Benefits Drawbacks References

The reduction of autolytic enzymes and Salt and sugar in high amount
L microbial growth harmful for health (Pernu et al., 2020)
2. Enhances shelf-life of foods [SllEEhods may destroy (Gokoglu, 2018)

nutrient content

Improves appearance, texture, color &

3. Alteration in taste (Hygreeva, et al., 2014)
flavor
4, Provides seasonal foods .V'ta'.“".‘ E is reduced by (Sahoo, 2022)
irradiation
5 Increased availability of convenience Food can spoil if preserved (Rahman, 2020)
foods improperly
Foods that spoil quickly and can be
6. carried long distances from the place of P_r eserved foods may taste (Sridhar et al., 2021)
different than fresh foods
manufacture

1.1 Role and functions of Food Preservation

Despite the fact that some methods work by contaminating the food with beneficial bacteria or fungi, food preservation
(Fig. 1) restricts the growth of microorganisms (like yeasts) or other microbes and postpones the oxidation of lipids that
results in rancidity. Food preservation increases the variety of foods that are available. Preserving food increases its shelf
life. Cherries, pineapples, and other fruits and vegetables can all be preserved using a number of techniques for a very
long time. Food preservation increases the amount of available food. Preserving food lowers food waste. Food waste is
decreased when extra foods that could have otherwise gone bad are prepared and preserved. Preserving food lowers the
likelihood of nutrient deficits. With the use of preserved foods, the diet can be varied. For instance, no vegetables are
cultivated in a number of Middle Eastern countries due to the arid condition of the soil. Importing fresh and canned fruits
and vegetables covers this deficit (Vedantu, 2022).




Imroves
nutritional
value

Increases shelf
life of Food

Decreases
wastage of
Food

Retains quality
of Food

Provides
seasonal foods
availability

Importance
Control Prices of Food
Preservation

Saves energy
and time

Fig. 1 Importance of Food preservation

1.2 Scope

The current review study's goal is to compile data on food preservation into a single review In order to present a fuller
understanding, of current role & prospects for food preservation of common preservatives (Table 2). We discussed the
most recent technologies in use at the time in each component in the introduction, highlighting notable developments as
well as potential future directions. Information sources such as scientific journals and commercial and Food-related
scholarly web pages on the Internet were used to conduct a thorough evaluation of food preservation.

Table 2 Chemical Structures of some common Food Preservatives
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2. METHODS OF FOOD PRESERVATION
This (Table 3) shows about the application of different types of food preservative methods detailing. Table is divided into
two sections namely: Traditional methods & its application and Modern Methods & its applications.

2.1 Physical Methods

a. Drying

Ancient food would have dried naturally as a result of the sun and breeze. Food was actively dried throughout the Middle
East and Asia as early as 12,000 B.C., as per evidence. There are more traces of later cultures, and each would have
methods and materials that reflect their sources of sustenance, such as fish, wild game, domestic animals, and so on
(Ahmad et al., 2017).

Fruits and vegetables have also been dried since ancient times. Ahmed et al. stated that Romans were particularly
fond of any type of dried fruit they could produce. In the Middle Ages, "still homes™ were purpose-built and used fruits,
vegetables, and herbs should be dried in regions with less direct sunlight. A fire provided the heat required to dry and, in
some situations, smoke foods (Ahmed et al., 2020).

b. Freezing

In the appropriate temperatures, freezing was an obvious preservation technique. Any location that experienced below-
freezing temperatures for even a brief amount of time used the temperature to preserve food. To extend storage times,
temperatures below freezing were used. As a result, cellars, caves, and cool streams were all well utilized (Cheng et al.,
2015).

Green vegetables and milk products have long been chilled or frozen to maintain their sensory attributes and
nutritional value. The most common freezing procedures include air blast, cryogenic, direct contact, and immersion
freezing, while novel approaches include high pressure freezing, ultrasound assisted freezing, electromagnetic disturbance
freezing, and dehydration freezing (Sridhar et al.,2021; Barbosa de Lima et al., 2020).

c. Canning

Nicolas Appert of France has been dubbed "the father of canning,” in early 1800s, fulfilled long-held demands for food
that is both fresh and stable. Yet, a method similar to "appertization" was widely used over long time ago (Deadk &
Farkas, 2013). According to Christensen (2023) they elevate those who can and will commodify, expand, and profit
within capitalism institutions, resulting in a self-proclaimed modern corporate hero. By prioritizing "scientific"
knowledge above "domestic" these narratives, based on knowledge, lower the costs of universalizing processes while
misrepresenting how information is produced and disseminated.

d. Smoking

Rahman (2020) mentioned wood smoke has been used to preserve foods since the days of open-air drying. Smoking's
primary goal is to impart desired sensory flavors and colors to foods while also inactivating enzymes and providing an
antibiotic impact. Smoked foods are commonly stored in cooled or refrigerated conditions, however they are more
dangerous than dry or frozen goods. Fellows (2022) has stated the temperature used in cold smoking is significant and
may influence the final characteristics of the smoked product. Smoking contributes to the preservation of Protein-rich
meals like meat, fish, and cheese can be enhanced by combining the effects of heat, which kills germs and enzymes,
reduced moisture content, and antimicrobial and antioxidant compounds found in smoke.

e. Pasteurization
In the foodservice industry, thermal pasteurization is an essential unit operation for creating high-quality foods with
lengthy shelf life in refrigeration or cold storage. Pasteurization treatment attempts to increase food safety by inactivating
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viruses and germs found in food. Additionally, thermal pasteurization destroys bacteria that cause spoilage while partially
inactivating enzymes. The temperature and duration of thermal pasteurisation are determined by pathogens that must be
regulated in each food. Tanks, vats, and heat exchangers can be used to pasteurize food using batch or continuous systems
prior to aseptic packaging or prepackaging (Sablani et al., 2023).

As per Cheng (2011) top researchers in the fields have recently begun to investigate an increasing number of non-
thermal pasteurization techniques. Among the procedures used to treat water include Ultraviolet (UV) irradiation,
ultrasound, high-pressure carbon dioxide, high-pressure homogenization, and microfiltration are all examples of high
hydrostatic pressure.

2.2 Chemical Methods

a. Salting

One of the oldest known ways of food preservation is salting. The simple strategy typically results in the natural
preservation of the community. It is possible to do it both conventionally and naturally. Salting preservation works by
lowering the water level, which inhibits germ growth and development. High salt's osmotic qualities can damage
microbial cell membranes, and its hygroscopic properties can interfere with proteolytic enzyme function and dissociated
Cl ions (Elias, 2020). Because salting is not a stand-alone curing treatment, it is usually used in conjunction with other
methods like as desiccation or boiling. Salt is also required for the creation of different flavors, textures, and fragrances.
There are two salting processes: wet-dry and wet-dry combinations, as well as a curing process (Indiarto, 2021).

b. Sugaring

According to Dowse (2021) An osmotic effect is induced when sugar is given to fresh foods such as fruits and vegetables.
This means that sugar decreases the water activity of food by absorbing water from it (aw). There are fewer free water
molecules for bacteria to form and multiply in when there is less water activity (aw) in a foods. Bacteria require water to
survive and multiply. It creates circumstances that inhibit germs from growing and surviving.

As per Goldfein (2015) Sugar aids in the creation of other compounds that function as preservatives in some
foods, such as alcohol and acids. Fermentative yeasts in fermented foods convert sugar to organic acids such as lactic
acid. Yeasts convert sugar to ethanol in wine, beer, and other fermented beverages. In some circumstances, the generated
alcohol or acid works as a preservative in and of itself.

c. Pickling

Pickling is an ancient method of preserving vegetables, fruits, fish, and meat. Pickling produces distinct and desirable
changes in flavors, texture, and colour that occur in fermented pickles over time. Microorganisms (most notably lactic
acid bacteria, Micrococcaceae, Bacilli, yeasts, and filamentous fungus) play an important role in food pickling,
influencing the final product's quality and safety (Behera et al., 2020).

d. Fermenting
Fermentation was discovered as opposed to invented. The first beer was undoubtedly discovered when a few barley grains
were left outside in the rain. The starch-derived sugars were fermented into alcohols by opportunistic bacteria. The same
is true for fermented fruits such as wine, cabbage fermented into Kim chi or sauerkraut, and other meals (Montemurro et
al., 2019). It's amazing how skilled ancient peoples were at observing, controlling, and promoting fermentations. Some
anthropologists believe that around 10,000 BC, humans evolved from wandering nomads to farmers who grew barley for
beer. Both the beer and the alcohol were divine. It was considered a divine gift (Pérez-Armendariz & Cardoso-Ugarte,
2020).

Fermentation was a useful means of preserving food. It has the potential to not only preserve meals, but also to
create more nutritious dishes and make less desired elements more appealing. While fermenting, bacteria can generate
vitamins. As a result, the ingredients produce a more nutritious finished product (Guerra et al., 2022).

e. Curing

Curing is one of the earliest techniques of food preservation, involving the addition of salt as well as nitrate or nitrite. This
processing has undeniable technological value because it aids in the creation of a stable red/pink colour in meat products,
protects lipids and proteins from oxidative reactions, enhances product flavors, and, most importantly, has a very unique
antimicrobial effect on Clostridium botulinum (Ruiz-Carrascal, 2016).

The application of salt to the surface of complete pieces of meat, frequently in conjunction with nitrite and/or nitrate, is
known as dry curing. After salting, the product is dried and matured for months to years before being consumed. Wet
curing of complete pieces, such as cooked ham/loin and bacon, often entails injecting brines containing salt, nitrite,
ascorbate, and, in certain circumstances, phosphates via a needle. Salt diffusion is accelerated by tumbling, a physical
treatment. The product can be smoked and cooked if desired (Geiker et al., 2021).




Table 3 Application of different Methods of Food preservation

Traditional L gl ETEl Application
Application Food Products (modern) References
Methods (food products)
Methods
Cheese, Broccoli, Peas, .
Freezing Curd, Jam & Jelly, Meat, Pasteurization Milk & milk products (Ramesh, 2020); Kaur
. & Kumar, 2020)
Eggs, Fruits etc.
Drvin ngiji,soggk?{.ff malsllc(a{ f:rjlgs Artificial food =~ Commonly used in all (Akter et al., 2022);
ying g rice eiccp ' additives industrial foods (Awuchi et al., 2020)
(Liberty et al., 2013);
Cooling Fruits and vegetables. Vacu_um Cereals, nuts, cured (Abdulmumeen et al.,
packing meats, and others. 2012)
Rice, dal, b_oneq veg_etable Meat products, spices (Bighaghire et al.,
- soup, khichdi, boiled - : . A
Boiling . . Irradiation and seasonings, Fruits 2021); (Bisht et al.,
potatoes, boiled chicken,
etc & vegetables etc. 2021)
Salt-cured foods include . . .
Salting salted fish, meat, and Hurdle system Seafoods, pickles, (Linetal., 2014); (Pal
sauces, etc. etal., 2017)
vegetables
. Baked foods, Boiled and Bio B_acterlocms, gssentlal (Tavman et al., 2019);
Heating . oils, herbs, spices and .
Steamed foods preservation (Smid et al., 2020)
other substances
High-pressure Beverages, fruit i )
Sugaring Honey, syrup or molasses, food smoothies and ready- (Abdel-Aleem, 2020);
etc. . (Kadam et al., 2012)
preservation to-eat meats.
Smokin Meat, poultry and other Nonthermal Meat, poultry, spices, (Rahman, 2020);
9 seafood are available. plasma herbs, etc. (Sonawane et al., 2020)
Picklin cl\rfi?ln g%gs&gz’ togz;lrtgt, Modified Beef, meat, pork, (Ding at al., 2018);
g » gooseberry, ' atmosphere chicken, and fish (Opara et al., 2019)
garlic, etc.
Pulse electric (Sattarova &
Canning Fruits, preserves, pickled field Soups, liquid eggs or Saidmakhammadjon,

vegetables, etc.

electroporation

fruit juices, etc.

2022); (Blahovec et al.,
2017)

3. NEW TRENDS IN FOOD PRESERVATION
Consumer demand for long-lasting, useful, or health-promoting foods, i.e., foods that not only do not harm people but can
also be preserved for a long time with the same nutritional components and treat or prevent diseases such as heart disease,
eye disease, cancer, diabetes, skin diseases, and so on, is driving one of today's most significant trends in food
preservation.

Those methods that create more nutritious, fresher, less processed, and safer food through various food
preservation strategies outlined in this paper will be in high demand in the future.

3.1 Nanotechnology in Food Preservation

Nowadays, the food industry is significantly impacted by nanotechnology. Both during food production and storage, the
bioactive components of food commonly degrade or become inactive (Patel et al., 2022). The aforementioned issues can
be substantially solved by using nanoencapsulation techniques, such as making nano emulsions. Packaging made of
nanocomposite materials is another developing area in food storage and preservation (Brandelli et al., 2019; Patel &
Mishra, 2021). The use of nanotechnology in food processing, various nanotechnology-based food preservation
techniques, the use of packaging materials for food storage and preservation, nanotechnology applications in food
preservation, safety concerns with nanotechnology-based food preservation techniques, and potential future uses of
nanotechnology for food preservation were all discussed (Sridhar et al., 2021). Nanotechnology is being used to improve
food packaging. Novel nano-based food packaging materials, for example, have outstanding qualities such as antibacterial
potential, oxygen scavengers, and gas or moisture barriers, among others. The use of such nanoparticles in food
packaging increases the shelf life of food without affecting its quality (Patel & Mishra, 2020).

3.2 Hurdle System

Hurdle innovation is used to preserve goods in both affluent and underdeveloped countries in a mild but effective manner.
Many years ago, hurdle technology was invented as a revolutionary technique to producing safe, stable, nutritious,
flavorful, and cost-effective foods (Mohammad et al., 2023). Techniques and Strategies for Quality Control in Fruit and
Vegetable Processing, 1. Traditionally, hurdle technology was employed empirically with little comprehension of the
controlling principles. As the concepts of crucial preservation parameters for foods (e.g., temperature, pH, aw, Eh,
competitive flora) and their relationships have been more understood, the intelligent application of hurdle technology has




grown more common (Junaid et al., 2023). In view of the future goal of multi-target food preservation, the current
contribution analyses the notion of prospective food obstacles, the hurdle effect, and hurdle technology (Singh & Shalini,
2016).

3.3 Ultrasound

Ultrasonic technology is environmentally safe and rarely causes heat damage to food goods. Ultrasound technology is
being utilised to dry food products, including pre-treatments such as ultrasound, osmotic dehydration, and ultrasound-
assisted osmotic dehydration. By lowering water activity, dehydration aids food preservation and increases shelf life
(Ahmad et al., 2023). Non-thermal techniques such as ultrasound and microwave can be used to prepare and preserve
meat and meat products. Combining non-thermal techniques like ultrasound and microwave can now offer superior
outcomes (Khalid et al., 2023).

3.4 Edible Films

Biodegradable films derived from food ingredients are being investigated as more environmentally friendly and
sustainable alternatives to plastics and other synthetic film-forming materials for food coating and packaging applications.
Special emphasis is placed on the creation of active packaging materials based on natural components, particularly those
obtained from plants (Gaspar & Braga, 2023). Common food elements used to make film matrices include proteins,
polysaccharides, and lipids. To increase the functional qualities of these matrices, active compounds such as antioxidants
and antimicrobials might be added. To have the requisite optical, mechanical, barrier, and preservation capabilities for
commercial use, edible active films must be appropriately created (Chen et al., 2022).

3.5 Encapsulation

Encapsulation is an important procedure for protecting food components that is frequently used in the food industry. At
present, encapsulation is of growing interest in food preservation (Reis et al., 2022). Various encapsulation techniques are
spray drying, spray cooling, freeze drying, electro hydro dynamic techniques, fluidized bed coating, extrusion, liposome,
and emulsification (Shahidi et al., 2020). These techniques address some of the challenges to incorporating food
ingredients, antioxidants, lipids, protein, carbohydrate, minerals, vitamins and bioactive compounds in powder form in
food products. Encapsulation achieves excellent preservation, stabilization, and controlled release of bioactive
compounds. Encapsulation improves the efficiency of food additives and increases food shelf life, while also cutting food
costs (Froiio et al., 2019).

4. CONCLUSION AND FUTURE TRENDS FOR FOOD PRESERVATION

The demand for food grows in lockstep with the world's population. In such cases, food preservation is critical. Many of
the revolutionary technologies presented in this paper, including the Hurdle system, edible films, nanotechnology, and
ultrasound, have the potential to provide more nutritious, fresher, and minimally processed foods. They are, however, still
in the research stage. As a result, their antimicrobial and enzyme inactivation activity must still be demonstrated, and any
potential health hazards must be evaluated. As a result, it appears that further research in these areas of food preservation
is worthwhile.

Further study is needed to give proof for any novel functional foods' bioavailability and bioactivity. As a result,
additional epidemiological study will be needed to prove the influence of nutritious diets or substances. Modern methods
preserve food more effectively than traditional methods. However, the nature of food is changing internally. This causes
changes in our health, which can be positive or negative.

REFFERENCES

1. Abdel-Aleem, W. M. (2020). Effect of sugarcane juice pre-treatment on the quality and crystallization of sugarcane syrup
(Treacle). Journal of Food Processing and Technology, 11(7), 834.

2. Abdulmumeen, H. A., Risikat, A. N., & Sururah, A. R. (2012). Food: Its preservatives, additives and applications.
International Journal of Chemical and Biochemical Sciences, 1(2012), 36-47.

3. Ahmad, F., Mohammad, Z. H., Zaidi, S., & Ibrahim, S. A. (2023). A comprehensive review on the application of ultrasound
for the preservation of fruits and vegetables. Journal of Food Process Engineering, e14291.

4. Ahmad, S., Nema, P. K., & Bashir, K. (2017). Effect of different drying techniques on physicochemical, thermal, and
functional properties of seera. Drying Technology, 36(11), 1284-1291. https://doi.org/10.1080/07373937.2017.1399904

5. Ahmed, J., Thomas, L., & Khashawi, R. (2020). Influence of hot-air drying and freeze-drying on functional, rheological,
structural and dielectric properties of green banana flour and dispersions. Food Hydrocolloids, 99, 105331.
https://doi.org/10.1016/j.foodhyd.2019.105331

6. Akter, F., Muhury, R., Sultana, A., & Deb, U. K. (2022). A Comprehensive Review of Mathematical Modeling for Drying
Processes of Fruits and Vegetables. International Journal of Food Science, 2022.

7. Albarracin, W., Sanchez, I. C., Grau, R., & Barat, J. M. (2011). Salt in food processing; usage and reduction: a review.
International Journal of Food Science & Technology, 46(7), 1329-1336.

8. Anand, S. P.,, & Sati, N. (2013). Artificial preservatives and their harmful effects: looking toward nature for safer
alternatives. Int. J. Pharm. Sci. Res, 4(7), 2496-2501.

9. Awuchi, C. G., Twinomuhwezi, H., Igwe, V. S., & Amagwula, I. O. (2020). Food additives and food preservatives for
domestic and industrial food applications. Journal of Animal Health, 2(1), 1-16.



https://doi.org/10.1080/07373937.2017.1399904
https://doi.org/10.1016/j.foodhyd.2019.105331

10. Barbosa De Lima, W., Nascimento, L. C., Lima Dantas, R., Lima Tresena, N., Silva Junior, J., Santos De Lima, G., &
Barbosa De Lima, A. (2020). Heat Transfer in the Cooling, Freezing and Post-Freezing of Liquid Food: Modeling and
Simulation. Diffusion Foundations, 25, 37-53. https://doi.org/10.4028/www.scientific.net/df.25.37

11. Bighaghire, R., Okidi, L., Muggaga, C., & Ongeng, D. (2021). Traditional vegetable preservation technologies practiced in
Acholi subregion of Uganda improves mineral bioavailability but impacts negatively on the contribution of vegetables to
household needs for micronutrients. Food Science & Nutrition, 9(2), 589-604.

12. Bisht, B., Bhatnagar, P., Gururani, P., Kumar, V., Tomar, M. S., Sinhmar, R., ... & Kumar, S. (2021). Food irradiation: Effect
of ionizing and non-ionizing radiations on preservation of fruits and vegetables—a review. Trends in Food Science &
Technology, 114, 372-385.

13. Blahovec, J., Vorobiev, E., & Lebovka, N. (2017). Pulsed electric fields pretreatments for the cooking of foods. Food
engineering reviews, 9, 226-236.

14. Brandelli, A., Pinilla, C. M., & Lopes, N. A. (2019). Nanotechnology in food preservation. In Advances in Processing
Technologies for Bio-based Nano systems in Food (pp. 277-311). CRC Press.

15. Cheng, L., Sun, D. W., Zhu, Z., & Zhang, Z. (2015). Emerging techniques for assisting and accelerating food freezing
processes: A review of recent research progresses. Critical Reviews in Food Science and Nutrition, 57(4), 769-781.
https://doi.org/10.1080/10408398.2015.1004569

16. Chen, W., Ma, S., Wang, Q., McClements, D. J., Liu, X., Ngai, T., & Liu, F. (2022). Fortification of edible films with
bioactive agents: A review of their formation, properties, and application in food preservation. Critical Reviews in Food
Science and Nutrition, 62(18), 5029-5055.

17. Cheng X, Imai T, Teeka J, Yamaguchi J, Hirose M, Higuchi T, Sekine M (2011) Inactivation of Escherichia Coli and
Bacteriophage T4 by high levels of dissolved CO2. Appl Microbiol Biotechnol 90(4):1493-1500.

18. Christensen, D.E. (2023). "The Father[s] of Canning"? Narrating Nicolas Appert/American Industry. Journal of American
Folklore 136(539), 16-47. https://www.muse.jhu.edu/article/877842

19. Cvetkovi¢, D., Zivkovié, V., Lukié, V., & Nikoli¢, S. (2019). Sodium nitrite food poisoning in one family. Forensic Science,
Medicine and Pathology, 15, 102-105.

20. Dedk, T., & Farkas, J. (2013). Microbiology of thermally preserved foods: canning and novel physical methods. DEStech
Publications, Inc.

21. Delanghe, T., Huyghe, J., Lee, S., Priem, D., Van Coillie, S., Gilbert, B., ... & Bertrand, M. J. (2021). Antioxidant and food
additive BHA prevents TNF cytotoxicity by acting as a direct RIPK1 inhibitor. Cell Death & Disease, 12(7), 699.

22. Ding, Z., Johanningsmeier, S. D., Price, R., Reynolds, R., Truong, V. D., Payton, S. C., & Breidt, F. (2018). Evaluation of
nitrate and nitrite contents in pickled fruit and vegetable products. Food Control, 90, 304-311.

23. Dowse, P. (2021, October 20). Sugar as a preservative. Sugar Nutrition Resource Centre. Retrieved January 24, 2023, from
https://www.sugarnutritionresource.org/news-articles/sugar-as-a-preservative.

24. Elias, M., Laranjo, M., Agulheiro-Santos, A. C., & Potes, M. E. (2020). The role of salt on food and human health. Salt in
the Earth, 19.

25. Fellows, P. (2022). Smoking. Food Processing Technology, 455-465. https://doi.org/10.1016/b978-0-323-85737-6.00026-1

26. Froiio, F., Mosaddik, A., Morshed, M. T., Paolino, D., Fessi, H., & Elaissari, A. (2019). Edible polymers for essential oils
encapsulation: Application in food preservation. Industrial & Engineering Chemistry Research, 58(46), 20932-20945.

27. Gaspar, M. C., & Braga, M. E. (2023). Edible films and coatings based on agrifood residues: a new trend in the food
packaging research. Current Opinion in Food Science, 101006.

28. Geiker, N. R. W., Bertram, H. C., Mejborn, H., Dragsted, L. O., Kristensen, L., Carrascal, J. R., Bugel, S., & Astrup, A.
(2021b). Meat and Human Health—Current Knowledge and Research Gaps. Foods, 10(7), 1556.
https://doi.org/10.3390/foods10071556

29. Gokoglu, N. (2018). Novel natural food preservatives and applications in seafood preservation: a review. Journal of the
Science of Food and Agriculture, 99(5), 2068—2077. https://doi.org/10.1002/jsfa.9416

30. Goldfein KR and Slavin JL. (2015). Why sugar is added to foods: food science 101. Comprehensive Reviews in Food
Science and Food Safety, 14: 644 — 656.

31. Gutiérrez-del-Rio, 1., Lopez-lbafiez, S., Magadan-Corpas, P., Ferndndez-Calleja, L., Pérez-Valero, L., Tufion-Granda, M.,
Miguélez, E. M., Villar, C. J., & Lombd, F. (2021). Terpenoids and Polyphenols as Natural Antioxidant Agents in Food
Preservation. Antioxidants, 10(8), 1264. https://doi.org/10.3390/antiox10081264

32. Guerra, L. S., Cevallos-Cevallos, J. M., Weckx, S., & Ruales, J. (2022). Traditional fermented foods from ecuador: A
Review with a Focus on Microbial Diversity. Foods, 11(13), 1854.

33. Hygreeva, D., Pandey, M. C., & Radhakrishna, K. (2014). Potential applications of plant based derivatives as fat replacers,
antioxidants and antimicrobials in fresh and processed meat products. In Meat Science (Vol. 98, Issue 1, pp. 47-57). Elsevier
BV. https://doi.org/10.1016/j.meatsci.2014.04.006

34. Indiarto, R., Asyifaa, A. H., Adiningsih, F. C. A., Aulia, G. A., & Achmad, S. R. (2021). Conventional and Advanced Food-
Drying Technology: A Current Review. Int. J. Sci. Technol. Res, 10(1), 99-107.

35. Joardder, M.U.H., Masud, M.H. (2019). Food Preservation Techniques in Developing Countries. In: Food Preservation in
Developing Countries: Challenges and Solutions. Springer, Cham. https://doi.org/10.1007/978-3-030-11530-2_4.

36. Junaid, P. M., Ahmad, F., Dar, I. H., Bhat, A. H., Manzoor, S., Pandith, J. A., & Khan, F. (2023). Preservation strategies for
fruits and vegetables: past, present, and future scope. Quality Control in Fruit and Vegetable Processing: Methods and
Strategies, 143.

37. Kadam, P. S., Jadhav, B. A., Salve, R. V., & Machewad, G. M. (2012). Review on the high pressure technology (HPT) for
food preservation. Journal of Food Processing and Technology, 3(1).

38. Kaur, M., & Kumar, M. (2020). An innovation in magnetic field assisted freezing of perishable fruits and vegetables: A
review. Food Reviews International, 36(8), 761-780.



https://doi.org/10.4028/www.scientific.net/df.25.37
https://doi.org/10.1080/10408398.2015.1004569
https://www.muse.jhu.edu/article/877842
https://doi.org/10.1016/b978-0-323-85737-6.00026-1
https://doi.org/10.3390/foods10071556
https://doi.org/10.1002/jsfa.9416
https://doi.org/10.3390/antiox10081264
https://doi.org/10.1016/j.meatsci.2014.04.006

39. Khalid, W., Arshad, M. S., Magbool, Z., Jayasinghe, G. D. T. M., Jinadasa, B. K. K. K., Fowler, S. W., ... & Ansari, M. J.
(2023). Synergistic effect of ultrasound and microwave treatments in meat, fish, and seafood processing, preservation, and
extraction. In Ultrasound and Microwave for Food Processing (pp. 139-156). Academic Press.

40. Kurbah, N., & Haorongbam, S. (2023). Novel Methods in Nanotechnology for Food Preservation. Nanotechnology Horizons
in Food Process Engineering: Food Preservation, Food Packaging, and Sustainable Agriculture, 159.

41. Kutlu, N., Meral, R., Ekin, M. M., Erim Kose, Y., & Ceylan, Z. (2021). A new application for the valorisation of
pomegranate seed oil: nanoencapsulation of pomegranate seed oil into electrospun nanomats for food preservation. In
International Journal of Food Science &amp; Technology (Vol. 57, Issue 2, pp. 1074-1082). Wiley.
https://doi.org/10.1111/ijfs.15472

42. Liberty, J. T., Ugwuishiwu, B. O., Pukuma, S. A., & Odo, C. E. (2013). Principles and application of evaporative cooling
systems for fruits and vegetables preservation. International Journal of Current Engineering and Technology, 3(3), 1000-
1006.

43. Lin, S. H., Li, Y. H., Leung, K., Huang, C. Y., & Wang, X. R. (2014). Salt processed food and gastric cancer in a Chinese
population. Asian Pacific Journal of Cancer Prevention, 15(13), 5293-5298.

44. Luis Santiago Guerra (2022, June 14). Traditional Fermented Foods from Ecuador: A Review with a Focus on Microbial
Diversity. Microbiota and Probiotics in Fermented Food. https://doi.org/10.3390/foods11131854

45. MOHAMMAD, Z. H., AHMAD, F., & IBRAHIM, S. A. (2023). QUALITY AND SAFETY OF FRESH PRODUCE
DURING STORAGE: HURDLE TECHNOLOGY.

46. Monika Patel, M. A. Firdaus & Sunita Mishra (2022) Influence of ZnO and CuO nanoparticle on the shelf life and
physiochemical properties of guava (Psidiumguajava) fruits and juice, CyTA - Journal of Food, 20:1, 385-393.
https://doi.org/10.1080/19476337.2022.2144463

47. Montemurro, M. (2019, August 2). Investigation of the nutritional, functional and technological effects of the sourdough
fermentation of sprouted flours. International Journal of Food Microbiology.
https://doi.org/10.1016/j.ijfoodmicro.2018.08.005

48. Netsanet Shiferaw Terefe (2022). Recent developments in fermentation technology: toward the next revolution in food
production. Food Engineering Innovations Across the Food Supply Chain. https://doi.org/10.1016/B978-0-12-821292-
9.00026-1

49. Nanotechnology Horizons in Food Process Engineering: Food Preservation, Food Packaging, and Sustainable Agriculture.
Vol. 1. P. 29.

50. Opara, U. L., Caleb, O. J., & Belay, Z. A. (2019). Modified atmosphere packaging for food preservation. In Food quality and
shelf life (pp. 235-259). Academic Press.

51. Patel, M., & Mishra, S. (2021). A review: Application and production of nanoencapsulation in the food sector. Asian Journal
of Nanoscience and Materials, 4(3). https://doi.org/10.26655/ajnanomat.2021.3.4

52. Pernu, N., Keto-Timonen, R., Lindstrom, M., & Korkeala, H. (2020). High prevalence of Clostridium botulinum in
vegetarian sausages. Food Microbiology, 91, 103512. https://doi.org/10.1016/j.fm.2020.103512

53. Patel, M., & Mishra, S. (2020). WFL Publisher Use of nanotechnology and nano packaging for improving the shelf life of
the food and its. . . ResearchGate.
https://www.researchgate.net/publication/342522991_WFL_Publisher_Use_of_nanotechnology_and_nanopackaging_for_im
proving_the_shelf_life_of _the_food_and_its_safety issues

54. Pérez-Armendériz, B., & Cardoso-Ugarte, G. A. (2020). Traditional fermented beverages in Mexico: Biotechnological,
nutritional, and functional approaches. Food Research International, 136, 109307.

55. Pal, M., Shimelis, A., Mamo, W., Barot, A. M., Pinto, S. V., & Prajapati, J. P. (2017). Hurdle technology: a novel approach
for food preservation. Beverage Food World, 44(1), 20-23.

56. Qin, Y. (2018). Seaweed hydrocolloids as thickening, gelling, and emulsifying agents in functional food products. In
Bioactive seaweeds for food applications (pp. 135-152). Academic Press.

57. Rahman, M. S. (2020). Food preservation: an overview. Handbook of food preservation, 7-18.

58. Rahman, M.S. (Ed.). (2020). Handbook of Food Preservation (3rd ed.). CRC Press. https://doi.org/10.1201/9780429091483

59. Ramesh, M. N. (2020). Pasteurization and food preservation. In Handbook of food preservation (pp. 599-608). CRC Press.

60. Ramesh, S., & Radhakrishnan, P. (2023). Emerging Nanotechnology for Food Preservation. Nanotechnology Horizons in
Food Process Engineering: Food Preservation, Food Packaging, and Sustainable Agriculture, 29.

61. Reis, D. R., Ambrosi, A., & Di Luccio, M. (2022). Encapsulated essential oils: A perspective in food preservation. Future
Foods, 100126.

62. Rossi Indiarto et al., (January, 2023). A Mini-Review Of Salting Techniques To Improve Food Quality. International journal
of scientific & technology research volume 10, Issue 01, January 2021. www.ijstr.org.

63. Ruiz-Carrascal, J. (2016). Cured Foods: Health Effects. Encyclopedia of Food and Health, 338-342.
https://doi.org/10.1016/h978-0-12-384947-2.00207-5

64. Salmanzadeh, R., Eskandani, M., Mokhtarzadeh, A., Vandghanooni, S., llghami, R., Maleki, H., ... & Omidi, Y. (2018).
Propyl gallate (PG) and tert-butylhydroquinone (TBHQ) may alter the potential anti-cancer behavior of probiotics. Food
bioscience, 24, 37-45.

65. Shahidi, Fereidoon, Priyatharini Ambigaipalan, Abrehem Abad, and Ronald B. Pegg. "Food and bioactive encapsulation.” In
Handbook of food preservation, pp. 529-596. CRC Press, 2020.

66. Singh, A. K. (2020). Overview of vinegar production. PalArch's Journal of Archaeology of Egypt/Egyptology, 17(6), 4027 -
4037.

67. Smid, E. J., & Gorris, L. G. (2020). Natural antimicrobials for food preservation. In Handbook of food preservation (pp. 283-
298). CRC Press.

68. Sridhar, A., Ponnuchamy, M., Kumar, P. S., & Kapoor, A. (2021). Food preservation techniques and nanotechnology for
increased shelf life of fruits, vegetables, beverages and spices: a review. Environmental Chemistry Letters, 19, 1715-1735.



https://doi.org/10.1111/ijfs.15472
https://doi.org/10.3390/foods11131854
https://doi.org/10.1080/19476337.2022.2144463
https://doi.org/10.1016/j.ijfoodmicro.2018.08.005
https://doi.org/10.1016/B978-0-12-821292-9.00026-1
https://doi.org/10.1016/B978-0-12-821292-9.00026-1
https://doi.org/10.26655/ajnanomat.2021.3.4
https://doi.org/10.1016/j.fm.2020.103512
https://www.researchgate.net/publication/342522991_WFL_Publisher_Use_of_nanotechnology_and_nanopackaging_for_improving_the_shelf_life_of_the_food_and_its_safety_issues
https://www.researchgate.net/publication/342522991_WFL_Publisher_Use_of_nanotechnology_and_nanopackaging_for_improving_the_shelf_life_of_the_food_and_its_safety_issues
https://doi.org/10.1201/9780429091483
http://www.ijstr.org/
https://doi.org/10.1016/b978-0-12-384947-2.00207-5

69. Sudhanshu S. Behera (July, 2020). Traditionally fermented pickles: How the microbial diversity associated with their
nutritional and health benefits. Journal of Functional Foods. https://doi.org/10.1016/j.jff.2020.103971

70. Sonawane, S. K., & Patil, S. (2020). Non-thermal plasma: An advanced technology for food industry. Food Science and
Technology International, 26(8), 727-740.

71. Sattarova, B., & Saidmakhammadjon, J. (2022). Factors affecting the quality of vegetable products and canned vegetables.
Innovative Technologica: Methodical Research Journal, 3(02), 14-19.

72. Saleem, S., & Khan, S. T. (2023). Engineered Nanomaterials for FOod preservation and packaging: focus on antimicrobial
and antibiofilm activities. Quality Control in Fruit and Vegetable Processing: Methods and Strategies, 229.

73. Sahoo, M. (2022). Irradiation of food. Novel technologies in food science.

74. Singh, S., & Shalini, R. (2016). Effect of hurdle technology in food preservation: a review. Critical Reviews in Food Science
and Nutrition, 56(4), 641-649.

75. Sablani, S. et al, (2022, November 30). Thermal pasteurization. Reference module in Food Science.
https://doi.org/10.1016/B978-0-12-822521-9.00072-1

76. Tavman, S., Otles, S., Glaue, S., & Gogus, N. (2019). Food preservation technologies. In Saving food (pp. 117-140).
Academic Press.

77. Vedantu. (2022, November 29). Food preservation methods - food poisoning. VEDANTU. Retrieved February 7, 2023, from
https://www.vedantu.com/biology/food-preservation-methods.

78. Yu, D., Yu, Z., Zhao, W., Regenstein, J. M., & Xia, W. (2021). Advances in the application of chitosan as a sustainable
bioactive material in food preservation. In Critical Reviews in Food Science and Nutrition (Vol. 62, Issue 14, pp. 3782—
3797). Informa UK Limited. https://doi.org/10.1080/10408398.2020.1869920



https://doi.org/10.1016/j.jff.2020.103971
https://doi.org/10.1016/B978-0-12-822521-9.00072-1
https://doi.org/10.1080/10408398.2020.1869920

