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Abstract: In 2024, the United Nations Environment Programme (UNEP) published the Food 

Waste Index Report, in which it estimated that global food waste reached 1.05 billion tons in 

2022, causing immense greenhouse gas emissions and depletion of resources. Food waste 

accounts for 8% to 10% of global greenhouse gas emissions, with vast impacts on land and 

water resources. Microbial spoilage, particularly from fungi, is a leading cause of food loss. 

Mycotoxins, produced by fungi, pose severe health risks to humans and livestock, making 

fungal spoilage prevention critical. This paper reviews two widely used antifungal 

preservatives, Natamycin and potassium sorbate, focusing on their chemical structures, 

mechanisms of action, and applications in the food industry. Natamycin, a polyene macrolide 

produced by Streptomyces species, binds to ergosterol in fungal membranes, disrupting 

cellular function. Potassium sorbate alters cell membrane permeability to inhibit fungal 

growth; hence, it finds wide application in the preservation of fruits and dairy products. Both 

preservatives are important in the extension of shelf life in food products, especially within 

the dairy and fruit industries. However, there are still some challenges such as resistance and 

optimizing production methods. 
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1. Introduction 

In March 2024, the United Nations Environment Programme (UNEP) released the 2024 Food Waste 

Index Report ("The Report"). The Report indicates that in 2022, a total of 1.05 billion tons of food 

waste was generated globally, equivalent to an average of 132 kg of food wasted per person, 

accounting for approximately 20% of the per capita available food. Greenhouse gas emissions from 

food loss and waste contribute 8% to 10% of the global total greenhouse gas emissions, nearly five 

times that of the aviation industry. Additionally, food waste occupies one-third of the world's 

agricultural land and consumes 60.5% of global water resources. Every year, food loss and waste lead 

to an economic loss of 1 trillion USD globally [1]. Food waste, added to the environmental costs of 

food production, such as extensive land and water use for crop cultivation and livestock farming, 

increases greenhouse gas emissions, accelerating global climate change further. The major causes of 

food waste include overproduction, an imperfect transportation chain, and spoilage of food items. 

Among these, spoilage caused by microorganisms mainly resulted in global food waste.  
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Different types of food are susceptible to different spoilage microorganisms. For instance, protein-

rich foods (such as meat and dairy products) are prone to contamination by Lactobacillus and 

Staphylococcus species. In contrast, Penicillium and Aspergillus species often spoil fiber-rich foods 

(such as vegetables and fruits). Prevention of microbial contamination plays a crucial role in 

minimizing the economic loss of food due to spoilage. The primary concern with fungal spoilage is 

the production of mycotoxins, secondary metabolites produced by fungi, which can be fatal and pose 

severe health threats to both humans and livestock. Therefore, the safe and efficient prevention of 

fungal growth has become one of the critical areas of research in the food industry. Currently, most 

food industry uses chemical preservatives to inhibit mold growth. This paper will systematically 

review two essential preservatives: Natamycin and potassium sorbate. These two preservatives are 

widely used in the food industry, particularly in preserving dairy products and fruits/vegetables. We 

will introduce their chemical structures, mechanisms of action, and current research to improve their 

production or preservation efficiency. 

2. Natamycin 

Natamycin is a polyene macrolide antimycotic agent primarily produced by submerged fermentation 

of Streptomyces natalensis and Streptomyces chattanogenesis [2]. Its main structure consists of a 

macrolide ring connected to multiple hydroxyl groups, as shown in Figure 1. As a result, Natamycin 

is categorized as a macrolide antibiotic, consisting of a mycosamine moiety (3-amino-3,6-dideoxy-

D-mannose) linked by an ether bond [3]. Due to four conjugated double bonds, Natamycin can also 

be classified as a tetraene antibiotic. A carboxyl group on one end of Natamycin's macrolide ring 

ensures the molecule's acidic properties. Additionally, due to the mycosamine group in its structure, 

Natamycin is considered amphoteric [4]. 

 

Figure 1: The chemical structure of Natamycin 

Natamycin has a molecular weight of 665.75 g/mol and appears as a white powder. The empirical 

formula of Natamycin is C33H47NO13 and its isoelectric pH is 6.5[5]. Natamycin is insoluble in water 

and soluble in organic solvents. Because it has low water solubility, Natamycin is usually applied to 

the surfaces of food for the best preservative effects instead of being embedded in the food itself. 

Natamycin will show its maximum solubility at 30°C, 1 atm pressure in a 75% aqueous methanol 
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solution with a pH of 2.0[6]. The parameters affecting the stability of Natamycin are the pH, solvent 

type, temperature, and the exposure to the UV and infrared light. Natamycin was first discovered by 

Struyk in 1955 at the Gistbrocades research laboratories and later officially published in Antibiotics 

Annual [7]. It was isolated from S. natalensis, an organism encountered in South African soil and was 

named Pimaricin [8]. Later the World Health Organization (WHO) renamed it Natamycin based on 

the name of the organism from which it was isolated. Natamycin is employed in the food industry 

over 30 years as a preservative and is one of the effective inhibitors of fungal growth [2, 9]. 

Nowadays, yeast and molds are the two major food spoilage microorganisms. Weak organic acids, 

azole derivative, fluorocytosine, allylamines and polyenes [10,11] are some of the agents applied in 

the food industry to inhibit the growth of fungi. However, their use has not yet been widespread in 

the food industry because they are synthetic and can serve as a source of resistance. The mechanism 

of Natamycin on fungi killing is mainly related to ergosterol which is found in cell membranes of 

yeast and molds (Figure 2). Ergosterol performs the function of structural support in cell membranes, 

which is equivalent to that of sterols in eukaryotic cell membranes It also acts as Natamycin binding 

sites. Natamycin complexes with ergosterol to form a high-affinity, irreversible complex that is a 

polyene-sterol complex in the cell membrane. This complex changes the fluidity of the membrane, 

leading to the cell losing essential ions and peptides thus killing the yeast and molds. 

 

Figure 2: Mode of action of Natamycin on fungal cells [12]: (A). Shows the fungal cell membrane st

ructure (B). Natamycin has a strong affinity for sterol in the fungal membrane, forming a polyene-st

erol complex. (C). The formation of the polyene-sterol complex increases the membrane's permeabil

ity, leading to the rapid leakage of essential ions and small peptides from the cell 

The intracellular redox state can regulate natamycin production. Regulating hydrogen peroxide 

(H₂O₂) synthesis could be a solution to improve natamycin production. The cholesterol oxidase SgnE 

catalyzes the oxidation of the 3β-hydroxyl group of sterols (cholesterol, ergosterol, and phytosterol, 

et al.) in the natamycin-producing strain Streptomyces gilvosporeus to yield Δ4-en-3-ketosteroids and 

H₂O₂. The H₂O₂ functions as a second messenger that activates a cascade of redox reactions. OxyR is 
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a redox-sensing transcription factor that is activated through the accumulation of H₂O₂ inside the cell. 

When the level of H₂O₂ rises, OxyR will undergo a conformational change. More specifically, two 

essential cysteine residues (Cys212 and Cys221) of OxyR are oxidized to initiate a disulfide bridge, 

thereby switching OxyR from its reduced form to its oxidized form. After oxidation, OxyR binds to 

the PsgnM promoter and increases expression of the sgnM gene. SgnM is a cluster-situated regulator 

that regulates the expression of up to 12 genes in the natamycin biosynthetic gene cluster. Among 

these genes are polyketide synthase and transporter protein genes involved in natamycin biosynthesis. 

As a result, when OxyR is activated by the accumulation of H₂O₂, it turns on the transcription of a 

number of genes in the natamycin biosynthesis pathway, thus promoting the production of natamycin 

[13]. 

However, this method faces challenges during the implementation phase. First, precise control of 

H₂O₂ concentration is required. H₂O₂ is a strong oxidant, and high levels of this reactant can contribute 

to oxidative stress in cells, which may induce cellular damage or even death. Thus, realizing high-

precision control over H₂O₂ concentration is essential. Setting a feedback regulatory mechanism can 

control the range of H₂O₂ concentration when OxyR is activated. This feedback loop will ensure no 

toxic effect on the cell caused by excessive H2O2. The second challenge is the effective screening of 

SgnE expression. Since SgnE is involved in producing H₂O₂ throughout the pathway, H₂O₂ will be 

produced less effectively if SgnE expression is too low or its activity is too weak to facilitate the 

reaction. This can be achieved with enzyme engineering of SgnE that maximizes SgnE expression, 

such as promoter selection or fermentation conditions to maximize SgnE activity. The third challenge 

is the maintenance of redox homeostasis of the cell. Redox molecules in the cells are not limited to 

H₂O₂ and include superoxide and nitric oxide, which keep the cellular redox balance in equilibrium. 

It remains to be determined if the redox state of OxyR can stably control sgnM and any other related 

genes without disrupting other redox pathways, and this will be an essential area of research going 

forward. One practical option is to supplement with additional antioxidants or alter components of 

the culture from media, keeping the redox balance during growth to limit the amount of ROS that 

could interfere with cell function. 

Natamycin is essential for dairy food preservation. Dairy products are especially prone to spoilage 

by fungi abundantly present in nature, such as Debaryomyces hansenii, Kluyveromyces lactis, and 

Yarrowia lipolytica, due to their high protein content, high water activity, and moderate pH [14]. 

Improper food packaging and machine contamination during portioning also leave dairy products 

vulnerable to mold and yeast contamination. Natamycin has served as a vital preservative for many 

years in dairy products like cheese. In a study of mold growth in Egyptian fresh soft cheese by 

Ombarak and Shelaby [15], 20 ppm of natamycin achieved the best inhibition and extended the 

cheese's shelf life by four weeks. Similarly, Sara et al. established that the shelf life of plain yogurt 

with 10 ppm natamycin had an approximate 40-day shelf-life increase [16].  

3. Potassium sorbate 

Potassium sorbate (E 202), the potassium salt of sorbic acid, commonly comprises unsaturated fatty 

acids [17]. The chemical structure is shown in Figure 3. Moreover, it is an antimicrobial chemical 

compound of sorbic acid and potassium chloride [17], which protects food from spoilage and prolongs 

the food shelf life. To be specific, inhibiting the reproduction of molds and yeats by changing the cell 

membrane morphology [18], integrity and binding with sulfhydryl groups of microbial enzyme 

systems and then destroying the enzyme systems and disrupting the transportation and metabolic 

activity, which is different with the Natamycin that we mentioned before.  
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Figure 3: The chemical structure of potassium sorbate 

Potassium sorbate appears as a white powder or granule; its molar mass is 150.22 g/mol. Besides, 

its empirical formula is C6H7KO2. It has high water solubility, especially showing significant 

preservative effects in acidic conditions. Furthermore, potassium sorbate acts more efficiently in 

certain circumstances, such as in an acidic environment with a pH ideally between 4.0 and 6.0 [19]. 

The undissociated form of potassium sorbate can cross the cell membranes of microorganisms more 

easily in these conditions, thereby preventing their growth. Concentration is also necessary for 

potassium sorbate to be effective. It is typically used in food products at concentrations of 0.025% to 

0.1% (by weight). In addition, lower temperatures also improve the efficacy of potassium sorbate, 

with some microorganisms having a slower growth at lower temperatures making them more 

amenable to preservatives. In addition, reduced temperatures can increase the efficacy of potassium 

sorbate: certain microorganisms grow less rapidly (and thus slower) at colder temperatures, increasing 

their susceptibility to preservatives. Moreover, certain food components, such as high fat or protein 

levels, may interfere with potassium sorbate solubility or preservation capacity to increase its 

efficiency. 

In 1859, Potassium sorbate was first extracted from the fruit of rowan. Even though the 

preservative property of sorbic acid was discovered very early, it was not used in the food preservation 

industry until the mid-20th century. In the 1940s, with the continuing advances in microbiology and 

chemistry, the positive role potassium sorbate can have in food preservation became apparent. Due 

to its antimicrobial properties, sorbic acid is viewed as a successful natural preservative against molds, 

yeasts, and some bacteria. But sorbic acid has a low solubility, which restricts its application in certain 

food products. To solve this problem, scientists have modified potassium sorbate to retain the 

effectiveness of sorbic acid while also having greater solubility than sorbic acid, making it easier to 

distribute during food processing.  

Mold and yeast are the main culprits that cause food spoilage. In addition, preservatives such as 

benzoates and nitrates are very effective in inhibiting the growth of yeast and mold. There are also 

agents that target cell membranes, increasing their permeability and causing microbial death. Others 

work by inhibiting essential enzymes involved in cell metabolism, effectively halting their growth 

and reproduction. Sorbic acid is a widely used preservative in various food products due to its ability 

to control yeast and mold spoilage. It is considered safe, with low toxicity, and research shows it is 

metabolized like other fatty acids into carbon dioxide and water. Potassium sorbate, a derivative, 

dissolves easily in water at room temperature and breaks down into sorbic acid, its active 

antimicrobial form. Sorbic acid acidifies food substrates, creating an environment that inhibits the 

growth and reproduction of harmful bacteria such as E. coli and Salmonella. 

Sorbic acid is also known as an unsaturated six-carbon fatty acid, 2,4-hexadienoic acid, as shown 

in Figure 4. This compound is similar to those found in some edible fats and oils. Both sorbic acid 
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and its salt form, potassium sorbate, have a broad spectrum of activity, mostly against yeast and mold. 

It is primarily used when bottling to prevent refermentation by fermentative strains of Saccharomyces 

cerevisiae in sweetened wine. Wine's pH generally falls in the 3.0 – 4.0 range, an ideal range for 

sorbic acid action. Additionally, at 20 °C the solubility of sorbic acid in water is a maximum of 0.15% 

by weight and potassium sorbate has a much greater solubility of 58.2%. This salt is a white 

crystalline powder which needs to be stored away from moisture, heat, and light at maximum 

temperatures of 38 °C. 

 

Figure 4: The chemical structure of sorbic acid [20] 

The serious aspect that people need to be concerned about is toxicity; according to the FDA, it is 

safe for people to eat and consume (U.S. Food & Drug Administration). Owing to it not accumulating 

in the body, it breaks down into carbon dioxide and then water in the body. (Encyclopedia of Food 

Sciences and Nutrition). Due to its low toxicity and high- safety, potassium sorbate is often used to 

treat wines because sorbic acid has lower water- solubility. Potassium sorbate is functional in any 

water-based food item or baked good and is added directly to any "wet" ingredient (eggs, dairy, water) 

to integrate within a recipe. It is stable and retains its preservative action at high temperatures (above 

390˚F), making it suitable for stovetop and oven use. The proper concentration of potassium sorbate 

depends on different factors, including the initial level of the contamination before preservation and 

the hygiene of your working environment. To determine if the dilution is suitable, the best practice is 

to begin at the low end with approximately 0.1% total weight and conduct a shelf stability test at room 

temperature [21]. 

It can be seen that potassium sorbate plays a very important role in food preservation. We've come 

up with a lot of ways to increase the yield and quickly produce potassium sorbate. We believe that 

one of the simplest and most efficient methods, suitable for large-scale production, is the 

neutralization method using sorbic acid as a raw material. First, raw materials such as sorbic acid, 

potassium carbonate or potassium hydroxide, and industrial ethanol are prepared. A certain amount 

of sorbic acid is first added to a jacketed reactor, then ionized water is added and stirred at a specific 

temperature. However, in order to produce potassium sorbate, a neutralization reaction needs to be 

initiated by adding potassium carbonate or potassium hydroxide. Upon completion of the reaction, 

the final product is obtained through steps such as filtration, washing and drying. The entire 

production process consists of several stages, including raw material preparation, the reaction itself 

and post-treatment procedures. Raw material preparation is a critical stage that requires strict control 

to maintain the quality and purity of the material. Prior to production, however, experimenters must 

carefully manage parameters such as temperature, pressure, and other experimental conditions to 

ensure that the reaction runs smoothly. Post-production processing steps such as filtration, washing 

and drying are equally important to ensure that the finished product meets the required quality 

standards. 
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4. Conclusion 

This paper summarizes the chemical and physical properties of two chemicals, natamycin and 

potassium sorbate, and the important role they play in food preservation. We analyze the mechanisms 

and principles of how they prevent the growth of yeasts or molds. The main principle of both 

preventing the growth of microorganisms is to change the structure of the cell membrane of 

microorganisms so that the target dies due to the lack of essential ions and peptides. Also, based on 

these principles, we analyzed feasible ways to increase yield. For natamycin, we believe that a feasible 

way to increase the yield is to increase the expression of OxyR to obtain more H2O2 , which activates 

the natamycin biosynthetic pathway more efficiently. For potassium sorbate, we believe that a 

neutralization method using sorbic acid as a feedstock could increase its productivity. We also 

analyzed potential problems that may be encountered with both methods, which need more attention 

in future applications. Also, with the development of food science, we believe it is important to 

understand the chemicals that can prevent food spoilage. Both natamycin and potassium sorbate, as 

we examined above, will play important roles in the world's food industrial system. 
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