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Abstract 
 

Sulfites are widely used preservative with antioxidant and antimicrobial properties 

Although, sulfites are recognized as safe (GRAS) substance for use in food products, its 

residues in food have been responsible of some health complications. In recent time 

demand for safe alternatives to sulfites increase. With aim to identify plant compounds as 

possible sources of safe and effective substitutes to sulfites literature data on their 

antimicrobial, Maillard reaction product and tyrosinase inhibitory actions have been 

analyzed in this thesis. 

As a result 260 plant-derived products have been identified which have previously been 

found to possess antioxidant and/or antimicrobial properties. Inhibition concentration of all 

of these plant compounds are in same range or lower as sulfites. According to the result of 

this thesis, some of plant-derived compounds (e.g. resveratrol, luteolin) seem to be 

prospective for future researching this area. 

Keywords: plant, enzymatic, non-enzymatic, browning, antimicrobial, sulfites 

Abstrakta 

 

Siřičitany se často  používají jako konzervanty pro své antioxidační a antimikrobiální 

vlastnosti. Siřičitany mají statut bezpečných konzervačních  látek, ale přesto mohou 

způsobovat řadu zdravotních komplikací. V součastnosti dochází  k hledání  bezpečných  

srovnatelných  siřičitanových náhrad.  

Cíl této práce spočívá v identifikaci  rostlinných látek, které mohou být potencionálními 

bezpečnými a efektivními  ekvivalenty siřičitanů a  které  mají  podobné  antimikrobiální 

vlastnosti, inhibují produkty Maillardovy reakce a tyrosinasu. 

Výsledkem této práce je zhodnocení účinnosti antioxidačních a/nebo antimikrobiálních 

vlastnostií 260-ti rostlinných látek.Inhibiční koncentrace těchto látek se pohybují v 

rozmezí stejném, jako je tomu u siřičitanů. Některé z těchto rostlinných látek mohou být 

použity v budoucím výzkumu.  

 

Klíčová slova: rostliny, enzymatické, neenzymatické, hnědnutí, antimikrobiální,   

siřičitany 
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Introduction 

Sulfites 

 

History 

 

Sulfur, as an element, is well known from the ancient times. The burning of sulfur had long 

time been regarded as a process of physical cleaning and spiritual purification (driving out 

evil spirits). From the Greek era until relatively modern times, sulfur was burned for the 

disinfection by its vapors. Burning of sulfur was used in places and vessels where food and 

drink was stored (Gould and Russell, 1991; Gould and Russell, 2003). The ancient Romans 

used sulfur fumes as improving agent for wine (Lück and Jager, 1997; Davidson et al., 

2002). The fumes from burning sulfur contain gaseous sulfur dioxide (also spelled sulphur 

dioxide). Sulfur dioxide is probably the predominant form, by which sulfites take up 

microbial cells killing action (Gould and Russell, 1991; Gould and Russell, 2003).  

The use of sulfur dioxide most likely became common practice only in the late Middle 

Ages (Lück and Jager, 1997).  

In the centuries that followed, sulfur dioxide remained a widely used preservative for a 

large number of foodstuffs (Lueck, 1980; Lück and Jager, 1997). The sulfur dioxide as 

food preservative was first reported in the literature in the 17th century by John Evelyn 

(1664), English writer and diarist. He suggested that carts should be filled with cider that 

contained sulfur dioxide (Davidson et al., 2002). Although one of the oldest preservatives 

is still in use, sulfur dioxide remains essential for the production of many foods despite 

several side effects (Lueck, 1980; Lück and Jager, 1997). 

Nowadays, the source of sulfur dioxide are dissolved salts, mainly sodium metabisulfite. 

Gaseous sulfur dioxide has specific field of use and his application is permitted by 

regulations apply to all forms of sulfites (Gould and Russell, 1991; Gould and Russell, 

2003). 
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Source and production 

 

Elemental sulfur in the free state can be find in some world regions as a pure element 

mainly in volcano regions and volcano hot springs. Sulfates and sulfites can be also found 

in the nature. Sulfur burns in the presence of air to obtain sulfur dioxide (Ought and Were, 

2005). Sulfur dioxide (SO₂), which is under normal pressure and at room temperature a 

non-combustible, colorless gas with an extremely stinging odor and which is highly 

liquefied to yield a liquids at -10 °C (Lück and Jager, 1997, Prabharak and Reddy, 1999). 

Commercially sulfur dioxide is prepared by heating sulfidic ores, or in purer form, by 

elemental sulfur burning. As a method of purification, either the crude sulfur dioxide is 

deep-frozen, whereupon pure sulfur dioxide separates out as a liquid, or else the crude 

sulfur dioxide is washed out with cold water then desorbed again from the solution by 

heating (Lueck, 1980; Lück and Jager, 1997). Direct burning of sulfur is the cheapest of all 

sources of sulfur dioxide and very effective method of disinfection. Grapes and cut fruits 

are exposed to fumes of burning sulfur before transporting or dehydration (Prabharak and 

Reddy, 1999). Liquid SO₂ is free from impurities and is commonly used in wineries. 

Accurately measured quantities can be incorporated. Storage and transportation of SO₂ 

requires special steel containers and it makes it a source of SO₂ costly (Prabharak and 

Reddy, 1999). 

The anhydrous sulfites salts are prepared and produced by precipitation of the sulfur 

dioxide and then dehydrated with relevant hydroxide (Ought and Were, 2005). Depending 

on the stoichiometric condition, solutions of sulfites or bisulfite are formed. The solid 

sulfites are produced by evaporation (Lück and Jager, 1997; Lueck, 1980). Most of these 

salts are hydroscopic and easily hydrolyzed (Ough and Were, 2005). 

Sulfite, metabisulfite and bisulfite are white powders, which are extensively used in food 

and beverages because of  theirs easy applications in solutions or in dry forms (Lück and 

Jager, 1997). This salts are low-cost, stable and comparatively free from heavy metal 

impurities. Sulfites solutions are easily absorbed by fruits, which are dipped in the solution 

before freezing or dehydration (Prabharak and Reddy, 1999). The dry salts are easier to 
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store if they are kept in dry and cool environment. At the case of high relative humidity or 

in the moisture, caking may occur and, particularly in the case of the more acidic salts, a 

slow loss of sulfur dioxide may occur (Gould and Russell, 1991). Otherwise they are less 

of problem to handle contrary to the gaseous or liquid sulfur dioxide (Ought and Were, 

2005).  

Chemistry of sulfites 

 

Contrary oxygen atom, the sulfur atom allows to be in ´hypervalent´ state due to the 

energies of the electrons in the outer sulfur atom orbitals – higher d-orbitals, these orbital 

are forming existence of six covalent bonds. This situation promotes electrons onto 3d 

levels and allows pd-orbital hybridization for bonding. As to bonding with oxygen, any 

empty d-orbitals of sulfur atom can accept electrons from p-orbitals of oxygen that are at 

lower energy level. Such hybridization formats wide range of oxoanions of sulfur. This 

complex city allows the creation great variety of different salts forms. The simple 

oxoaniont of sulfur in tetravalent states are salts of sulfurous acid (H₂SO₃), which is 

theoretically formed by the aqueous dissolution of gaseous sulfur dioxide (Gould and 

Russell, 1991). In comparison of infrared spectra of dissolved sulfur dioxide with gaseous 

or liquid sulfur dioxide have indicated that very little H₂SO₃ exist in solution. Sulfur 

dioxide in solution exists predominantly as hydrate SO₂ ∙ H₂O, or as a clathrate inside a 

shell of about seven water molecules (Gould, 2000). 

The first dissociate, relevant in food, produces the bisulfate anion HSO₃⁻:  

SO₂ ∙ H₂O ↔ HSO₃⁻ + H⁺ 

Bisulfites can go through the second dissociation to form sulfite anions: 

HSO₃⁻ ↔ SO²₃⁻ + H⁺ 

Pk values of the first dissociation is 1.86 (depending on conditions), Pk value of second 

dissociation is 7.18. Consequently, in acid foods will be predominant mixture of hydrated 

sulfur dioxide (SO₂ ∙ H₂O) and bisulfite anionts (HSO₃⁻). In neutral or in near-neutral 

foods will be generally sulfite (SO²₃⁻) and bisulfite (HSO₃⁻) (Fig. 1) (Gould and Russell, 

1991). The first two dissociation, which are described above occur in dilute solution is 
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relevant to those, which can be find in food (Gould, 2000). Only in higher concentration, 

bisulfites can condense and dehydrate to metabisulfite form (Gould and Russell 1991; 

Gould 2000). „Metabisulfite is the anhydride of the acid sulfite (Ough and Were, 2005). 

2HSO₃⁻ ↔ S₂O₅²⁻ + H₂O 

This form is significant in the context of food preservatives, because the principal 

generating salts is sodium and potassium metabisulfites. Sodium and potassium sulfites 

and bisulfites are less frequently used (Gould and Russell, 1991). On the air and at the 

room temperature, sulfiting salts show increasing stability in the order sulfite > bisulfite > 

metabisulfite (Ough and Were, 2005). Reason for the choice of these salts in because the 

sulfites of the other metals, which generate sulfite when dissolved in aqueous media 

(Gould and Russell, 1991). 

 

Figure 1 Distribution of the ionized forms of sulfurous acid at various pHs (source: Ough 

and Were, 2005) 
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Sulfites in foods 

 

Sulfur dioxide is used in many foodstuff and beverages for its versatility and technological 

efficacy (Pizzoferrato et al., 1997). It gained popularity as a food additive owing to its 

apparent relatively lack of toxicity in mammals (Prabhakar and Reddy, 1999).  

Sulfur dioxide with its neutral or acid salts, commonly refer as sulfiting agents (Tab. 1), 

sodium sulfite, potassium sulfite, sodium bisulfite, potassium bisulfite, sodium 

metabisulfite and potassium metabisulfite, are extensively used for control of enzymatic 

browning, which is caused by the activity of polyphenol oxidase (also known as 

tyrosinase) and non-enzymatic browning, where is inhibited the reactions between amino 

groups and reducing sugars. Sulfiting agents possess antimicrobial properties. Sulfites are 

capable to effectively inhibit growth of bacteria, yeasts and molds. Sulfites also act as 

antioxidants. They delay organoleptic changes like the onset of rancidity due to oxidation 

of compounds and other oxidative deterioration of food during storage. In addition, sulfites 

are used as bleaching agents, flour treatment agents, ascorbic acid and color stabilizers 

(Gould and Russell, 1991; Leclercq et al., 2000; Gould and Russell, 2003).  

 

Table 1 Chemical formulas and SO₂ contents of the most important sulfites (source: Lueck, 

1980; Gould and Russell, 1991; Lück and Jager, 1997) 

Chemical           Formula 

Content of active 

SO2 

Solubility in g/L at 

temperature specified 

Sulfur dioxide SO2          100% 200, 20°C 

Potassium sulfite             K2SO3            33% 250, 20°C 

Sodium sulfite           Na2SO3 50.8% 280, 40°C 

Potassium bisulfite           KHSO3 53.3% 1000, 20°C 

Sodium bisulfite          NaHSO3 61.6% 3000, 20°C 

Potassium metabisulfite           K2S2O5           67.4%            250, 0°C 

Sodium metabisulfite          Na2S2O5          57.7%            540, 20°C 
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Sulfur dioxide in used preferably for preserving food intended for futher processing (Lück 

and Jager, 1997). In food industry the major utilization (Tab. 2) of sulfiting agents is on 

dried fruits and vegetables to prevent undesirable darken with inhibit oxidation, on lobsters 

and shrims to prevent melanosis, or “black spot”, in alcoholic and non-alcoholic beverages, 

particularly in wines to inhibit spoilage bacterial growth, to bleach certain food and in 

dough as a conditioner (Pizzoferrato et al., 1997). A small number of application are in 

meat and fish products. Sulfur dioxide restores a bright color, but gives a false impression 

of freshness (Davidson, 2002). 

Sulfites extend shelf life products by slow growth of microorganism (Gould and Russell, 

1991; Gould and Russell, 2003). However, many of food dyes, like anthocyanins in natural 

plant foods, are not stable to sulfites and can be partially bleached (Gould and Russell, 

1991). Sulfites are also use rarely in foods recognizable as source of thiamine-vitamin B1 

(Jay et al., 2005). Sulfites destroy thiamine by breaking open the bond between the 

pyrimidine and the thiazole portion of the molecule (Lueck, 1980; Lück and Jager, 1997). 

In addition, sulfites are used in pharmaceutical industry to maintain the potency and 

stability of some medications (Pundir and Rawal, 2013). 

The sulfite salts all share the ability to generate molecular SO₂. For this reason are sulfites 

treatments levels for the various salts in foods normally quoted as parts per million (ppm) 

or mg/kg SO₂ (Gould and Russell, 2003). However, it is not usual to make use of sulfur 

dioxide itself, except in application such as fumigation or during drying of some cut fruits, 

but the use SO₂-generating salts (Gould and Russell, 1991; Gould and Russell, 2003). 

 

Table 2 Summary of major applications of sulfites in foods and levels of use (source: 

Gould, 2000) 

Foods* 

Typical Use Concentrations (as SO₂ 
mg∙kg⁻¹) Major purpose** 

Fresh vegetables (onion, garlic, 

horseradish pulp  50 - 1000 c, m  

Frozen vegetables (white vegetables, 

mushrooms 50 c 

Dried vegetables 250 - 2500 c, o 
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Canned vegetables 20 - 200 c 

Pickles 20 - 100 c, o 

Peeled potatoes 20 - 100 c 

Potato powders and flakes 100 - 500 c 

Frozen potatoes 100 c 

Fresh fruits 100 c, m  

Dried fruits 100 - 2000 c, o 

Fruits pulps, purees and fillings 50 - 500 c, m  

Fruit juices 10 - 100 c, m  

Jams and jellies 50 - 100 c, m 

Fruit-based sauces and related products 50 - 100 m 

Sugar confectionary 50 c, m 

Nonalcoholic beverages 20 - 200 m 

Alcoholic beverages 

10 - 30   

 

beers m 

wines 100 - 300 m 

Vinegar 50 - 200 m 

Sausage meat, burgers and other meat 

products 450 c, m  

Dried or salted fish 350 - 1000 c, o  

Raw and frozen crustaceans 30 - 350  c, o 

* Food uses and allowed concentrations vary greatly in different countries.   

** m: antimicrobial; c: color retention;  o: antioxidant 

 

 

Mechanism of action 

 

The main reason for the reactivity of sulfites in food is the nucleophilicity of the sulfite ion 

(Wedzicha, 1992). The chemical reactivity of sulfites results from its strong reducing 

activity and its ability to take part in nucleophilic attack (Gould, 2000). Sulfite anion 

posses a lone pair of electrons and so act as Lewis base. (Because this compound has 

ability to accommodate 3d-electrones in its outer electron shell, it can act as Lewis acid.) 

Thus sulfites have the ability to produce range of reactive intermediates. The chemical 

versatility makes the sulfites anionts not only reactive, but capable to forming bonds with a 

very wide range of other compounds and functional grouping (Gould and Russell, 1991). 

The sulfiting agents act mostly by the interfering with chemical or enzymatic changes 
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(Gould and Russell, 1991). It is generally due to the nucleophilicity of the sulfite ion that 

may react by addition to carbonyl group, carbon-carbon double bond, heterocyclic nitrogen 

compounds, quinones or by cleaving disulfite bonds (Tab. 3). Sulfites are chemically 

equivalent compounds in foods since they are converted to the same ionic or nonionic 

species at a given pH, ionic strength and no electrolyte concentration (Pizzoferrato et al., 

1997). Intracellular pH of microorganism is close to the neutral or low–pH. Therefore, 

sulfites and bisulfites are formed intracellular (even if the species that enter in cellular is 

SO₂ (Gould and Russell, 1991). 

The reactions that are most important in sulfits antimicrobial activity include those with 

carbonyl groups, because they occurs aldehydes and ketones, which are present in many 

critical biological molecule including proteins and some enzyme cofactors (Gould, 2000). 

Glucose is far the most abundant of the reactive aldehydes and ketones. The rate of 

formation ant the amount of sulfonate formed depended on the concentration of the 

reactive substances, the pH and the temperature. These factors limit the effective use of the 

added sulfites (Ough and Were, 2005).  

Table 3 Some examples of organic reactions of sulfite (source: Gould, 2000) 

Reactive group Biological source 

Carbonyl  Aldehydes and ketones 

Disulfite bonds Proteins and glutatione 

Schiff ´s bases Enzymes / cofactors 

Pyridines  NAD⁺ , NADP⁺ 

Pirimidines  DNA , RNA 

Quinones Electron carriers 

Carbon - carbon double bonds Fatty acids, enzyme cofactors 

 

Sulfur dioxide is very reactive with other component in foodstuff (Gould, 2000), but in 

comparison with some other widely-used preservatives are sulfites relatively unstable in 

foods. Level of sulfur dioxide decrease considerably during storage (Prahbarak and Reddy, 

1997). Sulfites may oxidize to the ineffective sulfates. It occurs in no hermetically 
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conditions (Gould, 2000). These forms do not posses either antimicrobial or antioxidant 

properties or any of the other sulfites properties (Gould and Russell., 1991).  

Sulfites also can react with the molecular component to form products, which again do not 

retain the functionality of the free sulfite (Gould and Russell, 1991). Reactions products 

are formed through reversible and irreversible reactions in foods, which are treated by 

sulfur dioxide. Sulfur dioxide (SO₂) and the potassium and sodium salts of sulfite (=SO₃), 

metabisulfite (=S₂O₅) and bisulfite (-HSO₃) all appear to act similarly (Jay et al., 2005). 

The amount interaction products vary in different foods depending on the processing and 

storage conditions (Prabharak and Reddy, 1999).  

Antimicrobial activity 

 

Sulfurous acid and its salts belong to the preservatives with a powerful antimicrobial action 

(Lueck, 1980; Lück and Jager, 1997). Sulfites are effective against bacteria, yeasts and 

molds. Bacteria are more sensitive than are yeasts and molds (Ough and Were, 2005; 

Davidson, 2002). Molecular mechanism of sulfites react with many critical components of 

cell (Tab. 4) for inhibit or inactive growth of microorganism (Gould, 2000). The 

antimicrobial action of sulfites is based essentially on various forms of interference in the 

enzyme structure of the cell. Sulfites inhibit enzymes with SH groups (Lueck, 1980; Lück 

and Jager, 1997). As written above, sulfur dioxide is highly soluble in water and forms 

sulfurous acid which dissociates into bisulfate or sulfite depending on pH (Prabharak and 

Reddy, 1999). The predominant ionic species of sulfurous acid depends on pH milieu. SO₂ 

is favored by pH3.0, HSO₃⁻ by pH between 3.0 and 5.0 and SO²₃⁻ by pH >= 6.0. (Jay et al., 

2005). The inhibitory effect of sulfites is most pronounced when the acid (H₂SO₃) or SO₂ ∙ 

H₂O is in the undissociated form (Davidson, 2002). In different food, pH can range below 

3 or near to neutrality. However, within cytoplasm of bacteria homeostatic mechanism 

operate to maintain a near-constant internal pH that is commonly near 6.5. (Gould, 2000). 

At higher pH values like more than 7.0, sulfites do not appear to have significant inhibitory 

action. In general, the antimicrobial action of sulfur dioxide is more effective in foodstuff 

with acidic pH. Two to four times as much sulfur dioxide is required to control growth of 

bacteria at pH 3.5 compared with pH 2.5 (Prabharak and Reddy, 1999).  
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Table 4 Sulfite-sensitive metabolic systems in microorganisms (source: Gould, 2000) 

Metabolic system  Components Affected 

Intermediary metabolism  Enzymes, cofactors, prosthetic groups 

Energy production Enzymes, cofactors, electron carriers 

Protein synthesis Synthetized proteins, enzymes, nucleic 

acids 

DND replication Enzymes, nucleic acids 

Membrane functions Transport proteins, lipids 

 

The major use of sulfites as antimicrobial agents is in beverages and fruits. There are three 

main groups of interest of interest 

1) acetic acid-producing and lactic-acid producing bacteria,  

2) spoilage and fermentation yeasts 

3) fruits molds (Ough and Were, 2005).  

Sulfur dioxide is essential in the production of wine, because otherwise the fermentation by 

product acetaldehyde would give the wine undesirable flavor and odor (Lück and Jager, 

1997). Sulfites are more effective against growth of gram-negative bacteria, than against 

gram-positive rods of bacteria (Davidson, 2002). Gram positive rods of bacteria common 

in acid fruits and beverages are the lactic acid producing genera Lactobacillus, 

Pediococcus, Leuconostoc and Oenococcus. Levels about 120 ml/L of sulfur dioxide 

decrease incidence of these bacteria. Gram negative aerobic rod Acetobacter is effectively 

inhibit in concentration up to 100 mg/L of sulfur dioxide for red wines, grape juices and 

soft drinks (Ough and Were, 2005). Salmonellae and other Enterobacteriaceae were 

inhibiting on concentration of 600 mg/L. Yeasts are inhibited in lower concentrations of 

SO₂. The inhibitory concentration range is 0.2-20.2 mg/L for Saccharomyces, Candida and 

Pichia. Zygosaccharomyces is more tolerant to SO₂. For inhibition Zygosaccharomyces 

fruit drinks is required up to 230 mg/L at pH 3.1 (Jay et al., 2005).   
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Botrytis species is probably the most prevalent fungi, which infect fruits. Other originators 

of molds are Aspergillus, Alternaria, Cladospirium, Pennicillium, Rhizopus and others. 30-

220 mg/L of sulfur dioxide can inhibit molds growth, depending on the strain (Lueck, 

1980).  

Owing to its good antimicrobial activity, sulfites are frequently combined with the sorbic 

acid and benzoic acid, which have more of the antifungal active. This improves 

antimicrobial spectrum of both groups of preservatives (Lueck, 1980; Lück and Jager, 

1997).  

 

Tyrosinase inhibition and enzymatic browning 

 

Enzymatic browning results from the action of a group of enzymes namely tyrosinase 

enzyme (Loizzo et al., 2012). The nomenclature for the enzymes distinguishes between 

tyrosinase (EC 1.14.18.1.
1
; monophenol oxidase), which initiates browning reaction and 

later involves catechol oxidase (EC 1.10.3.
 1

; otherwise known as polyphenol oxidase and 

diphenol oxidase) (Martinez and Whitaker, 1994; Mayer, 2006). The term tyrosinase refers 

to its typical substrate, tyrosine (Chang, 2009; Loizzo et al., 2012).  In this thesis will be 

used term tyrosinase.  

Tyrosinase was firstly detected in mushrooms (Sanchez-Ferrer et al., 1995). It is a copper-

containing enzyme widely occurs in many higher plants, microorganism, fungi and animal 

tissue (Eskin et al., 1990; Martinez and Whitaker, 1995). The enzyme is primary 

responsible for enzymatic browning in food and beverages. In mammals tyrosinase 

catalyzes the first two steps of melanogenesis (Chang, 2009; Loizzo et al., 2012; Yu et al., 

2013). Originate melanins determine the color of mammalian skin and hair (Parvez et al., 

2007) and have important function in the protection against skin photo carcinogenesis (Seo 

et al., 2003). Melanins shield from various types of ionizing radiations, including UV light. 

                                                           

1
 According  to the Nomenclature Committee of the International Union of Biochemistry and Molecular 

Biology (NC-IUBMB) 
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Malanins occur in two basic types: phaeomelanins, which are yellow or red and 

eumelanins, which are black or brown (Parvez et al., 2007).  

In insect, tyrosinase is one of the key enzymes in the molting process and wound healing 

(Likhitwitayawuid, 2008). It was suggested, that the use of tyrosinase inhibitors can act as 

alternative insecticide control agents (Loizzo et al., 2012). 

Enzymatic browning takes place in the presence of oxygen when tyrosinase and its 

polyphenol substrates are mixed after rupture of cell structure i.e. by crushing operation, 

brushing, peeling or when the issue is exposed to any abnormal conditions (Eskin, 1990; 

Kim and Uyama, 2005; Loizzo et al., 2012). The rate of tyrosinase activity depends mainly 

on the concentration of phenolic substrates, oxygen availability, pH and temperature 

(Zheng et al., 2008; Loizzo et al., 2012).  

Plants tyrosinase have broad substrates specificities and are able to oxidize a variety of 

mono, di or polyphenols. Phenolic compounds are natural substances that contribute to the 

sensorial properties (color, taste, aroma and texture) associated with fruit quality (Quieroz 

et al., 2008).  

This enzyme catalyzes both the o-hydroxylation of monophenols and the two-electron 

oxidation of o-diphenols to o-quinones (Fig. 1). The latter is much more rapid than the 

former, thus, the hydroxylation of tyrosine to 3,4-dihydroxyphenylalanine (L-DOPA) is 

considered to be the rate-determining step (Kim and Uyama, 2005). This reaction is 

followed by non-enzymatic polymerization of the quinones giving rise to melanins, 

pigments of high molecular mass and dark color (Quieroz et al., 2008).  

      

R

OH

monophenolase
activity;

tyrosinase

O2 H2O

monophenol

R OH

OH

diphenol

1/2 O2 H2O

catecholase
activity;

tyrosinase

O

O

R

o-quinone

pigments

 

 Fig. 1 The oxidation of phenols, catalyzed by tyrosinase (source: Sapers, 2002 ) 

 

Plants tyrosinase have broad substrates specificities and are able to oxidize a variety of 

mono, di or polyphenols. Phenolic compounds are natural substances that contribute to the 

sensorial properties (color, taste, aroma and texture) associated with fruit quality (Quieroz 

et al., 2008).  
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It is estimated that over 50% of losses in fruits occur as a result of enzymatic browning and 

tropical and subtropical fruits and vegetables are the most susceptible to these reactions 

(Quieroz et al., 2008). For the food industry is enzymatic browning major problem, 

especially for vegetables, fruits and seafood’s products (Loizzo et al., 2012). These 

undesirable reactions run in damaged and bruising fruits during post-harvest handling, 

processing and storage (Parvez et al., 2007). Enzymatic browning (Activity of tyrosinase) 

beget decrease quality of plant-derived products with loss of nutritional quality, 

undesirable appearance, color changes and off-flavor degeneration (Billaud et al., 2003; 

Zheng et al., 2008). In some cases the process of browning can get better sensory 

properties of some foods like fermented tea leaves, raisins and cacao (Martinez and 

Whitaker, 1995; Loizzo et al., 2012). 

The production of abnormal melanin pigmentation is a serious esthetic problem in human 

beings (Parvez et al., 2007). Inhibition of tyrosinase plays an influential role in food 

medicinal and cosmetic industry (Yang et al., 2012). Tyrosinase inhibitors may be 

clinically useful for the treatment of skin cancer and some dermatological disorders 

associated with melanin hyperpigmentation and are important in cosmetics for whitening 

and depigmentation after sunburn (Shaheen et al., 2005).  

Since enzymatic browning reduces nutritional and sensory qualities, several techniques and 

mechanism have been developed to control or inhibit tyrosinase activity. The mechanism, 

act on one or more of the essential components necessary for the reaction to occur: 

enzyme, oxygen, copper or substrate (Quieiroz et al., 2008). 

A number of methods have been proposed for inhibiting tyrosinase activity, but only a few 

can we use in food materials. In generally, inhibitors of tyrosinase can be divided into four 

groups, based on their action – denaturation of enzyme proteins, exclusion of reactants 

(such oxygen), interaction with the copper prosthetic group and interaction with phenolic 

substrates or quinones (Eskin 1990).  

Thermal processing is the most widely used method for stabilizing foods. In general, 

exposure of tyrosinase to temperatures of 70-90 °C destroy their catalytic activity. The time 

required to inactivation depends on the exact product. Another benefit of this processing is 

destroy effect on the microorganism. Water blanching can be disadvantageous because it 

results in losses in color, flavor, texture, vitamins and carbohydrates and other water-

soluble components (Quieroz et al., 2008). The simplest method of controlling enzymatic 
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activity of tyrosinase is exclusion of oxygen. Is used immersing of the peeled products 

(such a potato) in water prior to cooking, to limit oxygen (Eskin, 1990).  

Further very effective method for inactive enzyme is high hydrostatic pressure (HHP). This 

treatment is expected to be less determining that thermal process. For fruit and vegetables 

products offers the chance of producing food of high quality, greater safety and increase 

shelf life. The best results for decrease tyrosinase activity were found at pressure higher 

than 400 MPa. Other method frequently use in foods are Gamma Irradiation. γ rays are 

similar to light but with much higher energy. Irradiations extend shelf life and guarantees 

complete disinfection, delay senescence and ripening process. Last method of foods 

treatment hold promise to reduce tyrosinase is use of Pulses electric field. Foods in the 

chamber containing two electrodes apply high voltage pulses in order of 20-80 kV for 

microseconds. These electro pulses also lead to electroporation – inactivation of microbial 

cells (Queiroz et al., 2008). 

The application of acids to inhibition enzymatic browning in used extensively. This 

principle in based on the fact, that lowering pH of tissues will inhibit enzymatic browning 

(Eskin, 1990). The most widespread agents used for browning control are sulfites. Due to 

adverse health effects is its application strictly regulated (Quieroz et al., 2008). Sodium 

sulfite by itself or in combination with citric acid is commercially used to inhibit enzymatic 

browning (Eskin, 1990). Ascorbic acid has been used as an antibrowning agent for more 

than five decades and is still extensively used as alternative to sulfites (Sapers, 2002). This 

vitamins act as an antioxidant because it reduced the quinone produced before it undergoes 

secondary reactions, that lead to browning and also contributes to decreasing pH (Quieroz 

et al., 2008). Other alternative to sulfites and sulfur-containing compound is cystein. It 

reacts with o-quinones intermediates to produce stable and colorless products (Quieroz et 

al., 2008). Cystein also directly inhibits the enzyme (Saper, 2002). Also kojic acid has been 

considered as alternatives to sulfites. Mechanism of inhibition action is the same like with 

ascorbic acid. Kojic acid reduces quinones to polyphenols (Sapers, 2002). Other frequently 

use inhibitors are 4-hydroxyresorcinol, β-cyclodextrin, sodium chloride, cinnamic acid 

(Eskin, 1990; Quieroz et al., 2008). 

Plants are a rich source of biological chemicals, which are mostly free from harmful side 

effects, so there is a effort to search for tyrosinase inhibitors of them (Seo 2003; Parvez et 

al., 2007). A number of tyrosinase inhibitors from natural sources, like polyphenols, gallic 
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acid derivates from green tea, aldehydes and others, have been discovered and identified 

especially in the last decade (Chang, 2009). 

 

Inhibition of Maillard reaction products and non-enzymatic browning 

 

The Maillard reaction is named in honor of Luis-Camille Maillard, a French chemist whose 

first describe and published  the non-enzymatic browning reaction  in 1912 (Coghe, 2004). 

He described proteins sugar mixture browning in hot solution (glucose and lysin). Maillard 

reaction (also known as glycation) is a general term used for the complex of non-enzymatic 

reactions subsequent to the reaction between reducing sugar (simple monosaccharides 

glucose, fructose and the disaccharide maltose) and amino compounds (predominantly the 

ε-amino group of lysine and the guanidine group of arginine) without catalytic actions of 

enzymes (Obšil and Pavliček, 1997; Coghe, 2004). The first one, who integrate complex 

sequence of nonenzymatic reactions (Fig. 2) was American chemist John Hodge (1953) 

(Coghe, 2004) and subsequently reviewed by Ellis (1959), Heyns and Paulsen (1960). In 

spite of a huge volume of research on this reaction, the original reaction scheme proposed 

by Hodge is still valid. The products of the Maillard reaction are wide of range. In food 

chemistry these products lead to a darkening of color, reduced solubility of proteins, 

development of bitter flavors and reduced nutritional availability of certain amino acids 

such as lysine (Eskin., 1990). The rate of this reaction is influenced by the water activity, 

temperature and pH of the food product (Coghe, 2004). 

Maillard reaction is subdivided into three main stages: early, intermediate, and late. In the 

early stage, glucose (or other reducing sugars such as fructose, pentoses, galactose, 

mannose, xylulose) react with a free amino group of biological amines, to form an unstable 

aldimine compound, the Shiff base. Then through acid-base catalysis, this labile compound 

undergoes a rearrangement to a more stable early glycation product known as Amadori 

product (Neglia et al., 1983).  

In the intermediate stage, via dehydratation, oxidation and other chemical reactions, the 

Amadori product degrades to a variety of reactive dicarbonyl compounds such as glyoxal, 

methylglyoxal and deoxyglucosones which, being much more reactive than the initial 

sugars, act as propagators of the reaction, again reacting with free amino groups of 
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biomolecules. In the late stage of the glycation process through oxidation, dehydratation 

and cyclization reactions, irreversible compounds, called advanced glycation end products 

(AGEs) are formed. The AGEs are yellow-brown, often fluorescent and insoluble adducts 

that accumulate on long-lived proteins thus compromising their physiological functions 

(Lapolla et al., 2005).  

Nowadays non enzymatic browning reaction, which was earlier investigated only for food 

browning (Obšil and Pavliček, 1997; Ames, 1998) associated with heated and stored 

products, now take a part also as a problem in glycation of Western diet (Delgado-Andrade 

el. al., 2007) and connection with ability to prevent AGEs formation in medicine (Lee et 

al., 2006). Glycation of proteins can interfere with their normal functions by disrupting 

molecular conformation, altering enzymatic activity, reducing degradation capacity, and 

interfering with receptor recognition. Some plants important compounds such as phenolics 

(Yang, 2009), oligosaccharides and polysaccharides (Meng et al., 2011), carotenoids and 

unsaturated fatty acids (Sun et al., 2010) posses anti-glycation activity. Green tea 

consumption, the coffee consumption which is rich in phenolic compounds have high anti-

glycation activity (Huang et al., 2008).  

 

Figure 2 Outline of different Maillard reaction pathways (source: Cohge, 2004-from 

Hodge, 1953)  
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Inhibition of nonenzymatic browning in foods is major problem of food technologies. 

Minimize nonenzymatic browning effect in food processing is very important to each food 

must be adapted the particular method. There are many ways to inhibit nonenzymatic 

browning. Refrigeration is effective, since browning has a high-temperature coefficient, 

the rate increasing 3-6 times with a 10 °C rise in temperature. Most foods will not brown 

below -10°C during normal storage for up to a year (Labuza and Shapiro, 1978). 

Dehydration can be effective in preventing browning (Loncin et al., 1968; Eichner and 

Karel,1972; Fox et al.,1983). However, the rate of browning often exhibits a maximum 

with a moisture content of 5-30%. Partial dehydration may take browning worse rather 

than better (Nurtsen, 2005). Lowering the pH is useful up to a point (Fox et al.,1983). 

 If the system contains ascorbic acid, then any measures taken to conserve vitamin C will 

help to prevent initiation of nonenzymatic browning by its oxidation. Other method 

excludes oxygen by packing under inert gas, This reduces formation of lipid oxidation 

products which can interfere with amino acids (Saper, 2002). 

The direct applications of enzymes such as glucose oxidase and catalase mediate the 

conversion glucose to gluconic acid. This enzyme is in use many years to remove glucose 

from egg prior to spray–drying (Lightbody and Fevold,1948). Sulfur dioxide is frequently 

used as a gas or in solution. Increased concentrations increase the time lag before browning 

starts. Chemically, the obvious explanation for the use of sulfur dioxide is its reversible 

combinations with carbonyl intermediates of the browning reaction, but the substances that 

have been identified show that the situation is considerably more complex (McWeeny, 

1975). Alternative to sulfite are aspartic and glutamic acids. A study by Nafisi and 

Markakis (1983) indicated the potential of aspartic and glutamic acids for inhibiting the 

Maillard browning reaction. Dipping specially prepared potato chips into either aspartic or 

glutamic acid solutions prior to frying was accompanied by less darkening Ascorbic acid 

has been used as an antibrowning agent for more than five decades and is still the most 

widely used alternative to sulfiting agents. Tressler and DuBois (1944) and Esselen et al. 

(1945) investigated that added ascorbic acid or its isomer to syrups or dips to control 

browning of fresh sliced and frozen apples and peaches. More recently, Sapers et al. (1990) 

reported that the "water-logging" effects seen in vacuum-infiltrated fresh apples could be 

avoided by infiltrating ascorbate solutions under pressure (Sapers et al. 1990). 



23 

 

Nowadays a big attention is given to the antiglycation capacity of numerous medicinal 

herbs and dietary plant‘s compounds. Except polyphenols which constitute a major group 

of plant derived compounds with anti-glycation activity, some amino acids (Huang et 

al.2008), triterpens and saponins (Wang et al.,2010) polysacharids and oligosacharides 

(Wang et al., 2009) were shown to decrease the AGEs activity. Plant-derived agents with 

anti-glycation activity are believed to have positive influence to major pathogenic reactions 

in many human metabolic disorders. Especially in metabolic diseases such as diabetes 

mellitus and its complications. The anti-glycation activity correlates with the phenolic 

content of the plant extract. The plant derived anti-glycation compounds are attractive 

candidates not only for antibrowning food nonenzymatic action, but mainly they are 

considered by new mode of treatment of such diseases as: diabetes mellitus, other 

metabolic diseases (Odjakova et al., 2012). 

 

Effect on human health 

 

Sulfur dioxide and sulfites are permitted in virtually all countries as food preservatives, 

especially for the treatment of plant products and wine (Lück and Jager, 1997). 

Sulfites are generally recognized as safe (GRAS) substance for use in food products by 

international bodies such as the Joint FAO/WHO Expert Committee on Food Additives 

(JECFA) and the European Community´s Scientific Committee for Food (SCF). Sulfites 

are included in Codex Alimentarius. Codex Alimentarius is a collection of international 

adopted food standards, which have been evaluated by the JECFA (Míková, 2001).  

However sulfites are recognized as safe, its residues in food have been responsible of some 

medical complications (Sapers, 2002). Human reactions to sulfites vary widely. Sulfite can 

induce asthmatic attacks, urticaria, genuine allergies and pseudo allergic reactions in 

humans. The worst complication can be life threatening as fatal anaphylactic reaction 

(Taylor et al., 1986; Sapers 2002). Sulfites are frequently accompanied by an intolerance 

reaction to acetyl salicylic acid (Lück and Jager, 1997). Depending on the sensitivity of the 

subject, they may be induced by 2 to 250 mg of sulfur dioxide. Asthmatics who are steroid-

dependent or who have higher degree of airway hyper reactivity may be at greater risk of 

experiencing a reaction to sulfites containing foods. Sulfites reactions vary widely, ranging 
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from no reaction to severe. The majorities of reactions are mild and may include 

respiratory, dermatologic or gastrointestinal symptoms (Lester, 1995). This has led to more 

restricted and careful use (Gould, 2000).  Whereas a number of persons can tolerate up to 

4g (some 50 mg/kg) daily without adverse effects (Lück and Jager, 1997). The maximum 

permissible quantities vary according to the type of food. In the case of food for direct 

consumption, quantity seldom exceed 100 mg/kg (Lück and Jager, 1997). Maximum levels 

range from 15 mg/kg to 2000 mg/kg of sulfur dioxide. If the SO₂ content is no more than 

10 mg/kg (or 10 mg/l) it is not considered to be present (Mikova, 2001). Regarding the 

toxicity of ingested sulfites, the World Health Organization (WHO) determined the 

acceptable daily intake (ADI) of sulfur dioxide in foodstuff. It has been established on 0.7 

mg/kg of body weight (Queiroz et al., 2008). But the allowed levels vary in different 

countries (Gould, 2000; Míková, 2001).  

For these reason foods containing sulfites should be labeled accordingly (Lück and Jager, 

1997). The International Numbering System for Food Additives (INS) has been prepared 

by the Codex Committee on Food Additives and Contaminants for the purpose of 

providing an agreed international numbering system for identifying food additives. ISN for 

sulfites are 220-228 (Mikova et al., 2001).  

 

Alternatives of preservatives and antioxidants in foods 

 

Sulfites has been long time approved as very effective food preservation by vary ways of 

action. But heterogeneous substances in human organism, sulfites possess some adverse 

effects. Sulfites residues in foods have been responsible sometimes for mild or severe 

allergic reactions in susceptible individuals, especially skin or digestion allergy (Taylor et 

al., 1986). As a result, there has been a considerable focus on identifying appropriate 

sulfites substitutes use in foods. The food industry is seeking for source of natural 

antioxidants and antimicrobials to replace synthetic preservatives due to their potential 

toxicological effects (Loizzo et al., 2012). Also uncontrolled use of chemical antimicrobial 

preservatives has been inducing factor for appearance of microbial strains more and more 

resistant to classic antimicrobials preservatives (Leite de Souza et al., 2005). Thus, most of 
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the recent investigations have been targeted towards identification of novel preservatives 

and antioxidants from natural sources, which are free of any harmful side effects (Míková, 

2001; Loizzo et al., 2012). Naturally occurring antimicrobial and antioxidant compounds 

can be applied directly to food to protect food quality, extent food shelf life by inhibiting 

or inactivating spoilage microorganisms, and improved food safety by inhibiting or 

inactivating food-borne pathogens. A number of natural preservatives and antioxidants are 

derived from animals, plants and microbial sources (Davidson et al, 2013). Due to the high 

phenolic compound content, plant materials provide good alternatives to conventional 

preservatives. Although there are many compounds that have been proposed to posses 

antioxidant properties to inhibit oxidative deterioration, only a few can be used in food 

products (Karre et al., 2013). 

One of the alternatives to chemical preservatives are bacteriocins. Naturally occurring 

compounds with antimicrobial properties. Bacteriocins are antimicrobial peptides produced 

by a large number of bacteria, including lactic acid bacteria. These peptides are used for 

biopreservation, antimicrobial action, shelf life extension and for control of microflora 

(Balciunas et al., 2013).  Among these substances nisin belongs. Nisin is an antibacterial 

peptide produced from Lactococcus lactis bacteria. Natamycin, also known as pimaricin, is 

produced by Streptomyces natalensis. This substance is active against yeasts and molds 

(Giese, 1994). Lysosyme is an enzyme occurs in milk and eggs. He effectively inhibits 

Listeria monocytogenes, Campylobacter jejuni, Salmonella typhimurium, Baccilus cereus 

and Clostridium botulinum (Chung et al., 1991). Naturally occurring compound use for 

preventing contamination and growth of microorganism in foods are organic acids. 

Benzoinic, sorbic, propionic acetic, citric and lactic acids are normally used in food 

industry to inhibit undesirable bacteria (Chung, 1991; Giese, 1994).  

Other big groups of naturally occurring preservatives form edible medical and herbs plants 

and their derived essential oils. Many derived compounds form spices and herbs have 

intensively been studied for their inhibitory effect against pathogenic bacteria (Leuner, 

2011). Plants essential oil component are used in food not only like antimicrobial agent but 

also as flavoring agent. Typical example is Allium species. Garlic, cumin oregano, thyme 

and others are used for the same purpose (Chung, 1991; Leuner 2011). In recent time, 

rosemary and rosemary extracts are one of the most natural antioxidants used in meat and 

poultry products. Grape seed extracts, extracts form plums, cranberries, pomegranates, 
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bearberries, green tea and pine barks extracts act like antioxidant and antimicrobial agents. 

All these compounds are extensively studied due to their high phenolic compound content 

provide to be a good alternative to conventional antioxidants (Karre et al., 2013). 

 

Hypothesis 

Since there is  an evidence of plant-derived compounds with antimicrobial and antioxidant 

properties, it is possible to suppose,that a systematic search of literature focused on plant 

secondary metabolites, previously found to be effective against tyrosinase, Maillard 

reaction products and against bacteria, yeasts and molds in laboratory experiments, could 

lead to identification of compounds prospective for a further, more detailed, evaluation of 

antimicrobials and antioxidant properties to set up alternatives to sulfites. 
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Objectives 
 

The aim of this thesis is plant compounds  identification with antioxidant and antimicrobial 

properties in literature. The data obtained as result of this thesis could be used for further 

research focused on development of new plant-derived  food preservation  to sulfites in 

foods.  
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Materials and Methods  

 

The information in this thesis has been gathered using data from scientific databases, 

mainly in the form of scientific periodicals and papers. The database used were:  Web of 

Science (via Web of Knowledge) from their inception until April 2013. Systematic 

literature review was also performed using relevant textbooks and bibliographies. The 

following keywords were used for searching: plant, antioxidant, antimicrobial, tyrosinase, 

polyphenol oxidase, Maillard reaction, glycation, enzymatic, non-enzymatic, Acetobacter, 

Lactobacillus, Saccharomyces, Zygosaccharomyces, Botrytis, Aspergillus and inhibition.  
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Results and discussion  
 

As a result of this thesis, 260 plant-derived products, that have previously been found to 

possess either antioxidant or antimicrobial properties, were identified. 58 plant compounds 

possess polyvalent inhibition efficiency. The data about these plant-derived products are 

summarized in Table 1. 137 plant compounds, mentioned in Table 2 are able effectively 

inhibit only enzymatic browning, which is caused by tyrosinase enzyme. In addition, 62 

compounds that have capability to inhibit Maillard reaction products and thus non-

enzymatic browning are shown in Table 3. Both antimicrobial and antioxidant (tyrosinase 

and Maillard reaction products) effects are expressed as half-maximal inhibitory 

concentration (IC₅₀) and minimum inhibitory concentration (MIC) values, all converted to 

micromolar concentrations. 

For identification of the most promising plant compounds, their effectiveness was 

compared with inhibition activity of sulfating agents. Inhibition concentrations of sulfites 

are shown in Table 1. Their effectiveness is expressed as an interval that was set from the 

lowest and the highest concentration, in which sulfating agent (sulfur dioxide, sodium 

sulfite, potassium sulfite, sodium metabisulfite, potassium metabisulfite, sodium bisulfite 

and potassium bisulfite) impacts tyrosinase activity, Maillard reaction product, Acetobacter 

spp., Lactobacillus spp., Saccharomyces spp., Zygosaccharomyces spp., Botrytis spp. and 

Aspergillus spp. growth. Sulfiting agents were tested in various type of assays. That the 

reason why I composed different values in intervals.  

All plant compounds mentioned in Tables 1-3 possess equal or strongest inhibition effect 

than sulfites, whereas resveratrol and luteolin exhibited the widest range of antimicrobial 

and antioxidant action. Resveratrol effectively inhibits tyrosinase in range from 7.20 to 

54.60 µM and all targeted microorganisms in the range from 546.25 to 2243.25 µM. 

However, there are no data on its ability to inhibit Maillard reaction products in the 

literature. Since resveratrol exhibited previously promising sulfites-like effect, and because 

of its well-known antioxidant, anticancer and anti-inflammatory properties (Du et al., 

2013), this compound seems to be very promising agent for substitution of sulfites in 



30 

 

foods. However, its ability to inhibit Maillard reaction products should be evaluated to 

confirm this substance as effective substituent of broad spectrum activity of sulfites. 

Luteolin effectively inhibits tyrosinase in range from 190.00 to 480.00 µM. Maillard 

reactions product were inhibit in range from 99.00 to 258.00 µM. All targeted 

microorganisms in the range from 894.35 to 1788.71 µM. However, there are no data on its 

ability to inhibit Lactobacillus spp., Botrytis spp. and Aspergillus spp. in the literature. 

Since luteolin exhibited previously promising sulfites-like effects, this compound seems to 

be very promising agent for substitution of sulfites in foods. However, its ability to inhibit 

Lactobacillus spp. should be evaluated to confirm this substance as effective substituent of 

broad spectrum activity of sulfites. According to recent research luteolin act like a free 

radical scavenger, antioxidant and may inhibit a cancer mechanism (Jackson et al., 2009). 

It was found number of plants compounds which possess inhibition activity against 

tyrosinase and equally against Maillard reactions products. These compounds could be use 

in products, where sulfites are used only for its antioxidant actions. These properties in 

different inhibition concentration have quercitrin, quercetin, kaempferol, isovitexin, 

chlorogenic acid, oxyresveratrol, phloridzin, baicilein and others (Table 1). 

11 plant-derived products, namely artocarpesin, glabridin, glyasperin C, hinokitiol, 

isoartocarpesin, kurarinol, kuraridiol morancin N, mulberroside F, norartocapreninand,  

steppogenin exhibited the strongest inhibitory activity against tyrosinase. Their 

concentrations were lower than 1 µM. 

 

Artocarpesin, isoartocarpesin, norartocarpesin and steppogenin was isolated from 

Artocarpus heterophylus, a tree (mainly grown in the tropical and subtropical regions, 

which have been used in traditional folk medicine in Indonesia against inflammation and 

malarial fever (Zheng et al., 2008). Gylasperin C is a phenolic constituens of Glycyrrhiza 

uralensis (family Fabaceae). Mulberroside F and moracin N was isolated from Morus alba 

(family Moraceae). Kurarinol and kuraridiol were isolated from Sophora flavescenc. 

Glabridin was isolated from Glycyrrhiza glabra (family Fabaceae). 

According to my best knowledge, there is no report on toxicological or other negative 

health effects of these plants in the literature. According to its very strong inhibition 

concentration this compound can be used for further laboratory research.  
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Compound with inhibition concentration in range of 1-10 µM is phlorotannin Dieckol. It 

occurs in Ecconia cava and E. stolonifera, showed effective inhibition activity of 

tyrosinase and also showed significantly higher intracellular radical scavenging activity 

(Yotsu-Yamashita et al., 2013) and thus can we supposed health benefits for human being.  

A number of plant compounds with strong inhibition activity under 10 µM were mentioned 

The most effective are 8-Epi-cleomiscosin A, Norartocarpanone, Kushenol F, 

Norkurarinol, Moracin C Artocarbene, Fukugetin, Lyoniresinol, Sophoraflavanone G, 

Mirkoin, Peonidin, Panduratin A, Furanocoumarin and Campesterol. These compounds 

can be used for further research.   

However antityrosinase of these compound are known, its antimicrobial effect on 

Acetobacter spp., Lactobacillus spp, Saccharomyces spp., Zygosaccharomyces spp, 

Botrytis spp., Aspergillus spp. was not mentioned.   

 

In case of Maillard reaction product (Table 2) was found only 2 plants compounds with 

inhibition concentration of Maillard reaction products under 1 µM. Puerariafuran  and 

coumestrol occurs in Pueraria lobata (family Fabaceae). Coumestrol is widespread in 

legume plants. Plantagoside occurs in family Plantaginaceae, is very effective inhibitor of 

Maillard reactions products. Compounds with inhibition activity in range from 1 to 10 µM 

are polyphenol Cyanidin-3-O- galactoside and hyperin. Hyperoside is occurs in Artemisia 

capillaris (family Asteraceae). Also can be extracted from Rumex acetosella, Camptotheca 

acuminata, Drosera rotundifolia and from other plants. 

The most numbers of plants compound with Maillard reaction inhibition properties is in 

concentration higher than 10 µM. Inhibition of the rest of plant coumpounds is about 100 

µM. In generall, higher concentration of plant compounds are needed to inhibition 

Maillard reaction products than tyrosinase concentration inhibition.  

Some of the above-mentioned compounds effectively inhibiting Maillard reaction product 

formation or tyrosinase activity could be used as substituent of antioxidant action of 

sulfites, for example in shrimps and prawns are sulfites used only for inhibition of 

browning (Gould, 2000). 
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Table 1: Antioxidant and Antimicrobial inhibition 

 

Sulfites 100.00 - 
10000.00 

(Eskin, 1990; 
Davidson et al., 
2002; Edhin et 
al., 2008; Gao 
et al., 2011) 

100.00 -  
31218.00 

(Lehman and 
Ortwerth, 

2001; 
Davidson et 

al., 2002; 
Kwak and 
Lim, 2005; 

Oliviera et al., 
2011) 

780.00 - 
4606.00 

(Ough and 
Were, 2005; 

Jay et al., 
2005; 

Pastorkova et 
al., 2013) 

15.60 - 2411.00 
(Lueck, 1980; 
Surekha and 
Reddy, 1999; 

Davidson et al., 
2002; Ough  
and Were, 

2005; Ruiz et 
al., 2011) 

1.60 - 2500.00 
(Lueck 1980; 
Surekha and 
Reddy, 1999; 
Gould, 2000; 

Davidson et al, 
2002; Jay et al., 
2005; Ough  and 

Were, 2005) 

112.40 - 4606.00 
(Lueck, 1980; 

Davidson et al, 
2002; Jay et al., 
2005; Ough  and 

Were, 2005; 
Martorell et al., 

2007; Pastorkova et 
al., 2013) 

1561.00 - 
31218.00 
(Davidson 

et al., 
2002) 

1561.00 - 
3434.00 
(Lueck, 
1980; 

Surekha 
and Reddy, 

1999; 
Davidson et 

al., 2002) 

Amentoflavone not found 50.00 
(Ferchichi et 

al., 2012) 

nm not found 9.29 (Jung et al., 
2006) 

not found not found not found 

Baicalein 273.00 (Gao et 
al., 2007) 

93.00 
(Matsuda et 

al., 2003) 

not found not found not found not found not found not found 

Butein 29.30 (Nerya et 
al., 2004) 

210.30  (Lee 
et al., 2008) 

not found not found not found not found not found not found 

Caffeic acid not found 7.56 - 47.13 
(Jang et al., 

2008; Jung et 
al., 2012) 

not found 1665.19 - 
2220.25 

(Garcıa-Ruiz et 
al., 2009) 

not found not found not found 1110.12 
(Aziz et al., 

1998) 

Compounds 

Antioxidant activity IC₅₀*  
[µM] 

Antimicrobial activity    MIC** [µM] 

Tyrosinase 
inhibition 

Maillard 
reaction 

inhibition 

Bacteria Yeast Mold 

Acetobacter 
spp. 

Lactobacillus 
spp. 

Saccharomyces 
spp. 

Zygosaccharomyces 
spp. 

Botrytis 
spp. 

Aspergillus 
spp. 
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Table 1: Antioxidant and Antimicrobial inhibition 

 

Catechin IC₅₀ > 100.00 
(Cheng et al., 

2007) 

5.00- 13.60 ( 
Saito et al., 

2004; Jang et 
al., 2009) 

not found IC₅₀ < 861.30 
(Parkar et al., 

2008) 

no significancy 
(Muthuswamy et 

al., 2007) 

not found 616.32 
(Mendoza 

et al., 
2013) 

not found 

Cinnamic acid 2100.00 (Shi et 
al., 2005) 

1748.00 
(Shimoda et 

al., 2011) 

not found no significance 
(Landete et al., 

2008) 

not found 910.00 - 3050.00 
(Martorell et al., 2007) 

not found not found 

Daidzein 200.00-240.00 
(Chang et al., 

2005; Loizzo et 
al., 2012) 

47.20 (Yang et 
al., 2006) 

not found 3933.45 (Parkar 
et al., 2008) 

not found not found not found not found 

Dihydro-5,6-
dehydrokawain 

(DDK) 

1085.73 
(Chompoo et 

al., 2012) 

842.53 
(Chompoo et 

al., 2011) 

not found not found not found not found not found not found 

EC (epicatechin) not found 24.00- 125.20 
(Saito et al., 

2004; Jang et 
al., 2009) 

not found no significance  
(Hervert-

Hernández et 
al., 2009; Ruiz et 

al., 2011) 

not found not found 716.50 
(Mendoza 

et al., 
2013) 

not found 

EGCG 34.00- 34.10  
(No et al., 1999; 
Kim et al., 2005) 

200 (Matsuda 
et al., 2003) 

not found no significance 
(Chae et al., 

1999) 

not found not found not found not found 

Compounds 

Antioxidant activity IC₅₀*  
[µM] 

Antimicrobial activity    MIC** [µM] 

Tyrosinase 
inhibition 

Maillard 
reaction 

inhibition 

Bacteria Yeast Mold 

Acetobacter 
spp. 

Lactobacillus 
spp. 

Saccharomyces 
spp. 

Zygosaccharomyces 
spp. 

Botrytis 
spp. 

Aspergillus 
spp. 
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Table 1: Antioxidant and Antimicrobial inhibition 

 

Ellagic acid not found 26.0 (Kim et 
al., 2008) 

not found no significance 
(Garcia-Ruiz et 

al., 2011) 

205.16 (Silva et 
al., 2010) 

not found 1290.55 
(Mendoza 

et al., 2013) 

IC₅₀ > 
3309.10 

(Silva et al., 
2010) 

Esculetin 43.00 
(Masamoto et 

al., 2002) 

5.02 (Jung et 
al., 2012) 

not found not found not found not found not found not found 

Esculin 43.00 (Sollai et 
al., 2008) 

0.85 (Jung et 
al., 2012) 

not found not found not found not found not found not found 

Ferulic acid 150.00 (Gong et 
al., 2005) 

323.43 (Jung 
et al., 2012) 

2636.73 
(Pastorkova et 

al., 2013) 

no significance 
(Ruiz et al., 

2011) 

2636.73 
(Pastorkova et al., 

2013) 

1287.47 - 2636.73 
(Lee et al., 2005; 
Pastorkova et al., 

2013) 

not found not found 

GA (gallic acid) 3.59 (Kim 2007) 82.06 - 401.70 
(Sultana et al., 

2009) 

not found 1763.46 
(Garcıa-Ruiz et 

al., 2009) 

not found not found 1862.80 
(Mendoza 

et al., 2013) 

IC₅₀ > 
4000.00 

(Jermnak et 
al., 2012) 

 

 

Compounds 

Antioxidant activity IC₅₀*  [µM] Antimicrobial activity    MIC** [µM] 

Tyrosinase 
inhibition 

Maillard 
reaction 

inhibition 

Bacteria Yeast Mold 

Acetobacter 
spp. 

Lactobacillus 
spp. 

Saccharomyces 
spp. 

Zygosaccharomyces 
spp. 

Botrytis 
spp. 

Aspergillus 
spp. 



35 

 

Table 1: Antioxidant and Antimicrobial inhibition  

 

(+)-GCG 17.00 - 17.34  
(No et al., 1999; 

Nerya, 2003) 

13.60 - 28.75  
(Jang et al., 

2009; 
Beaulieu et 
al., 2010) -

64.5 (Yagi et 
al., 2013) 

2181.64 
(Peres et al., 

1997) 

no significance 
(Ruiz et al., 

2011) 

not found not found not found not found 

Genistein 300.00 - 820.00 
(Chang et al., 

2005; Zheng et 
al., 2013 ) 

260.00 (Yang 
et al., 2006) 

not found 3700.41 (Parkar 
et al., 2008) 

not found not found not found no 
significancy 
(Yoon et al., 

2006) 

Hesperetin 11250.00 (Si et 
al., 2012) 

not found not found 827.08 (Dudak-
Chodak, 2012) 

IC₅₀ > 3308.30 
(Mandalari et al., 

2007) 

not found not found no 
significancy 
(Salas et al., 

2011) 

Hesperidin 16080.00 
(Zhang et al., 

2007; Lou et al., 
2012) 

not found not found no significance 
(Dudak-Chodak, 

2012) 

not found not found not found no 
significancy 
(Salas et al., 

2011) 

 

Compounds 

Antioxidant activity IC₅₀*  [µM] Antimicrobial activity    MIC** [µM] 

Tyrosinase 
inhibition 

Maillard 
reaction 

inhibition 

Bacteria Yeast Mold 

Acetobacter 
spp. 

Lactobacillus 
spp. 

Saccharomyces 
spp. 

Zygosaccharomyces 
spp. 

Botrytis 
spp. 

Aspergillus 
spp. 
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Table 1: Antioxidant and Antimicrobial inhibition 

 

Chlorogenic 
acid 

IC₅₀ < 28.22 
(Akihisa et al., 

2013) 

2.00 - 21.08 
(Ferchichi et 

al., 2012; 
Jung et al., 

2012) 

not found no significance  
(Muthuswamy 
et al., 2007); ≤ 
705.60 (Parkar 

et al., 2008) 

not found not found not found not 
found 

Isovitexin 12951.57 (Yao 
et al., 2012) 

85.20 (Kim et 
al., 2008) 

not found not found not found not found not found not 
found 

Kaempferol 7.15 - 42.00  
(Lim et al., 

2006; Yang et 
al., 2012) 

73.37 - 74.41 
(Jung et al., 

2011; 
Shimoda et 
al., 2011) 

not found 17.47 (Garcia-
Ruiz et al., 

2008) (Garcıa-
Ruiz et al., 

2009) 

not found not found 352.51 
(Mendoza 

et al., 
2013) 

not 
found 

Kurarinone 1.40 - 5.00 
(Ryu et al., 

2007; Seo et 
al., 2003) 

not found not found not found IC₅₀ > 136.82 
(Sohn et al., 

2004) 

not found not found not 
found 

Kuwanon C 49.20 (Lee et 
al., 2004) 

not found not found not found no significancy 
(Sohn et al., 

2004) 

not found not found not 
found 

Labdadiene 1722.00 
(Chompoo et 

al., 2012) 

309.96 
(Chompoo et 

al., 2011) 

not found not found not found not found not found not 
found 

Compounds 

Antioxidant activity IC₅₀*  
[µM] 

Antimicrobial activity    MIC** [µM] 

Tyrosinase 
inhibition 

Maillard 
reaction 

inhibition 

Bacteria Yeast Mold 

Acetobacter 
spp. 

Lactobacillus 
spp. 

Saccharomyces 
spp. 

Zygosaccharomyces 
spp. 

Botrytis 
spp. 

Aspergillus 
spp. 
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Table 1: Antioxidant and Antimicrobial inhibition 

 

Luteolin 190.00 - 480.80 
(Kim et al., 

2005; Zheng et 
al., 2008) 

99.00 
(Matsuda et 

al., 2003) 

894. 35 
(Pastorkova et 

al., 2013) 

not found 1788.71 
(Pastorkova et al., 

2013) 

894.35 - 1788.71 
(Pastorkova et al., 

2013) 

not found not found 

Morin 720.00 (Xie at 
al., 2003) 

not found not found 3.31-674.97 
(Garcıa-Ruiz et 

al., 2009; 
Garcia-Ruiz et 

al., 2011) 

not found not found not found not found 

Myricetin not found 199.00 
(Matsuda et 

al., 2003) 

804.44 - 
1608.87 

(Pastorkova et 
al., 2013) 

no significancy 
(Figueiredo et 

al., 2008) 

no significancy 
(Pastorkova et al., 

2013) 

1608.87 (Pastorkova 
et al., 2013) 

not found not found 

Naringenin IC₅₀ >500.00 
(Zheng et al., 

2013) 

not found not found 215.32 - 430.63 
(Parkar et al., 
2008; Dudak-
Chodak, 2012) 

IC₅₀ > 1722.53 
(Mandalari et al., 

2007) 

not found not found not found 

Naringin 1900.00 (Lou et 
al., 2012 , Itoh 

et al., 2009) 

not found not found no significancy 
(Dudak-Chodak, 

2012) 

IC₅₀ > 1722.53 
(Mandalari et al., 

2007) 

not found not found IC₅₀ > 
250.00 

(Salas et al., 
2011) 

Compounds 

Antioxidant activity IC₅₀*  
[µM] 

Antimicrobial activity    MIC** [µM] 

Tyrosinase 
inhibition 

Maillard 
reaction 

inhibition 

Bacteria Yeast Mold 

Acetobacter 
spp. 

Lactobacillus 
spp. 

Saccharomyces 
spp. 

Zygosaccharomyces 
spp. 

Botrytis 
spp. 

Aspergillus 
spp. 

Compounds 
Antioxidant activity IC₅₀*  

[µM] 
Antimicrobial activity    MIC** [µM] 
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Table 1: Antioxidant and Antimicrobial inhibition 

 

Neohesperidin not found not found not found not found IC₅₀ > 1632.44 
(Mandalari et 

al., 2007) 

not found not found 250.00 
(Salas et 
al., 2011) 

Nobiletin 46.20 (Sasaki 
and Yoshizaki, 

2002) 

not found not found not found not found not found not found 0.80 (Liu 
et al., 
2012) 

Oxyresveratrol 1.20 - 7.80 (Shi 
et al., 1998; 
Kim et al., 

2002; Liang et 
al., 2012) 

8.31 
(Povichit et 
al., 2010) 

not found not found not found not found not found not found 

P-coumaric acid 2.30- 3.65 
(Mai ? Nguyen 
? et al., 2012; 
Parvey et al., 
2007: Lim et 

al., 1999) 

no 
significance 
(Beaulieu et 

al., 2010) 

3188. 90 
(Pastorkova 
et al., 2013) 

7675.44 
(Garcia-Ruiz et 

al., 2011) 

no significancy 
(Pastorkova et 

al., 2013) 

no significancy 
(Pastorkova et al., 

2013) 

583.58 
(Mendoza 

et al., 
2013) 

1827.49 
(Aziz et 

al., 1998) 

Phloridzin 110 (Wang et 
al., 2007) 

2500.00 
(Dugé de 

Bernonville 
et al., 2010) 

not found no significance 
(Muthuswany 
et al., 2007) 

not found not found not found not found 

 

Tyrosinase 
inhibition 

Maillard 
reaction 

inhibition 

Bacteria Yeast Mold 

Acetobacter 
spp. 

Lactobacillus 
spp. 

Saccharomyces 
spp. 

Zygosaccharomyces 
spp. 

Botrytis 
spp. 

Aspergillus 
spp. 
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Table 1: Antioxidant and Antimicrobial inhibition 

 

Piceatannol 1.50 
(Yokozawa et 

al., 2007) 

not found not found not found not found not found not found 89.19 
(Bavaresco 

et al., 
2003) 

Protocatechuic 
acid 

IC₅₀ > 500.00 
(Zheng et al., 

2013) 

61.90-125.40 
(Jang et al., 

2008; Yagi et 
al., 2013) 

not found no significance 
(Landete et al., 

2008) 

not found not found 2487.67 
(Mendoza 

et al., 
2013) 

1946.54 
(Aziz et al., 

1998) 

Quercetin 0.52- 70.00 
(Yang et al., 

2012; Ho 
Jeong and Shui 
2004; Kubo et 

al., 2000) 

4.78 
(Ferchichi et 

al., 2012; 
Beaulieu et 
al., 2010) 

not found 66.17 - 165.43 
(Dudak-

Chodak, 2012) 

not found not found 399.69 
(Mendoza 

et al., 
2013) 

992.60 
(Aziz et al., 

1998) 

Quercitrin 83.18 (Loizzo 
et al., 2012; Ko 

et al., 2011) 

25.2 (Jang et 
al., 2008) 

not found not found not found not found not found not found 

Resorcinol 145.10 
(Sakuma et al., 

1999) 

not found not found not found not found not found not found not found 

Compounds 

Antioxidant activity IC₅₀*  
[µM] 

Antimicrobial activity    MIC** [µM] 

Tyrosinase 
inhibition 

Maillard 
reaction 

inhibition 

Bacteria Yeast Mold 

Acetobacter 
spp. 

Lactobacillus 
spp. 

Saccharomyces 
spp. 

Zygosaccharomyces 
spp. 

Botrytis 
spp. 

Aspergillus 
spp. 
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Table 1: Antioxidant and Antimicrobial inhibition 

 

Resveratrol 7.20-54.60 
(Kim et al., 

2002; Khatib 
et al., 2005; 

Yanagihara et 
al., 2012) 

not found 1121.63 
(Pastorkova 
et al., 2013) 

547.67 
(Garcia-Ruiz et 

al., 2008) 

1121.63 
(Pastorkova et 

al., 2013) 

1121.63 - 2243.25 
(Pastorkova et al., 

2013) 

IC₅₀ < 
701.00   

(Adrian et 
al., 1997) 

IC₅₀ < 
96.39 (Filip 

et al., 
2003) 

Rutin not found 70.00 - 
162.00 

(Matsuda et 
al., 2003; 
Yagi et al., 

2013) 

not found not found not found not found not found 57.33 
(Pereira et 
al., 2008) 

Sanggenon D 7.30 (Lee et 
al., 2004) 

not found not found not found 35.28 (Sohn et 
al., 2004) 

not found not found not found 

Scopoletin not found 3.90 (Jung et 
al., 2012) 

not found not found not found not found not found 2602.00 
(Kwon et 
al., 2002) 

Sophoflavescen
ol 

100.00 (Lee et 
al., 2004) 

48.56 (Jung 
et al., 2011) 

not found not found not found not found not found not found 

Compounds 

Antioxidant activity IC₅₀*  
[µM] 

Antimicrobial activity    MIC** [µM] 

Tyrosinase 
inhibition 

Maillard 
reaction 

inhibition 

Bacteria Yeast Mold 

Acetobacter 
spp. 

Lactobacillus 
spp. 

Saccharomyces 
spp. 

Zygosaccharomyces 
spp. 

Botrytis 
spp. 

Aspergillus 
spp. 
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Table 1: Antioxidant and Antimicrobial inhibition 

 

Syringic acid no significancy  
(Wang et al., 

2011) 

not found not found no significance 
(Landete et al., 

2008) 

no significance 
(Zaldivar and 
Ingram, 1999) 

not found 823.03 
(Mendoz
a et al., 
2013) 

1513.85 
(Aziz et al., 

1998) 

Tannic acid 22.00 (Kubo et 
al., 2003) 

not found not found 181.6 (Chung 
et al., 1998) 

not found not found not 
found 

not found 

Trans-
resveratrol 

not found not found not found 547.67 
(Garcıa-Ruiz et 

al., 2009) 

not found not found not 
found 

1314.41 
(Bavaresco 

et al., 
2003) 

Umbelliferone 420.00 (Fais et 
al., 2009; 

Matos et al., 
2011) 

2.95 (Jung et 
al., 2012) 

not found not found not found not found 6167.51-
6659.66 
(Bai et 

al., 2012; 
Zhao et 

al., 2012) 

not found 

Vanillic acid 174.40 (Wang 
et al., 2011) 

93.93 (Yoo et 
al., 2010) 

not found no significance 
(Landete et al., 

2008) 

not found not found 1233.50 
(Mendoz
a et al., 
2013) 

1189.48 
(Aziz et al., 

1998) 

Compounds 

Antioxidant activity IC₅₀*  
[µM] 

Antimicrobial activity    MIC** [µM] 

Tyrosinase 
inhibition 

Maillard 
reaction 

inhibition 

Bacteria Yeast Mold 

Acetobacter 
spp. 

Lactobacillus 
spp. 

Saccharomyces 
spp. 

Zygosaccharomyces 
spp. 

Botrytis 
spp. 

Aspergillus 
spp. 
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Table 1: Antioxidant and Antimicrobial inhibition 

 

Vanillin not found IC₅₀ > 
1000.00 

(Yagi et al., 
2013) 

not found no 
significance(Fit
zgerald et al., 

2004) 

no 
significanceFitzg

erald et al., 
2003) 

no significance 
(Fitzgerald et al., 

2003) 

not found 8544.20 
(Lopez-
Malo et 

al., 2002) 
Vitexin 14570.52 (Yao 

et al., 2012) 
IC₅₀ < 

100000.00 
(Peng et al., 

2008) 

not found not found not found not found not found not found 

3,5-
Dicaffeoylquinic 

acid 

90.00 (Iwai et 
al., 2004) 

not found not found not found not found not found not found > 1099.83 
(Pereira et 
al., 2008) 

4,5-
Dicaffeoylquinic 

acid 

90.00 (Iwai et 
al., 2004) 

6.48 (Jung et 
al., 2012) 

not found not found not found not found not found not found 

4-
Hydroxycinnami

c acid 

500.00 (Shi et 
al., 2005) 

not found not found 670.08 no significance 
(Cho et al., 

1998) 

not found not found not found 

 

Compounds 

Antioxidant activity IC₅₀*  
[µM] 

Antimicrobial activity    MIC** [µM] 

Tyrosinase 
inhibition 

Maillard 
reaction 

inhibition 

Bacteria Yeast Mold 

Acetobacter 
spp. 

Lactobacillus 
spp. 

Saccharomyces 
spp. 

Zygosaccharomyces 
spp. 

Botrytis 
spp. 

Aspergillus 
spp. 
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Table 1: Antioxidant and Antimicrobial inhibition 

 

4-Chlorosalicylic 1100.00-
1890.00 (Han 
et al., 2008) 

not found not found not found not found not found not 
found 

2897.37  
(Han et al., 

2008) 

5,6-
dehydrokawain 

(DK) 

350.66 
(Chompoo et 

al., 2012) 

69.69 
(Chompoo et 

al., 2011) 

not found not found not found not found not 
found 

not found 

 

*IC₅₀ -constant to determine extent of inhibition, which indicate ś the inhibitor concentration required for 50% inhibition 

**MIC- minimum inhibitory concentration, which marks  the concentration above which no growth is observed by comparison with the positive control 

 

Compounds 

Antioxidant activity IC₅₀*  
[µM] 

Antimicrobial activity    MIC** [µM] 

Tyrosinase 
inhibition 

Maillard 
reaction 

inhibition 

Bacteria Yeast Mold 

Acetobacter 
spp. 

Lactobacillus 
spp. 

Saccharomyces 
spp. 

Zygosaccharomyces 
spp. 

Botrytis 
spp. 

Aspergillus 
spp. 
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Table 2: Tyrosinase inhibition 

Antioxidant activity IC₅₀*  [µM] 

Compound Tyrosinase inhibition Compound Tyrosinase inhibition 

Acetacin 774.00 (Roh et al., 2004) Broussoflavonol F 388.60 (Zheng et al., 2008) 

xAloesin 100.00 (Jin et al., 1999) 253.55 - 275.41 
(Seo et al., 2003; Wu et al., 2012) 

Broussochalcone A 421.50 (Zheng et al., 2008) 

Anacardic acid 100.00 (Parvez et al.,2007 ) Bryoamaride 85.00 (Khan et al., 2006) 

Andalasin A 39.00 (Likhitwitayawuid and Sritulak, 
2001) 

Campesterol 8.90 (Sabudak et al., 2006) 

Anemonin 43.40 (Huang et al., 2008) Carpachromene 94.38 (Zheng et al., 2008) 

Aquillochin 15.69 (Ahmad et al., 2004) Cyanidin 27.10 - 45.00 (Tsuda and Osaka, 
1997; Hanamura et al., 2008) 

Arbutin 40.00 (Parvez et al.,2007; Maeda et al., 
2007) 

cis-p-Coumaric acid 197.90 (Wang et al., 2011) 

Artocarbene 2.45 (Khatib et al., 2005) Cleomiscosin A 18.69 (Ahmad et al., 2004) 

Artocarpanone 81.00 (Arung et al., 2006) Cudraflavone B 166.65 (Zheng et al., 2008) 

Artocarpanone 1.54 - 81.00 (Shimizu et al., 1996; Arung 
et al., 2006; Zheng et al., 2008) 

Cuminaldehyd 50.00 (Parvez et al., 2007) 

Artocarpesin 0.53 (Zheng et al., 2008) Cyanidin 3-O-β-D-glukosid (C3G) 40.30 (Tsuda and Osaka, 1997) 

Artocarpfuranol 47.92 (Zheng et al., 2008) cyanidin-3-α-O-rhamnoside 40.00 (Hanamura et al., 2008) 

Artogomezianol 68.00 (Likhitwitayawuid and Sritulak, 
2001) 

Cycloorbicoside G 54.60 (Khan et al., 2006) 

Askendoside B 13.95 (Khan et al., 2006) Cyclosieversioside F 95.00 (Khan et al., 2006) 

Askendoside D 49.00 (Khan et al., 2006) Daidzin 270.00 (Loizzo et al., 2012) 

Brosimone I 60.80 (Zhenh et al., 2008) Delfinidin 3-O-β-D-glukosid (D3G) 46.20  (Tsuda and Osaka, 1997) 

 



45 

 

Table 2: Tyrosinase inhibition 

Antioxidant activity IC₅₀*  [µM] 

Compound Tyrosinase inhibition Compound Tyrosinase inhibition 

Delphinidin 25.40  - 57.40 (Tsuda and Osaka, 1997; 
Hanamura et al., 2008) 

Furanocoumarin, 8-hydroxy-5-
methoxypsoralen, 

8.60 (Piao, 2009) 

Dieckol 2.90 - 20.00 (Kang et al., 2004; Casanola-
Martin et al., 2007; Kang et al., 2012; Loizzo et 

al., 2012) 

Galangin 101.00 (Xie at al., 2003) 

Dihydromorin 10.35 (Zheng et al., 2008; Loizzo et al., 2012) GB-2a 26.00 (Masuda et al., 2004) 

DPPacid 3.20 (Parvez et al., 2007) Genistin 33-340.00 (Kim et al., 2010; 
Loizzo et al., 2012) 

ECG 17.00- 34.58 (No et al., 1999; Kim et al., 2005) Glabrene 3.50 (Nerya et al., 2003; Nerya et 
al., 2006) 

EGC 350.00 (Kim et al., 2005) Glabridin 0.77 (Kim et al., 2005) 0.09 -
18.58 (Nerya et al., 2006; 

Jirawattanapong et al., 2009) 

Eckol 34.02 (Kang et al., 2004; Casanola-Martin et 
al., 2007) 

Glyasperin C 0.36 (Kim et al., 2005) 

Eckostolonol 8.91 (Kang et al., 2004; Casanola-Martin et al., 
2007) 

Glycitein 260.00  (Chang et al., 2005) 

Fisetin 130.00 (Xie et al., 2003) Glycyrrhisoflavone IC₅₀ > 200.00 (Zheng et al., 2013) 
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Fukugetin 2.50 (Masuda et al., 2004) Gnetin C 7.00  (Yanagihara et al., 2012) 

Table 2: Tyrosinase inhibition 

Antioxidant activity IC₅₀*  [µM] 

Compound Tyrosinase inhibition Compound Tyrosinase inhibition 

Gnetol 4.50 (Ohguchi et al., 2002) Kushenol F 2.00 (Ha et al., 2000; 
Casanola-Martin et 

al., 2007) 
Hinokitiol 0.21 - 9.67 (Zhu et al., 2010) Lappaconitine 93.30  (Shahee et al., 

2005) 

Chalcomoracin 26.80 (Yang et al., 2012) Licuraside 72.00 (Fu et al., 
2005) 

Chamaecin 2.30 (Nihei et al., 2003) Lyoniresinol 3.20 (Azhat-ul-Haq, 
2006) 

Chlorophorin 2.60 (Khabib et al., 2005; 
Likhitwitayawuid, 2008 

Methyl 2β(2S)-hydroxyl-7(E)tritiacontenoate 1.36 (Khan et al., 
2004) 

Isoartocarpesin 0.66 (Zheng et al., 2008) Methyl gallate 219.93 (Loizzo et al., 
2012) 

Isoliquiritigenin 8.10 - 480.8 (Nerya et al., 2003; Nerya et 
al., 2006; Zheng et al., 2008) 

Mirkoin 5.00 (Kim et al., 
2010) 

Isoliquiritin 38.00 (Fu et al. 2005) Moracin C 2.27 (Yang et al., 
2012) 
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Kurarinol 0.10 - 8.60 (Ryu et al., 2007; Hyun et al., 
2008; Loizzo et al., 2012) 

Moracin D 12.00 (Yang et al., 
2012) 

Kuraridiol 0.88 (Hyun et al., 2008) Moracin N 0.92 (Yang et al., 
2012) 

Table 2: Tyrosinase inhibition 

Antioxidant activity IC₅₀*  [µM] 

Compound Tyrosinase inhibition Compound Tyrosinase inhibition 

Mudanpioside B 370.00 (Ding et al., 2009) Pelargonidin 3-O-β-D-glukosid (P3G) 61.20 (Tsuda and Osaka, 1997) 

Mudanpioside H 320.00 (Ding et al., 2009) pelargonidin-3-α-O-rhamnosid 19.10 (Hanamura et al., 2008) 

Mulberroside F 0.51 (Lee  et al., 2002) Peonidin 8.10 (Hanamura et al., 2008) 

N-(p-Courmaroyl)serotonin 27.00 - 74.00 (Roh et al., 2004; Sultana 
and Lee, 2009) 

Phlorofucofuroeckol 29.47 (Kang et al., 2004; 
Casanola-Martin et al.,2007) 

Negundin A 10.00 (Azhar-ul-Haq, 2006) Phloroglucinol 73.58 (Kang et al., 2004; 
Casanola-Martin et al.,2007) 

Negundin B 6.00  (Azhar-ul-Haq, 2006) Piceid 100.00 - 500.00 (Shin et al., 
1998; Kim et al., 2002; Kim et 

al., 2004) 
N-Feruloylserotonin 23.00 - 26.00 (Roh, 2004; Sultana and 

Lee, 2009) 
Pinoresinol 15.30 (Azhar-ul-Haq, 2006) 

Norartocarpanone 1.76 (Khatib et al., 2005) Rhaponticin 100.00 (Kim et al., 2002 ; 
Casanola-Martin et al., 2007) 

Norartocarpetin 0.08-0.46 (Yang et al., 2012; Zheng et 
al., 2008) 

Rhapontigenin 76.20 (Kim et al., 2002; 
Likhitwitayawuid, 2008) 

Norkurarinol 2.10 (Son et al., 2003) Rosmarinic acid 16.8 (Loizzo et al., 2012) 

Panduratin A 8.20  (Lee et al., 2010) Skimmidiol 51.25 (Sultana at al., 2005) 

Papyriflavonol A 82.30 (Zheng et al., 2008) Sophoraflavanone G 4.70 (Ryu et al., 2007) 
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Pelargonidin 66.00 - 74.60  (Tsuda and Osaka, 1997; 
Hanamura et al., 2008) 

Steppogenin 0.57 (Zheng et al., 2008; Loizzo 
et al., 2012) 

 

 

Table 2: Tyrosinase inhibition 

Antioxidant activity IC₅₀*  [µM] 

Compound Tyrosinase inhibition Compound Tyrosinase inhibition 

Stigmast-5-ene-3β,26-diol 2.39 (Sabudak et al., 2006) (±)2,3-cis-dihydromorin 31.10 (Zheng et al., 2011) 

Stigmast-5-ene-3β-ol 5.25 (Sabudak et al., 2006) (2S,3S)-2,3-trans-dihydromorin-7-O-β-D-
glucoside 

93.17 (Zheng et al., 2013) 

Tectorigenin 20.00 (Kim et al., 2010) 2,3-Dihydro4_,4_-di-O-methylmentoflavone 9.80 (Cheng et al., 2007) 

trans-p-Coumaric acid 168.70 (Wang et al., 2011) 2,3-trans-dihydromorin 21.10 (Zheng et al., 2011) 

Trimethylresveratrol 100.00 - 500.00 (Shin et al., 1998; Kim 
et al., 2004) 

2,4,2',4'-hydroxychalcone 0.02 (Khatib et al., 2005) 

Uranol 50.00 (Zheng et al., 2008) 2,4,3',4'-hydroxychalcone 0.20 (Khatib et al., 2005) 

Veratric acid no significance (Wang et al., 2011) 2-Hydroxy-4-methoxybenzaldehyde 30.00  (Seo et al., 2003) 

Vitrofolal E 10.00 (Azhar-ul-Haq, 2006) 3-(3’,4’,5’-trihydroxyphenyl)-6,8-
dihydroxycoumarin 

270.00 (Fais et al., 2009) 

2,3-trans-dihydromorin 21.10 (Zheng et al., 2011) 3,4´-Dimethoxy-5-hydroxystilbene 490.00 (Shin et al., 1998) 

(+)(-)Diasyringaresinol 5.60 (Azhar-ul-Haq, 2006) 3,4-Dicaffeoylquinic acid 90.00 (Iwai et al., 2004) 
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(+)-2,3-trans-dihydrokaempferol 126.00 (Fujiwara et al., 2011) 3,5,7,4´-tetrahydroxy-3´-(2-hydroxy-3-
methylbut-3-enyl)flavone 

96.60 (Zheng et al., 2008) 

(+)-2,3-trans-dihydroquercetin 210.00 (Fujiwara et al., 2011) 3,5-dihydroxy-4´-methoxystilbene 78.40 - 86.20 (Kim and 
Uyama, 2002; Kim et al., 

2004) 
(+/-) 2,3-cis-dihydromorin 31.10 (Zheng et al., 2011) 3,7,4′ trihydroxyflavone 270.00 (Xie at al., 2003) 

 

 

Table 2: Tyrosinase inhibition 

Antioxidant activity IC₅₀*  [µM] 

Compound Tyrosinase inhibition Compound Tyrosinase inhibition 

3-Hydroxyphloretin 63.40 (Lin et al., 2007) 4-Substituted benzaldehydes 50.00 (Nerya et al., 2003) 

3-O-p-coumaroyl-1-(4-hydroxy-
3,5-dimethoxyphenyl)-1-O-beta-

gulco-pyranosylpropanol 

5.30 (Sultana and Lee, 2009) 5,6,7-Trimethoxycoumarin 8.50 (Ahmed et al., 2004) 

3-O-p-coumaroyl-1-(4-hydroxy-
3,5-dimethoxyphenyl)-1-

propanone 

5.50 (Sultana and Lee, 2009) 5-Methylsalicylic acid 2150.00 (Zhang et al., 2006) 

4-Hydroxybenzyl benzoate 100.00 (Nerya et al., 2003) 6,7,4´-Trihydroxyisoflavone 9.00 (Chang et al., 2005) 

4-Hydroxychalcone 21.80 (Nerya et al., 2004) 6-Hydroxy-4-(4-hydroxy-3-methoxy)-3-
hydroxymethyl-7-methoxy-3,4-dihydro-2-

naphtaledehyde 

8.00 (Azhar-ul-Haq, 2006) 
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4-Isopropylsalicylaldehyde 13.80  (Song et al., 2005) 8-Epi-cleomiscosin A 1.33 (Ahmad et al., 2004) 

4-Methoxycinnamic acid 420.00 (Shi et al., 2005) 9-hydroxy-4-methoxypsoralen 8.61 (Piao et al., 2004) 

 

*IC₅₀ -constant to determine extent of inhibition, which indicate ś the inhibitor concentration required for 50% inhibition 

**MIC- minimum inhibitory concentration, which marks  the concentration above which no growth is observed by comparison with the positive control 

 

 

Table 3: Maillard reaction products inhibition 

Antioxidant activity IC₅₀*  [µM] 

Compound Maillard reaction products inhibition Compound Maillard reaction products 
inhibition 

Apigenin 172.00 (Matsuda et al., 2003) Emodin 57.80 (Jang et al., 2008) 

Arcapillin 77.84 (Jung et al., 2012) Gallicin 18.04 (Lee et al., 2008) 

(–)-Balanophonin 27.81 (Lee et al., 2008) Hyperin 6.16  (Beaulieu et al., 2010) 

Cirsilineol 289.28 (Jung et al., 2012) Hyperoside 48.20 (Jung et al., 2012) 

Cirsimaritin 138.38 (Jung et al., 2012) Icaritin 89.21 (Jung et al., 2011) 

Coumaric acid 1005.12 (Shimoda et al., 2011) Isoquercitrin 14.60 - 167.00 (Matsuda et al., 2003; 
Jang et al., 2008) 

Coumestrol 0.19 (Yang et al., 2006) Isorhamnetin 272.50  (Jung et al., 2012) 

Cyanidin 3-O-β-D-glucopyranosyl 132.00 (Matsuda et al., 2003) Isorhamnetin 3-galactoside 155.05 (Jung et al., 2012) 
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Cyanidin 3-O-α-L-
rhamnopyranosyl(→)-β-D-

glucopyranosyl 

154.00 (Matsuda et al., 2003) Isorhamnetin 3-robinobioside 82.90 (Jung et al., 2012) 

Cyanidin-3-O- galactoside 6.40 (Beaulieu et al., 2010) Isoscopoletin 18.78 (Jung et al., 2012) 

Daphnetin 43.21 (Jung et al., 2012) Isoscopolin 41.04 (Jung et al., 2012) 

Delphinidin 3-O-β-D-
glucopyranosyl 

99.00 (Matsuda et al., 2003) Kaempferol 
3‐O‐β‐D‐glucopyranoside 

227.49 (Shimoda et al., 2011) 

Delphinidin 3-O-α-L-
rhamnopyranosyl(→)-β-D-

glucopyranosyl 

163.00 Matsuda et al., 2003) Kaempferol 3-O-β-D-glucuronide 
methyl ester 

108.80 (Kim et al., 2008) 

Desmethylanhydroicaritin 104.30 - 294.34 (Jung et al., 2008; Jung 
et al., 2011) 

Kaempferol-3-O-β-D-glucoside 90.40 (Jang et al., 2008) 

Dihydrocaffeic acid 206.55 (Jung et al., 2012) Kushenol C 192.94 (Jung et al., 2008) 
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Table 3: Maillard reaction products inhibition 

Antioxidant activity IC₅₀*  [µM] 

Compound Maillard reaction products inhibition Compound Maillard reaction products 
inhibition 

Lucidin 79.28 (Yoo et al., 2010) 
Rhamnetin 156.00 (Matsuda et al., 2003 

Luteolin 7-O-β-D-
glucopyranosiduronic acid 

200.00  (Matsuda et al., 2003) Rhamnetin 3-O-α-L-
rhamnopyranosy(1→6)-β-D-

galactopyranoside 
200.00 (Matsuda et al., 2003) 

Luteolin 7-O-β-D-glucopyranosyl 169.00 (Matsuda et al., 2003) Rubiadin 179.31 (Yoo et al., 2010) 

Mangiferin IC₅₀ < 5.92 (Tang et al., 2004)         Scoparone 204.97 (Jung et al., 2012) 

Myricitrin 200.00 (Matsuda et al., 2003) Scopolin 60.10 (Jung et al., 2012) 

PG-3 (3'-MethoxyPuerarin) 55.78 (Kim et al., 2006) 
Sieboldin 

200.00 (Dugé de Bernonville et 
al., 2010) 

Plantagoside 1.20 (Matsuura et al., 2002)  Sulfuretin 124.70 (Lee et al., 2018) 

Proanthocyanidin B-4 10.10 (Jang et al., 2009) 1,3,6-trihydroxy-2-hydroxymethyl-9,10-
anthraquinone 3-O-β-primeveroside 

IC₅₀ > 86.20 (Yoo et al., 2010) 

Puerariafuran 0.53 (Yang et al., 2006) 1,3,6-trihydroxy-2-
methoxymethylanthraquinone 

52.72 (Yoo et al., 2010) 

Puerarin 20.89 (Kim et al., 2006) 3,3’-di-O-methylellagic acid 26.00 (Kim et al., 2008) 

(+)-Puerol B 60.28 (Kim et al., 2006) 
3,5-di-O-caffeoylquinic acid methyl ester 12.80 (Jang et al., 2008) 

Quercetin 3-O-α-L-
arabinopyranosyl-(1→6)-β-D-

galactopyranoside 

58.60 (Kim et al., 2008) 
3,6-dihydroxy-2-hydroxymethyl-9,10- 

anthraquinone 
IC₅₀ > 185.20 (Yoo et al., 2010) 

Quercetin 
3‐O‐β‐D‐glucopyranoside 

64.60 (Shimoda et al., 2011) 
3,6-di-O-feruloylsucrose 31.90 (Jang et al., 2008) 
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Table 3: Maillard reaction products inhibition 

Antioxidant activity IC₅₀*  [µM] 

Compound Maillard reaction products 
inhibition 

6-(2-pyrrolidinone-5-yl)-(-)-
epicatechin 

36.00 (Jang et al., 2009) 

7,4'-trihydroxy-5-methoxy-8-
(gamma, gamma-dimethylally)-

flavanone 

704.65 (Jung et al., 2008) 

7-Methoxycoumarin 490.20 (Jung et al., 2012) 

8-(2-pyrrolidinone-5-yl)-(-)-
epicatechin 

47.80 (Jang et al., 2009) 

8-C-Lavandulylkaempferol 132.70 (Jung et al., 2011) 

8-Lavandulylkaempferol 312.68 (Jung et al., 2008) 

  

 

*IC₅₀ -constant to determine extent of inhibition, which indicate ś the inhibitor concentration required for 50% inhibition 

**MIC- minimum inhibitory concentration, which marks  the concentration above which no growth is observed by comparison with the positive control 
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Conclusions 
 

 

Sulfur dioxide is one of the oldest food  preservatives used for control of enzymatic and 

non-enzymatic browning and for microbial growth control. Although, sulfites are 

recognized as safe (GRAS) substance for use in food products, its residues in food have 

been responsible of some medical complications such as allergies, urticaria and asthmatic 

attacks. In recent years demand for safe alternatives to sulfites increase. The search for safe 

alternatives to sulfites has been complicated by the fact that sulfites are multifunctional a 

relatively inexpensive. The fact, that natural occurring compounds and plant extracts are 

used as preservatives and antioxidant or flavoring agents, lead us to seek alternatives to 

synthetic antioxidants and antimicrobials between plant compounds.  

In the course of this review 260 plant-derived products have been identified. Some of these 

products have either antioxidant or antimicrobial properties. Some products possess both 

properties. It was found that these plant-derived compounds promising antioxidant and 

antimicrobial inhibitory activity in vitro. All values of these plant compounds are equal to 

sulfites activity. Resveratrol and luteolin are promising for future research and 

investigation. These two compounds possess combination of antimicrobial and 

antioxidation properties. Artocarpesin, glabridin, glyasperin C, hinokitiol, isoartocarpesin, 

kurarinol, kuraridiol morancin N, mulberroside F, norartocapreninand, steppogenin 

exhibited the strongest inhibitory activity against tyrosinase. Their concentrations were 

lower than 1 µM. Puerariafuran  and coumestrol have strongest inhibition activity of 

Maillard reaction products. Quercitrin, quercetin, kaempferol, isovitexin, chlorogenic acid, 

oxyresveratrol, phloridzin, baicilein effectively inhibit both, tyrosinase and Maillard 

reaction products. All these plant-derived products  
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