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Abstract

:

Honey is one of the most valuable components of the human diet. It is considered to be a functional food with health-promoting properties. Honey has bactericidal and bacteriostatic effects; is used to treat wounds and ulcers; relieves stress; supports the treatment of diseases of the digestive and respiratory systems; improves kidney function; and aids in convalescence. The healing and prophylactic effects of honey are closely related to its chemical composition. According to the literature, honey contains over 300 substances belonging to various groups of chemical compounds, some with antioxidant activity, including vitamins and phenolic compounds, mainly flavonoids and phenolic acids. This article provides insight into honey’s chemical composition and its pro-health activities. The antioxidant properties of honey were prioritized.
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1. Introduction


Honey, as a natural food product, is one of the most valuable components of the human diet. It is produced by bees, who enrich nectar and honeydew with their own secretions. It is a product of the highest quality, not obtainable by any other means [1]. Honey contains many biologically active substances that regulate digestive processes and heart function, as well as showing, among others, antimicrobial, anti-inflammatory, antidiabetic, antioxidant, and anti-tumoral effects [2]. These properties are closely related to the chemical composition of honey, with both volatile and non-volatile compounds responsible for them, including phenolic compounds, amino acids, enzymes, essential oils, and others [3,4,5,6,7,8,9,10]. However, such a rich and complex chemical composition of honey does not allow it to be considered as a strictly medicinal product. However, in recent years, many articles have appeared in the world literature describing the action of individual honey components at the molecular level. Generally speaking, these components can be divided into those with antimicrobial activity and those with antioxidant activity (Figure 1).



However, since it was discovered that the cause of many diseases (e.g., inflammation, AIDS, hypertension, ischemic disease, neurodegenerative diseases, including Alzheimer’s disease, cancer, stomach ulcers, etc.) may be oxidative stress, researchers have focused on honey’s antioxidant components. Therefore, our goal was to summarize the information about the therapeutic properties of honey antioxidants and the mechanisms of their action.




2. Chemical Composition of Honey


As mentioned above, honey’s properties are strictly connected with its chemical composition. The main ingredients of honey are saccharides, dominated by glucose and fructose (85–95%), and sucrose, maltose, and other oligo- and polysaccharides occur in small amounts. Honey also contains a lot of other substances, such as minerals, nitrogen compounds, organic acids, vitamins, minerals, and other phytochemicals. Table 1 summarizes information on the basic chemical composition of honey.



One of the most important effects of honey on human health is its antioxidant effect. Many of the substances included in the honey varieties listed above have antioxidant properties. They include, among others, vitamin C, carotenoids, chlorophyllins, selenium, and some organic acids [20,29]. However, phenolic compounds are mainly responsible for the antioxidant properties of honey. They are represented by flavonoids and phenolic acids. The content of individual flavonoids and phenolic acids depends on the plant source; they are derived from nectar, propolis, and pollen [19,20,35,36,37,38,39].



Phenolic acids are compounds classified as secondary metabolites and are commonly found in plants. There are two subclasses of phenolic acids: hydroxyl derivatives of benzoic or cinnamic acid. Phenolic acids rarely occur as free acids, more often taking the form of esters and glycosides; among others, they form part of the group of hydrolyzing lignins and tannins. Some of the hydroxycinnamic acids are commonly found in ester linkages with carboxylic acids or glucose, while the hydroxybenzoic acids are mostly present as glycosides [40,41,42,43]. The presence of the following phenolic acids has been identified in honey: gallic, ferulic, caffeic, chlorogenic, p-coumaric, syringic, ellagic, and vanillic. Of these acids, the most important in food is gallic acid, a powerful antioxidant; however, other phenolic acids that can be found in honey also have antioxidant as well as antibacterial effects [6,19,20,29,44,45]. They cause, among other effects, cell membrane disruption, bacterial DNA binding, and increased pore formation [29].



The largest and the most diverse group of honey phenolic compounds are flavonoids. More than 5000 flavonoids have been identified so far. They occur naturally in various plants, where they accumulate mainly in the leaves, flowers, fruits, and seeds. They have also been found in honey and propolis [6,29,44,45,46,47,48]. Flavonoids rarely occur as free molecules, most often appearing in a bound form as glycosides rather than aglycones. Compounds included in this group are similar in terms of their chemical structure. Their distinguishing feature is a diphenylpropane skeleton (C6-C3-C6) with varying degrees of oxidation of the central pyran ring, while most types of flavonoids (except catechins and anthocyanidins) contain a flavone skeleton with a ketone group in position 4. Flavonoids differ in the number and type of substituents (hydroxyl, glycosidic residues, and methoxy groups). The differences between the compounds in individual classes usually result from the different structures of only one terminal ring (Figure 2) [19,39,49]. This affects the properties and biological activity of individual groups of flavonoids.



In honey, the presence of such flavonoids as apigenin, catechin, luteolin, pinocembrin, galangin, and myricetin has been identified [6,29,43,49,50,51,52]. The flavonoid content in honey ranges from a few to several thousand mg/kg of the product and is conditioned by a number of factors, for example, the variety, the climatic conditions during flower nectarization, etc. [38,53,54,55,56,57,58,59,60,61,62].



The table below (Table 2) contains a list of antioxidative components characteristic of honey and their possible pro-health effects.



The above table shows how important the role of honey antioxidants is in preventing many diseases caused by free radicals. It should be emphasized here that the above-described mechanisms are the effects of isolated phytochemical compounds, which have been determined in in vitro studies. It should also be noted that they occur in honey in very small quantities, and, considering the low consumption of honey, they cannot be treated as a significant source of antioxidants in the diet. On the other hand, there is already a lot of evidence supporting the healing effects of honey.



As mentioned above, antioxidant substances present in honey are not only responsible for scavenging free radicals. In particular, polyphenols have a multifaceted effect and are used in the prevention and treatment of many diseases. Based on the existing state of knowledge, it can be concluded that the phenolic compounds contained in honey can strengthen the natural defense mechanisms against oxidative stress and chemical shock [41,85,86,90,91,92,93]. The mechanisms of this impact are very different; honey’s phenolic compounds, among others, participate in the regulation of the expression of genes involved in the reduction in oxidative stress, in the development of amyloid fibrils, and in elevating the expression of the Nrf2 (Nuclear factor erythroid 2-related factor 2) transcription factor, which is responsible for the induction of antioxidant genes [74]. Polyphenols can also stimulate the secretion of antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), glutathione reductase (GR), and peroxiredoxins [94]. As research has shown, the consumption of honey rich in phenolic compounds increases the antioxidant activity of plasma. It is estimated that replacing at least some of the traditional sugars and confectionery products with honey would result in a significant improvement in defense mechanisms against free radicals [86]. It has also been observed that the antioxidant compounds contained in honey contribute to the protection of pancreatic cells (producers of insulin and glucagon) against oxidative stress and its consequences [87].



The antioxidant properties of flavonoids contained in honey protect the human body against free radicals and create chelating compounds. This helps with the removal of toxic metals (mercury, cadmium, and lead), which can cause damage to the digestive, nervous, and circulatory systems and also influence the development of cancer. For example, the combination of the flavonoid quercetin with lead facilitates the excretion of this metal through urine. Additionally, flavonoids can form chelates with copper, zinc, cadmium, arsenic, nickel, cobalt, and uranium [89].



Polyphenolic compounds in honey are also responsible for their anti-inflammatory effects. Inflammation, along with the presence of oxidative stress, plays a key role in the development and progression of chronic diseases such as cancer, cardiovascular disease, diabetes, arthritis, neurodegenerative diseases, and others. Inflammation and oxidative stress are interconnected. Reactive oxygen species (ROS) produced in mitochondria can cause the production of pro-inflammatory cytokines and mediators, while on the other hand, several cytokines (e.g., TNF-α and IL-1β) can induce the production of ROS from mitochondria. As a result of the correlation between ROS and pro-inflammatory cytokines, metabolic and cellular modifications arise [94]. The aavailable literature shows that the anti-inflammatory effect of honey may be based on various mechanisms. Honey affects the activity of inflammatory mediators in the body—reducing edema formation, inhibiting leukocyte migration, and decreasing the production of ROS and cyclooxygenase-2 activity (COX-2). Honey may also hinder the activation of COX-2 and inducible nitric oxide synthase (iNOS) and reduce prostaglandin synthesis and inflammatory cytokines. Honey polyphenols may also act as agonists of NF-κB receptors and Toll-Like 4 receptors, which are involved in the initiation of inflammation and oxidative stress [95,96,97]. Honey’s polyphenolic compounds can also reduce neuroinflammation brought on by microglia; therefore, they represent a potential solution for lowering neurotoxicity and preventing the evolution of neurological illnesses such as neurodegenerative diseases. This can be achieved by modifying the activity of microglia and reducing the inflammatory response [98].



Honey, due to its anti-inflammatory properties, is used in the treatment of kidney and bladder inflammation and kidney and bladder stones, as well as in the treatment of urinary incontinence in the elderly [85,86]. A few studies have shown that the anti-inflammatory effects of honey can be used in the treatment of inflammatory disorders of the gastrointestinal tract. Among other things, honey supplementation has been studied in terms of its effect on ulcerative colitis. Studies on rats have shown that 1 g/rat of natural honey significantly reduced serum IL-1β and IL-6 levels, while TNF-α, inducible nitric oxide synthase, and caspase-3 were reduced in colonic tissues. Other studies have noted that supplementation with natural Turkish honey for seven days significantly reduced macroscopic and microscopic changes in ulcerative colitis in rats compared to supplementation with synthetic drugs. Similarly, feeding 2.5 g of Manuka honey to rats with chronic gastric ulcers alleviated the disease by promoting the anti-inflammatory cytokine IL-10 and minimizing the pro-inflammatory cytokines TNF-α, IL-1β, and IL-6. Honey has also been used in the treatment of colitis and gastritis. Consumption for seven days reduced ulcerative lesions, microvascular permeability, and gastric myeloperoxidase activity, increasing the efficiency of free radical scavenging [95].



Thanks to the anti-radical and anti-inflammatory effects of polyphenols, honey has also been used as a cardioprotective agent in cardiovascular diseases [99].



Consuming honey lowers LDL cholesterol levels, probably due to the high ability of honey to scavenge free radicals. Through its anti-inflammatory effects, it can positively contribute to the prevention of metabolic and cardiovascular diseases, especially when honey is mixed with other healthy food products [95]. Due to the content of flavonoids, phenolic acids, and vitamin C, honey contributes to improving the efficiency of the heart muscle, regulating blood pressure, and preventing arrhythmia. These compounds cause coronary vasodilation and reduce the risk of thrombus formation. Numerous in vitro and in vivo studies have shown that honey improves the plasma lipid profile, inhibits oxidation, reduces elevated markers of heart damage (CK–MB, AST, ALT), increases the activity of antioxidant enzymes (SOD, GPx, GRx), and increases LDL resistance to oxidation induced by oxidative stress [87,100]. It is assumed that, in this respect, buckwheat honey has the most beneficial effect on the body, and, more specifically, the flavonoid compounds contained in it, i.e., quercetin and rutin. These compounds improve the elasticity and strength of the capillaries, thus protecting them from breaking and limiting the formation of atherosclerotic lesions [90].



The presence of polyphenols in honey also determines their anti-cancer effect. As numerous in vitro studies have shown, honey inhibits the development of cancer cells at various stages of this disease: at initiation, proliferation, and progression. Different mechanisms of anti-tumor activity can be distinguished: the induction of apoptosis, cell cycle arrest, the modulation of oxidative stress, the amelioration of inflammation, the induction of mitochondrial outer membrane permeabilization (MOMP), and the inhibition of angiogenesis. The inhibition of tumor growth has been linked to the antioxidant properties of honey [41].



Polyphenols also have a bactericidal effect against pathogens, both Gram-negative and Gram-positive bacteria. Thanks to the presence of antioxidant compounds and MGO, among others, honey supports the condition of the oral cavity and the treatment of periodontal diseases, halitosis, and paradontosis [91]. Polyphenols also have a positive effect on the development of intestinal microflora. According to various researchers, polyphenols can improve the adhesion and survival of probiotics in the gastrointestinal tract. Polyphenols affect the metabolism and immunity of the intestines and can modulate the composition of the gut microbiota, improving several biochemical markers and risk factors for chronic diseases. There are few supernatural foods that possess a symbiotic trait, which is the combination of a prebiotic carbohydrate with a specific probiotic strain. In this context, prebiotic oligosaccharides and antibacterial compounds found in honey have been developed. For example, Manuka honey has potentially beneficial efficacy in culturing probiotics (Lactobacillus reuteri, Lactobacillus rhamnosus, and Bifidobacterium lactis) and inhibiting other pathogens (Escherichia coli, Salmonella typhimurium, and Staphylococcus aureus) [95]. Honey can promote the growth of some Lactobacillus and Bifidobacterium bacteria. It has also recently been discovered that encapsulated honey increases the survival of Bifidobacterium strains. Also, polyphenol metabolites produced by intestinal microorganisms, including probiotics, exert a number of benefits on the host’s health. These metabolites are often more active than the polyphenols themselves, although the mechanisms of their action have not been identified yet [101,102,103,104,105].



The development of medicine has not been able to fully meet the requirements regarding the effects of a fast lifestyle. Which means that the old methods are being sought or returned to. According to the analysis of the available clinical trial results conducted by Magdas et al. in 2024 [106], eleven main groups can be identified in which honey was confirmed as a therapeutic agent or medicine These include wound care, metabolic disorders, oncology, respiratory diseases, oral health, surgery, gastrointestinal disorders, urogenital disorders, dermatology, sleep disorders, hematology, and nervous system disorders. These studies largely confirmed that researchers around the world are trying to find alternative solutions to chemical drugs derived from natural ingredients. Honey is a very difficult material to use, because the slightest changes resulting from the species of bees, geographical or botanical origin, or the form of sale (directly from the beekeeper or commercially) of honey can lead to various therapeutic effects in the selected range [106]. Summarizing the above-mentioned studies aimed at demonstrating the beneficial effects of honey, especially in the context of metabolic and cardiovascular diseases, it must be stated that they are still insufficient to draw conclusions.




3. Methods of Review


The report is based on many years of literature analysis and the authors’ general knowledge. For the purposes of this work, original scientific articles about the therapeutic effects of consuming honey and bee products on the human body were analyzed. The search for the articles was carried out by entering keywords such as honey, bee products, properties of honey, therapeutic effects, natural treatment, and apitherapy. A search of publications from the last 10 years was performed, but some older works were also included. The condition for using older publications was the well-founded knowledge contained in them. Research databases were also searched, such as Google Scholar, Science Direct, MDPI, Knovel, Applied Science & Technology Source, Scopus, Taylor and Francis Online, and EBSCOhost. This study was conducted from June 2023 to May 2024.




4. Conclusions


Honey is one of the most valuable products that can be a component of the human diet. Its properties have been known and used for centuries. Honey cannot be considered a medicine, but it is consumed most often for preventive and therapeutic purposes. The healing and prophylactic effects of honey are closely related to the chemical composition of honey, its botanical and geographical origin. A very difficult task in this work was to systematize in a simple way the chemical knowledge about the composition of honey and to reflect it in the mechanisms relating to its impact on the human body. Over the last 20 years, these activities have been undertaken by numerous researchers around the world, and the number of multilingual publications in this aspect may reach 10,000. According to Magdas et al., by 2023, the number of publications in English was 8227 [106].



This paper presents the characteristics of the most important biologically active components of honey and the impacts related to their presence. It can be seen that phenolic compounds are the crucial bioactive components in honey. The protective effect of polyphenolic compounds seems to be particularly important, as they have a very significant role in the prevention and treatment of civilization diseases whose pathogenesis is oxidative stress, i.e., cardiovascular diseases, neurodegenerative diseases, inflammation, hypertension, cancer, ischemic disease, and others.



This article is of a cognitive nature; the authors have based it not only on the world literature, but also on the country they come from. Taking into account research by Stefanis et. al., Poland is one of the 10 countries most frequently publishing research articles on the quality and authenticity of honey [107].
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Figure 1. Main factors influencing the health-promoting effects of honey. Source: own study. 
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Figure 2. Structure of the flavonoid skeleton [50]. 
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Table 1. Basic chemical composition of honey.
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Components

	
Average Content

	
Comments






	
Water

	
17–20%

	
Some varieties (e.g., heather honey) may contain more—up to 23% [11,12,13,14,15].




	
Carbohydrates, including:

	
65–87%

	
Carbohydrates are the main component of honey. The sugar composition of honey depends on the type of honey, the time of harvesting, and the length of the storage period—unripe honey is characterized by a higher sucrose content. However, the most important factor affecting the content of saccharides is the origin of the honey. The fructose content in honey ranges from 30 to just over 40%. The glucose content is slightly lower and ranges, on average, from 19 to 31%. The ratio of fructose to glucose in most varieties of honey ranges from 1.2 to 1.7. The honeydew honey contain more oligosaccharides and dextrins, while the nectar honey varieties are dominated by mono- and disaccharides [11,12,13,14,15,16,17,18,19].




	
monosaccharides (glucose, fructose)

	
67–70%




	
disaccharides

	
reducing (maltose, isomaltose, maltulose, isomaltulose, kojibiose, turanose, nigerose, gentiobiose)



	
non-reducing (sucrose, trehalose)






	
0–15%




	
oligosaccharides (reducing and non-reducing)

	
0.5–10%




	
dextrins

	
1–10%




	
Nitrogen compounds, including:

	
amino acids (26 amino acids have been detected in honey, such as proline, alanine, asparagine, glutamine, histidine, glycine, arginine, valine, tyrosine, cysteine, lysine and others).






	
0.25–3%

	
Nitrogen compounds appear in honey in small quantities, and these are simple proteins: albumins and globulins, enzymes, and free amino acids. Honey contains 175 mg of free amino acids per 100 g, of which the basic one is proline, constituting about 50–85% of all amino acids. The proline content is a measure of the adulteration of honey with sucrose.

Honey enzymes are of both plant origin (from pollen and honeydew) and animal origin (bee glands). They play the role of effective biological catalysts in decomposition and synthesis reactions, e.g., invertase decomposes sucrose, and diastase participates in starch hydrolysis [20,21,22,23,24].




	

	
proteins (mainly albumins and globulins)






	
0.2%




	

	
enzymes (amylases, invertase, catalase, phosphatases, lysozyme and glucose oxidase)






	
0.2–1%




	
Organic acids (gluconic, citric, lactic, malic, succinic, butyric, propionic, tartaric, oxalic, linoleic, linolenic).

	
0.01–1.5%

	
Gluconic acid constitutes 70–90% of organic acids in honey. Organic acids determine the taste and the aroma of honey as well as its microbial properties. Just like the content of other components, the acid content is mainly determined by the botanical origin of honey [15,18,25,26].




	
Inorganic acids (hydrochloric and phosphoric)

	
0.03–0.1%




	
Vitamins (A, C, D, K, B1, B2, PP, B6, B5 B9, H) [2,15,27,28].

	
0.04%

	




	
Mineral substances (about 47 elements: potassium, silicon, sodium, iron, copper, magnesium, manganese, sulfur, nickel, phosphorus, chlorine, cobalt, iodine, zinc, palladium, arsenic, strontium, aluminum, tungsten, lead, chromium, titanium, barium, molybdenum, vanadium, tin, silver) [2,10,29,30].

	
Blossom honey contains 0.05–0.50% of minerals, nectar-honeydew honey—0.32–0.52%, and honeydew honey about 1% of minerals.

	
The mineral content is influenced by environmental factors, primarily the content of mineral substances in the soil where melliferous plants are grown [24,30,31,32,33].




	
Aromatic substances (about 200): aldehydes and ketones (formic, acetic and isobutyric aldehydes as well as acetone and diacetyl), polyphenolic compounds, esters, higher aliphatic alcohols. Dyes—carotenoids (carotene and xanthophyll), flavonoids (and the compounds formed by their combination), chlorophyll and anthocyanins, and tannins [29,33,34].

	
0.07–0.1%

	
Dyes, ethereal oils, and other aromatic substances in honey are of the floral origin which determines their organoleptic properties. The honey flavor is connected primarily with aldehydes, ketones, esters, higher alcohols, and polyphenolic compounds [19,29,30,33].

The content of aromatic substances may decrease during heating and long storage [18,35].








Own elaboration based on: [2,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34].













 





Table 2. Summary of the effects and actions of selected antioxidants from honey.
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	Component(s)
	Mechanisms of Action
	Pro-Health Effects
	Source





	Vitamins C, A, E
	Among the antioxidant vitamins, vitamin C is found in the largest amounts in honey. Vitamin C reduces ROS levels and thus prevents the oxidation of lipids, proteins, and DNA, recovers vasodilation, and decreases nitrate tolerance. Vitamin A and β-carotenes improve oxidative stress and cognitive function and reduce toxic amyloid β by inhibiting amyloid β oligomerization and aggregation in a streptozotocin-induced Alzheimer’s disease mouse model. It was also reported that retinoic acid plays a key role in the inhibition of hepatic stellate cell activation (an effector of hepatocellular carcinoma) via suppressing the thioredoxin-interacting protein and reducing oxidative stress levels. Vitamin E reduces the markers of oxidative stress, increases glutathione peroxidase and superoxide dismutase, changes/improves the total antioxidant capacity and glycemic control, and delays the onset as well as the progression of type 2 diabetes. However, considering the content of these vitamins in honey, their contribution to the development of antioxidant and health-promoting properties of honey is insignificant.
	Nutritional Properties

Antioxidant Effect
	[63,64,65,66]



	Macro and microelements
	Macro- and microelements are compounds necessary to ensure the proper development, growth, and other vital functions of the human body. They regulate a wide array of physiological mechanisms with substantial specificity and selectivity, as components of enzymes and other organic molecular complexes. In honey, trace elements such as copper, zinc, selenium and magnesium, which have antioxidant properties, have been detected. Selenium (Se) is a crucial component of the glutathione peroxidase enzyme, which may eliminate lipid hydroperoxides and hydrogen peroxide (H2O2). Copper (Cu), as well as zinc (Zn), are necessary building blocks for a number of enzymes, including those involved in oxidation–reduction reaction and Cu–Zn superoxide dismutase (SOD). Manganese (Mn) is an essential co-factor in enzymatic processes connected to the metabolic control of gene expression. Similar to vitamins, the antioxidant effect of honey’s macro- and microelements is of little importance.
	Nutritional Properties Antioxidant Properties
	[67]



	Polyphenols (phenolic acids and flavonoids)
	Polyphenols have a protective effect on a number of diseases, e.g., cardiovascular diseases, cancer, neurodegenerative diseases, diabetes, etc. Honey flavonoids exhibit antioxidant activity and also have the ability to inhibit some pro-inflammatory enzymes (cyclooxygenases COX, lipoxygenases LOX, inducible nitric oxide synthase iNOS) and mediators (nitric oxide, cytokines and chemokines). They reduce the oxidation of LDL and lipids and stimulate the maintenance of lipid parameters at the appropriate level, which prevents the clogging of arteries and prevents the effects of atherosclerotic changes in the blood vessels. Flavonoids counteract tumor development by inhibiting tumor-producing enzymes, blocking the activity of certain hormones, and interfering with the delivery of oxygen and other components necessary for tumor formation. These compounds are responsible, among other things, for reducing oxidative stress, decreasing apoptosis, necrosis, brain atrophy and behavioral and neurological deficits. Recently, there have been reports on the use of honey’s phenolic compounds for the treatment of Alzheimer’s disease. They influence, among other things, neurodegeneration associated with amyloid pathology and ischemia in proteinopathy. Honey polyphenols can also prevent numerous neurodegenerative diseases by protecting neurons from oxidative damage, enhancing neuronal function and regeneration, protecting neurons from Ab-induced neuronal injury and neurotoxicity, protecting hippocampal cells against nitric oxide-induced toxicity, and modulating neuronal and glial cell signaling pathways. For example, ferulic acid exerted neuroprotective effects in a mouse model of Parkinson’s disease by decreasing the levels of phospho-Akt, phospho-pyruvate dehydrogenase kinase-1, and phospho-Bad and increasing the caspase-3 levels.

The mechanisms of action of particular polyphenols are different and depend mainly on the molecule structure, e.g., kaempferol, luteolin, chrysin, pinocembrin, and gallic acid induce apoptosis, while apigenin promotes interleukin 1b and tumor necrosis factor.

Polyphenols also neutralize oxidative stress in various ways. Caffeic acid inhibits oxidative stress in iron-overloaded rats by reducing lipid peroxidation and increasing vitamin E levels in the plasma. Quercetin reduces oxidative stress by scavenging free radicals, chelating metal ions, and inhibiting xanthine oxidase and lipid peroxidation. Kaempferol reduces oxidative stress caused by glutamate in the mouse hippocampal cell line HT-22 by blocking ROS generation, and also blocks oxidative stress in granule cells during low-potassium-induced apoptosis. Through antioxidant pathways, honey’s polyphenols ameliorate cholesterol and cardiac enzyme levels.

Polyphenols also exhibit bactericidal effects against both Gram-negative and Gram-positive bacteria. Their antibacterial mechanism is based on inhibiting bacterial biofilm formation or inactivating enzymes. In alkaline conditions (pH 7.0–8.0), polyphenols can display pro-oxidative properties, inhibiting microbial growth by accelerating hydroxyl radical formation and oxidative strand breakage in DNA. They could also support the production of considerable amounts of H2O2 via a non-enzymatic pathway.
	Anti-Allergic Effect

Antioxidant, Anti-Inflammatory, and

Anty-hiperlipidemic Properties

Application in Disorders of the Immune System

Cardio- and NeuroProtective Effects

Antibacterial and Antiviral Effect
	[29,41,46,47,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86]



	Enzymes (e.g., catalase, peroxidase)
	They enable digestion by breaking down complex molecules such as sugars, fats, and carbohydrates into simpler elements. The enzyme glucose oxidase, most likely originating from the digestive tract of bees, is responsible for the bacteriostatic and bactericidal properties of honey. This enzyme belongs to the group of oxidoreductases and catalyzes the oxidation of glucose to glucono-δ-lactone. The by-product of this reaction is H2O2. Catalase is also included in the group of oxidoreductases. This enzyme comes from nectar, honeydew, or pollen. Catalase acts as a regulator of the H2O2 content, catalyzing the reaction of its decomposition into water and molecular oxygen, thus contributing to the reduction in the bactericidal and bacteriostatic properties of honey.
	Antioxidant Effect
	[87,88,89]







Source: Own elaboration based on: [41,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89].
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