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Abstract

:

In a world still recovering after the COVID-19 pandemic, the consequences of which are still not entirely known, the attention of scientists worldwide is drawn to natural products with positive effects on immunity. The starting point for tackling such a subject is proper documentation of substances used in traditional medicine, which usually have significant nutritional and functional values. Among the most well-known of these substances are mushrooms and honey, both of which have been used for thousands of years all around the globe. The following work aims to gather information about the properties of honey and Cordyceps sp. mushrooms by studying the scientific literature available at this point. With the proper use of this information, it will be possible to develop products that incorporate the studied ingredients to increase their functional and medicinal value.
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1. Introduction


In recent years, medicine has turned its attention to natural products with positive effects on human health. Due to the abundance of biologically active compounds found in such products, it is expected that these could bring more health benefits compared to regular medicine.



Honey is one of the most well-known natural substances to show health benefits. Its medicinal value has been known for thousands of years. The antioxidant, antibacterial, and antiviral properties make it a valuable tool for treatment or recovery after infectious diseases [1,2,3,4]. Honey has also shown effects as a neuroprotector and aid in wound healing [5,6].



Mushrooms have also been known to exhibit medicinal properties, and as such, they have been used in traditional medicine worldwide. Recently, scientists have turned their attention to Cordyceps (C.) sp. mushrooms in search of a natural product with high medicinal value. The study of C. mushrooms has shown they have anti-oxidant, anti-inflammatory, hypoglycemic, and anti-tumoral effects [7,8,9,10]. It has also been shown that they can help improve the gut microbiota [11,12,13].



This review should give a more thorough understanding of honey and C. and can serve as the basis for developing new products with significant nutritional and pharmaceutical values. We will discuss potential future research directions in the field of honey’s medicinal properties. This addition highlights the emerging areas of interest and sets the stage for further exploration.




2. The Cordyceps Mushrooms


2.1. General Aspects


The Cordyceps genus contains over 400 species, amongst which the best known are C. sinensis and C. militaris. C. sinensis grows at high altitudes, typically in pastures over 3000 m above sea level in the Himalaya region (Nepal and India) and the Tibetan plateau (China) [14].



Most of the Cordyceps genus members are endoparasites, using arthropods as hosts. C. sinensis starts growing inside a living host, then it kills and mummifies its host. The fruiting growths then grow outside of the host’s body. Recently, C. sinensis was renamed Ophiocordyceps sinensis [15]. For a very long time, this mushroom has been known to have medicinal properties. In the Tibet region, it is often known as “winter worm, summer grass” or “ caterpillar mushroom” [8,16].



The parasitic nature of Cordyceps is a really intriguing characteristic. These organisms can infect various insects and arthropods, resulting in elongated and thin protrusions from the host’s body. These protrusions serve as structures for producing fungal spores [17]. Parasitic Cordyceps have attracted considerable interest due to their possible therapeutic effects in traditional Chinese medicine and contemporary herbal supplements. In addition to their parasitic forms, certain species of Cordyceps also exhibit saprophytic growth, obtaining nutrients from decomposing organic material. The latest scientific investigations have revealed these organisms’ intricate chemical makeup, encompassing several bioactive substances such as cordycepin and polysaccharides [18]. These findings have generated considerable attention due to the possible health advantages associated with these compounds, which encompass a wide range of benefits, including bolstering the immune system and enhancing athletic performance. Due to their varied ecological functions and potential in pharmacology, Cordyceps species remain a topic of scientific investigation and cultural importance [19].



Because of the environmental limitations and their parasitic nature, significant amounts of Cordyceps mushrooms are rarely found in nature. To solve this issue, efforts are made to allow cultivation on artificial media or submerged fermentation [20].




2.2. Composition


Various constituents have been detected in Cordyceps sp. mushrooms, encompassing proteins, polyamines, peptides, polysaccharides, nucleosides, sterols, and fatty acids. Through gas chromatography–mass spectrometry analysis, four distinct free sterols have been identified: cholesterol, ergosterol, beta-sitosterol, and campesterol. While many bioactive compounds have been pinpointed, it is suggested that Cordyceps may contain other additional compounds [14]. In other investigations, researchers aimed to unravel the structural attributes of the polysaccharides present in C. sinensis, including parameters such as molecular mass, monosaccharide composition, glycosidic bond configuration, and molecular chain conformation. Employing techniques such as chromatography, mass spectrometry, infrared spectroscopy, and nuclear magnetic resonance, these studies delved into the intricate characteristics of the polysaccharides [21].



Cordyceps polysaccharides are typically large, complex molecules composed of multiple sugar units linked together. They often have branched structures, making them more intricate than simple sugars. Many of the polysaccharides in Cordyceps are beta-glucans. Beta-glucans are a type of polysaccharide known for their immunomodulatory properties and ability to support the immune system. Cordyceps polysaccharides can have a high molecular weight, which may contribute to their bioactivity and potential health benefits [22]. These polysaccharides comprise various monosaccharides, including glucose, mannose, and galactose. The specific composition can vary depending on the Cordyceps species and extraction methods. Researchers have investigated the glycosidic bond configuration within Cordyceps polysaccharides. The arrangement of these chemical bonds can influence their biological activity [23].




2.3. Beneficial Effects, Pharmacological Properties and Bioactive Compounds


A large number of specialist studies described the pharmacological properties of Cordyceps mushrooms. The constituents of Cordyceps are associated with multiple pharmacological properties, such as anti-tumoral, anti-metastasis, immunomodulating, antioxidant, anti-inflammatory, hypoglycemic, hyperlipidemic, prebiotic, and anti-aging properties [21,24]. Cordyceps has also been effective in preventing viral infections [25].



Multiple studies have demonstrated the hypoglycemic effects of C. sinensis extracts, with a reduction of blood glucose concentration observed in vitro [26] and in vivo [27].



In traditional Chinese medicine, Cordyceps sp. mushrooms are used in preparing a natural medicine for multiple health problems such as lung or kidney dysfunction and generalized fatigue [28].



C. sinensis is used as an immunosuppressant in the maintenance treatment of kidney transplant recipients in China, but there is no consensus regarding its use [29].



Treatment with C. militaris extract inhibited metabolic disorders induced by obesity caused by fat-rich diets, mainly by improving metabolic parameters. As active constituents, pyrrolic alkaloids and nucleotide derivatives were characterized. These results suggest C. militaris could be used to treat obesity via the metabolic effects of its constituents [30].



In studies examining the properties of C. sinensis polysaccharides, the polysaccharide CS-F70 (composed of 62% galactose, 28% glucose, and 10% mannose), obtained from alkaline mycelium extract, was proven to have hypoglycemic effects. The extract showed powerful hypoglycemic activity in normal mice and those with induced diabetes. In parallel, the effects of the extract on cholesterol and triglycerides were also studied on the same two types of mice. The results showed a reduction in the triglycerides in both types of mice, which confirms the medicinal properties of the polysaccharide CS-F70 [31].



Mannitol and cordycepin are two of the most important pharmacologically active components of C. sinensis [32]. Mannitol has beneficial effects, such as diuretic or anti-coughing properties and inhibition of free radicals [33].



Cordycepin (3′-deoxyadenosine), one of the nucleosidic analogs, was first isolated from C. militaris. The difference between cordycepin and adenosine is the lack of the 3′-hydroxyl group in cordycepin [24].



Studies have shown that average levels of adenosine and cordycepin were significantly higher in cultivated Cordyceps compared to mushrooms harvested from wild flora. On the other hand, the levels of mannitol and polysaccharides were lower in the cultivated mushrooms [34].



Among the aspects studied was data regarding the effect of Cordyceps spp. and cordycepin in bones and associated processes. The impact of Cordyceps spp. and cordycepin on bones, teeth, and tooth pulp was described as the result of the interaction of AMPK (adenosine monophosphate-activated protein kinase) and ATP (adenosine-5′-triphosphate). This way, it is possible to obtain medicine with regenerative effects that can be used in trauma recovery or the terminal stages of some diseases [35].



Because it has been used for centuries in traditional Chinese medicine, C. sinensis was intensely studied for its anti-oxidative, anti-tumoral, anti-hyperglycemic, and immunomodulating properties [14].



In a study conducted by Cho et al. (2003), the researchers examined and evaluated the impacts of Cordyceps sp. extract (CME) and Sweet Potato Anthocyanin (SPA) on lipid peroxidation, DPPH radicals, and cognitive impairments. The two extracts exhibited comparable efficacy in their capacity to scavenge free radicals. The study’s results indicate that only SPA demonstrated the ability to suppress the process of lipid peroxidation, which was induced by the presence of Fe2+ ions and ascorbic acid in rat brain tissue samples. The administration of SPA was found to enhance cognitive performance in mice that were subjected to ethanol treatment. The combined effects of SPA and CME were statistically similar to those observed with SPA alone [36]. Polysaccharides represent the most important biologically active compound in C. sinensis and C. militaris. The components of these compounds include rhamnose, ribose, arabinose, xylose, mannose, glucose, galactose, mannitol, fructose, and sorbose. The exopolysaccharide fraction has pharmacological properties, the most important of which are the immunomodulatory and anti-tumoral effects. Mannoglucan is also among the polysaccharides found in Cordyceps, its notable effect being mild cytotoxic effects on the cancer lineage SPC-I1. Various nucleosides and their corresponding compounds, including adenine, adenosine, inosine, cytidine, cytosine, guanine, uridine, thymidine, uracil, hypoxanthine, and guanosine, have been extracted from C. sinensis. These compounds contain amino acids and polypeptides that positively affect the cardiovascular system. They also exhibit sedative and hypnotic effects, with tryptophane being the most effective component in this regard [37].



C. sinensis mycelium extract helps reduce the growth and dissemination of bacteria, increasing the survival rate in mice inoculated with streptococci. The macrophages’ phagocytosis activity was increased after the treatment with C. sinensis [38].




2.4. Effects on the Microbiota


The research targeted to evaluate the impact of Cordyceps militaris on the function of the intestinal barrier and the composition of the gut intestinal microbiota in a porcine model. Usage of C. militaris improved the number of goblet cells, increased the lymphocyte number, and improved intestinal morphology. Cordyceps militaris was found to downregulate pro-inflammatory cytokines and upregulate anti-inflammatory cytokines at the mucosal level. The use of Cordyceps can potentially achieve the modulation of intestinal microbiota and the intestinal barrier, hence offering potential avenues for the enhancement of intestinal health. [11,13,39,40].



The low molecular weight exopolysaccharides of C. militaris have an antioxidant effect. They are observed to be excellent prebiotics, which increases the proliferation of the probiotics and the increase of phenolic acid [9,10].



After elucidating the structural characteristics of the alkali-extracted polysaccharide CM3-SII obtained from C. militaris, the amelioration of hyperlipemia in hamsters with a heterozygous model of hyperlipidemia with low-density lipoprotein receptor (LDLR) deficiency was studied using this polysaccharide. The study demonstrated that CM3-SII significantly decreased plasma total cholesterol, high-density lipoprotein cholesterol, and triglyceride levels in LDLR-deficient heterozygous hamsters. Increased plasma concentration of polylipoprotein A1, abundance of Actinobacteria, and Bacteroidetes/Firmicutes ratio were observed [41].



A similar study was conducted on mice fed a high-fat, high-sucrose diet. Polysaccharides derived from C. militaris decreased blood sugar and serum lipid levels in these mice. In addition, C. militaris polysaccharide treatment ameliorated intestinal dysbiosis by promoting the next-generation probiotic Akkermansia muciniphila population in the intestine of mice fed the high-fat, high-sucrose diet. Polysaccharides derived from C. militaris have the potential to alter gut microbiota to increase metabolic syndrome. The cordycepin-rich solution obtained from C. militaris had different efficacies in regulating hyperglycemia and gut microbiota in studied mice [42]. Polysaccharides from C. militaris may be a potential prebiotic agent to modulate specific gut microbes [43,44].



Modulation of gut microbiota dysbiosis was studied in rats with diabetic nephropathy. The health benefits of C. cicadae polysaccharides (CCP) on renal injury and renal interstitial fibrosis in rats with induced diabetic nephropathy were studied. Rats that received CCP showed improved insulin resistance and glucose tolerance. It has also been observed to suppress inflammation and renal dysfunction, slowing the progression of renal intestinal fibrosis and modulating gut microbiota dysbiosis [40,45].



The theoretical background of the hypoglycemic effect of C. cicadae research was described in 2023. Bacterium substance polysaccharides (BSP), spore powder polysaccharides (SPP), and pure powder polysaccharides (PPP) were separated, purified, and collected from sclerotia, spores and fruiting bodies of C. cicadae, respectively, and chosen as study material. The basis of the hypoglycemic effect of SPP is the mechanism that regulates the mRNA expression of key PI3K/Akt genes involved in the insulin signaling pathway to alleviate insulin resistance, contributing to the development of functional products [46].



The protective efficacy of extracellular polysaccharides from C. militaris against toxicity and their regulatory effect on gut microbiota against Pb2+-induced toxicity in vivo was demonstrated in lead-poisoned mice [39].



Special attention is paid to the relationship between the gut microbiota and type 2 diabetes. The hypoglycemic activity of the purified fraction obtained from the polysaccharides of C. militaris was investigated, together with its mechanisms, in mice with induced type 2 diabetes. The results indicated that the symptomatic improvement of diabetes could be related to the polysaccharide extracted from C. militaris, which regulates the intestinal microbiota against the TLR4/NF-κB pathway to protect the intestinal barrier [12,47].



The activity of cordycepin extracted from C. militaris was described in a study on mice, which demonstrated its influence on type 2 diabetes, improving the abundance of Firmicutes/Bacteroides that promote the growth of beneficial bacteria by regulation of the intestinal flora, enhancing the metabolites and metabolic pathways associated with the diabetes type 2 modifications [7].



Until now, the study’s results have revealed the mechanisms involved in the reduction of blood sugar and lipids using Cordyceps and the way forward for the establishment of new anti-obesity and anti-inflammatory therapies would involve Enterococcus cecorum along with Cordyceps [47].



Considering the need to bring solutions as effective as possible and with as few side effects, polysaccharides from C. cicadae were studied for cervical cancer. There are few studies on the anti-cancer activity of C. cicadae artificially cultivated by the bionic method. Several studies have shown that the appearance and development of cervical cancer are linked to abnormal cell proliferation and differentiation alongside abnormal cell apoptosis [48]. This study provides the necessary support for further clinical applications, which observed polysaccharides on cell proliferation and apoptosis and the molecular mechanism [49,50].




2.5. Side Effects


There needs to be more information regarding the long-term effects of Cordyceps mushrooms, as severe side effects have yet to be reported. Despite this, one case of excessive bleeding has been documented in a patient after a dental intervention. Patients who require insulin must be aware of the hypoglycemic effects of Cordyceps sp. mushrooms and derivate products. Women are not recommended to consume Cordyceps products during pregnancy or breastfeeding as the effects on the newborn are not yet known. As a blood-diluting agent and immunostimulant, care must be taken when administering alongside immunosuppressants, blood dilutants, or coagulants [25].





3. Honey


3.1. General Aspects


Honey is one of the healthiest foods, known for its many benefits to the human body. Bees produce this as a food; it has the aspect of a sweet, viscous liquid [51].



According to the Codex Alimentarius (1981), honey is officially described as a “natural sweet substance that is produced by honey bees through the collection and transformation of nectar from plants, secretions from living parts of plants, or excretions from plant-sucking insects on living parts of plants. The bees then combine these substances with specific components of their own, deposit the resulting mixture, dehydrate it, store it, and allow it to ripen and mature within the honeycomb.” [52].



The process of obtaining honey is complex and begins with collecting the pollen and honeydew from trees and flowers. The bees travel hundreds of kilometers daily to bring the raw materials to the hive. These are then mixed with the saliva of the harvester bee and other substances (enzymes and amino acids). Other bees then process the resulting mix, the honey becoming more viscous. This product is then stored in the honeycomb and left to dry to reduce the water content of the honey. Later, the honeycomb cells are capped with wax [53].



Honey can be classified by origin and the flowers from which the nectar was gathered. It can also be classified by its extraction method. Depending on its origin, honey can be split into floral honey (made by bees by processing nectar and pollen from flowers) and honeydew honey (extrafloral honey, made from other substances from plants or insects). Honeydew honey is darker in color compared to floral honey.



Honey can also be classified depending on the type of flowers from which the nectar was gathered (ex., rapeseed honey, manuka honey, coriander honey, sunflower honey, etc.). Honey can be extracted by removing pieces of honeycomb, draining the honeycomb, centrifugation, pressing, or melting the honeycomb [54].



Currently, beekeepers name the variety of the honey based on the moment of nectar appearance and the availability of individual nectar sources [55].




3.2. Composition


Honey is a substance characterized by its high concentration of sugars, primarily consisting of glucose (31%) and fructose (38%). Additional examples of disaccharides and trisaccharides encompass maltose, sucrose, isomaltose, gentiobiose, and maltotriose.



The antibacterial effect of honey comes from its high sugar content, low acidity, presence of flavonoids and phenolic acids, and methylglyoxal and defensin-1 from bees [3].



The pronounced effects of manuka honey on planktonic bacteria can be attributed to methylglyoxal [56].



Polyphenolic compounds (phenolic acids and flavonoids), vitamins C and E, enzymes (catalase, peroxidase, superoxide dismutase), and trace elements [2,57] are responsible for the antioxidant activity. Flavonoid content is associated with antioxidant activities in vitro. The phenolic compound content is influenced by several factors, including geographical location, botanical origin, type of phenolic compounds, storage time, and processing method [2].



The high content of polyphenols (quercetin and gallic acid) imparts neuroprotective properties to honey [5].



In nutritional science, honey consumption and its association with the gut microbiome has been studied recently, as it plays a key role in chronic diseases. Polyphenols in honey may enhance the balance changes between pathogenic and beneficial microbial populations in the gut microbiome, providing a beneficial effect [58].



Honey composition depends on floral source, season, and environmental factors [59].




3.3. Beneficial Effects and Pharmacological Properties


Since ancient times, honey has been known to have therapeutic properties and has been included in medical practice relatively recently [6].



Honey exhibits antibacterial characteristics, which contribute to its capacity for wound healing. Maintaining a moist wound condition and the high viscosity of the substance contribute to establishing a protective barrier, thereby preventing the occurrence of infections. The antibacterial action is derived from the enzymatic synthesis of hydrogen peroxide. Nevertheless, one alternative type of honey, known as peroxide-free honey, exhibits noteworthy antibacterial properties even without hydrogen peroxide activity (such as manuka honey). The potential mechanism underlying the observed effects could be attributed to the acidic nature of honey, characterized by a low pH and its high sugar content, resulting in elevated osmolarity. These properties collectively contribute to the antimicrobial activity of honey by effectively inhibiting microbial development. The efficacy of therapeutic honey in eradicating antibiotic-resistant bacteria responsible for several life-threatening diseases has been demonstrated in vitro [60]. Honey possesses therapeutic attributes that contribute to wound healing, such as promoting tissue proliferation, enhancing epithelialization, and mitigating scar formation. The utilization of honey does not elicit any allergic reactions [6]. Honey is a good source of natural antioxidants that play an important role in nutrition and health maintenance by combating the harmful effects caused by oxidants (risk of heart disease, cancer, immune system decline, cataracts, and various inflammatory processes) [55].



Honey has been extensively researched for its neuroprotective qualities, making it a notable natural product and functional food. In the realm of honey research, Tualang and thyme honey have exhibited notable attributes in terms of their antioxidant effect, anti-inflammatory properties, and anticholinesterase activity. These characteristics have been associated with the potential to mitigate and control various neurodegenerative ailments, including Alzheimer’s disease [5].



A summary of the beneficial effects of honey can be found in Table 1.




3.4. Effects on the Microbiota


The gut microbiota plays a vital role in human health. Disturbances in the balance of these organisms are linked to intestinal inflammation and the development and progression of numerous conditions, such as colon cancer, irritable bowel syndrome, obesity, and mental health problems. There is currently major interest in manipulating the gut microbiota to a more favorable balance to improve health through diet [64].



Relevant evidence of the effect of honey intake on the human gut microbiota and its relation to the amelioration of various chronic diseases has been presented in recent times [58].



Various animal models were chosen to understand the microbiota. The honeybee was also selected for animal modeling studies, providing a particularly good opportunity to study interactions between host biology and gut microbiota. All community core members are exclusive to this gut system and are important for host metabolism, endocrine signaling, and the immune system, as is known in other animal-microbe symbioses. Like other relatively simple insect model organisms that have been widely used for human disease, bees have homologous or analogous organs: the brain, fat body, oenocytes, gastrointestinal tract, and circulatory system, thus highlighting the bee as a promising subject for human disease modeling, particularly for understanding the role of the microbiome in human health and disease [65].



A study on buckwheat honey investigated the phenolic and carbohydrate composition of eight buckwheat honey samples using high-performance liquid and ion chromatography. Human gut microbes were cultured in a medium supplemented with eight buckwheat honey samples or the same concentration of fructooligosaccharides. Twelve phenolic compounds and four oligosaccharides were identified in most buckwheat honey samples, namely, protocatechuic acid, 4-hydroxybenzoic acid, vanillin, gallic acid, p-coumaric acid, benzoic acid, isoferulic acid, methyl syringate, trans-trans ascorbic acid, cis-trans ascorbic acid, ferulic acid, 4-hydroxybenzaldehyde, ketosis, isomaltose, isomaltotriose, and panose. This study was the first to report the presence of 4-hydroxybenzaldehyde in buckwheat honey. 4-Hydroxybenzaldehyde appears to be a field marker of buckwheat honey. The results indicated that buckwheat honey may benefit human gut health by selectively supporting the growth of indigenous bifidobacteria and restricting pathogenic bacteria in the intestinal tract. Hence, we infer that buckwheat honey may be a natural product that benefits gut health [66].



Most studies only focus on one aspect of anti-inflammatory activity, pathogen inhibition, or changes in gut microbiota [67].



Polyphenols can impede the proliferation and attachment of pathogenic gut microflora, including Alistipes, Helicobacter, and Oscillibacter, known to induce inflammation within the gastrointestinal system. Introducing phenolic compounds through administration has been observed to enhance the prevalence of beneficial species, such as Lactobacillus and Bifidobacterium, within gut microbial communities. Simultaneously, this intervention has been found to reduce the number of pathogenic species, such as Clostridium. The bioavailability and bioaccessibility of polyphenols play a crucial role in determining their favorable bioactivities, as the fast metabolism of many polyphenols occurs upon oral intake. Encapsulation technology has been investigated as a potential solution to address the challenges associated with polyphenols’ solubility, stability, and bioavailability. This technique aims to facilitate the transportation of polyphenols through the gastrointestinal tract and enhance the delivery of phenolic chemicals. Starch demonstrates efficacy as a potential agent for regulating the release of polyphenols within the upper gastrointestinal tract, thereby safeguarding these compounds from reaching the lower regions of the digestive system and modulating the diversity and makeup of the gut microbiota [68].



Starch can influence the release of polyphenols in the digestive tract through several mechanisms. Starch can also physically encase polyphenols, acting as a protective barrier [69]. This limits the immediate release of polyphenols in the stomach and upper digestive tract. In the large intestine, certain starches that escape digestion in the small intestine can be fermented by gut bacteria. This fermentation process can create a more acidic environment in the colon, which may influence the release of polyphenols [70]. Starches may interact with other nutrients in the digestive tract, altering the solubility and absorption of polyphenols. For example, the presence of fats may enhance the absorption of certain polyphenols, and starches can affect how fats are emulsified and digested [71].



Honey polyphenols improve gut inflammation and resistance to oxidative stress by modulating gut microbiota, which is favorable to unraveling host–microbe interactions demonstrated in rats [72]. Ulcerative colitis is a recurrent immune disorder that requires long-term drug treatment. The alternative studied was honey and the effects of various honey constituents in dextran sulfate sodium salt (DSS)-induced colitis in rats. The findings indicate that the administration of honey polyphenols before treatment leads to a notable enhancement in the levels of superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), nitric oxide (NO), and myeloperoxidase (MPO). Additionally, it results in a reduction in colonic apoptosis induced by dextran sulfate sodium (DSS), as well as a decrease in the levels of inflammatory cytokines interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and transforming growth factor-beta 1 (TGF-β1) in the colon. The expression levels of the IL-1β, IL-6, TNF-α, and IFN-γ genes are decreased, while the expression level of the IκB-α gene is increased. Furthermore, it is worth noting that there are comparable alterations in microbial community structure and the preferential enrichment of crucial species seen in both honey and SASP polyphenols. The presence of honey polyphenols resulted in a notable decrease in the abundance of Bacteroides, Corynebacterium, and Proteus species. The study’s findings demonstrate a significant correlation between the regulation of colonic gene expression by honey polyphenols and the presence of important species within the gut microbiota [72,73].



Current research suggests that certain types of honey may reduce the presence of gut infection-causing bacteria, including Salmonella, Escherichia coli, and Clostridiodes difficile, while stimulating the growth of potentially beneficial species such as Lactobacillus and Bifidobacteria [64].



One of the more common functional disorders is constipation, usually accompanied by intestinal dysbiosis. The antimicrobial and bifidogenic effects of compounds in honey have been studied in mice. Constipation was induced with loperamide in mice by altering the gut microbiota. The impact of honey treatment on the microbiota was analyzed using 16S rRNA gene sequencing of fecal material. Honey showed an obvious improvement in fecal water content and alleviated constipation by modulating the microbiota’s microbial composition, indicating that honey could be considered a parameter to evaluate in strategies for constipation therapy [74].




3.5. Secondary Effects


Honey is a health benefit for the body but can also bring unwanted side effects.



Honey consumed for a long period in excess leads to weight gain. Daily sugar intake is recommended to be 10% of total calories, according to WHO recommendations.



Honey can also cause allergies if consumed in excess. Allergies to honey are not common; those susceptible are people allergic to pollen. Although honey allergies are rare, increased intake of foods containing honey as a basic ingredient can cause allergies. A honey allergy is considered to be a contact allergy and is caused by propolis or propolis-enriched honey [75,76].



The sugar content can cause blood sugar levels to rise. As a result, an increased level of glycosylated hemoglobin in the blood (HbA1c) has been observed in people who have been long-term honey consumers. Some studies have demonstrated the anti-diabetic properties of honey. Because honey contains fructose, it can cause diarrhea in sensitive people [77].



Because honey naturally contains bacteria, it can cause food poisoning and the growth of yeast, mold, and pollen or can be secondarily contaminated during processing. Poisoning is manifested by low blood pressure and bradycardia [78].





4. Conclusions


Honey and Cordyceps are two food items that provide potential health benefits and can be included more regularly in an individual’s dietary regimen owing to their documented therapeutic properties in addressing many health ailments. Honey has garnered recognition for its potential to mitigate various health conditions, including colon cancer, irritable bowel syndrome, obesity, and mental health disorders. Cordyceps has garnered growing interest because of its possible advantages, namely about the gut microbiota and its potential implications for illnesses such as type 2 diabetes, obesity, poisonings, and hyperlipidemia. The regulation and manipulation of the gut microbiota have emerged as a focal point in the quest for improved human health. Current research is focused on investigating various approaches to enhance the equilibrium of gut microbiota using dietary interventions, acknowledging the considerable potential for enhancing overall health.




5. Further Developments


Both honey and Cordyceps have ample opportunities to be used in developing functional products. Future research can be dedicated to analyzing the best candidates from the human health point of view, analyzing and selecting the most efficient type of honey for treating different human diseases, including regulating the gut microbiota. On the other hand, the Cordyceps genus is already well known for its effects on the gut microbiota. An interesting proposition for future research would be to study the combined effects of honey and Cordyceps mushrooms on the human body. Such studies would allow for functional products containing honey and Cordyceps to be developed safely and effectively.



Initial data on honey’s multiple applications need to be more, and much remains to be learned, such as how to most effectively combine various extracts. Despite the obvious importance of this topic, our knowledge of the present level of research in this area has surprising gaps. When it comes to antioxidant activity as a biomarker of honey variety, for instance, there do not appear to be any current studies comparable to those conducted by Prof. Dzugan and his team. There is still much to prove about the bioactive qualities of honey because of the need for more recent research into the topic. More research into honey and its prospective applications, especially after it has been fortified with various extracts, would greatly benefit the honey’s functional characteristics [55,79].



A workflow for developing such a product is proposed in Figure 1.



Incorporating plant extracts and medicinal mushrooms into honey has been shown to enhance its nutritional composition substantially. Various plant extracts, like ginseng, echinacea, and turmeric, include a substantial content of vitamins, minerals, and antioxidants, which can potentially increase honey’s nutritional composition [80]. Medicinal mushrooms such as Reishi, Chaga, and Cordyceps provide immune-enhancing and adaptogenic qualities, further enhancing honey’s nutritional composition. The potential synergistic impact resulting from the combination of antioxidants derived from honey, plant extracts, and medicinal mushrooms can potent the fortified honey’s total antioxidant capacity. Antioxidants play a vital role in neutralizing detrimental free radicals and mitigating the effects of oxidative stress, which has been associated with a range of chronic illnesses and the aging process. There is a growing trend among consumers to use healthier options instead of conventional sweeteners actively. Consequently, goods that can provide both palatability and health advantages are expected to garner a wider range of interest.
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Figure 1. A method of obtaining functional products based on honey and Cordyceps. 
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Table 1. Beneficial and therapeutic properties of honey.






Table 1. Beneficial and therapeutic properties of honey.





	
Effect

	
Works that Describe the Effect






	
Antioxidant

	
D’zugan et al., 2018 [55]




	
Gheldof et al., 2002 [57]




	
Stefanis et al., 2023 [1]




	
Zawawi et al., 2021 [2]




	
Antibacterial

	
Kwakman and Zaat, 2012 [3]




	
Eick et al., 2014 [56]




	
Hbibi et al., 2020 [61]




	
Kwakman et al., 2008 [62]




	
Stefanis et al., 2023 [1]




	
Vázquez-Quinones et al., 2018 [63]




	
Mandal and Mandal, 2011 [60]




	
Antiviral

	
Hossain et al., 2020 [4]




	
Neuroprotector

	
Fadzil et al., 2023 [5]




	
Wound healing

	
Al-Waili et al., 2011 [6]
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