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Abstract:

Humulus lupulus L., commonly known as hops, is a plant widely recognized for its use in brewing beer.
This paper explores the phylogenetic origins of hops, its evolution, and the global trends in hop production.
The female inflorescences, or cones, of the hop plant contain biologically active compounds such as
phloroglucinol derivatives, polyphenolic compounds, and essential oils, which contribute to the bitter
flavour, characteristic aroma, and antimicrobial properties of beer. These compounds also exhibit
antioxidant, antimicrobial, antifungal, anti-inflammatory, anti-allergic,and cognitive-enhancing
properties. Notably, xanthohumol, a prenylated flavonoid found in hops, has shown anticancer effects
against various types of cancer. Hops extracts have been used as natural preservatives in food products,
and their application extends to cosmetics and medicine. Overall, hop extracts offer a promising source of
bioactive compounds with potential applications across various industries.
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Introduction:

Humulus lupulus L. belongs to the Cannabaceae family and is a widely grown perennial. The flowers are
commonly known as hops and are mainly used as a key ingredient in brewing beer[1,2]. It has been used
for medicinal and industrial purposes[13]. Phylogenetic analysis has suggested that the hop species
migrated to Europe from its probable origin China and then drifted to North America. There is a
widespread acknowledgment that the evolution of hop lineages from Europe to North America has taken
a million years, likely diverged from their common ancestor Central Asia [9,10]. The hop production
worldwide has seen a positive trend since the 1970s. Recent statistical reports suggest that the top
producing countries of hops are the United States of America, Germany and Ethiopia[14].

H.lupulus is dioecious i.e., it has male and female reproductive organs in separate plants [1]. The bitter
flavor, characteristic hoppy aroma, antimicrobial property against Gram-positive bacterial species such as
Lactobacillus, Streptococcus, Staphylococcus, Micrococcus, Bacillus, and Pediococcus and its antioxidant
activity of the beer is due to the female inflorescences (cones). This is the result of cones having lupulin
glands rich in phloroglucinol derivatives, polyphenolic compounds and essential oils[2,3,5,11]. These
biologically active secondary metabolites also contribute to preserving and extending the shelf life of the
beer[3].
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In addition to its antimicrobial properties, the hop extract can be used as an antifungal agent for bread
making [6] and can be used as a biofungicide against damaging pathogens[4]. It has been identified that
the essential acids found in the resin of hops, humulones (a-acids), and lupulones(fB-acids), contribute to
the antibacterial, antioxidant, and multiple antimicrobial properties of hop extracts [7,11,15].
Experimental results suggested that the hop seed extract showed remarkable antioxidant and antimicrobial
activity highlighting the prospect of hop seeds being utilized in the food and pharma sectors[2]. Studies
suggest that the antioxidant property of hop-leaf extracts varies depending on the concentration of
secondary metabolites[8]. Findings of a study suggested that the prenylated flavonoid derivatives of hop
plants have therapeutic potential in fighting cancer, highlighting its potential as an anti-cancer agent[12].

Properties:

Anticancer

Xanthohumol is the most prevalent prenylated flavonoid in hops. It exhibits anticancer properties [20].
This essential flavonoid is found in the hop plant's female inflorescences [21]. Given its higher
lipophilicity compared to other beer polyphenols, xanthohumol is suggested to have greater bioactivity
[22]. Cancer is a deadly and abnormal disease. Chemopreventive options for the treatment of cancer
encompass a wide range of agents that hinder the inception, development, and advanced stages of
carcinogenesis [22]. Xanthohumol has been proven to prevent both metastasis and carcinogenesis in
several types of cancer [20].

Respiratory System Cancers-

Non-small Cell Lung Cancer-

Lung cancer ranks as the primary cause of global cancer occurrences and mortality [26]. Two main lung
cancer categories are Small and Non-small cell lung cancer [23]. Nonetheless, approximately 85% of lung
cancer patients each year are NSCLC patients. Squamous Cell Carcinoma and Adenocarcinoma are the
two subtypes of NSCLC [23]. According to research studies, Xanthohumol (Xn) has demonstrated anti-
cancer properties against NSCLC adenocarcinoma, specifically A549 cells. The extracellular-signal-
regulated kinase (ERK1/2) pathway is a key signalling pathway involved in the proliferation and
differentiation of cells [20]. Xn interferes with the Ras/Raf/MEK/ERK1/2 pathway, inducing apoptosis
and hence inhibiting cell growth. Furthermore, by suppressing the activity of mitochondrial complex I,
Xn stimulates the overproduction of ROS (reactive oxygen species) ultimately causing death in A549
cells. Further, in vivo studies are necessary to validate these findings and explore any possible therapeutic
implications, even if these results point to possible pathways for Xn's anti-cancer effects in NSCLC. [20].

Hepatocellular Carcinoma-

The third most common cause of cancer-related fatalities worldwide is hepatocellular carcinoma. Around
70% of patients have advanced illness when they first arrive, frequently with concurrent cirrhosis. As a
result, 50—70% of these individuals will survive for five years [24]. Liver transplantation can be an option
but surgery might not be as effective [24]. In pancreatic cells, following Xanthohumol treatment, cell
multiplication is reduced. This occurs when Xn blocks the Notchl signalling pathway, which in turn
causes increased cell death. Notchl is essential for the survival of cancer cells, but XN lowers its levels
as well as those of other proteins that promote cancer cell growth. Additionally, XN also lessens the
activity of the promoter of Notchl, which functions as a switch to activate Notchl. Notchl decrease is
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essential for Xn's action in pancreatic cancer cells, as evidenced by the fact that overexpression of active
Notchl reverses Xanthohumol-induced growth suppression. The results emphasise Xn's potential as a
targeted treatment for pancreatic cancer [25].

Antimicrobial

Hops extracts are weak acids which inhibit the growth of bacteria in dissociated forms. They do not exhibit
any toxic effect on the human body. Proteus mirabilis, Escherichia coli, Yersinia enterocolitica,
Salmonella enteritidis, S. typhimurium, Klebsiella oxytoca Enterobacteriaceae, Enterococci, and
anaerobic bacteria are only a few of the pathogens against which hop essential oil has been demonstrated
to have antibacterial action. Its impact on oral microbiota, both by itself and in conjunction with other
antimicrobials, has, however, only been the subject of a small number of investigations.

The ethanol extract from hop infructescence has been shown to have strong antibacterial activity against
S. aureus (MSSA and MRSA), S. gordonii, S. mutans, S. sobrinus, and S. salivarius. It also shows a
synergistic effect with several conventional antimicrobials.

Hop extracts that include B-acid have demonstrated strong antibacterial action against Gram-positive
bacteria both in vitro and in a practical application for food preservation.

To enhance the safety and shelf life of fresh products, antimicrobial hop extracts can be employed as
natural preservatives in food applications.

According to reports, the growth of bacteria such as Salmonella enteritidis, Bacillus subtilis, Escherichia
coli, and Staphylococcus aureus was hindered by acids from a supercritical CO2 hop extract. This resulted
in an inhibition of the active transport of sugars and amino acids, which in turn caused disruptions to
cellular respiration, bacterial replication, transcription, and translation [17].

Antifungal

Hops have garnered a lot of attention because of its potential use in food and crop protection, either as a
food preservative or as a defence against pest insects and diseases. Hop metabolites or essential oil have
been linked to toxic or repellant properties against a variety of pests, including Drosophila suzukii,
Sitophilus granarius, and Varroa destructor. Studies on hop's antifungal or anti-oomycete properties are
becoming more and more prevalent. It was discovered that cone essential oil was effective against
Zymoseptoria tritici, a wheat disease. Hop extracts have also been shown to effectively suppress the
mycelial growth and spore germination of a variety of diseases, such as Aspergillus species, Penicillium
species, Fusarium species, Botrytis cinerea, and Phytophthora infestans.

Hop cones and their metabolites, which are currently extensively employed in the brewing of beer, are
typically credited with these biological characteristics [18].

In an investigation into the antifungal properties of hop bitter resins and related compounds, we discovered
that Trichophyton spp., a pathogenic fungus that affects humans, as well as other microorganisms, were
inhibited in their growth by humulones (a acids), lupulones (f3 acids), and related compounds with distinct
side chains [19].

Antioxidant

An antioxidant is a compound that slows down or prevents the oxidation of a substance, thereby reducing
oxidative stress[27]. Beer's antioxidant activity is greatly enhanced by phenolic acids and are known to be
potent antioxidants, metal chelators, and free radical scavengers[35]. These are typically categorised into
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enzymatic types (such as superoxide dismutase, glutathione reductase, catalase, peroxidase, etc.) and
nonenzymatic types (such as glutathione, vitamins)[29]. The primary contributors to the antioxidant
benefits include specific chemicals like xanthohumol, isoxanthohumol, and the resin produced by lupulin
glands, which contain bitter acids. Recent studies have uncovered an upregulation of transcription factors
and structural genes within lupulin glands after leaf development, leading to an increase in the levels of
bitter acids and prenylflavonoids in these glands[27].
In one of the researchers, scientists had employed 14 hop genotypes and isolated the essential hop
components (xanthohumol, beta-acids, and alpha-acids) in order to use comparative analysis to assess the
antioxidant activity[31].
Three antioxidant assays—FRAP, ORAC, and ImmunoAssay—were used for a thorough analysis.
e FRAP (ferric reducing antioxidant power) assay: This method is used in the detection of antioxidant
capacity of nutrient supplements or food(ex.hops) containing polyphenols [30].
e ORAC (Oxygen Radical Absorbance Capacity): The antioxidant capacity and reactive oxygen
species(ROS) of a substance is determined[32].
e ImmunoAssay: In a cellular environment that is mimicked, this assay is utilised to evaluate the
antioxidant potential[35].
The results portrayed the antioxidant activity of different hop genotypes varied significantly, and this
variation might be linked to the levels of alpha-acids, beta-acids, and other bioactive compounds present
in each genotype, suggesting that certain genotypes could be more valuable sources of natural antioxidants
for various industries [31]. Based on parameters under a study by(Codina-Torrella et al.), the
BSG(Brewer’s spent grain) and BL(Beer Lees) samples are clearly separated by PCA(Principal
component analysis)analysis. These findings imply that the types of malts and hops used during brewing
have a significant impact on the TPC, antioxidant activity, and individual phenolic content of the various
samples. Incorporating various hop cultivars produces varying antioxidant activity[36].
Cold methanol extraction showed higher reducing activity than hot water extraction for all hop varieties
tested. Saaz hops had the highest activity, while hybrid varieties had lower activity. Methanol extracts had
consistent reducing activity across hop types, with higher polyphenol content but lower anthocyanogen
levels compared to water extracts. Antioxidant activity is closely correlated with polyphenol content in
both extract types.[33].
(Codina-Torrella et al.) examined the antioxidant properties of Brewer’s spent grain (BSG) and brewer’s
spent hops (BSH) extracts, key solid by-products in brewing. Various extraction techniques were assessed,
revealing that using an alkaline solvent (NaOH) at 1.45% concentration and 80°C temperature yielded
optimal results. Higher total polyphenol content (TPC) corresponded with increased antioxidant activity,
as evaluated through TEAC and ORAC methods using ABTS and APPH radicals. Industrial and artisanal
BSG extracts displayed the highest TPC values compared to BSH extracts. Ferulic acid emerged as a
significant polyphenol in BSG extracts, positively correlating with TPC and radical scavenging activity.
Emulsions containing 10% BSG extract exhibited a 97% reduction in oxidation products over 14 days,
while PLA films with 1% BSG extract reduced oxidation by 35%, indicating their potential as antioxidants
in food preservation. In summary, the research underscores the potential of BSG and BSH extracts as
natural antioxidants with promising applications in the food industry.[34].

Anti-inflammatory
Osteoarthritis is a degenerative joint disease characterised by inflammation. This is due to cartilage de-
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gradation caused by ageing, hereditary or by trauma where current treatments offer limited relief and can
have side effects. But scientists were able to detect that Hop extracts contain compounds with known anti-
inflammatory properties, offering a potential natural treatment option for Osteoarthritis[28,68].

Research has shown that liposomes offer a promising avenue for delivering medications to chondrocytes,
the cells composing cartilage. Consequently, investigations were conducted to assess whether hop extract
enclosed within nanoliposomes could serve as a therapeutic agent to reduce inflammation in human
chondrocytes, particularly targeting osteoarthritis or joint inflammation. The study utilised a methanol-
based method to extract hop leaf components, isolating soluble molecules which were subsequently
synthesised alone into nanoliposomes. Different dosages of these formulations were tested on
chondrocytes, revealing that all except the highest doses were safe for the cells. Notably, both the hop
extract and empty nanoliposomes reduced the production of inflammatory compounds, with the
combination within nanoliposomes exhibiting an even stronger effect. This demonstrates that
encapsulating the extract enhances its anti-inflammatory properties, suggesting potential for future
therapies targeting joint inflammation.[28].

In addition, Xanthohumol showed inhibitory effects against a number of viral infections, such as SARS-
CoV-2 and other serious illnesses brought on by alpha- or beta-coronaviruses. It was anticipated that
Xanthohumol could improve clinical progression and prognosis in severely ill COVID-19 patients
requiring mechanical ventilation because of its antiviral and anti-inflammatory properties[45].

These findings highlight the therapeutic potential of hop-derived compounds in both joint inflammation
and viral infections.

Anti-allergic

Research suggesting anti-allergic effects of Humulus lupulus are quite limited, more studies are needed to
establish a conclusive understanding of hops' role in allergy management. Hops contain various
compounds, such as polyphenols and flavonoids, which possess antioxidant and anti-inflammatory
properties. These properties may contribute to potential anti-allergic effects. Allergies often involve an
inflammatory response, and substances with anti-inflammatory properties could potentially help alleviate
symptoms.

Several studies have explored the potential anti-allergic properties of hops extract, revealing inhibitory
effects on allergic reactions. For instance, compounds within hops have demonstrated the ability to hinder
histamine release, a critical mediator in allergic responses. One study focused on the impact of hop extract
on histamine release from rat peritoneal mast cells and human basophilic KU812 cells. Both hop water
extract (HWE) and the XAD-4 50% methanol fraction of HWE (MFH) showed inhibitory effects on
histamine release from rat mast cells induced by compound 48/80, with concentrations of 100 and 10
ug/ml, respectively. Additionally, the study assessed the effects of hop extracts on antigen-induced nasal
rubbing and sneezing in sensitized BALB/c mice. HWE significantly inhibited nasal rubbing and sneezing
at a dose of 500 mg/kg, and the effects of both extracts were more pronounced with repeated administration
[37].

Another similar study investigated the anti-allergic effect of HWE on human basophilic KU812 cells
induced by calcium ionophore A23187. The 50% methanol-eluted fraction from HWE, known as MFH,
demonstrated a stronger inhibitory effect compared to HWE. MFH contained quercetin glycosides and
kaempferol glycosides, with quercetin glycosides identified as key contributors to the inhibition of
histamine release. In HWE, most quercetin existed in glycoside form, with a content of approximately 200
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ng/g determined through acid hydrolysis. Both HWE and MFH significantly inhibited protein kinase C, a
crucial player in the degranulation of chemical mediators, suggesting their potential to inhibit type-I
allergic reactions [38].

Furthermore, the anti-allergic properties of HWE were explored in another study, evaluating Evans blue
leakage induced by compound 48/80 stimulation in ICR mice and histamine release in ovalbumin (OVA)-
sensitized BALB/c mice. Oral administration of HWE effectively inhibited vascular permeability and
histamine release. Notably, HWE did not impact total or antigen-specific immunoglobulin E (IgE)
production in OVA-sensitized mice. These findings suggest that HWE exerts an anti-allergic effect by
specifically inhibiting the release of chemical mediators from mast cells and basophils [39].

Cognitive

Several studies indicate potential cognitive benefits associated with extracts derived from hops. In a
specific investigation targeting matured hop bitter acids (MHBAS), the study aimed to explore their impact
on mental fatigue, mood states, and human cognition. The findings suggested that individuals consuming
MHBAs at a dosage of 35 mg per day exhibited enhanced verbal memory retrieval in the Verbal Fluency
Test (VFT) and improved inhibition of executive functions in the Stroop test when compared to the
placebo group. Moreover, MHBAS consumption was associated with improvements in mental fatigue and
mood states in comparison to the placebo group [40].

A recent review delves into the current findings regarding the effects and underlying mechanisms of bitter
acids derived from hops, particularly those found in beer. The main bitter components, Iso-a-acids (IAAs),
have been identified to enhance hippocampus-dependent memory and cognitive function associated with
the prefrontal cortex through the activation of dopamine neurotransmission. Another category, Matured
hop bitter acids (MHBAs), characterised by oxidised components with 3-carbonyl moieties originating
from aged hops, has also demonstrated the ability to improve memory functions via mechanisms mediated
by norepinephrine neurotransmission. Notably, both IAAs and MHBAS exhibit effects that are diminished
by vagotomy, indicating that these bitter acids enhance cognitive function through vagus nerve
stimulation. Additionally, supplementation with 1AAs has shown promise in mitigating
neuroinflammation and cognitive impairments in various rodent models of neurodegenerative conditions,
such as Alzheimer’s disease. The review suggests that daily supplementation with hop-derived bitter acids,
for instance, 35 mg/day of MHBAs, could be considered a safe and effective strategy for stimulating the
vagus nerve and thereby enhancing cognitive function[41]. A separate study illustrated that the intake of
Iso-a-acids (IAA), the hop-derived compound responsible for the bitter taste in beer, diminishes microglial
activation and mitigates age-related memory decline in elderly mice. Inflammation within the brain is
linked to several neurological disorders, including dementia, depression, and chronic fatigue. The
consumption of 1AA could potentially aid in the management or even reversal of inflammation-related
conditions such as cognitive deterioration[42].

Methods of isolation and characterization of chemical compounds found in hops:

Traditionally, distillation has been employed to extract essential oils from hops. One approach involved
passing steam through finely ground hops, followed by the extraction of the oil from the condensate using
ether. This distillation process required approximately 4 hours to extract essential oils from a 100g sample
of coarsely ground hops in 3 litres of water. The impact of shortening the duration of the typical steam
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distillation process is being investigated. The steam distilled oils were analysed using gas-liquid
chromatography[3,43].

In 1969, Freiherr Von Horst and Kellner were granted US Patent 3436319 [44] A for their innovation
titled "Thin Layer Steam Distillation of Hop Oil Extract.” This patented process is characterised as
continuous and was designed for the extraction of essential oil from hop preparations. The key highlight
of this method lies in its ability to fully recover hop oil from the steam distillate while concurrently
generating a residual hop extract containing other components of the extract in a substantially unaltered
state[3].

Liquid carbon dioxide (LCO2) has been utilised in hop extraction, with temperature and pressure ranges
reported in 1966 for this process. However, the stability of the resulting extract was found to be
insufficient, undergoing chemical changes during storage. An alternative method introduced in 1977
involved supercritical CO2 extraction at higher temperatures and pressures, yielding a high-quality hop
extract. Variations included extraction below the critical temperature, with added ethanol as a solvent to
LCO2, providing hop extracts free of hard resins and polyphenolic materials. Supercritical fluid extraction,
specifically using CO2, has become the preferred industrial method for producing brewery ingredients,
offering the advantage of being solvent-free. While liquid-liquid and solid—liquid extractions remain
commonly used isolation procedures, solid phase microextraction is applied for characterising aromatic
properties, and solid-phase extraction is employed for the isolation of nonvolatile compounds. Accelerated
solvent extraction is also utilised for bitter acid extraction from hops. Despite the efficiency of supercritical
fluid extraction in obtaining bitter acid extracts for brewing, a drawback is the retention of a group of
biologically active prenylflavonoids (Several studies have focused on prenylflavonoids as potential cancer
preventing compounds) in the plant material under the extraction conditions. A novel method developed
by Mertens and Pascal involves the extraction and dissolution of hop acids, including a-acids, iso-a-acids,
B-acids, and their derivatives in aqueous media. This method forms quaternary ammonium salts of hop
acids with quaternary ammonium compounds, enhancing their solubility in acidic aqueous mediums
compared to the free acid form. This innovative approach not only improves the utilisation of hop acids
but also finds application in the beer brewing process, contributing to enhanced flavour profiles and
bitterness in the final product[3].

Figure 1. Structures of phenolic compounds and bitter acids[67]
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Ultrasonic extraction can also be performed in order to obtain hops extract. One such study reveals that
the extraction process was performed using mixtures of acetone or methanol and water. The hop strobilus
along with extraction mixture is left in an ultrasonic bath at room temperature for 30 min. This was then
subjected to filtration and stored in dark[67].

GC-MS technique has been put forth as a valuable analytical tool to provide precise and accurate
qualitative and quantitative data of various constituents present in a liquid mixture. Beer has been analysed
for various phenolic compounds utilising different detection methods, including coulometric,
electrochemical, and photodiode arrays, as well as ultraviolet-visible spectrophotometry and low-
resolution mass spectrometry. Over two hundred compounds, including essential oils, prenylflavonoids,
and bitter acids commonly categorised as a-acids and B-acids, can be identified and subsequently isolated
through such detection and separation processes. Main components of hop essential oils such as
sesquiterpenes and monoterpenes comprising humulene, caryophyllene, farnesene, bisabolene and
elemene skeletons are commonly determined by the evaluation of the total volatile content by GC—
MS]3,46].

The a-, B-, and iso-a-acids exhibit significant oxidising potential. It is crucial to develop direct preparative
techniques (excluding other hop constituents like polyphenols, lipids, waxes, and polysaccharides) to
isolate fractions of oxidised bitter acids. This is essential not only for their impact on beer properties but
also considering their potential health benefits. The quantitative analysis of matured hop bitter acids
(MHBA), predominantly comprising oxides derived from a-acids, is conducted using a high-performance
liquid chromatography (HPLC) method frequently coupled with atmospheric pressure ionisation tandem
mass spectrometry (APCI-MS-MS) or negative electrospray ionisation mass spectrometry[3,47]. Utilising
a LTQ-Orbitrap high-resolution mass spectrometer, a range of phenolic compounds, including hexosides,
dihexosides, pentosides, and quinic conjugates like feruloyl quinic acid, coumaric acid-O-hexoside,
caffeic acid-O-hexoside, kaempferol-O-hexoside, sinapic acid-O-hexoside, catechin-O-dihexoside, and
apigenin-C-hexosidepentoside, were efficiently identified in beer extracts[3,48].

Techniques like capillary electrophoresis are also employed in determination of bioactive compounds
present in hops extract. The separation is facilitated by a fused silica capillary[67].

The antioxidative activities of the hops extracts are assessed using the 2,2-diphenyl-1-picrylhydrazyl
radical (DPPH) scavenging assay, while the total phenolics are measured through the reduction of
phosphotungstic acid and phosphomolybdic acid[3,49]. Other antioxidant assays used to identify the
activity include the hydrogen peroxide scavenging (HPS) assay, the linoleic acid (LA) assay, oxygen
radical absorbance capacity (ORAC) assay etc[3,50].

Hops extract are also known for their potential antimicrobial activity. They have proven to inhibit the
growth of certain gram positive bacteria. Bioactive compounds present in hops extract such as lupulone,
humulone, isohumulone, and humulinic acid have shown high antimicrobial activity against bacteria like
Bacillus subtilis [3,51]. A recent study reveals that seven flavonoids, including two natural compounds
(a,p-dihydro xanthohumol and 8-prenylnaringenin), exhibited noteworthy activity against both
methicillin-sensitive and resistant strains of Staphylococcus aureus, as well as Staphylococcus
epidermidis[3,52]. The most extensively used techniques to investigate the antibacterial activity of natural
substances and plant extracts are diffusion methods which are based on the use of discs or holes as
reservoirs containing solutions of substances to be examined according to Brantner and Grein[3,53].
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Conclusion:

Based on the paper's discussion of hop extracts' characteristics, it can be said that there may be a wide
range of uses for them in different industries. Research indicates that hop extracts are a great way to extend
the shelf life of numerous products, including fresh meat, by preventing oxidative and microbiological
deterioration [54,55]. Several papers highlight its importance in food preservation industries [16,58,].
Their application in the bread-making industry and its long-term stability is attributed to its antifungal
activity [6]. Due to its antifungal properties, hop extract is utilised in hair cosmetic products as well. It
makes hair less brittle, enriches it, makes it stronger, and stops hair loss [57].When scientists created
shower gels using supercritical CO2 samples from hop cones, the outcomes demonstrated that the
biologically active compounds in the extracts improved the shower gels' ability to moisturise the skin
[56,57]. Studies have reported the application of a-acids and B-acids as potential drugs against bone
diseases such as osteoporosis [65, 66].

Additionally, the tea industry is breeding and testing hops. Due to its decreased bitterness and growing
popularity as medicinal teas with antifungal and anti-inflammatory properties, reduced alpha-acid variants
are popular in the herbal tea industry [59]. The essential oils present in hops have also been researched as
affordable, environmentally beneficial insecticides and repellents [59,60,61].

Additional bioactive substances are being investigated for their potential uses in medicine and health, such
as improving insulin-signalling channels, reducing obesity, minimising the risk of metabolic syndrome
and multiple forms of cancer, alleviation of some menopausal symptoms [59, 62, 63, 64,65].

The paper provides a comprehensive overview of the various properties and applications of hop extracts,
highlighting their potential in multiple industries, including food preservation, cosmetics, and medicine.
The key findings include the antimicrobial, antifungal, antioxidant, anti-inflammatory, anti-allergic, and
cognitive-enhancing properties of hop extracts, particularly focusing on the bioactive compounds such as
xanthohumol, humulones, and lupulones.The antimicrobial properties of hop extracts make them effective
natural preservatives in food products, while their antifungal properties are beneficial in bread making and
hair care products. The antioxidant effects of hop extracts are attributed to compounds like xanthohumol,
which can scavenge reactive oxygen species, potentially aiding in preventing oxidative damage in cells
and tissues. Additionally, the anti-inflammatory properties of hop extracts show promise in managing
conditions like osteoarthritis and neuroinflammation.

Moreover, the paper discusses the cognitive benefits of hop extracts, particularly their potential in
improving memory and cognitive function, as well as their application in managing neurodegenerative
conditions. The anti-allergic effects of hop extracts are also explored, indicating their potential in
alleviating allergic reactions. In conclusion, hop extracts represent a valuable source of bioactive
compounds with diverse applications across various industries.
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