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Abstract

Humulus lupulus, often referred to as "hop," is a plant member of the
Cannabaceae family. The plant is dioecious in nature and is a
perennial fauna reported for its therapeutic properties. It is used
largely in the pharmaceuticals and food industries including
phytocompounds; breweries. Some of the plant’s metabolites have been studied for
their application in the treatment of metabolic syndrome. Extensive
studies on the plant have established its importance as a product of
biocontrol agent; commercial significance, thereby boosting the economic value of
this plant. The present review provides a compact account of the
plant’s phytocompound profile and the remedial properties of its
global market secondary metabolites. Although this plant can be explored as a
high-profit-generating resource due to increased market demand and
growing market acceptance, challenges faced in the cultivation of
this plant limit its availability as an industrially suitable resource.
This review, therefore, aimed to shed light on the function of hop
secondary metabolites used in therapeutics, hop plant demography,
and the problems associated with the cultivation of hop. Limited
land availability and the expanding population create the need to
develop a cost-effective strategy for cultivating this plant with
enhanced yield.
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1. Introduction

The perennial herb Humulus Iupulus is a member of the order Utrticales and the family
Cannabaceae. The vine is commonly called “hop”. The plant occurs naturally in wild regions that
have a temperate climate. Worldwide, it can be found in North America, Western Asia, and Europe
[1]. It is a vine physiologically, having a stem around 6-9 m long while the leaves have a rough
surface and are attached to the stem by a heart-shaped long petioles that have 3-5 lobes. It is a
dioecious plant species. The dynamics of worldwide trade and the plant's escalating demand have
substantially aided the spread of hop-growing regions [1, 2]. The plant has been used for its
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medicinal properties and has been reported for the same since ancient times [3]. These are mostly
due to the existence of phenolic chemicals produced by the plant that are beneficial in the treatment
of ailments including leprosy, obesity, foot odor, and constipation. The plant is also used as a source
of blood purifying agent [4]. An extract of Humulus species works as a sleep-inducer in combination
with other herbal drugs. Similarly, it acts as a sedative in combination with passion flowers [5].
Along with its effect on the nervous system, the plant also exhibits different medicinally significant
properties including antioxidant, anti-inflammatory, antiplasmodial, antiviral, antiplatelet and
antithrombotic, antifungal, and antibacterial properties [6-13]. Phytochemicals identified and
extracted from hops are reported to have therapeutic efficacy for the management of menopausal
symptoms like fatigue, hot flashes, night sweats, osteoporosis [14], and the treatment of various
types of cancer including glioblastoma, hepatocellular carcinoma, breast, ovarian, pancreatic, colon,
thyroid, melanoma, and leukemia [15-17]. Ongoing studies focus on a detailed investigation of the
metabolites present in the plant and their application in therapeutics, and the use of the leftovers in
other fields, as discussed below.
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Figure 1. Humulus lupulus plant propagated in soil (JIIT campus premises)



Curr. Appl. Sci. Technol. 2024, Vol. 24 (No. 5), e0258585 Singh and Mathur

2. Chemistry of Hops

The flower of the H. lupulus has lupin glands known to produce secondary metabolites of the plant
[18]. Studies of hop phytochemistry have identified substances including proteins, cellulose, lipids,
pectins, waxes, resins, polyphenols, essential oils, and others [19-21]. The three significant
categories of secondary metabolites secreted by the plant are polyphenols, essential oils, and bitter
acids [22].

2.1 Polyphenols

Polyphenols, the largeest group of secondary metabolites produced by plants, are found to be
biologically active [23, 24]. The profile and levels of polyphenols found in the plant depends upon
various factors such as the variety of the hop and the difference in the climatic conditions at the time
of cultivation [12, 24]. Hop polyphenols have been divided into two groups, namely glycosylated
and non-glycosylated polyphenols. Flavonoids fall under the category of non-glycosylated
polyphenols and are further classified into different groups, as shown in (Figure 2). The cones of
the hop have been found to contain about 1000 polyphenolic substances and the cones of dried hop
contains approx. 3 to 8 % polyphenols [25].

Some of the secondary metabolites in the plant and their pharmacological properties are
shown in Table 1. Extensive work related to compounds such as xanthohumol and their mechanisms
in the treatment of cancer were well-studied by Jiang et al. [26].
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Figure 2. Classification of hop polyphenols



Table 1. Therapeutic applications of hop polyphenols

Class Compound Chemical Structure

Use in Therapeutics References

Prenyl flavonoids Xanthohumol oo
P
HO O oH O OH
|

DNA synthesis inhibition, cell cycle arrest and apoptosis [26,27]
induction, cancer (ovarian, leukemia, melanoma, breast,

thyroid, colon, pancreatic) tumor preventive, anti-

inflammatory, antiviral, antiplasmodial, antifungal,

antibacterial properties, cardiovascular diseases

(atherosclerosis, vasculitis, diabetes) antiplatelet activity,

antithrombotic activity, obesity

Flavanols Quercetin

Kampferol

Reduces lipid peroxidation, platelet aggregation, and [28]
capillary permeability; has anti-carcinogenic, anti-
inflammatory, and antiviral properties

Increases the body's antioxidant defense against free [29]
radicals, lowers the risk of chronic diseases including

cancer, and controls apoptosis, angiogenesis, inflammation,

and metastasis

Flavan-3-ols Catechin @:
OH

Epicatechin @[
OH

Human chronic disease prevention and intervention, such [30]
as for inflammatory bowel disease (IBD)

Reduce blood glucose levels in diabetic patients, [31]
antioxidant properties, antiangiogenic

Flavanones Naringin OH

Neurodegenerative diseases (dementia, alzheimer’s, [32,33]
Parkinson’s), neuro genesis, neuro regeneration,
neuroprotection properties, menopause, vasomotor symptoms

*Structures are drawn using ChemDraw.
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2.2 Terpenes

Terpenes are naturally occurring hydrocarbons consisting of five carbon chains known as isoprenes
(CsHg), which are found in all organisms [34]. The hop has been extensively used in the brewing
industry due to the terpenes derived from its cones which comprise 0.5% to 3% of total hop weight.
There are three groups of terpenes in essential oils namely, hydrocarbons (60%-80%), oxygenated
hydrocarbons (20%-40%) and organosulphur compounds (<1%) [11, 18] (Figure 3). The group's
monoterpenes (Cio) myrcene, humulene, and sesquiterpenes are the most commonly reported and
important terpenes. Table 2 shows the therapeutic applications of various terpenes such as
humulene, myrcene, limonene, and other metabolites found in hops.

Terpenes
|
| I |
Hydrocarbons 8XYgenated Organosulphur
ompounds Compounds
Caryophyllene Linalool
Humulene Geraniol Polyfunctional Thiols
Myrcene Limonene Thioesters
Farnesene Terpineol

Figure 3. Classification of hop terpenes
2.3 Bitter acids
The potential of H. lupulus for use in the brewing industry has been explored broadly. The industry

of craft breweries actively incorporates the novel and fresh flavors and aromas of the bitter acids
(both alpha and beta bitter acids). This has increased the demand for new H. lupulus varieties [2].



Table 2. Therapeutic uses of terpenes found in hop

Class Compounds Chemical Structure Use in Therapeutics References
Hydrocarbons Induces apoptosis, inhibits [35]
H . .
Caryophyllene ’>(/\ 3! JL angiogenesis
Hw ’/ AN
s
~ /,ﬁ_«/
Humulene Enhances mucosal integrity [36]
Myrcene Antioxidant, anti-aging, anti- [37]
inflammatory, analgesic, and
antioxidant properties
. =
Farnesene Anti-inflammatory, anti- [38]

allergy properties.
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Table 2. Therapeutic uses of terpenes found in hop (continued)

Class Compounds Chemical Structure Use in Therapeutics References
Oxygenated Compounds Linalool HO Anticancer, neuroprotective, [39]
M antimicrobial, anti-stress
anxiolytic, antidepressant
Geraniol Antioxidant and anti- [40]
J inflammatory properties
Ho™" TN =
Antiviral, anti-inflammatory, [41]
Limonene antinociceptive, antioxidant,
anticancer, antidiabetic,
antihyperalgesic
Antioxidant, anticancer, [42]
Terpineol OH anticonvulsant, anti-ulcer,
antihypertensive, anti-
nociceptive
Organosulfur SARS-CoV-2 Mpro inhibitors [43]
Compounds Thioesters s N
1\
o]
Br :._‘N
0
N
H

*Structures are drawn using ChemDraw.
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The proportions of alpha and beta acids are largely influenced by the variety of hop plants and their
conditions of growth [44]. The alpha acids predominantly contain humulone accounting for 35-70%
of total alpha acids, followed by co-humulone at 20-65% of the total, and ad-humulone which is 10-
15% of the total alpha acids. As for the beta acids, co-lupulone, ad-lupulone, and lupulone constitute
30-55% of total beta acids. Chemical changes of these bitter acids under various conditions of
biosynthesis, isomerization, oxidation, and degradation have been extensively studied [44, 45].
Some researchers have explored the role of bitter acids as aseptic additives in the form of antibiotics
for food preservation [46], and the bitter acids have been applied in other fields apart from the
brewing industry. Some of the other types of applications are depicted in Table 3.

Table 3. Therapeutic uses of bitter acids from hop

Compound Structure Therapeutic Uses References

Humulone | Anti-tumor effects, [46, 47]
anti-inflammatory,
HO OH antioxidants

Bitter acids Antiproliferative [48-52]
activities,

antioxidant,

prevention of

inflammation,

antidepressant and

sedative activities

*Structures are drawn using ChemDraw.

3. Cosmetic Industries

Bioactive ingredients have shown promising effects by enhancing skin-conditioning properties. The
formulations consisting of hop cone extract are helpful in the treatment of oily hair and dandruff
due to its antifungal and antiseborrheic activities. The use of hop extracts decreases the brittleness
of the hairs and helps them give nourishment and shine, thus increasing strength and preventing loss
[53]. Hops have been used in bath lotions in combination with other compounds present in the lotion
[54]. Vogt et al. [53] focused on supercritical CO, extraction techniques for the formulation of
shower gels. The safety of H. lupulus plant extract for use as an herbal foundation for various
cosmetic products was evaluated by the Cosmetic Ingredient Review (CIR) Expert Panel. The panel
evaluated the safety of plant extracts and their uses as an antibacterial and hair conditioners, as well
as the aroma of hop essential oil. Their report concluded that hop extract and oil were safe for use
in cosmetics [55]. Table 4 shows the different parts of the plant that have been explored for cosmetic
use. In facial products, the plant parts are used as calming agents due to their richness in tannins,
which reduce inflammation, thus promoting detoxification [56].
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Table 4. Plant part explored in cosmetics [55]

Plant Part Use in Cosmetics

Whole Plant Antimicrobial agent; fragrance ingredient, hair, and
skin-conditioning agent, skin protectant

Cone Antimicrobial, antiperspirant, hair conditioning
Flower Skin-conditioning agent — miscellaneous
Stem Skin protectant

4. Hop Bine Fibers in Paper Industry

The stems or vines or bines of the hop plant can be used to make excellent strings or bands to bind
grain. Furthermore, paper can be manufactured from these plant parts [57]. Earlier, A. O. Taylor of
England procured a patent for his process of conversion of hop vines into paper, as depicted in
Figure 4 [57]. Also, the fibers obtained through the same process as depicted in Figure 4 could be
used in the preparation of rope. In other words, bines can therefore be used as an inexpensive
alternative source of renewable lignocellulosic biomass. Hop bine is being processed in the Pacific
Northwest at a rate of 85,000 MT annually for the production of paper, making it a main source of
cellulosic fiber. The rise in cultivation area may therefore indicate that it is an important source of
fibre for its use in producing paper and other bio-based products [58]. Recent research has shown
that hop fiber carbohydrate content is high (about 58%), which is similar to the fiber content in other
cellulosic materials along with lignin and can be used as bioenergy feedstocks. Also, hop fibers
morphologically resemble those of hardwood, having a length of 0.85 mm with a width of 16.5 pm.
The potential of hop fiber as a multipurpose agri-material suitable for various industries and the
production of bio-based products have been evaluated in recent research, and it was found that the
flexibility of hop-made paper was e 61% greater than those made from industrial hemp [58].

Stalk or vines are immediately tied up in bundles after
cutting.

Bundles are immersed in water pits or in a running stream,
for blight fermentation to occur ensuring, partial detachment
of filior from pithy and woody portions of the stalk.

Alternatively the stalk may be boiled in an alkaline
solution/ placed in asteum vat/ steam chest and steamed,
until softened to ensure fiber being separated from the pithy
and woody matter, by squeezing the stalk.

Fibers are again steamed and rotted till they become very
fine. Also, fibers are kept wet until it is cleansed from
gummy and resinous matters by the process of repeated
steaming and washing.

The fiber will now be in the condition of halfstuff and fit for
further bleaching thus useful for manufacturing of paper,
pasteboard, etc.

Figure 4. Schematic representation of the process of paper-making
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5. Hops as Biocontrol Agents

Searching for alternatives to conventional pesticides used against crop pathogens is quite difficult
and challenging. The potential of H. lupulus as a controlling agent of pests has been tested as well.
Natural bioactive substances obtained from hop extracts, mainly essential oils, were used as an
alternative and effective control method for fighting against American foulbrood (AFB) and
varroosis diseases caused by Paenibacillus larvae, a flagellated gram-positive bacterium, and
ectoparasitic mite Varroa destructor, respectively [59, 60].

The effects of the secondary metabolites by the plant and their efficiency against
pests/pathogens are depicted in Table 5. The results exhibit hop as a rich source of secondary
metabolites that have the potential to be low-cost and eco-friendly insect pest repellents in diverse
fields. The hop secondary metabolites may find application in the protection of stored foods, or in
the control of certain pests that damage crops. However, more studies need to be performed to screen
the responsible compounds and ascertain their functions against specific pathogens/pests before thay
can be declared as biocontrol agents.

Table 5. Hop as a biocontrol agent against certain pests and pathogens

Secondary Metabolite Name of Acute Toxicity (LCso)/ References
Pest/Pathogen Minimum Bactericidal
Concentration (MBC)
Essential Oils Aedes albopictus 330.855 (uL L™ [61]
Physella acuta 118.653 (uL L™ [61]
Cloeon dipterum L. 219.787 (uL L™ [61]
Residual hydrolats Varroa destructor Victoria (16.1 pL/mL), [62]

Mapuche (30.1 uL/mL),
Spalt (114.3 uL/mL),
Cascade (117.9 uL/mL)

Methanolic /Ethanolic Paenibacillus larvae Cascade (0.69-2.75 mg/kg) [62]
extract Spalt (1.38-5.5 mg/kg)

Victoria (5.5-11 mg/kg)
Essential Oils Rhyzopertha dominica RDsp=0.27 uM cm 2 [61]
(Myroene,/limonens) Sitophilus granarius RDso = 0.89 uM cm™ [61, 63]
Desmethylxanthohumol  Zymoseptoria tritici half-maximal inhibitory [64]
and co-humulone concentration

(0.2and 0.11 gL™)

10
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6. Challenges for Cultivation

Growing hop from seeds is quite challenging due to the dormant nature of seeds and poor
germination rates. Various studies have evaluated physical and chemical methods to increase the
germination efficiency of seeds [65]. Vegetative propagation is the most common method of
cultivation of crops, but recent studies have shown that this method has not been highly successful
in developing healthy, vigorous plants [66]. Pests and pathogens such as spider mites and aphids,
and diseases like Downy mildew [67] and Powdery mildew [68] compromise the production of hop.
In addition to these diseases, viroids such as the hop stunt viroid (HSVd), citrus bark cracking viroid
(CBCVd), and apple fruit crinkle viroid (AFCVd) can negatively impact the hop plant [69]. The
Japanese beetle (Popillia japonica Newman) feeds on the leaves of the plant, decreasing the plant’s
photosynthetic activity [70]. Overall, the cultivation of the plant requires in-depth knowledge and
application of various cultivation practices to develop a well-designed structure, and an
understanding of plant growth and maintenance that includes well-timed pruning and careful hop-
bine training, is also essential [ 70]. Recently, beer was made using a hydroponic system that required
a minimal amount of substrate for roots [71].

7. Global Market

The global annual net worth of the hop plant trade is approximately $500 million (US). The
commercial-scale production of this species and its products span in a broad area that includes North
America, the whole of Europe, East Asia, as well as Australia and New Zealand [2].

The US is the world's largest hop producing country at 39%, followed by Germany at 38%.
China, with 6%, comes in third place, and the Czech Republic in fourth place with 5% [72]. The
rest of the world accounts for almost 4% of hop production (Table 6). Data obtained from Barth
Report [72] (Table 7) states that Europe was the major producer of hop with an area of 31405
hectares in the year 2018. It was followed by the United States with 23255 hectares, and China being
third in the list with 2608 hectares [73]. Table 7 also shows that South Africa had a production area
of 427, followed by Canada with 350 and Argentina with 160 hectares, respectively, while Japan
was at last with a hop production area of 106 hectares.

Table 6. Global hop production share worldwide in 2020 by leading country

S. No. Country Global Hop Production Share
(Percentage)
1 United States 39%
2 Germany 38%
3 China 6%
4 Czech Republic 5%
5 United Kingdom 1%
6 Rest of Europe 7%
7 Rest of the World 4%

* H. lupulus Growers of America Statistical Report 2020, page 23 [72]
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Table 7. Area of hop production worldwide by leading country/region in 2018 in hectares

S. No. Country Production Area (Hectares)
1 European Union 31405
2 United States 23255
3 China 2608
4 Australia 652
5 New Zealand 531
6 South Africa 427
7 Canada 350
8 Argentina 160

*The Barth Report [73]

Table 8 shows the trend in hop acreage worldwide from 1998 to 2019 in hectares [73].
According to Table 8, in 1998, the average hop acreage was 60,000, while in 2008, it was 57,500.
However, there was a downfall in the year 2013. A constant increase in the hop acreage can be seen
in the years from 2013 to 2019 worldwide [74]. The tremendous growth in the hop acreage
worldwide can be attributed to the discovery of various novel metabolic properties of hop, and its
wide use in the brewing industry.

Table 8. Trend in hop acreage worldwide from 1998 to 2019 in hectares

S.No. Year Acreage (Hectares)
1 1998 60111
2 2003 53500
3 2008 57297
4 2013 46246
5 2018 60383
6 2019 61559

*The Barth Report, 2019 /20 [74]

8. Conclusions

Humulus lupulus, a medicinal and commercial plant of high value, is the focus of scientific interest.
The plant is exclusively used in the brewing industries as a flavor enhancer in alcoholic beverages.
However, demographic and environmental variations often restrict the cultivation of this dioecious
plant. The season specific harvesting of cones from the female plant further elevates the economic
demand and market cost of the hop plant. Recent studies have provided a cost effective solution by

12
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cultivating the plant using hydroponic cultivation techniques, which can improve the growth rate.
However, the effect of such techniques on phytochemical composition and morphological properties
needs to be explored. Optimization studies may provide cost-effective solutions that can overcome
problems of the yield consistency of the compounds in the plant extract and their role in
biotherapeutic applications.
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