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Biologically active substances
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FEATURES OF THE STRUCTURE OF NATURAL POPULATIONS
HUMULUS LUPULUS L. (REVIEW)

Abstract. The article provides an overview of the structural features of the natural populations of Humulus
lupulus L. in the world and in Kazakhstan. Currently, the use in medicine of natural products, medicines and
biologically active substances of plant origin is increasing. Significant parts of the medicinal raw materials are wild
plants. The need for medicinal plant raw materials (medicinal plants) is not decreasing; the technology of its
procurement and reproduction in natural conditions wants significant perfection. It is known that they have a milder,
more complex effect on the human body and are used in the treatment of many chronic diseases. The growing
anthropogenic impact on populations of valuable medicinal plants is decreasing their stocks of raw materials. In this
regard, the study of biological characteristics and the development of scientifically based agricultural techniques for
the cultivation of many medicinal plants are becoming relevant. Humulus lupulus L. (common hop) is a valuable
medicinal plant. They are used as painkillers, sedatives, hypnotics for increased nervous irritability, sleep distur-
bances, neuralgia, vegetovascular dystonia, mild coronary spasms, tachycardia, and in the early stages of hyper-
tension. According to the classification of medicinal plant resources, Humulus lupulus L. is a plant with a wide
range, but with a limited supply of raw materials. In places of growth of Humulus lupulus L. does not form large
thickets [1].

Recently, a comprehensive approach has been applied in the study of natural plant populations, including
ontomorphological and population-ecological studies. This makes it possible to objectively assess the state of the
species in the cenosis and predict its future behavior. In this regard, a comprehensive study of the natural populations
of Humulus lupulus L. is of great relevance.

Hops (Humulus lupulus L.) is an important crop worldwide, known as the main flavor ingredient in beer. A
diversified brewing industry requires a variety of flavors, superior technological properties and sustainable agro-
nomy, which are the center of advanced molecular breeding efforts in hops. Hop breeders have been limited in their
ability to create strains with desirable traits, however, due to unusual and unpredictable inheritance patterns and the
associated non-Mendelian segregation of genetic markers [2].

The use of hops has recently been undergoing a new change, driven by a growing international preference for
more intensely flavored beer, supported by the craft-brewing sector. This movement led to the introduction of much
more hops at various stages of beer production and to an ever-growing search for new flavors. Some hop varieties
have thus received particular attention, including several older typical hops mostly used to date, although an
intensive search for new varieties dubbed "Green Gold" has also taken place. A large number of new exquisite
varieties have been described and are increasingly appreciated in the market. Global hop growing areas have
increased over the past 5 years, although total world beer production has declined over the same period, confirming
the trend of using more hops per liter of beer. In addition, a wide range of pharmacological properties have been
described for hops and its derivatives, namely antioxidant, anti-inflammatory and antitumor properties, which are of
great importance for the pharmaceutical industry. The bioactivity of beer can depend on the use of hops, which can
become an important tool for brewers aiming to develop functional products.

Taken together, the compounds isolated from Humulus lupulus L. have a wide range of biological activity, such
as anti-inflammatory action, antimicrobial action, antioxidant action, antiproliferative effects, cytochrome P450
effects, glucose metabolism effects, hormonal effects, lipid effects and sedative / hypnotic effects.
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Therefore, the purpose of this Chapter is to describe the importance of hops in this new direction of beer
production, market overview of hops, varieties, forms and methods of use, composition, value in bioactivity of beer
and new discoveries in research hops [3].

Key words: Humulus lupulus L., essential oils, phenolic compounds, lupuluin.

Introduction. The generic name of hops "humulus" comes from the Latin word "humus" — land, soil
and indicates that it creeps on the ground. The species name "lupulus" translates as "wolf", indicating that
the plant wraps around the tree like a predator. In ancient times, it was believed that hops is a parasite of
trees and sucks juices from them, from which the trees dry up. However, in fact, the plant uses the trunk
and crown of trees only for support.

Previously, scientists attributed ordinary hops to the family of mulberry (Moraceae). Since 1972,
most systematic botanists, based on embryonic and chemotaxonomic studies, have come to the conclusion
that creeping hop’s and other plants of the hops genus (Humulus) belong to the Cannabaceae family,
which is part of the Urticales order, and consider that hops has more typical features characteristic of the
hemp family.

However, even now, in some publications on botany and pharmacognosy, as well as in popular
scientific literature, hops belong a statement to the mulberry family.

In addition, some botanists believe that four species belong to the genus hops: common hops, heart-
shaped hops-Humulussordifolius, American hops-Humulusamericanus R., climbing hops-Humulus
scandens (Lour.) Merr., which is known as the Japanese hop-Humulus japonicusSieb. et.Zucc. Since the
first three species are very similar to each other and do not have significant distinguishing features from
the climbing hops, most botanists do not consider them separate species, but refer to varieties or races of
this species. Therefore, because of modern Botanical research to the genus hops include two species:
common hops-Humulus lupulus L. and climbing hops-Humulus scandens (Lour.) Merr.

History of hops. Hops were known as a wild plant already during ancient times. Historical findings
allow us to conclude that their origin was in Asia, more precisely in fertile Mesopotamia, the lowlands of
the Caucasus and southern Siberia [4]. Botanically, however, the hop plant is believed to have originated
in China because China is the only country in the world where all three-hop species (H. Lupulus, H.
Japonicus, and H.Yunnanensis) occur naturally [5-7]. Hops have been cultivated since the beginning of
our era. Records showing that hops were used for seasoning and canning beer by Slavic tribes date back to
at least 1500-1000 BC. Other people began using hops for brewing from the 13th century (ad). Until the
12th century (ad), however, hops were probably obtained only by harvesting wild plants [8].

Over time, people discovered the healing effects of hops, which then found its place in folk medicine.
Hops were used, according to the ancient herbarium, to treat various diseases, such as unpleasant foot
odor, liver disease of bitter and aromatic properties. In addition, hops are used in the cosmetic and
pharmaceutical industries, especially for their antimicrobial and antiviral effects. The fact that hops were
originally used and added to beer for its antimicrobial activity as a preservative classifies this plant as a
natural source of compounds with biological action.

An increasing number of pathogenic strains of bacteria (and viruses) resistant to various types of
antimicrobials pose a serious medical problem. Secondary metabolites of hops have been described for
constipation, sleep disorders and for blood purification [9,10]. Records from the 7th and 9th centuries’ ad
show that the earliest predecessors of hop gardens were founded under the monastic administration, where
hops were grown for their medicinal properties along with other herbs [11]. Even at that time, hops
extracts were recognized for their anti-inflammatory and antiseptic effects, as decoctions made from hops
were used to treat poorly healing wounds.

Another example of this treatment is the use of heated hops as a poultice [12] for pneumonia or the
treatment of fever using hops decoctions [13]. Alcohol extracts of hops have also been used in Chinese
medicine to treat pulmonary tuberculosis or acute bacterial dysentery, and have been part of Ayurvedic
procedures [14]. Some recent studies have shown that alcohol extracts from hops have a strong
antispasmodic effect on smooth muscles and are therefore effective in conditions characterized by tension
of visceral smooth muscles, including nervous colitis, nervous dyspepsia, palpitations, nervous or irritable
cough and asthma [15,16].

Phytogeography and botany of hops. Wild hops, which grows in humid areas near rivers, are
widespread in vast areas of Europe, Asia and North America [17].
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Today, cultivated hop production is concentrated in areas with a humid, temperate climate, with most
of the global production coming from the Middle East.

Hop yards are an integral part of the countryside around Europe, North and South America, South
Africa, Australia and New Zealand. Varietal plants are grown, as a rule, on large flat areas with acidic soil.
Currently, the largest hop producers are Germany, the USA, China and the Czech Republic (production in
2014 amounted to 25 338, 38 499, 6 887 and 6 202 tons, respectively) [18].

Some botanists believe that climbing hops come from the Mediterranean region. However, reliable
data that would confirm such an origin are absent in the literature on botany. M. 1. Vavilov attributed hops
to the Mediterranean focus of the origin of cultivated plants, the range of which extends far to the north,
where, obviously, it was first introduced into the culture. V. Linke considers the homeland of hops
Northern and Central Europe. According to L. Venta, the primary geobotanical region of hop distribution
is the fertile valleys and foothills of the Caucasus, as well as the Black Sea coast. Hence, during the
resettlement of the Slavs in the II-V century AD hops spread throughout Europe. As a wild plant, climbing
hops are widely distributed in the forest zone of the temperate climate of Eurasia: it grows throughout
Europe (reaching the Arctic belt), the Caucasus, Western Siberia, Altai, the Far East, and Central Asia.
Wild hops are distributed throughout the forest and forest-steppe zones of Ukraine, where they grow in
humid broad-leaved forests, along the banks of rivers and marshes, in ravines, on the edges, among
shrubs, near roads and fences.

Hops have long been widely cultivated for the needs of the food industry as a technical culture in
many countries, in particular in France, England, the Czech Republic, southern Germany, North-east
China, South Africa, the USA, Argentina, Chile, Brazil, Australia and New Zealand. In Ukraine,
specialized hop cultivation farms are located mainly in the northern regions (more than 60% of all
Ukrainian hoppers).

It grows in river valleys, ravines, shrubbery, forest edges, and is bred in gardens and kitchen gardens.
Found in Tobyl-Esil, Irtysh, Semey, Kokshetau, Aktobe, Western and Eastern small hills, Altai, Tarbagatai,
Dzhungarsky Alatau, ZailiyskyKungei Alatau, Karatal. The general distribution is South Europe, the
Caucasus, Western Siberia, Western Europe, the Mediterranean, Asia Minor, and North America [19].

In the Russian Far East, common hops used to be known only in culture. However, later botanists in
some areas of revealed insignificant thickets of feral and introduced hops. Since ordinary hops are widely
cultivated in many regions of the world, in some places, it becomes an alien and feral species; it is
sometimes quite difficult to establish clear boundaries of its natural range.

When discussing the technological aspects or medical effects of products derived from hops, it
should be noted that these products are obtained only from cones from female plants. Humulus lupulus L.
is a dioecious climbing perennial creeper from the Cannabis family [20], which also includes the genera
Cannabis (hemp) and Celtis (blackberry). The leaves are located on the stem in the opposite way on stems
from seven to 12 cm long and have roughly jagged edges in the shape of a heart. Female flowers (often
bumps) are made up of short green spikelets (called hop cones, seed cones or strobiles) and secrete a fine
yellow resinous powder from structures called lupulin glands. Lupulin glands synthesize resins and
essential oils [21,22], which characterize the bitter taste and aroma of beer, but also stabilize the foam and
the final product [23]. Special vacuoles of the external system of lupulin glands are rich brewing tanks
and pharmacologically important substances, which are often called secondary metabolic products.

Male plants are characterized by small yellow flowers and are important for breeding new varieties!
Otherwise, male plants are removed from hop fields to prevent fertilization of female plants and seed
production [24].

Medicinal raw material. For medical needs use inflorescences hops ordinary, which mistakenly call
soplodiyami-women's "cones" (StrobuliHumulilupuli, or StrobuliLupuli), and glands hops (Glandulae
Lupuli), or lupulin (Lupulinum). Lupulin-glands in the form of a bright yellow coarse-grained powder
called hop flour. Lupulin is derived from the dried cones of the knocking in the city. The finished product
has the form of a heterogeneous coarse-grained adhesive substance of a greenish-yellow color, which
gradually acquires a reddish hue in the air. For the needs of the pharmaceutical industry, the inflorescences
of hops are harvested in mid-August, when they acquire a greenish-yellow color (later they become brow-
nish, dry and after drying, they easily crumble), tear them off with their hands together with the pedicels.
The collected raw materials are quickly dried in the shade in the fresh air, spreading a thin layer on paper
or fabric. It is better to store cones in non-ground form, since they lose activity when crushed [25].
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Ordinary hops and its medicinal raw materials - "hop cones" - are official in Ukraine and Russia, as
well as in Germany, France, Spain, Portugal, Greece, Romania, Mexico, and the United States. Lupulin
entered the Pharmacopoeia of Germany, Portugal, Switzerland, Italy, Austria, Holland, Brazil, and USA.

The inflorescence of the hop plant, Humulus lupulus L., contains unique compounds used primarily
for beer production, but also contain compounds with bioactive properties, with the potential to improve
human health. Hops are bitter soft resins and aromatic oils derived from their lupulin glands are essential
for beer. The third component in lupulin is solid resins, which are undesirable in beer but contain
biologically active polyphenols that have been shown to reduce the risk of disease in humans and animals.
Extracts of hard hop resins are rich in antioxidants and estrogenic prenyl flavonoids and are used today as
food additives, especially to relieve menopausal discomfort. However, the bioavailability of prenylfla-
vonoids depends on their metabolism by the intestinal microbiota. This review focuses on women's use of
prenyl flavonoid-rich hop extracts to alleviate complaints during menopause with the added benefit of
reducing the risk of diseases including metabolic syndrome and cancer. The role of the gut microbiota and
bioavailability of prenyl flavonoids will also be discussed [26].

Biologically active substance. The main biologically active substances that determine the pharma-
cological activity of hop cones are bitterness and polyphenolic compounds, as well as essential oil. These
are the most important compounds of hops; they are of particular importance in pharmaceutical pro-
duction and in scientific and practical medicine. Hop cones contain 0.2-1.8% essential oil, 2-5% poly-
phenolic compounds and 5 to 26% water.

Lupulin contains 1-3% essential oil, about 5% bitterness, 50-70% resinous substances, as well as
waxes, yellow pigment, choline, hypoxanthin, adenine, ceratinic and isopropylacrylic acids, as well as
Humulin (hopein) - alkaloid-like substance with narcotic effect [27].

Bitterness of hops, related to polyketide allforgiving type, are a mixture of acidic and resinous
substances. According to J. Kuroiwe and E. Kukubo (1973), more than 90 chemical compounds were
isolated in the analysis of hop bitterness. According to the international nomenclature, they are called
"common resins". They are soluble in cold methanol and diethyl ether. According to the classification,
there are hard and soft resins. Solid resins are a fraction of common resins insoluble in paraftin hydrocar-
bons, hexane, and petroleum ether with a low boiling point. Soft resins-fraction of General resins, soluble
in paraffin hydrocarbons with low boiling point, consisting of a-and B-acids, a - and B-soft resins.
Uncoated soft resins are a mixture of a-and B-soft resins-oxidation products of a-and f-acids, respectively.
The composition of hop resins is shown in the diagram.

Phenolic compounds contained in plant raw materials are of interest to science and industry, because
their chemical structure causes the manifestation of different physiological activity.

One of the sources of phenolic compounds is common hops-an important technical crop, which is
widely used both in medicine and in the brewing industry. The importance of phenolic compounds of hops
for brewing is their participation in slowing down oxidative processes, thereby increasing the shelf life of
beer. Nevertheless, on the other hand, it is believed that the interaction of some polyphenols with proteins
leads to colloidal turbidity of the drink [28].

Currently, the industry uses mainly hop products (up to 80% of hop raw materials). They are
extremely complex mixtures of chemical compounds, and the technology of production, and, conse-
quently, the composition of individual species is dramatically different. Despite the fact that hops have
been subjected to quite a thorough study, phenolic compounds of hop products from a chemical point of
view have not been studied enough.

Among the phenolic compounds contained in hop raw materials, the Central place is occupied by
prenylated chalcons, which exhibit high antitumor, antioxidant, phytoestragenic, anti-inflammatory and
antiviral activity. Many laboratories around the world are developing methods for isolating these com-
pounds. However, due to the multicomponency and complexity of the composition of hop products, the
existing schemes do not allow obtaining compounds of a high degree of purity, and are quite complex in
hardware design. Therefore, a promising direction is the development of schemes for the isolation of
prenylated chalcons, devoid of these shortcomings, and the actual task is to study the chemical
composition of phenolic compounds of hop products [29].

The cultivation of hops for this purpose has been traced back to Germany, 736 ad. for hops, despite
its long successful history of domestication, modern breeding practice is fraught with a number of
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problems. For example, although hops are usually cultivated vegetatively using rhizomes, sexual crosses
are necessary to breed new disease-resistant and chemically desirable varieties. The long history of
cultivation includes colchicine-induced polyploidization and introgression of genetically distinct wild
populations. Recent genetic, genomic, and quantitative character analyses have shown that the hop
genome is complex and structurally diverse. Violations in the genetics of hop transmission are reflected in
the non-Mendelian distortion of segregation and displacement of the ratio [30].

Hops (Humulus lupulus, Cannabinaceae) - is a source of a number of biologically active compounds,
such as essential oils, bitterness and flavonoids. One of the most interesting from a pharmacological point
of view are the flavonoids of hops, represented by flavonol glycosides and prenylated flavonoids [31].
While flavonol glycosides are ubiquitous in green plants, the prevalence of prenylated flavonoids is
limited to a small number of species, primarily the order urticaceae, the mulberry Mogaseae family, and
the hemp Cannabinaceae (the latter family includes the hop plant). Hops are almost the only significant
source of prenylated flavonoids such as xanthohumol and isoxanthohumol.

Interest in natural flavonoids is associated with their pronounced antioxidant properties, a number of
types of flavonoids have anti-allergic, anti-inflammatory, antiviral, antibacterial properties and other types
of biological activity. In addition, xanthohumol and isoxanthohumol of hops exhibit antiproliferative and
anticancerogenic properties [32]. According to experimental data of many scientists, the presence of
isoprenoid chains leads to various modifications of biological activity, which is mainly associated with a
pronounced affinity with biological membranes and more pronounced interactions with proteins.

Hops are part of a number of well-known drugs and many registered dietary supplements (BAA) to
food.

Humulus lupulus - it is a specialized crop with potential for new uses beyond its most common use in
the brewing industry. As a medicinal plant already used in the food industry, hops are a compelling
candidate for further scientific research, especially biochemical and molecular genetic studies. However,
since hops are a niche crop, crop improvement studies should have superior cost-effectiveness [33].

In brewing practice, the use of appropriate hops is important for the production of stable and high-
quality beer. However, batches of hops of the same variety cultivated in different geographical regions can
exhibit significant biochemical differences, leading to specific taste and aroma characteristics of the beer.
Genetic studies illustrate the complementarity of genetic and biochemical fingerprinting methods for the
complete characterization of hop batches. Using genotyping by sequencing (GBS), a set of 1,830 poly-
morphic single nucleotide polymorphism markers (SNP) yields 48 unique genetic imprints for a collection
of 56 commercial hop varieties. Three groups of varieties consisting of somaclonal variants could not be
further differentiated using this set of markers. Biochemical marker information provides additional value
for the characteristics of hop samples of this variety grown in different geographical locations [34].

Humulus lupulus L. (Cannabaceae), commonly called hops, is widely grown worldwide for its use in
the brewing industry. Its female inflorescences (hops) are especially prized by brewers because they
produce some secondary metabolites that give the beer bitterness, flavor and antiseptic properties. These
metabolites exhibit numerous biological activities, including antimicrobial, sedative, and estrogenic
properties. This review presents a list of chemical properties of hops with an emphasis on secondary
metabolites and their biological activity. These compounds, of biological interest, are mainly formed in
female inflorescences, while other parts of the plant synthesize them only in small quantities [35].

Hops ordinary (Humulus Lupulus L.) - root herbaceous plant. The length of the stem of hops 3-5 m,
sometimes more, has a faceted, sloping, on the hair with low-rounded spines. The bottom of the leaves is a
heart-shaped opening, at the edges-toothed, mouth. Leaf satellites of Lancet. The flowers of the males are
collected on the tips of the stem and branches as tassels. Females are located in the saddle, on the upper
leaf scaffolds. The nut is round. In June — July bloom, fruits ripen in July-August. In medicine, the use
melnichnye bottles. Vitamin C is found in the leaves. On the Kazakh land, it is found in the Northern part
of the West Kazakhstan region, along Tobolsk, Irtysh, Ishim, Mugalzhar, Aktobe,Kokshetau [36].

Summing up, undoubtedly, due to the increased anthropogenic impact on the environment, as well as
the weakening of the adaptation of nature, there is a need for actions to ensure the restoration of natural
resources now.

In addition, the best knowledge can be used in the hope of breeding programs that allow the targeted
enrichment of new varieties in the right compounds.

Given the key role of hops, there is great scientific interest in the use of hops extract to create for the
taste of beer and study the molecular and biochemical basis of hops.
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In world practice, the use of natural products, medicines and biologically active substances of plant
origin in medicine is currently increasing. Significant parts of the medicinal raw materials are wild plants.
The need for medicinal plant raw materials (medicinal plants) is not reduced; the technology of its
preparation and reproduction in natural conditions requires significant perfection.

A. K. EnnioBa, 3. A. HuenoBa
On-Papadbuarsinaarsl Kazak yiarTeikyHnBepeureti, Anmarsl, Kazakcran

TABUTY NONYJIALOUAIAP KYPBLUIBIMBIHBIH EPEKIINEJIKTEPI
HUMULUS LUPULUS L. (ILIOJIY)

AnHotanusi. Makanana anemzeri xone Kaszakcrauparst Humulus lupulus L. TaOuru momynsuusiap Kypbl-
JIBIMBIHBIH €peKIIeniKTepi kepcerinreH. Kasipri yakpiTTa MeAMIMHAAA TAOUFH OHIMIEPI, [0pi-IopMEKTep/Ii KOHE
oCIMJIIK TeKTeC OHONOTHMsIIBIK OeJceHal 3arTapibl NaijantaHy yiraiein kesemdi. JKabaitbl ecimuiktep Iopiitik
HIMKI3aTThIH enieyii Oemirid Kypanapl. Jopiiik eciMaiK HIMKi3aThiHA (IOPLTIK OCiMIIKTepre) KaKETTUTK a3aiiManiibl,
OHBI JIalibIHAY JKOHE TaOWFM JKarjaiyiapia KalTa eHAIPY TEeXHOJOTHSCHl alTapibIKTal JKETUIMIPYAl KaXKeT eTe[l.
Onap amam ar3achblHa KELICHl ocep eTelll )KOHE KOINTereH CO3bUIMAIbI aypyJap/bl eMeyie KOJIAaHbuIaabl. AHTPO-
MOTEH/IIK 9CEeP/IiH apThill OTBIPYHI CajJapblHAHOAFAIbI TOPLTIK OCIMAIKTEp MOMYJISALUSICHIHAAFBI IIMKI3aT KOPJIapblH
azasiyibl. OchiFaH OaiaHbICThI OHOIOTHSIIBIK PEKILIEIIKTEePIl 3ePTTey KOHE KONTereH Jopiik eciMIiKTepai ecipyain
FBUIBIMH HET13[e]ITeH arpOTEeXHUKACHIH d3ipiiey ©3eKTi 0oublin oTbIp. Humulus lupulus L. (koniMri KyJMak) — Oaraisl
Jopiik ecimaik. Onap jKOFapbl JKYHKE KO3IBIPFBILITHIFbL, YHKBIHBIH OY3bUIybl, HEBPAITHUS, BEr€TO-TAaMbIP HCTO-
HUSICBI, KOPOHAPJIBIK TAMBIPIIAP/IbIH alKbIH KOPIHOCHTIH Cia3Maliapbl, TAXHUKAP/Hs KE31HIET], TUIIEPTOHUSIIBIK aypy-
JIbIH epTe CaThbUIapbIHAAFbl aybIPCHIHY Ke3iHJE, CeNaTHBTi, YWBIKTATaThIH JIOpI peTiHAe KoJaaaHbuianbl. Humulus
lupulus L. nopinik eciMaikTep pecypcrapbiH Kikrey OolbiHIIa,Humulus lupulus L. eceTiH xepiep KapacTbIpbl-
nazael [1].

CoOHFBI yaKbITTa, OCIMIIKTEPAIH TAOUFU MOMYJISALUUIAPBIH 3€PTTEYNE, OHTOMOPQOIOTHSIBIK JKOHE MOIMYIIsi-
[USUTBIK-9KOJIOTHSIIBIK 3€PTTEYIEePAl KAMTUTBIH KEIICH I TOCUT KONJAHBUIBIN Keneni. by meHo3marsl TYpAiH Kaii-
KY#HiH OObEKTHBTI Oaraiiayra >koHe OoJalllaKTa OHBIH MiHE3-KYJIKbIH OoJpKayFa MyMKiHIIK Oepeni. OcbiraH Oaitna-
HBICTBI Humulus lupulus L. TaOuFu nomyisuusuiapbiH KeIIeH 11 3epTTey YJIKEH MaHbI3Fa ue.

Kynmak (Humulus lupulus 1L.) ceipagarbl HETI3r oM — HHIPEAUEHT PETiHAe OeNriii, OYKia oleMaeri MaHbI3IbI
MOJICHHET. OpTapalTaH/IbIPbLUIFaH ChIpa KaiiHATy OHEPKACIOl KYJIMAaK aJJbIHFbl KATapIIbl MOJIEKY/IAJIbIK CEIeKIIUSUTBIK
KYII-KITEPOIH OPTajbiFbl OOJBIN TaOBLIATHIH TOMACPIIH, TaMmalla TEXHOJOTHSUIBIK KACHETTEPIIH KOHE TYPAKThI
arpoOHOMHMSIHBIH SPTYPIILIIriH Tanan eteai. Kyimak cenekiponepiepi Kanaran oeiriiepi 6ap mrammuaap xacay Kaoi-
JeTiHe IIeKTeysi OONIpl, ajaima TYKbIM Kyaslay[gblH epeKIle XoHe OomkaHOaraH MOAENbIEpiHe JKOHE TeHEeTHKa-
JIBIK MapKepiiepAiH MeHIeIeBTIK cerperanusachiHa oaanpICThI [2].

CoHFBI yakbITTa KYJIMaK IalifaigaHy KOJeHep Chlpa KallHATy CEKTOPBI KOJIAWTBIH HEFYPIIBIM KAPKBIHABI XOII
MICTEHIIPIJITeH ChIPaHbI XaJbIKAPANIBIK JICHIel/Ie OCi Kele KaTKaH apThIKIIBUIBIK TYIBIPFaH JKaHa e3repicTi bactan
Keinyze. bysl Ko3FanbIc chipa OHIIPICIHIH 9PTYpIIi Ke3eHIepiHIe KYJIMAKThIH KOIl MOJIIEPIH eHII3yre jKoHe YIanbl
ocCiIl OTBIPATHIH JKaHa TalFaMbl i31eyre ajibin keaai. Ockuiaiiina, KyJIMaKThIH Keil0ip copTTapbl — Heri3iHeH Ka3ipri
YaKbITKA JIeiiH Mai1anaHbUIbI KEJIreH eCKi THIITErl copTTap, 0ipak, COHbIH ilmiHae "KachlUl adThiH" J€H aTajiaThliH
’aHa COPTTapIbl KAPKBIHIBI TYPIE 13l€y KYMbICTAapbl epeKile Ha3ap aymapTajbl. TaHuayibl jkaHa COpPTTapAbIH
KOINTEreH CaHbl aHBIKTAIIBIN, CHUIATTAJIFaH JKOHE HapbIKTa KeOipek OaramaHansl. Kynmak ecipymid sxkahaHIbik
aJlaHaapsl COHFBI 5 JKbUIAA YIIFaiIbl, OIpaK ChIpaHbBIH JKaJIbl JJIEMIIK OHMIPICI CON Ke3eHIe KbICKapabl. byt kait
CBIpaHbIH Oip JIUTPiHEe KYJIMAKThIH KO MeJIEePiH naiiianany ypaicin pacraiinsl. bynan 6acka, KyJIMaK jkoHE OHbBIH
TYBIHBUIAPBI YIIiH (HapMaKOJIOTHSUIBIK KACHETTEPIiH KeH CIeKTpi, aram alTkaHnaa, GpapMaleBTHKaIbIK OHEPKICII
YIIIH YJKeH MaHbI3bl 0ap aHTHOKCHIAHTTBHIK, KaObIHYFa KapChl JKOHE ICIKKE KapChl KAacHEeTTepl CHIATTalFaH.
ChlpaHblH OHMOAKTHBTLNN KYJIMaK mNaiiianaHnyra OaiylaHBICTBI OOyl MYMKiH, COHIal-ak oy (DYHKIHMOHAJJIBIK
OHIMIEP/Il d3ipiieyre OarbITTAIFaH ChIpa KAHHATKBIIITAPHI YIIIH MaHBI3/Ibl Kypas 00JTybl MyMKiH.

KaGriHyFa Kapchl opekeT, MUKpPOOKa Kapchl opeKeT, aHTHOKCHIAHTTHI OPEKeT, aHTUIPOIH(epaTuBTi acepiep,
P450 uTOXpOMBIHBIH dcepIiepi, NII0K03a METa0OM3MHIH dcepiiepi, TOPMOHAJIBIBI dCEPIIEP, JIUITHATI dCepiIep KOHE
CeNaTHBTI / THITHOTHKAJIBIK dCEPIIep CUAKTHI OMOIOTHSUIBIK OCIICEHUTIKTIH KEH CIIEKTPIiHE Ue.

COHJIBIKTaH OCBI Tapay[blH MaKcaThl ChIPaHbl OHAIPYAIH OCHI JKaHa OaFbITBIHAAFbl KYJIMaK MOHIH CHUIIATTay,
KYJIMaK HapbIFbIHA, COPTTapFa, (hopManapra jkoHe MaijaiaHy d[icTepiHe, KypaMblHa, ChIpaHbIH OMOOEICeHALTIrHe
KOHE KYJIMaK 3epTTeyJIepiHAeri )KaHa dKaHAIbIKTapFa 0Ny Xkacay 0ol Tabbutam! [3].

Tyiiin ce3nep: Humulus lupulus L.,5dup maiinapsl, GeHOIIBI KOCBUIBICTAD, JIYITYITyHH.
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OCOBEHHOCTHU CTPYKTYPbI IPUPOIHBIX MOMYJIAIIANA Humulus lupulus L. (OB30P)

AnHotanusi. B craree mpencraBieH 0030p OCOOEHHOCTEH CTPYKTYPhl NPHPOXHBIX momymsauuid Humulus
lupulus L. B Mupe u B Kazaxcrane. B HacTosiee BpeMs yBEINYHMBACTCS UCIIOIB30BAaHNE B MEAMIIMHE HATypabHOM
MIPOIYKIIMH, JIEKAPCTB M OMOJIOTHYECKU aKTHBHBIX BEIIECTB PACTUTEIFHOTO MPOHCXOXkKaeHU. CyIIecTBEeHHYIO 4acTh
JIEKAPCTBEHHOTO CHIPhS COCTABIIOT JAWKOPACTYIINE pacTeHus. [1oTpeOHOCTh B JIEKQpPCTBEHHOM PACTHTEIBHOM
CBIpBE (JICKAPCTBEHHBIX PACTCHUAX) HE YMEHBIACTCS, TEXHOJOTHS €T0 3aTOTOBKU M BOCIIPOM3BOJCTBA B MPHPOIHBIX
YCIIOBHSIX JKENIaeT 3HAYUTEIHHOTO COBEpIIEHCTBA. V3BECTHO, YTO OHHM OKA3BIBAIOT 0Ojiee MITKOe, KOMIUIEKCHOE
JIeficTBHe Ha OpPTaHU3M YeJIOBEKa M HCIIONB3YIOTCS MPH JICYCHWH MHOTHUX XPOHHYECKHX 3aboneBanmid. Pacrymiee
AQHTPOIIOTEHHOE BO3ZICWCTBUE Ha MOIMYJIIINU LEHHBIX JIEKAPCTBEHHBIX PACTEHUH COKpAIaeT 3amachkl X CHIPhS. B
CBSI3U C 3THM aKTyaJIbHBIMH CTAHOBSITCS M3Y4YCHHEC OMOJIOTHUECKUX OCOOCHHOCTEH M pa3paboTKa Hay4HO 00OCHO-
BaHHOW arpOTeXHUKH BO3MCIIBIBAHUS MHOTHX JICKAPCTBEHHBIX pacteHuil. Humulus lupulus L. (XMenb OOBIKHO-
BEHHBII) — ILEHHOE JIEKAPCTBEHHOE pacTeHHue. MX HMCroib3yloT Kak OoseyTolsiiolee, CeJaTMBHOE, CHOTBOPHOE
CPEJ/ICTBO TP MOBBIIIEHHOH HEPBHON BO30YIMMOCTH, HapyLIEHUSX CHA, HEBPAITHHU, BET€TOCOCYINCTON JNCTOHUH,
HEpEe3KO BHIPaKEHHBIX ClIa3MaxX KOPOHApHBIX COCYNOB, TAXUKap/AWH, IPH PaHHUX CTaIUiIX TMIEPTOHNYECKOH Ooe3-
Hu. [lo xaccugukamy pecypcoB JIeKapcTBEHHBIX pacTeHnit Humulus lupulus L. — pacTeHue ¢ MIMPOKUM apeasiom,
HO C OrpaHMYEHHBIM 3a1acoM ChIphs. B Mecrax npowmspacranus Humulus lupulus L. He oOpa3yeTt KpymHBIX 3apociei [1].

B mocrmenHee BpeMs B HM3yYEHHH MPUPOAHBIX IMOMYISIMA PACTCHHHA NPUMEHSIETCS KOMIUICKCHBIM IMOIXOM,
BKJIFOYAIOUIMH OHTOMOP()OJIOTHYECKUE M MOMYJSLHOHHO-IKOIOTHUECKHE HMCCIIENOBaHHUs. JTO JaeT BO3MOXKHOCTb
00BEKTHBHO OIEHUTH COCTOSIHAE BHJA B LIEHO3€ M IPOTHO3HMPOBATH €T0 MOBeAeHHE B Oymymem. B cBsi3n ¢ aTuMm,
KOMIUTIEKCHOE M3Y4EeHNE IPUPOIHBIX NOMyisiunuit Humu luslupulus L. nmeeT G0IBIIYI0 aKTYaIbHOCTb.

Xwmenb (Humulus lupulus 1.) siBisieTcs: BOXHOM KYJIBTYPO# BO BCEM MHUpE, U3BECTHON KaK OCHOBHOM BKYCOBOM
MHrpeeHT B nuBe. JuBepcuuIMpOBaHHAs NMHBOBAapEeHHAs IPOMBIIUIEHHOCTh TpeOyeT pa3HOOOpasusi BKYCOB,
IIPEBOCXOAHBIX TEXHOJOTMYECKUX CBOMCTB U YCTOMYMBOM arpOHOMUU, KOTOPBIE SIBISIOTCS LIEHTPOM IIEPEHOBBIX
MOJIEKYJIIPHBIX CEIEKIMOHHBIX yCHani B xMmese. CelleKIMOHephl XMes ObUIM OrpaHHuYeHbl B CBOEH crOCOOHOCTH
co37aBaTh IITaMMBbl C JKEJIaTeJIbHBIMH NPU3HAKaMH, OJHAKO M3-32 HEOOBIYHBIX M HENpEICKa3yeMBbIX MOJeleH
HacJIeJI0BaHUs U CBSI3aHHOM ¢ HUMH HEMEH/ICJIEBCKOH Cerperaluy reHeTHIeCKUX Mapkepos [2].

B mocnennee BpeMs HCIIONB30BAHNE XMETIS MIEPEKMBACT HOBOE M3MEHEHHE, BRI3BAHHOE PACTYIINM Ha MEXKITY-
HapOTHOM YPOBHE INPENNOYTEHHEM Oojiee MHTEHCHBHO apOMAaTH3MPOBAHHOTO ITIHBA, IONICPKUBAEMOTO CEKTOPOM
PEMECIICHHOTO NMMBOBAPEHHA. JTO IBIDKEHHE MPHUBETO K BBEICHUIO TOPA3o OOJNBIIETO KOIHYECTBAa XMEJS Ha pas-
JUYHBIX 3Talax IMPOW3BOJACTBA MHBA M K IMOCTOSHHO PAcTyIIeMy MOWCKY HOBBIX BKycoB. HekoTopeie copra xmeds,
TakuM 00pa3oM, MOTYyYMIId 0c000€ BHIMAHHE, B TOM HYHCIIE€ HECKOJIBKO CTaphIX THIIMYHBIX XMeJei, B OCHOBHOM
UCTIONB3YEMBIX J0 HACTOSIIETO BPEMEHM, XOTS HMHTCHCHBHBIM IOWCK HOBBIX COPTOB, MOJYYHBIIMX Ha3BaHHE
“3eneHoe 30510T0”, TaKke MM MecTO. bosbloe KOIMUecTBO HOBBIX M3BICKAHHBIX COPTOB OBLIO ONMCAHO U BCE
6OHbLLle LHCHUTCA HAa PbIHKE. Fno6aanb1e IJiomai BbIpalliliBaHUA XMEJId YBCIIMYWINCH 3a IMOCJICIHNUC 5 JICT, XOTA
o0lee MUpPOBOE MPOU3BOJICTBO MHBAa COKPATHIIOCH 33 TOT K€ IEPHOJ], YTO MOATBEPXKIAET TEHICHIMIO HCIIOIb30-
BaHMs OOJIBIIEr0 KOJIMYECTBA XMeJsl Ha JIMTP nuBa. Kpome Toro, 1uist XMeist ¥ ero MPOU3BOAHBIX OMUCAH HIMPOKUH
cHexTp (hapMaKOJIOTMUECKUX CBOMCTB, 2 MMEHHO aHTHOKCHIAHTHBIE, NPOTHBOBOCIIAINTEIbHBIE M MPOTUBOOITYXO-
JIEBBIE CBOHCTBA, KOTOPHIE UMEIOT OOJBIOE 3HAYCHHE IS (hapMareBTHIECKONH MPOMBIIUIEHHOCTH. BHOaKTHBHOCTH
MABa MOXKET 3aBHUCETHh OT HCIIONB30BAHUS XMEJIS, KOTOPHIH MOXKET CTaTh BaKHBIM WHCTPYMEHTOM [UIS ITHBOBAPOB,
HAIICTICHHBIX Ha Pa3paboTKy (PYHKIIMOHAIBHBIX MPOAYKTOB.

B3sThie BMecTe, COCOMHEHUS, BbiaeneHuble w3 Humulus lupulus L., 001agaOT MIUPOKHM CIEKTPOM OHOJIO-
THYECKOH aKTHBHOCTH, TAaKMM KaK: IPOTHBOBOCHAIUTEIBHOE NEHCTBHE, MPOTUBOMUKPOOHOE AEHCTBHE, aHTHOKCH-
JMAHTHOE aeicTBre, aHTHIponudepatuBHoe 3G dexTsl, 3hdexTsr nuToxpoma P450, rimroko3a 3¢ dexrsr meTabonmsma,
ropMoHaJIbHbIE 3()(eKThI, TunHuAHbIe 2P dEKTH U ceaTUBHBIE / THITHOTHYECKUE (D (PEKTHI.

H03TOMy J1(S 03310 HaCTOSIIJ.[eﬁ CTaTbU ABJIACTCA OINMMCAHUC 3HAUCHUA XMEJISI B 9TOM HOBOM HaAIIpaBJICHHUU ITPOU3-
BOJICTBA MMKBa, 0030p phIHKA XMEJsl, COPTOB, ()OPM U METOOB MCIIOJIb30BaHMsI, COCTaBa, 3HAUYEHHsI B OMOaKTUBHOCTH
[MBa U HOBBIX OTKPBITHII B HCCeN0BaHUAX xmeud [3].

KaroueBblie cnoBa: Humulus lupulus L., 3¢pupHble Macia, GpeHoNbHbIE COeIMHEHNUS, TYITYIyHH.
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