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Bitter Substances in the Hop Lupulin
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Aim. To investigate the quantity and structure of a-, B-acids and xanthohumol in lupulin grains of different
hop varieties that essentially differ in these biochemical indexes, and also the presence of the substances both
in staminate racemes and in the leaves. Methods. High performance liquid chromatography (HPLC), up-to-
date physical-chemical methods of hop quality indicators’ definition, special and standard in the hop-growing
branch, were applied. Results. It was stated that lupulin of aroma and bitter varieties contains various quantity
of a- and B-acids. Therefore, the ratio of a- to f-acids in aroma hop varieties is above one (1), whereas in
varieties of bitter type this ratio is much lower than one (1). No correlation between the quantity of lupulin
and the contents of a- and B-acids was found. It was noted that the color of lupulin depends upon the quantity
of xanthohumol. Conclusions. The performed tests give evidences on lupulin glands are located on anthers
of staminate racemes and on the leaves as well, though in much less quantity and less educed. It was found
that the quantity and structure of bitter substances in lupulin grains from selection varieties does not depend
upon lupulin content in hop cones, but it is a grading factor. Lupulin from the staminate racemes received from
various plants essentially differs in quantity of a- and B-acids. This fact is of key importance for pair selection.
In petal glands on the leaves of a hop plant bitter substances are represented only by B-acids, mainly lupulone

and adlupulone.
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INTRODUCTION

Because of the presence of approximately 100 bitter
substances, also more than 320 components of essen-
tial oils and 70 substances of polyphenolic compounds
and almost 20 prenylated flavonoids in the hop cones,
this culture plant is an irreplaceable raw material for
the beer production. Furthermore, the hop cones are
widely used in perfume, baking industries and medi-
cine. At the moment more than 100 complex medicines
include the hop or its components. But the main con-
sumer of hop (more than 90 per cent) is the brewery
industry. The unique bitter substances never found in
any other plant, essential oil and polyphenols of hop
provide to beer the typical bitter taste and aroma, cause
purification and foam formation, also increase biologi-
cal and colloidal storability of this beverage [1].

It is known that the bitter substances, essential oil and
prenylflavonoids of hop are synthesized and accumu-
lated in the lupulin glands (peltate trichomes) located
on the inner side of the hop cones’ perulas, and also at
the ovary and cone’s spindle. Lupulin glands are multi-
cellular hairsprings formed from the cells of epidermis.
Peltate trichomes synthesize the biologically active
materials exuded under the cuticle. As long as the pel-
tate glands are greatly filled with bitter substances, es-

sential oil and xanthohumol, lupulin begins to accumu-
late. Depending on the ripeness of cones and weather
conditions they have various forms, are sticky by touch
and become of gold yellow color.

The lupulin glands are also located on the anthers
of staminate racemes,while on leaves they are con-
siderably less in number and are also less developed.
Therefore, quantity and state of lupulin is one of the
important organoleptic indices of the hop cones’ qual-
ity [2].

The brewing value of hop and its products are deter-
mined by the quality properties of the hop variety: the
biochemical composition of bitter substances and essen-
tial oil, harvesting periods, processing technology and
conditions, also standard rates and ways of application to
wort. It is known, the varieties of hop are distinguished
not only by the a-acids content, but also -acids, essential
oil and polyphenols concentration at the rate of 1 g of
a-acids.

Since 1990 many scientists in various countries pay
considerable attention to the exploration of hop’s pre-
nylated flavonoids, which are extremely active biolog-
ically, in particular, anticarcinogenic, phytoestrogen,
antioxidant, antimicrobial and antiviral properties [3,
4]. It is known that hop’s prenylflavonoids include
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more than 20 compounds: xanthohumol, 6-prenylnar-
ingenin, §-prenylnaringenin, 6-geranilnaringenin, dys-
methilxanthohumol, dehydrocycloxanthohumol and
others. As Stevens et al. [4] state, xanthohumol is of

the greatest value, its content composes 80-90 per
cent of the prenylchalcones’ overall mass in the hop.
The presence of xanthohumol in the hop cones is es-
tablished in 1967. However, as this connection was
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in the fraction of hard resins considered undesirable
among the bitter substances in the beer production, it
was not given an adequate consideration and practi-
cally not investigated.

The anticarcinogenic properties of xanthohumol
were reported for the first time in 1998 at the confer-
ence of the American Toxicology Society in Seattle
by researchers from the Oregon University. It is very
efficient during the treatment of the diseases caused
by fungi, staphylococci, streptococci, also the viruses
of herpes and hepatitis. Xanthohumol is also studied
as potential anticarcinogenic agent [5—7]. During the
biological tests it proved to be the most active con-
nection among prenylflavonoids, especially as for the
influence on the cancerous cells in the patients with
cancer of the large intestine, mammary gland, ovaries,
prostate and blood, at the same time no influence on
healthy cells was stated. Stevens and Miranda investi-
gated that xanthohumol suppresses the cancerous cells
of mammary gland 200 times more active in compari-
son to resveratrol contained in red wine [4, 6, 7]. The
anticarcinogenic action of xanthohumol is explained
with its antioxidant properties. This very agent acti-
vates the ferments impeding a tumor growth, also de-
stroys cancerous cells and stunts control metastases
increase [7, 8].

Co-author of this article, M. L. Liashenko, investigat-
ed for the first time a quantity of xanthohumol in vari-
ous domestic varieties of hop, and also its accumulation
in the process of cones’ forming and ripening in the
beginning of 1980s. The xanthohumol concentration
in the hop cones depends on its variety and normally
is from 0.2 per cent to 1.6 per cent. For the domestic
hop varieties Ruslan, Xanta, and Chaklun the quantity
of the agent is within 1.0—1.6 per cent, whereas the
foreign varieties — German Taurus and Czech Agnus —
demonstrate maximally 1.0 per cent.

During wort pitching xanthohumol is converted into
isoxanthohumol. Therefore, the latter considerably ex-
ceeds xanthohumol in the beer. The use in the brewing
of the hop varieties with a-acids carbonic acid extracts
high content, where there is practically no xanthohu-
mol, leads to a decrease of this valuable for the human
organism agent in the beer.

The correlation between the quantity of lupulin glands
on the bracteal perulas of the hop cones and total number
of bitter substances was established earlier [9].

The aim of this research consisted in the study of
the quantity and qualitative composition of a-, f-acids
and xanthohumol into the lupulin of the hop cones for
particular varieties essentially differing by these bio-
chemical qualitative indexes and by their presence in
the staminate racemes and leaves.

MATERIALS AND METHODS

The research was conducted in the certified laborato-
ry of the Hop and Beer Biochemistry Department in the
Institute of Agriculture of Polissia, NAAS of Ukraine
(hereinafter referred to as the Institute).

The contemporary physical-chemical methods of the
hop qualitative estimation, both specially designed and
common for the hop-growing according to DSTU
4099: 2009 Hop.; the sampling rules and the testing
techniques [1, 10], and also mathematical-statistical
methods involving the dispersion and correlation-
regression analyses for the authenticity evaluation
of the obtained results were applied in the current
research.

The hop samples of the aromatic and bitter varieties
grown in the test field of the Institute were analyzed.
The hop samples of each variety were selected in the
industrial dead-ripe stage, not less than from 10 bushes
within the middle canopy of plants, according to the ef-

Table 1. Lupulin Bitter Substances Content in Hop Cones of Both Aroma and Bitter Varieties

Hop Variety
Parameter
Klop 18 | Slovianka | Serebrianka | Zahrava | Promin | Ruslan | Alta | Mahnum

Cohumulone, % 3.3 3.7 4.9 6.1 9.4 11.2 8.5 11.0
Humulone + adhumulone, % 143 12.3 18.5 20.2 27.5 19.6 | 24.8 27.4
a-acids, % 17.6 16.0 234 26.3 36.9 30.8 | 333 38.4
Cohumulone as part of a-acids, % 233 23.1 20.9 23.2 25.5 36.2 25.6 28.6
Colupulone, % 8.9 17.2 10.6 14.1 10.4 13.0 6.1 7.4
Lupulone + adlupulone, % 11.2 20.8 15.4 17.9 9.9 9.4 6.3 8.2
B-acids, % 20.1 38.0 26.0 32.0 20.3 22.4 124 15.6
Colupulone as part of B-acids, % 44.3 453 40.8 43.9 51.2 58.0 48.8 47.4
B-acids:a-acids 1.14 2.38 1.11 1.21 0.55 0.73 | 0.37 0.41
o- i B-acids in total, % 37.7 54.0 49.4 58.4 57.2 53.2 | 45.7 54.0
a-acids ratio to a- and B-acids amo- 46.7 29.6 474 45.2 64.5 57.9 72.9 71.1
unt, %

Xanthohumol, % 1.13 1.88 1.41 1.57 1.72 3.0 0.65 1.16
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fective regulation [10]. The average sample mass for
identification and biochemical studies is equal to at least
1 kg of dry hop. The hop samples were dried to standard
humidity of 9—12 per cent.

Pure hop lupulin was obtained by the screen separa-
tion of the industrially ripe cones’ petal mass through
the 0.25 mm-meshes sieve; while the mixture of pollen
and lupulin was obtained from the staminate racemes.
The content and composition of o -, B-acids and xantho-
humol were determined by the method of high perfor-
mance liquid chromatography [1, 10].

RESULTS AND DISCUSSION

The content and qualitative composition of bitter
substances and xanthohumol in lupulin for both the
aromatic and bitter hop varieties are determined. Lupu-
lin bitter substances and xanthohumol chromatograms
for fine-aroma variety Slovianka, bitter one — Alta and
high xanthohumol bitter-aroma variety Ruslan are rep-
resented in Fig. 1-3.

The basic components of bitter substances are a-
and B-acids. On the chromatograms a-acid are repre-
sented with the summation of cohumulone, humulone
and adhumulone; whereas B-acid — with colupulone,
lupulone and adlupulone. The given chromatograms
prove the fact that the lupulin in the aroma variety
Slovianka demonstrates considerably higher peaks
of B-acids components than the same a-acids com-
pounds, whereas the lupulin in the bitter variety Alta
has more a-acids, on the contrary. Furthermore, on the
chromatogram of the lupulin in the variety Ruslan the
xanthohumol highest peak is observed among the giv-
en chromatograms, together with increased content of
cohumulone in the a-acids compounds and colupu-
lone in B-acids.

A quantity and composition of the lupulin bitter sub-
stances in the hop cones of both aroma and bitter vari-
eties are given in Table 1.

It has been previously established that a a-acids quan-
tity varies from 1 per cent to 18 percent, and B-acids —
from 2 per cent to 12 per cent [1, 2] depending on the
selective variety of hop. This gives evidences on the
fact that the a-acids quantity in the lupulin of the aro-
ma varieties of hop is considerably less (14.3—26.3 per
cent) in comparison with the bitter varieties (30.8—-38.4
per cent), whereas B-acids quantity is more in the lu-
pulin of aroma varieties: 20.1-38.0 per cent, while
12.4-22.4 per cent in the bitter varieties, on the con-
trary. For this very reason the ratio of B-acids quan-
tity to a-acids in the aroma varieties is more than one,
whereas in bitter varieties it is considerably less. The
a-acids portion in the total amount of a- and B-acids
varies within 29.6—-72.9 per cent depending on selec-
tive variety in the investigated lupulin. Thus, it is im-
possible to forecast the a- and B-acids content on the
lupulin quantity. For example, in the variety Aromat
Polissia the cones contained a significant quantity of

lupulin in some years, however, the a-acids content
could be not more than 2 per cent.

The study of a- and B-acids composition showed that
the portion of cohumulone in a-acids and colupulone
in B-acids considerably varies and serves as a grading
factor. Thus, a- and B-acids definite content and quali-
tative composition are one of the basic biochemical in-
dices of both brewing value and hop selective varieties
identification.

For the first time the xanthohumol quantitative con-
tent in the lupulin of different varieties was analyzed by
the method of highly effective liquid chromatography.
It was established that depending on variety its quan-
tity varies from 0.65 per cent in Alta to 3.0 per cent in
Ruslan. Since xanthohumol is rich yellow, its portion in
lupulin varies lupulin color from light-yellow to gold
yellow.

The bitter substances in the pollen and lupulin mix-
ture of the hop staminate racemes were also investigat-
ed. As a result, it was stated that a- and B-acids quan-
tity and their content in various plants differ essentially
(Table 2).

Thus, an a-acids portion in the studied plants varied
from 0.22 per cent to 5.14 per cent, B-acids — from 0.34
per cent to 5.63 per cent, cohumulone portion as a part
of o-acids increased almost twice (22—44 per cent),

Table 2. o- and B-acids Contents in Hop Staminate
Racemes (Pollen and Lupulin Mixture), %

Content, %

Plant Cohumulone | Colupulone

Number | ¢_acids | B-acids as part as part of
of a-acids B-acids

22-52 0.22 0.34 41.0 68.0
A-224 1.18 0.52 34.0 54.0
4-25 2.14 1.28 22.0 32.0
4-26 3.27 2.32 31.0 50.0
A-225 5.14 5.63 34.0 41.0

Table 3. B-acids Content in Lateral Branches Leaves
of Hop

p-acids, B-acids, Content, %
. 1 mg per
Hop Variety 100g of Dry Colunl Lupulone +
Substance olupuione Adlupulone
Klon 18 9.8 21.4 78.6
Slovianka 32.1 28.0 72.0
Zhytran 140.7 26.7 73.3
Zmina 57.3 28.0 72.0
Haydamatskyi 55.0 32.9 67.1
Poliskyi 9.8 21.4 78.6
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and colupulone as part of B-acids was 32 per cent to
68 per cent. Thus, it is necessary to consider the results
of these explorations during the pair selection for the
breeding.

In leaf glands of hop only B-acids were reported;
however, their quantity considerably varied depending
on the selective variety (Table 3).

It results from Table 3 that B-acids quantity greatly
differs in lateral branches leaves of the different hop
varieties. The highest content of B-acids was reported
in the leaves of the aroma variety Zhytran, while the
least — in the varieties Klon 18 and Poliskyi. It should
be noted that the B-acids content is relatively constant
in the leaves with the tangible advantage of lupulone
and adlupulone over colupulone.

CONCLUSIONS

The quantitative content and composition of a-,
B-acids and cohumulone in the lupulin from particular
varieties does not depend on its content in the hop
cones, though it is a grading factor at the same time.
a- and B-acids account for almost half of the lupulin
mass.

The lupulin from the Ruslan variety contains the
highest rate of xanthohumol among all tested samples.

The lupulin in the staminate racemes obtained from
various plants essentially differs in a- and B-acids
content. The rate of cohumulone in the composition of
a-acids and colupulone in B-acids essentially changes
in the separate plants, just as into the hop cones lu-
pulin.

The bitter substances in the hop leaves glands are
represented only with B-acids, moreover lupulone and
adlupulone in essence.

Iipki pe4oBuHM JymyJIiHy XMeJII0
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Meta. BuBunTH KiTbKiCHUI Ta SKICHUH CKIIAJ O-, 3-KHUCIOT
1 KCAaHTOTYMOJNy y IYITyJiHI IIWIIOK COPTIB XMEI0, KN
CYTTEBO PIHUTHCS 32 IIMMU OiOXIMIYHUMH TTOKa3HHKAMHU
SKOCTI Ta IXHBOIO MPHUCYTHICTIO B TUYMHKOBHX CYLBITTSX
i muctkax. Metoau. BukopucraHo BUCOKOe(EKTHBHY pi-
IUHHY XpoMatorpadiro, cydacHi (i3uKo-XiMidHI METOAN BH-
3HA4YEHHs SKICHHUX IMOKa3HHUKIB XMEIO, CIEIiajabHl Ta 3a-
TaJbHONPHHHATI B XMEIIPChKil ramysi. PesyabraTu. BisHa-
YeHO, M0 JYMyJTiH apOMaTHYHHUX 1 TIPKUX COPTIB MICTHTH
Pi3HY KUTBKICTH 0- i B-Kucnot. Tak, criBBigHOIIEHHS - 10O
O-KHCJIOT B apOMATUYHHUX COPTAaX CTAHOBUTH OiNbINE OAM-
HUII, TOAI SK y COPTax TipKOTO THITy BOHO 3HAYHO MEHIIIE.
3aneXHOCTI MiX KUTBKICTIO JyHMyJliHy Ta BMICTOM 0- i [3-
KHCJIOT HE BUSBICHO. BimMiueHo, 110 3a0apBieHHS Ty TyTiHy

BU3HAYAETHCS KIIBKOCTIO KCaHTOrymouny. BucHoBku. 3 mipo-
BEJICHUX JIOCHI/DKEHb BHILIMBAE, IO JIYMYJTIHOBI 3aJI03KU
MPUCYTHI TAKOXK Ha MUJISIKaX THYMHKOBHX CYIIBITh, HA JIUCT-
Kax 1X 3Ha4YHO MCHIIIC i BOHM MCHII pO3BUHCHI. BeTaHOBIE-
HO, 1110 BMICT 1 CKJIaJl TIPKUX PEUOBHH Y JIyIyJIiHI CENEeKIIHHIX
COPTIB HE 3aJICKUTh BiJl HOrO KUTBKOCTI Yy HIMIIKAX XMEITI0,
a € COPTOBOIO O3HAKOMK. JIymylliH y THYMHKOBUX CYIBITTSX,
OJICpKAHUH 3 PI3HUX POCIHH, CYTTEBO PI3HUTHCS 33 KiJIb-
KICTIO Ta SKICHUM CKJIAJIOM 0~ 1 [3-KHCIIOT, III0 M€ BaXKJIUBE
3HAYCHHS y CEJICKIIMHOMY mporeci mpu migdopi map s
CXpelryBaHHS. Y 3aJl03Kax Ha JIMCTKAX XMEIO TIpKi pedo-
BUHU TIPEJICTABICHI JHIIE -KUCIOTAaMH, B OCHOBHOMY, ITy-
ITYJIOHOM 1 aJTYITyJIOHOM.

Ki1rouoBi cioBa: Tipki peqyoBHHH, JTyIMyINliH, KCAHTOT'YMOJI,
0-KHCJIOTH, B-KUCIOTH, TAYMHKOBI CyIBITTSI.
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Henpb. VM3yuyuTh KONMUYECTBEHHBIN U KAYECTBEHHBIH COCTAB
0-, B-KHCIOT ¥ KCAaHTOTYMOJIa B JIYIIYJIMHE IIUIICK COPTOB
XMeJIsl, KOTOPBIA CYIIECTBCHHO OTIMYACTCS IO 3TUM OHO-
XUMHUYECKUM IOKa3aTeNsIM KauecTBa U MX NMPUCYTCTBUIO B
TBIYMHOYHBIX COI[BETUAX W JIUCThsiX. Metoabl. Vcmnomnb3o-
BaHBl BBICOKOA((EKTHBHAS JKUAKOCTHAS XpoMatorpadus,
COBpPEMCHHBIC (DH3UKO-XMMHYCCKUE METOIBI OMpPEACICHUS
KAaueCTBEHHBIX IOKa3aresch XMells, ClelHalbHble U 00Ie-
MIPUHATHIE B XMeJIeBOJUeCKOM oTpaciu. Pesyabrarel. Onpe-
JIEJIEHO, YTO IIYMYJAHMH apOMaTHYEeCKUX M TOPHKUX COPTOB
COICPIKUAT PA3TUIHOE KOIUYECTBO O- M P-kuciot. Tak, co-
OTHOIICHHE [- U O-KHUCIOT B apOMAaTHUECKHAX COPTaxX COC-
TaBJsIeT OOJIBIIE EAWHUIIBI, TOTJA KaK B COPTaX TOPHKOTO
TUTIA OHO 3HAYHUTENHEHO MEHBINE. 3aBHCHMOCTH MEKIY KO-
JUYECTBOM JIYIYJIMHA M CONEp)KaHHEM 0O- M [3-KHUCIIOT He
oOHapykeHo. OTMEUYeHO, YTO IBET JIYIYJINHA OTPEICISIeTCS
KOJTMYECTBOM KCaHTOTyMoina. BeIBoAbI. 13 TIpoBEIeHHBIX
WCCIICIOBAHNHN CIIEAYET, YTO JIYIMyJTUHOBBIC JKEIC3KH IPH-
CYTCTBYIOT TakXXe Ha MBUIbHUKAX THIYMHOYHBIX COI[BETHIA,
Ha JINCTBhSIX WX 3HAYNUTENIFHO MEHBIE, M OHH MEHee pas-
BUTHL. YCTQHOBJIICHO, YTO COJAEP)KAaHHE M COCTaB TOPBKHUX
BEIIIECTB B JIYITyJTMHE CEJIEKIIMOHHBIX COPTOB HE 3aBHCHUT OT
€ro KOJMYECTBA B MIMIIKAX XMEJ, a SBISCTCS COPTOBBIM
MpU3HAKOM. JIyITyTHH B TEIMMHOYHBIX COIBETUSX, MTOTYUCH-
HBIM M3 pa3HbIX PACTEHUH, CYIIECTBEHHO Pa3jIM4aeTcs 10
KOJTMYECTBY M Kau€CTBEHHOMY COCTaBY O- M [3-KHUCJIOT, 4TO
MMEEeT BAXHOE 3HAYCHHE B CEJIEKIIMOHHOM Ipolecce MpH
noadope map JUIs CKpeuruBaHus. B jkene3kax Ha JINCThAX
XMEJIsl TOPbKHE BEIIECTBA MPEACTABICHBI TOJBKO [-KHUCIIO-
TaMH, B OCHOBHOM, JTYITYJIOHOM H aJUTyITyJTIOHOM.

KaroueBnie cjioBa: TOPpbKHUE BEIICCTBA, JIYIIYJIWH, KCaH-
TOTYMOJI, O-KUCJIOTHI, ﬁ-KI/ICJ’IOTLI, TBIYMHOYHBIC COLIBCTH.
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