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Krofta, K. — MikysSka, A.: Beta kyseliny chmele, vyznam a vyuziti. Kvasny Prum. 60, 2014, ¢. 4, s. 96—105

Vyznam a vyuziti beta kyselin chmele, vyznamné slozky chmelovych pryskyfic, se odviji ve tfech rovinach, pivovarskeé, antimikrobialni
a fyziologické. V pivovarstvi je ur€ujici vlastnosti beta kyselin nizké rozpustnost ve vodnych roztocich a schopnost oxidace na rozpust-
néjSi produkty. Oxidace probiha pfi zpracovani a skladovani chmele a v malé mife pfi vyrobé piva. Piva chmelena pre-oxidovanymi beta
kyselinami maji vyraznou senzorickou horkost, hof¢ici vydatnost oxidacnich produktd beta kyselin chmele dosahuje pfiblizné 35-40 %
horkosti iso-alfa kyselin. Byla shromazdéna fada dikazu o biologickych a farmakologickych uc¢incich chmelovych horkych kyselin a spe-
cialné ucincich beta kyselin. Chmelové kyseliny jsou potencialnim zdrojem pro Ié€bu anebo prevenci fady onemocnéni véetné rakoviny,
diabetu, osteopordzy, kardiovaskularnich chorob, zanétlivych procest a metabolickych poruch. Vyznamné jsou antimikrobialni G¢inky
beta kyselin proti fradé rtznych mikroorganismu, které jiz nasly vyuziti v cukrovanictvi, lihovarstvi a chovu hospodarskych zvitat. Tento
prehledovy ¢lanek shrnuje dosavadni poznatky o beta kyselinach chmele jak z hlediska plsobeni v pivovarském procesu, tak z hlediska
jejich bioaktivnich Gcinku.

Krofta, K. — MikysSka, A.: Hop beta acids: Properties, significance and utilization. Kvasny Prum. 60, 2014, No. 4, pp. 96—-105

Hop beta acids, the vital components of hop resins, are important on three levels — brewer, antimicrobial, and physiological. In the brewing
industry, low solubility in aqueous solutions and the ability to oxidation into more soluble products is the defining characteristic of beta acids.
Oxidation occurs in the course of processing and storage of hops and to a small extent also during beer production. Beers hopped by pre-
oxidized beta acids have strong sensory bitterness. The bittering yield of oxidation products of hop beta acids is approximately 35-40% of
the iso-alpha acids’ bitterness intensity. A wide range of evidence of the biological and pharmacological effects of hop bitter acids, especially
the effects of beta acids has been collected. Hop acids are potential sources of treatment or prevention of many diseases, including cancer,
diabetes, osteoporosis, cardiovascular diseases, inflammatory and metabolic disorders. In addition, the antimicrobial effects of beta acids
against different microorganisms are significant and have been utilized in sugar production, distilling and livestock sectors. This paper sum-
marizes the current knowledge about the role beta acids play in the brewing process, and focuses on their bioactive effects.

Krofta, K. — Mikyska, A.: Beta-Hopfenséaure, Bedeutung und Anwendung. Kvasny Prum. 60, 2014, Nr. 4, S. 96-105

Die Bedeutung und Anwendung der Beta — Hopfensauren, die eine bedeutende Hopfenharzen darstellen, erstrecken sich Uber drei Ebe-
nen, Brau-, Antimikrobielle- und Physiologischeebene. In der Brauindustrie stellt die entscheidende Eigenschaft der der Beta — Hopfenséauren
eine niedrige Loéslichkeit in den wéssrigen Losungen und Fahigkeit der Oxidation zu den mehr I6slichen Produkten. Die Oxidation verfolgt
wahrend der Hopfenverarbeitung und Lagerung, in geringem Umfang auch bei der Bierherstellung. Die mit den preoxidierten Beta—Hopfen-
sduren gehopfte Biere wiesen eine signifikante sensorische Bitternis auf, die Bitterergiebigkeit von Oxidationsprodukten der Beta — Hopfen-
saurenerreicht etwa 35—-40% Bitternis der iso-alpha-Sauren. Es wurde eine Reihe von Beweisen Uber biologischen und pharmakologischen
Wirkungen Hopfenbitterséuren und speziell tiber Wirkungen der Beta Sauren zusammengefasst. Die Hopfenséuren sind eine potenzielle
Quelle fir ein Heilverfahren oder Pravention viele Krankenheiten, einschlieBlich Krebs, Diabetes, Osteoporose, Kardiovaskulares-Krankhei-
ten, Entziindungsprozesse und Stoffwechselstérungen. Die antimikrobielle Wirkungen der Beta — Hopfensauren sind bedeutend gegen die
Reihen von verschiedenen Mikroorganismen, die einen Einsatz in der Zuckerindustrie, Spiritusindustrie und Tierhaltung gefunden haben.
Dieser Ubersichtsartikel zusammenfasst vorhandenes Wissen (iber die Beta — Hopfenséuren sowohl aus der Hinsicht auf ihre Wirkung in der

Brauindustrie als auch in Bezug auf ihre bioaktive Wirkungen.

Klicova slova: chmel, beta kyseliny, hulupony, pivo, fyziologické
ucinky, antimikrobidlni Gcinky

1 UvoD

Péstovani chmele (Humulus lupulus L.) ma dlouhou historii. Chmel
jako lécivou rostlinu zmiruje fimsky historik Plinius v 1. stoleti pf. n. I.
a od 8. stoleti byl péstovan zejména v okoli klasterl. Ve stfedovéku
se chmel zacal pouzivat pfi vafeni piva jako konzervacni a horCici
agens. Od té doby je chmel zékladni surovinou pfi vyrobé piva, asi
95 % celosvétové produkce chmele je ur€eno pro pivovarské ucely
(Biendl a Pinzl, 2007), zbytek je z velké ¢asti pouzit pro vyrobu fyto-
medikamentu a pfirodnich potravinovych doplriku.

Z taxonomického hlediska rod Humulus patfi celedi Cannabaceae
z fadu Urticales, ale v roce 2003 byl zahrnut do fadu Rosales (Bre-
mer et al., 2003). Rod Humulus zahrnuje druhy Humulus japonicus
Siebold a Zucc., Humulus yunnanensis Hu, Humulus lupulus L., po-
sledné jmenovany je témér vyhradné péstovan pro pivovarské ucely.

Zralé chmelové hlavky obsahuji fadu sekundarnich metabolitd,
pryskyfice, silice a polyfenolové latky (tab. 1), jejichz empiricky zjis-
téné digestivni, zklidiujici a antiseptické plsobeni bylo vyuzivano
v pfirodni mediciné a popséno v fadé herbarl (Biendl, 2009).

V poslednich 10-15 letech je provadén intenzivni biomedicinsky
vyzkum s cilem zjistit bioaktivni latky v chmelu a objasnit zaklad-
ni molekularni mechanismy, kterymi tyto latky pusobi. Znaéna po-

Keywords: Hops, beta acids, hulupones, beer, physiological
effects, antimicrobial effects

1 INTRODUCTION

Hop (Humulus lupulus L.) growing has a long history. As a me-
dicinal plant, hop was mentioned by the Roman historian Plinius in
the 1st century BC. In the 8th century, it was grown mainly in the
vicinity of monasteries. In the Middle Ages, hop started to be used in
beer brewing as a preservative and bittering agent. Since then hop
has served as the basic raw material in beer production. About 95%
of the world production of hops is produced for brewing purposes
(Biendl and Pinzl, 2007); the rest is largely used for phyto pharma-
ceuticals and natural dietary supplements production.

From the taxonomical viewpoint, the Humulus genus belongs to
the family of Cannabaceae of the Urticales order, but in 2003, it was
included in the Rosales order (Bremer et al., 2003). The Humulus
genus includes species Humulus japonicus Siebold and Zucc., Hu-
mulus yunnanensis Hu, Humulus lupulus L. the latter is almost exclu-
sively grown for brewing purposes.

Mature hop cones contain various secondary metabolites such as
resins, essential oils and polyphenolic compounds (Table 1). Empiri-
cally identified digestive, calming, and antiseptic effects have been
used in natural medicine and described in a number of herbals (Bi-
endl, 2009).
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Tab. 1 Primérné sloZeni susenych chmelovych hlavek* / Table 1
Average composition of hop cones*

Slozka Component Obsah (% hm.) /
Contents (% w/w)

alfa kyseliny alpha acids 2-17

beta kyseliny beta acids 2-10

silice hop oils 0.5-3

polyfenoly polyphenols 3-6

aminokyseliny aminoacids 0.1

popel ash 10

vosky, mastné waxes, fatty acids 1-5

kyseliny

celulosa-lignin cellulose, lignin 40-50

monosacharidy monosacharides 2

pektiny pectines 2

proteiny proteins 15

voda water 8-12

*Beniilez et al. (1997)

zornost je vénovana obsahu specifickych multipotentnich bioaktiv-
nich polyfenolovych latek chmele, jako jsou napfiklad xanthohumol
a 8-prenylnaringenin (Stevens a Page, 2004; Gerhauser, 2005;
Chadwick et al., 20086).

Vyzkum pfindsi rostouci mnozstvi diikaz(i ukazujicich na zajimavé
Ucinky raznych sekundarnich metabolitd chmele na lidské zdravi. Je
zfejmé, ze hotrké kyseliny jsou u€inné na karcinogenni bujeni, kar-
diovaskularni choroby, zanétlivé procesy, diabetes mellitus a nékte-
ré metabolické syndromy (Van Cleemput et al., 2009).

Pfevazna ¢ast publikaci z oblasti poznatk(i o sekundarnich meta-
bolitech chmele je vénovana bud jejich chemismu a pusobeni v pi-
vovarském procesu, nebo jejich bioaktivnim t€inkiim. V tomto ¢lanku
jsme se pokusili o syntézu obou pohledll a shrnuti dosavadnich po-
znatku o beta kyselinach chmele.

2 STRUKTURA A VLASTNOSTI BETA
KYSELIN

Beta kyseliny patfi spole¢né s alfa kyselinami mezi vyznam-
né slozky chmelovych pryskyfic. Poprvé byly izolovany Lermerem
v roce 1863 (Lermer, 1863). Chemicka struktura lupulonu byla navr-
Zena aZ v roce 1925 Woélimerem a korigovana v roce 1949 Verzelem
a Govaertem (Verzele a Govaert, 1949). Rada jejich vlastnosti je
diky strukturnim rozdildm odli$nd od vlastnosti alfa kyselin.

Protoze beta kyseliny neobsahuji terciarni alkoholovou skupinu
v aromatickém jadru, nemohou na rozdil od alfa kyselin pfi chmelo-
varu izomerovat (obr. 7). Pfitomnost dal$iho isoprenylového bo¢niho
fetézce zpUsobuje, ze molekula jako celek ma hydrofobnéjsi cha-
rakter. Beta kyseliny jsou proto ve vodé v porovnani s alfa kyselina-
mi mnohem méné rozpustné. Unikatni struktura je na druhé strané
zdrojem antimikrobidlnich vlastnosti a schopnosti plsobit proti celé
fadé mikroorganism( a dal$ich fyziologickych u¢ink( na organismus
savcu.

Prevazna cast odbornych praci, kieré se zabyvaji strukturni-
mi zménami beta kyselin jak v prib&hu chmelovaru, tak v riznych
modelovych systémech, pochazi z 50. az 70. let minulého stoleti.
Renesanci zajmu o beta kyseliny z pohledu chovani pfi chmelovaru
a jejich pfispévku k horkosti piva Ize zaznamenat az ke konci prv-
ni dekady tohoto stoleti diky némeckym a ¢eskym vyzkumnikdm
(Haseleu et al., 2009a; Krofta, MikySka, 2013b). Pomoci modernich
analytickych a separacnich technik se podafilo ulohu beta kyselin
v procesu vyroby piva hodnovérné objasnit.

Beta kyseliny se ve chmelu nachazi ve smési analogl, z nichz
nejvyznamnéjsi jsou kolupulon, lupulon a adlupulon. Obsah dalSich
analogl, prelupulonu a postlupolunu, je velmi maly. Jednotlivé ana-
logy se strukturné lisi radikalem R na druhém uhliku aromatického
jadra (tab. 2). Beta kyseliny jsou bezbarvé krystalické latky s bodem
tani v intervalu 82 az 97 °C. Jsou velmi malo rozpustné ve vodé,
coz je dano pfitomnosti hydrofobnich postrannich fetézct v mole-
kule. P¥i teploté 100 °C a pH 5,6 je rozpustnost beta kyselin pouze
8,5 mg/l. Rozpustnost alfa kyselin za stejnych podminek je pfiblizné
250 mg/l (Spetsig, 1955). Na rozdil od alfa kyselin, beta kyseliny

In the last 10—-15 years, intensive biomedical research has been
carried out in order to identify bioactive substances in hops and clar-
ify the underlying molecular mechanisms based on which these sub-
stances act. Considerable attention has been paid to the content of
specific multipotent bioactive polyphenolic compounds in hops, such
as xanthohumol and 8-prenylnaringenin (Stevens and Page, 2004;
Gerhauser, 2005; Chadwick et al., 2006).

Recent research provides an increasing amount of evidence point-
ing to interesting effects that the various secondary hop metabolites
have on human health. Bitter acids may be effective in suppress-
ing cancerous growth, cardiovascular diseases, inflammatory pro-
cesses, diabetes mellitus, and certain metabolic syndromes (Van
Cleemput et al., 2009).

Majority of the publications in the field of secondary hop metabo-
lites focus on both their chemistry and effects in the brewing process,
or on their bioactive impact. In this paper we have tried to synthesize
these two perspectives and summarize the up-to-date knowledge
about hops beta acids.

2 STRUCTURE AND PROPERTIES OF THE
BETA ACIDS

Beta and alpha acids are important components of hop resins.
They were first isolated by Lermer in 1863 (Lermer, 1863). The
chemical structure of lupulone was designed by Wéllmer in 1925,
and in 1949, it was corrected by Verzele and Govaert (Verzele and
Govaert, 1949). Due to structural differences, many of their proper-
ties are different from the properties of alpha acids. As beta acids do
not contain tertiary alcohol group in the aromatic nucleus, in contrast
to hop alpha acids, they cannot isomerize (Fig.1). The presence of
another isoprenyl side chain causes the molecule as a whole to have
a more hydrophobic character. Therefore, in comparison with alpha
acids, beta acids are much less soluble in water. On the other hand,
the unique structure is a source of antimicrobial properties, ability to
act against a variety of microorganisms and other physiological ef-
fects on the organisms of mammals.

The bulk of scientific works dealing with structural changes of beta
acids, both during wort boiling and in various model systems, have de-
rived from the 1950s up to 1970s of the last century. Based on German
and Czech researchers” work, renaissance of interest in beta acids
in terms of their behavior during wort boiling and their contribution to
beer bitterness can be recorded up to the end of the first decade of this
century (Haseleu et al. 2009a; Krofta, MikySka 2013b). The role of beta
acids during the process of beer production was reliably verified by the
use of modern analytical and separation techniques.

Beta acids in hops are a mixture of analogues with colupulone, lu-
pulone and adlupulone being the most important ones. The content
of other analogues, prelupulone and postlupolune, is very small. Indi-
vidual analogues are structurally different by radical R on the second
carbon of the aromatic ring (7able 2). Beta acids are colorless crystals
with a melting point in the range of 82-97 ° C. They are very poorly
soluble in water which is caused by the presence of hydrophobic side
chains in the molecule. The solubility of beta acids is only 8.5 mg/l at
the temperature of 100 °C and pH of 5.6. The solubility of alpha acids
under the same conditions is approximately 250 mg/l (Spetsig, 1955).
In contrast to alpha acids, beta acids do not form insoluble lead salts,
do not affect the rotation of polarized light and they absorb UV light
at different wavelengths. For example, the UV absorption maxima of
colupolone in acidic conditions are at wavelengths of 232, 275, and
340 nm and the absorption maxima under alkaline conditions are at
225 and 357 nm. (Verzele and De Keukeleire, 1991).

3 BETA ACIDS AND BEER

In terms of brewing, hop resins are the most important hop compo-
nents. Their transformation products formed during wort boiling are
a source of typical beer bitterness. In addition, they stabilize beer foam
and due to their antiseptic effects, they increase biological stability of
beer (Haas, 1994; Schmalreck, 1975). Transformation products of hop
alpha acids are the main contributors to the overall beer bitterness.
In the course of wort boiling, alpha acids are isomerized to cis-and
trans-iso-alpha-acids (Jaskula, 2008; Jaskula, 2010; Haseleu, 2010).
As a result of structural differences, hop beta acids cannot isomerize.
Substances such as “iso-beta acids” do not exist (Peacock, 1998).

The most important property of beta acids that determines their
behavior during hop processing and storage as well as during beer
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Obr. 1 Struktura alfa a beta kyselin chmele / Fig. 1 Structure of hop
alpha and beta acids

netvofi nerozpustné olovnaté soli, neovliviiuji rotaci polarizovaného
svétla a UV svétlo absorbuji pfi jinych vinovych délkach. Napfiklad
absorpéni UV maxima kolupolonu jsou v kyselém prostfedi pfi 232,
275 a 340 nm a pfi 225, 357 nm v alkalickém prostfedi (Verzele a De
Keukeleire; 1991).

3 BETA KYSELINY A PIVO

Chmelové pryskyfice jsou z pivovarského hlediska nejdllezitéj-
§i slozky chmele. Jejich transformaéni produkty, které se tvofi pfi
chmelovaru, jsou zdrojem typické horkosti piva, stabilizuji pivni pénu
a diky antiseptickym u¢inkim zvySuji biologickou trvanlivost piva
kosti piva patii transformaénim produktiim chmelovych alfa kyselin,
které se pfi chmelovaru izomeruji na pfislusné cis- a trans-iso-alfa-
-kyseliny (Jaskula, 2008; Jaskula, 2010; Haseleu, 2010). V dusledku
strukturni odliSnosti nemohou beta kyseliny pfi chmelovaru izomero-
vat. Latky typu ,iso-beta kyseliny” neexistuji (Peacock, 1998).

Za nejdulezitéjsi vlastnost beta kyselin, ktera urcuje jejich chovani
béhem zpracovani a skladovani chmele i v prlibéhu vyroby piva, Ize
povazovat zna¢nou nestabilitu v pfitomnosti kysliku a sklon k oxi-
daénim reakcim (Laws, 1968; Verzele, 1991). Ve vétSim rozsahu
dochazi k oxidaénim zménam béhem dlouhodobého skladovani
nezpracovanych hlavek. V tabulce 3 jsou uvedeny hodnoty vyjad-
fujici rychlost oxidace beta kyselin chmele vzdusnym kyslikem jako
relativni Ubytek plvodnich beta kyselin chmele v ¢ase (% rel.) po
naneseni beta kyselin chmele na mikronizovanou celul6zu, coz cha-
rakterizuje dynamiku transformace v zavislosti na teploté a reakéni
dobé (Krofta a Mikyska, 2014).

Nejdéle znamymi oxida¢nimi produkty transformace beta kyselin
jsou hulupony (obr. 2) (Spetsig a Steninger, 1960). Na rozdil od ji-
nych latek, byla jejich existence potvrzena i v nedavnych studiich
(Haseleu, 2009a). Hulupony vznikaji ve chmelu béhem dlouhodobé-
ho skladovani a jsou spole¢né s humulinony hlavnimi produkty pfiro-
zeného starnuti chmele za pfistupu vzduchu (Taniguchi et al., 2013).
Data o jejich obsahu ve chmelu se rozchazeji. Spetsig a Steninger
(Spetsig a Steninger, 1956) uvadi, Zze obsah hulupond ve chmelu
muze byt az 3 % hm. Realisti¢téjSi data ohledné obsahu huluponl
ve chmelu do 0,5 % publikoval Stevens (Stevens a Wright, 1961).

Oxidacni produkty beta kyselin ve starSich chmelech do zna¢né
miry kompenzuiji pfi chmelovaru pokles horkosti piva dany ubytkem
alfa kyselin (Whitear, 1966; Aitken et al., 1970). V literatufe jsou zmi-
fovany i dalsi oxidaéni produkty beta kyselin, jako napfiklad luputrio-
ny, lupoxy, lupdoxy (Kokubo et al., 1971), lupdoly, lupdepy (Kowaka
et al.,1973). Tyto derivaty vznikaji cyklizaci a epoxidaci bo¢nich izo-
pentenylovych Fetézcu pfi zachovani pavodniho Sesti¢lenného aro-
matického kruhu. Lupoxy udajné dosahuji 50 % hofkosti isohumu-
lond (Kowaka a Kokubo, 1977). Existence téchto latek vSak nebyla
v dalSich nezavislych studiich potvrzena.

Protoze beta kyseliny z hlediska horkosti piva maji omezeny vy-
znam, byly v minulosti ¢inény nékteré pokusy transformovat tyto lat-
ky na hotké derivaty vyuzitelné pfi vyrobé piva (Seaton et al., 1985).
Oxidace beta kyselin na hulupony byla pfedmétem nékolika patentd,
pramyslové realizace se v§ak doposud neuskutecnily. Technologic-
ké postupy jsou zaloZeny na oxidaci beta kyselin kyslikem v alka-
lickém prostredi. Jeden z procesl (Hirsch a Hartl, 1976) vyuziva
k oxidaci pfitomnost fotosenzitivnich barviv. Pribéh reakce, vedené
pfi teplotach 20 °C az 60 °C, je kontrolovan na zakladé poklesu pH
a objemu absorbovaného kysliku. Konverze beta kyselin na hulupo-
ny je pfiblizné 50%.

production is the significant instability in the presence of oxygen and
the succeptibility to oxidation reactions (Laws, 1968; Verzele, 1991).
During long-term storage of unprocessed cones, a wide range of
oxidative changes occurs. Table 3 shows the representative values
of hop beta acids oxidation rates by atmospheric oxygen expressed
as a relative loss of the original hop beta acids in time (% rel.) after
depositing hop beta acids on a micronized cellulose, which charac-
terizes the dynamics of the transformation, depending on the tem-
perature and reaction time (Krofta and Miky$ka, 2014).

The longest time known oxidation products of beta acids transfor-
mation are hulupons (Spetsig and Steninger, 1960) (Fig. 2). In contrast
to other materials, their presence was also confirmed in recent stud-
ies (Haseleu, 2009a). Hulupons are formed in hops during long-term
storage and together with humulinons they are the main products of
natural aging of hops under air conditions (Taniguchi et al., 2013).
Data on their content in hops vary. Spetsig and Steninger (Spetsig
and Steninger, 1956) states that the content of hulupons in hops may
be up to 3% wt. More realistic data about the content of hulupons in
hops, up to 0.5%, were published by Stevens (Stevens, Wright, 1961).

During wort boiling, oxidation products of beta acids in aged hops
largely compensate beer bitterness decrease caused by the loss of
alpha acids in these hops (Whitear, 1966; Aitken et al., 1970). Other
oxidation products of beta acids such as luputrions, lupoxes, lupdoxes
(Kokubo et al., 1971), lupdols, lupdeps (Kowaki et al., 1973) are men-
tioned in literature. These derivatives are formed by cyclization and
epoxidation of isopentenyl side chains while maintaining full six-mem-
bered aromatic ring. Lupoxes reportedly reach 50% of the bitterness
of isohumulones (Kowaki and Kokubo, 1977). The existence of these
substances has not been confirmed by other independent studies.

Since beta acids have limited importance in terms of beer bitter-
ness, some attempts to transform these compounds to bitter deriva-
tives usable in the production of beer were made in the past (Seaton
et al., 1985). The oxidation of beta acids to hulupons has been the
subject of several patents, however, industrial implementation of
these patents have not been carried out. Technological procedures
are based on the oxidation of beta acids with oxygen under alkaline
conditions. One of the processes (Hirsch and Hartl, 1976) uses the
presence of photosensitive dyes in oxidization. Progress of the reac-
tion conducted at temperatures from 20 °C to 60 °C is controlled on
the basis of pH decline and the volume of oxygen absorbed. Conver-
sion of beta acids to hulupons is approximately 50%.

Desoxytetrahydrohumulons are formed by catalytic hydrogenation
on palladium of an ethanol solution of beta acids in an acidic me-
dium. The pH value of the solution was changed to alkaline by the
excess of sodium carbonate. After the addition of MgCl,, the reaction
mixture is heated to a temperature between 50-60 °C and bubbled
by oxygen or air. Desoxytetrahydrohumulons converse to tetrahy-
roisohumulons under these conditions. If the reaction gas is oxygen,
the oxidation and isomerization reactions take 30 minutes. The takes
90 minutes if the reaction gas is the air (Cowles et al., 1986). By
using this method, beta acids can be advantageously transformed
and oxidized. Beta acids can be produced as a by-product of the
alkaline separation of alpha acids from the CO, extract in the course
of manufacturing of the isomerized hop products. Hydrogenated iso-
humulons are characterized by distinctive bitterness. Also, they do
not subject to oxidation and are stable in daylight.

Completely new information on the transformation products, beta
acids, during wort boiling has been brought about by the most recent
work, in which modern analytical methods and detection systems
were employed. Using LC-TOF-MS and 1D/2D-NMR of fractionated
hop extracts that have undergone a model wort boiling, Haseleu
et al. (Haseleu et al., 2009a; 2009b) discovered seven previously
unknown degradation products of beta acids with a bitter taste. In
addition to previously known hulupone, the structures of other com-
pounds — two hydroxytricyclolupone epimers, two dehydrotricyclo-
lupone epimers, two hydroperoxytricyclolupone and nortricyclo-
lupone epimers (Fig. 3) — were determined. Cohulupone and the
transformation products summary and structural formulas are dis-
played in Table 4 and Fig. 4.

According to the authors of this study, all newly identified degradation
products showed unpleasant adhering bitterness with sensory thresh-
old in the range of 38 to 90 umol/l. In contrast, hulupones exhibited short
lingering fine bitterness, similar to the one of iso-alpha acids. Of all the
tested compounds hulupons had the lowest threshold of sensory bitter-
ness in the range of 8—15 umol/l. The concentration of the original beta
acids in beer is negligible, 0.05 to 0.17 umol/l (Intelmann et al., 2009).
Interestingly, analogous degradation products are formed during beta
acids metabolism in terms of ,in vitro® liver cells of experimental animals
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Tab. 2 Charakteristika nejdulezitéjSich analogu beta kyselin / Table 2 Characteristics of the most important analogues of beta acids

Analog / Analogue Sumarni vzorec / Suma | Strukturni vzorec R/ Bocni fetézec / Bod tani (°C) / Melting
formula Structural formula R Side chain point
lupulone C,eH360, -CO.CH,.CH(CH,), isovaleryl 91*-92**
colupulone C,sH30, -CO.CH(CH,), isobutyryl 93**-97*
adlupulone Co6H3s0, -CO.CH(CH,).CH,.CH, 2-methylbutyryl 82-83**
prelupulone C,,H,,0, -CO.CH,.CH,.CH(CH,, 4-methylpentyl -
postlupulone C,,H3,0, -CO.CH,.CH, propionyl -

* Verzele, De Keukeleire, 1991.

** Hough et al., 1982.

Tab. 3 Rychlost oxidace beta kyselin chmele na vzduchu po naneseni na inertni nosi¢ — mikronizovana celulosa (% rel.) (Krofta a Mikyska,
2014) / Table 3 Rate of hop beta acids oxidation under open air after application on inert carrier — micronized cellulose (% rel.) (Krofta and

Mikyska, 2014)

Umisténi / Position Teplota / Doba oxidace (hodiny) /Oxidation time (hours)

Temperature (OC) 24 48 96 168
temna mistnost / dark 20 96.9 % 98.3 % 98.6 % 98.8 %
room
lednice / refrigerator +4 32.2 % 85.7 % 94.0 % 95.5 %
mrazici box / freezing -18 111 % 17.0 % 25.7 % 29.8 %
box

0
, \
oxidace R
oxidation z X=H
X =CH(CH,)=CH,
o OH X =CH(CH,),
_ X =CH(CH,),0H
icloluponcs X =C(CH,),00H
beta kyseliny hulupony ~ N
beta avids hulupones R =analogues co-, n-, ad

Obr. 2 Tranformace beta kyselin na hulupony / Fig. 2 Transformation
of beta acids to hulupones

Katalytickou hydrogenaci ethanolového roztoku beta kyselin na
paladiovém katalyzatoru v kyselém prostiedi vznikaji desoxytetra-
hydrohumulony. Pfebytkem sody se pH roztoku zméni na alkalické.
Po pfidavku MgCl, se reakéni smés zahfeje na teploty v rozmezi
50-60 °C a probublava kyslikem nebo vzduchem. Za uvedenych
podminek dojde ke konverzi desoxytetrahydrohumulon( na tetrahy-
roisohumulony. Oxidac¢ni a izomeraéni rekce trva 30 minut, pokud se
jako reakeni plyn pouzije kyslik, nebo 90 minut, pokud je reakénim
plynem vzduch (Cowles et al., 1986). Timto zplisobem Ize vyhodné
transformovat beta kyseliny, které vznikaji jako vedlej$i produkt po
alkalické separaci alfa kyselin z CO,-extraktl pfi vyrobé izomerova-
nych chmelovych produktt. Hydrogenované iso-humulony se vyzna-
¢uji vyraznou horkosti, nepodléhaji oxidaci a jsou stabilni na dennim
svétle.

Zcela nové informace o tranformacnich produktech beta kyse-
lin v pribé&hu chmelovaru pfinesly nejnovéjsi prace, které jiz vyu-
zily moznosti modernich chromatografickych metod a detekénich
systému. Haseleu et al. (Haseleu et al., 2009a; 2009b) pomoci
LC-TOF-MS a 1D/2D-NMR objevili ve frakcionovanych chmelovych
extraktech, které podrobili modelovym chmelovarim, sedm dosud
neznamych degradaénich produktl beta kyselin vykazujicich hof-
kou chut. Kromé jiz dfive zndamého huluponu byly v médiu uréeny
struktury dalSich latek, 2 epimery hydroxytricykloluponu, 2 epimery
dehydrotricykloluponu, 2 epimery hydroperoxytricykloluponu a nort-
ricyklolupon (obr. 3). Sumarni vzorce kohuluponu a transformacnich
produktl jsou uvedeny v tab. 4, strukturni vzorce pfiblizuje obr. 4.

Podle autort studie vykazovaly vSechny nové ur¢ené degradac-
ni produkty ulpivajici nepfijemnou horkost se senzorickym prahem
v rozmezi 38—-90 pmol/l. Naproti tomu hulupony vykazovaly kratce
doznivajici, mirnou horkost podobnou horkosti iso-alfa-kyselin. Ze

Obr. 3 Struktura tricyklickych derivat beta kyselin / Fig. 3 Structure
of tricyclic derivates of beta acids

(Cattoor et al., 2013). A preparation of pure non-oxidized beta-acids
added to wortboiling either as a diluted ethanolic solution or immobilized
on an inert carrier produces beer that is not noticeably bitter for the av-
erage consumer. Beer hopped by pre-oxidized beta acids deposited on
a solid carrier had significant sensory bitterness. The bittering ability of
beta acids oxidation products — mainly hulupones — is 35-40% of the
bittering yield of iso-alpha acids (Krofta et al, 2013b).

It is important that the bitterness of beers hopped by oxidation
products of beta acids was pleasant and lingering faster in compari-
son to the bitterness of beers hopped by pure alpha acids. (MikySka
et al., 2012). The conditions under which oxidation of beta acids in
boiling wort takes place are not favorable because the solubility of
oxygen at the boiling point is practically zero. For this reason, they
are transformed to bitter products to only a very small extent and
hence the contribution of beta acids to the total beer bitterness is
negligible. Due to low solubility, an overwhelming proportion of beta
acids — 70-85% remains in spent grains and break. In contrast, the
sorption of bitter acids to yeast is relatively small.

The concentration of hulupinic acid (Fig. 4), the oxidation product
of hulupons, is negligible in beer (Haseleu et al., 2010). Hulupones
are present in fresh hop products (pressed hops, hop pellets) as
a result of hop oxidation during post-harvest processing of hops. The
content increases in the course of hop storage. When aroma hop
varieties with more or less balanced content of alpha and beta acids
are used for hopping, a greater contribution of hulupones to the over-
all bitterness of beer can be expected (MikySka and Krofta, 2014).
Greater impact of beta acids on sensory bitterness of beer is to be
expected when processing hops that were stored for a long time, in
which case, a higher rate of oxidative degradation of beta acids can
be anticipated (MikySka and Krofta, 2012).
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Tab. 4 Oxidacéni produkty kolupulonu / Table 4 Oxidation products of colupulone

Nazev / Name Sum. vzorec / Suma formula [M-H]-
1a kolupulon CosHz0, 399,2541
2a kohulupon CigHx0, 317,1758
3 hulupinova kyselina /holupin acid Ci5Hx0, 263,1289
4a nortricyklokolupon C,H,,0, 397,2384
5a/5’a dehydrotricyklokolupon epimery A a B C,sH3,0, 397,2384
6a/6’a tricyklokolupon epimery A a B C.sHz0, 399,2541
7al7’a hydroxytricyklokolupon epimery A a B Cy5H3605 415,249
8a/8’a hydroperoxytricyklokolupon epimery CosHz606 431,2439
AaB
2a 3
HO o CH,
=
HO cH,
© N CH,
HC
5a/5'a 6a/6'a 8a/8'a
(o]
o
OH

Haseleu et al. 2009b

Obr. 4 Strukturni vzorce oxidaénich produktt kolupulonu / Fig. 4 Structural formulae of colupulone oxidation products

horkosti v rozmezi 8-15 mol/l. Koncentrace plvodnich beta kyselin
Vv pivu je nepatrna, 0,05-0,17 pmol/I (Intelmann et al., 2009). Zajima-
vé je, ze analogické degradacni produkty vznikaji i pfi metabolizaci
beta kyselin v podminkach ,in vitro“ jaternimi bunkami pokusnych
zvifat (Cattoor et al., 2013).

Preparat Cistych, neoxidovanych beta kyselin pfidany do realného
chmelovaru bud ve formé zredéného ethanolového roztoku, nebo
imobilizovany na inertnim nosiéi poskytne pivo, které neni pro béz-
ného konzumenta znatelné horké. Vyraznou senzorickou horkost
méla az piva chmelena pre-oxidovanymi beta kyselinami nanese-
nymi na pevny nosi¢. Hof¢ici vydatnost oxida¢nich produktd beta
kyselin, v nich pfevladaji hulupony, dosahovala 35 az 40 % horkosti
iso-alfa kyselin (Krofta et al, 2013b).

Podstatné je, ze horkost piva chmeleného oxidacnimi produkty
beta kyselin byla pfijemna, rychleji doznivajici nez u piva, které bylo
chmeleno Cistymi alfa kyselinami (MikySka et al., 2012). Podminky
pro oxidaci beta kyselin ve vrouci mladiné nejsou pfiznivé, protoze
rozpustnost kysliku je pfi teploté varu prakticky nulova. Z toho diivo-
du se transformuji na horké produkty jen ve velmi malé mife a tudiz
pFispévek beta kyselin k celkové horkosti piva je zanedbatelny. Pre-
vazny podil beta kyselin 70-85 %, vzhledem k malé rozpustnosti,
zUstava v mlatu a mladinovych kalech. Naproti tomu sorpce horkych
kyselin na kvasinky je pomérné mala.

Koncentrace hulupinové kyseliny (obr. 4) v pivu, jako oxidacniho
produktu hulupon( je zanedbatelna (Haseleu et al., 2010). Hulupony
jsou pfitomny i v ¢erstvych chmelovych vyrobcich (lisovany chmel,
pelety) v dlsledku oxidace pfi poskliziiovém zpracovani chmele a pfi
skladovani chmele jejich obsah vzrista. Pfi chmeleni aromatickymi
odrGdami s pfiblizné vyrovnanym obsahem alfa a beta kyselin na
pelety Ize predpokladat vétsi prispévek huluponu k celkové horkosti
piva (Mikyska a Krofta, Nepublikované vysledky, 2014). V&tsi uplat-
néni beta kyselin v senzorické hofkosti piva je mozno o¢ekavat pfi

4 ANTIMICROBIAL PROPERTIES OF BETA
ACIDS

The antimicrobial activity of beta acids is attributed to a range of
congeners/analogues that have alicyclic structure of 2.4-cyclohexa-
dien-1-one (Fig. 1). Three non-polar isoprenyl chains that give the
whole molecule of beta acids a powerful hydrophobic character are
the most important structural features in terms of their antibacterial
properties (Schmalreck et al., 1975). Any substitutions by hydrophilic
groups as well as a conversion of the six-membered aroma ring to
a five-membered one result in additional losses of antimicrobial ac-
tivity. These findings support the theory that the lipophilic region of
the cell membrane represents the target site for the hop bitter resins.
The antibacterial effect of weak acids derived from the hop plant
(Humulus lupulus L.) increases with the decreasing pH at which the
dissociation of hop bitter acids is considerably suppressed (Simpson
and Smith, 1992).

It is estimated that approximatelly 50% of population is infected by
Helicobacter pylori bacteria. These bacteria contribute to the devel-
opment of gastric ulcers and stomach carcinome. Beta acids of hops
are able to effectively suppress infection by H. pylori (Ohsugi et al.,
1996). Recently, a study of the effects of hop compounds on a wide
range of 30 H. pylori strains has been carried out. It was confirmed
that beta acids had a greater impact on H. pylori than alpha acids.
Moreover, a higher effect of a whole complex of secondary metabo-
lites contained in fresh hop cones, comparable with the effect of an-
tibiotics, was found (Cermék et al., 2014). Preparation of a formula
made with green hops and its application to food supplements have
been patented (Houska et al., 2013; Houska et al., 2012; Strohalm
etal.,, 2013).

Seven naturally derived components from hop plant (Humulus
lupulus L.) extracts were tested for evaluation of biological activi-
ties affecting acne vulgaris. Acne is one of the most common skin
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zpracovani déle skladovanych chmeld, u kterych Ize prepokladat
vy$8i miru oxida¢ni degradace beta kyselin (MikySka a Krofta, 2012).

4 ANTIMIKROBIALNI VLASTNOSTI BETA
KYSELIN

Antimikrobialni aktivita beta kyselin je pfipisovana sérii kongenerd/
analogU, které maji alicyklickou strukturu 2,4-cyklohexadien-1-onu
(obr. 1). Za nejdllezitéjsi strukturdlni vlastnost beta kyselin z hledis-
ka antibakterialnich vlastnosti povazuje Schmalreck (Schmalreck et
al., 1975) pfitomnost 3 nepolarnich isoprenylovych fetézcli, které
davaji celé molekule silné hydrofobni charakter. Jakékoli substituce
hydrofilnimi skupinami stejné jako kontrakce $esti¢lenného aroma-
tického jadra na pétilenné, vede k podstatnému snizeni antimikro-
bialni aktivity. Antibakterialni aktivita je vétsi v kyselém prostfedi pfi
pH 4, ve kterém je disociace beta kyselin do zna¢né miry potlacena
(Simpson a Smith, 1992).

Odhaduje se, ze pfiblizné 50 % populace je infikovano bakteriemi
Helicobacter pylori. Zhruba u tfetiny postizenych vede tato infekce ke
vzniku Zaludeénich viedd a karcinomu Zaludku. Bylo prokazano, ze
beta kyseliny chmele jsou schopny infekci H. pylori u¢inné potlac¢o-
vat (Ohsugi et al., 1996). V nedavné minulosti byl proveden vyzkum
Ucginkd chmele na Sirokém spektru 30 kmenl H. pylori. Byl potvrzen
vys$Si ucinek beta kyselin oproti alfa kyselinam. Navic byl zjistén jesté
vy$8i Ucinek pfi aplikaci celého komplexu sekundarnich metabolitd
obsazenych v nesusenych chmelovych hlavkach, ktery byl srovna-
telny s uéinkem antibiotik (Cermék et al., 2014). Pfiprava a aplikace
preparatu ze zeleného chmele do potravnich doplnkl je patentové
chranéna (Hou$ka et al., 2013; Houska et al., 2012; Strohalm et al.,
2013).

Sedm latek, které se nachazi ve chmelovych extraktech (Humulus
lupulus L.) bylo testovano na biologické aktivity v souvislosti s vysky-
tem akné. Akné je velmi rozsifené kozni onemocnéni, které postihuje
predevsim déti a dospivajici mladez v puberté. Pfi akné vznikaji na
téle drobné vridky, zpUsobené zanétem vyvodl koZnich mazovych
zlaz. Patogeneze akné je multifaktorialni. Stav mj. zhorSuje pfitom-
nost bakterii Propionibacterium acnes, Staphylococus epidermidis,
Staphylococus aureus, Kucuria rhizophila a Staphylococus pyoge-
nes. Xanthohumol a beta kyseliny chmele vykazovaly silny inhibiéni
efekt vici témto bakteriim (Yamaguchi et al., 2009). Podobny efekt je
prisuzovan i chmelovym silicim (Langezaal, Chandra 1992).

V disledku obecného §iteni rezistence viéi antibiotikim v human-
ni mediciné vznika potfeba hledat alternativy pfi pouzivani antibiotik
pfi chovu hospodarskych zvifat. Napfiklad chovy drlibeze ohrozuje
patogenni bakterie Clostridium perfringens. Antimikrobidlni aktivita
beta kyselin proti bakterii Clostridium perfringens byla prokazana
v zazivacim traktu dribeze po 22 dnech podavani vodniho rozto-
ku beta kyselin (Siragusa a Haas, 2008). Clostridium perfringens je
grampozitivni ty€inkovita anaerobni sporulujici bakterie. V pfirodé je
vSudypfitomna a je bézné obsazena v rozkladajici se vegetaci, tra-
vici soustavé ¢loveka i jinych obratloved, na télech hmyzu i v padé.
Bakterie C. perfringens je ¢astou pfi¢inou nemoci z potravin, napf.
po poziti nedostatecné tepelné upraveného masa. Mezi typické
pfiznaky nemoci pati bfisni kiece, prljem a zvraceni. Enterotoxin
Clostridium perfringens zpUsobujici onemocnéni je termolabilni, roz-
klada se pfi 74 °C.

Chmelovy extrakt s vysokym podilem beta kyselin inhiboval rdst
a metabolismus Streptococcus bovis a zlepSil zazivani skotu (Flythe
a Aiken, 2010).

Larson et al. (1996) zkoumali vliv smésnych chmelovych extraktd
na rust bakterii Listeria monocytogenes na riznych médiich a v po-
travinach. Infekce bakterii Listeria monocytogenes je spojovana
s konzumaci rdznych typl potravin, pfedevsim syrl, balenych mas-
zminénych bakterii na modelovych médiich byla prokazana u extrak-
t, které obsahovaly velky podil beta kyselin (40-95 %). Inhibice byla
efektivni v davkach 0,1-3 g/kg (tvaroh), 1 mg/g (zeleninovy salat), 1
mg/ml (mléko). Vétsi ucinnost byla pozorovana v potravinach s ky-
selou rekci (tvaroh), nez v potravinach s vyssi hodnotou pH. Podle
amerického patentu 5,286,506 (Millis a Schengel, 1994) potlacuiji
beta kyseliny vyskyt Listeria monocytogenes v syrech, rybach, mas-
nych a jinych vyrobcich pfi davce 6—-15 ppm.

Antimikrobidlni aktivitu chmelovych pryskyfic, iso-alfa kyselin
a beta kyselin, proti Streptococus salivarius, Staphylococus aureus,
Bacillus megaterium, Escherichia coli B. a Bacillus subtilis zkoumali
Haas a Barsoumian (Haas a Barsoumian, 1994). S. salivarius, S.
aureus a B. megaterium byly pfed vytvofenim rezistence inhibovany

disease affecting children and adolecsents. The pathogenesis of
acne is multifactorial with the primary feature of increased sebum
production during early puberty. The proliferation of bacteria such as
Propionibacterium acnes, Staphylococus epidermidis, Staphyloco-
cus aureus, Kucuria rhizophila and Staphylococus pyogenes cause
a primary skin infection and an abnormal follicular keratinization and
inflammation. Hop extracts containing xanthohumol and lupulones
showed strong inhibitory effects against all of the strains mentioned
above. All naturally occuring xanthohumol, humulones and lupulo-
nes showed moderate to strong anticollagenase inhibitory activities
(Yamaguchi et al., 2009). Similar effects are attributed to hop oils
(Langezaal and Chandra 1992).

Due to the spread of antibiotic resistance to human infectious
agents, there is a need to research antibiotic alternatives that could
be used in animal agricultural systems. Antibiotic-free broiler chicken
production systems are known to suffer from frequent outbreaks of
necrotic enteritis due to the pathogenic Clostridium perfringens bac-
teria. Lupulone was tested for in vivo antimicrobial activity to inhibit C.
perfringens in a chick gastrointestinal colonization model. Lupulone
was added to drinking water in 62.5, 125 and 250 ppm concentrations
and compared with the 0 ppm control. At day 22, post-hatch intestinal
C. Perfringens counts of lupulone-treated chickens were significantly
lower (P<0.05) than the water-treated control groups across all lupu-
lone dosages tested (Siragusa et al., 2008). Clostridium perfringens
is a Gram-positive, rod-shaped anaerobic spore-forming bacterium of
the Clostridium genus. It is present in nature and can be found as
a normal component of decaying vegetation, marine sediments, the
intestinal tract of humans and other vertebrates, insects, and soil. C.
perfringens bacteria are frequent causes of foodborne ilinesses spread
from poorly prepared meat and poultry or from food properly prepared
but badly stored. Typical symptoms of these illnesses are stomach
spasms, diarrhoea, and vomiting. C. Perfringens enterotoxin (CPE)
that mediates the disease is heat-labile and inactivated at 74 °C. Also,
it can be detected in contaminated food.

Hop extracts with a high proportion of beta acids inhibited the
growth and metabolism of Streptococcus bovis and improved cattle
digestion (Flythe and Aiken, 2010).

Larson et al. (Larson et al., 1996) investigated the effect of hop ex-
tracts containing varying concentrations of alpha and beta acids on
the growth of bacteria Listeria monocytogenes in various foods. Hop
extracts were applied in the form of ethanol solutions. Listeria mono-
cytogenes is associated with the consumption of a wide range of food
types, particularly soft cheese and paté as well as hams and other
pre-packed meat and poultry products. Extracts containing the highest
concentrations of beta acids (40-95%) were the most effective at dos-
ages of 0.1-3 g/kg (cottage cheese), 1 mg/g (coleslaw), 1 mg/ml (milk).
It showed that the in-vitro activity of antimicrobials does not accurately
match their efficacy in food. Overall, the antimicrobial activity of hop
extracts in food appeared to increase with acidity and lower fat content.
The results indicated that hop extracts could be used to control Listeria
monocytogenes in minimally processed food with a low fat content.

According to a US Patent, 5,286,506 (Millis and Schendel, 1994),
beta acids suppress the incidence of Listeria monocytogenes in
cheese, seafood, processed meats including hot dogs, sausages,
hams, turkey and chicken at the dose of 6-15 ppm based on the
weight of the food.

Antimicrobial activity of hop resins, iso-alpha-acids and beta ac-
ids, against Streptococus salivarius, Staphylococus aureus, Bacillus
megaterium, Escherichia coli B. and Bacillus subtilis was studied by
Haas and Barsoumian. Prior to the development of resistance, S.
salivarius, S. aureus and B. megaterium were all inhibited by iso-
alpha-acids in the 0.01 to 0.03% range. Hop beta acids were more
active than iso-alpha-acids and initially inhibited these organisms
at concentrations of 0.003 to 0.01%. The ease of resistance devel-
opment varied among the different microbes, B. megaterium being
the least prone to resisntace development (Haas and Barsoumian,
1994).

Mizobuchi and Sato (Mizobuchi and Sato, 1985) established the
antimicrobial effect of alpha and beta acids on microorganisms of
the Trichophyton, Candida, Fusarium, Mucor and Staphylococcus
strains. The effect is attributed to the six-membered aroma ring since
analogues with five-membered ring were inactive.

The inhibition effect of beta acids on the growth of lactic bacteria
has been taken advantage of in the sugar industry for many years.
By dosing a hop-based extract periodically at the mid tower position
in amounts of 10 g per ton of beet, the lactic acid content of raw juice
was reduced to 400 mg/kg of raw juice without severe adverse influ-
ence on fermentation in the upper part of the tower. The hop beta ex-
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iso- alfa kyselinami v koncentraénim rozmezi 0,01 az 0,03 %. Beta
8j8i, inhibovaly rlist téchto bakterii v intervalu

koncentraci 0,003 az 0, 01 %. Vznik rezistence byl zavisly na druhu

mikroorganismu, nejmensi sklon vykazala bakterie B. megaterium.

Mizobuchi a Sato (Mizobuchi a Sato, 1985) prokazali antimikro-
bialni u¢inky alfa a beta kyselin proti mikroorganismdm z rodu Tri-
chophyton, Candida, Fusarium, Mucor a Staphylococcus. Uginek
pfipisuji SestiClennému aromatickému jadru, protoze analogy s pé-
ticlennym kruhem byly inaktivni.

Inhibiéni pusobeni beta kyselin na bakterie mlééného kvaseni se
vyuziva mnoho let v cukrovarnickém primyslu. Extrakt beta kyselin
v opakovanych davkach 10 gram0 na tunu cukrové fepy je schopen
potladit tvorbu kyseliny miééné v prabéhu vyroby na 400 mg/kg su-
rové cukerné stavy. Chmelovy produkt tak nahradil dosud pouzivany
formaldehyd (Hein a Pollach, 1997).

Horké kyseliny chmele jsou vyuzivany i v lihovarstvi a pfi vyro-
bé bioethanolu pro zamezeni mikrobidlni kontaminace ve vyrobé
(Rueckle a Senn, 2006). Pfi vyrobé bioethanolu jsou problémem
mikroorganismy rezistentni vic¢i antibiotikim a z hlediska zdravot-
ni bezpeénosti omezené moznosti aplikace antibiotik. Byl porovnan
chmelovy extrakt BETA-BIO 45 (Hopsteiner) a primyslovy biocid
Kamoran®. U¢inek chmelového extraktu byl pIné srovnatelny s bioci-
dem (Leite et al., 2013)

Rlst mikroorganismd, jako jsou napfiklad bakterie, fasy, stejné
jako makroorganismu (miZzi, $keble), plsobi v primyslovych a jinych
vodnich systémech fadu problém(l. Jejich mnozZeni plUsobi techno-
logické a zdravotni problémy. VétSina chemickych pfipravki po-
uzivanych k potlaéovani vyskytu vodnich organismi je toxickd, pfi
manipulaci drazdi o¢i a pokozku. Hledaji se proto alternativy mezi
pFirodnimi biocidy, které by tyto problémy odstranily. Skupinou latek,
které se osveédcily pfi udrZzovani Cistoty vody v primyslovych systé-
mech, jsou beta kyseliny chmele v koncentracich od 0,1 do 10 ppm.
Ve formé 10% vodného alkalického roztoku jsou v kombinaci se
smacedly a dalSimi biocidy schopny u¢inné omezovat rlst fas ve
vodnich systémech jako jsou napfiklad chladici véze, vyméniky tep-
la, pastéry, vodojemy, verejné fontany apod. (Cooper et al., 2002;
Breen et al., 2002).

Beta kyseliny a dalsi chmelové latky (di- a tetra-iso-alfa kyseliny)
pfidavané do zubnich past nebo Ustnich vod potlacuji vyskyt Gram
pozitivnich bakterii, které v Ustni dutiné vytvari zubni plak, zplsobu-
ji Zanéty dasni a vyvoj paradentézy. U&inné mnozstvi chmelovych
latek v dentalnich pfipravcich je 10—100 ppm (Barney et al., 1994).

Beta kyseliny jsou pro primyslové pouziti dodavany ve formé roz-
toku v propylenglykolu (1,1-propandiol) potravinarské kvality vétsi-
nou v koncentracich do 30 % (Wilson et al., 2003). Firma Hopsteiner
uvedla na trh produkt Beta-Bio 45, ktery obsahuje dokonce 45 %
beta kyselin (www. Hopsteiner.com). Surovinou je frakce beta kyse-
lin po alkalické separaci chmelovych extraktll na bazi oxidu uhli¢ité-
ho. V této formé jsou beta kyseliny stabilni, misitelné s vodou a bez
tvorby sedimentt i pfi teplotach pod bodem mrazu. Propylenglykol,
ktery ma sladkou chut, maskuje v potravinarskych aplikacich slabé
nahotklou prichut beta kyselin, kterd je zpUsobena stopami iso-alfa
kyselin.

5 FYZIOLOGICKE UCINKY BETA KYSELIN

Chmel ma dlouhou historii jako Ié¢iva rostlina pfi problémech
s nespavosti, zazivanim, kfeGemi, zanéty, bolestmi usi a zubu aj.
Neni proto prfekvapenim, ze chmel byl v roce 2007 vyhlasen za |é-
¢ivou rostlinu roku (Hopfen-Rundschau Int., 2007). Prvni zaznamy
o chmelu jako léCivém prostfedku sahaji az do stfedoveéku. Nejstarsi
zminka pochazi z 11. stoleti od arabského Iékafe Mesue, ktery popi-
suje protizanétlivé vlastnosti chmele. Cetné stfedovéké herbare zob-
razuji chmelovou rostlinu v souvislosti s pouzitim v mediciné napf.
pfi [é€eni infekci a zazivacich potizi. Pouziti chmele v gynekologii
uvadi poprvé v roce 1539 Hieronymus Bock (Biendl, 2009; Piendl
a Schneider, 1981). Moderni véda diky pokrokim v analytické in-
strumentaci a separacnich technikéch postavila po staleti empiricky
ziskané zkusenosti na védecky zaklad. Za IéCivymi u€inky chmele
stoji unikatni struktury a sloZeni nejdllezitéj$ich sekundarnich meta-
bolitd, chmelovych pryskyfic, silic a polyfenoll. Nové vyzkumy navic
objevily napfiklad pozoruhodné viastnosti xanthohumolu, iso-xan-
thohumolu, humulonu v prevenci rakoviny, osteoporézy a dalSich
chorob (Gernhauser, 2002). Déle bylo zjisténo, Ze chmel obsahuje
v malém mnozstvi 8-prenylnaringenin, nejucinnéjsi dosud znamy fy-
toestrogen (Milligan, 2002) a jeho prekurzor desmethylxanthohumol
(Krofta et al., 2013).

tracts substituted formaldehyde after it stopped being used for these
purposes in several sugar factories in the central Europe (Hein and
Pollach, 1997). Hop bitter acids are utilised in the distilling industry in
production of bioethanol to prevent microbial contamination (Rueckle
and Senn, 2006). Microorganisms resistant to antibiotics and limited
possibilities of antibiotic application are the main problems of bioeth-
anol production. Leite et al. evaluated the efficacy of the Beta-Bio 45
(Hopsteiner) hop extract and compared it to the commercial biocide
Kamoran® and found similar effects (Leite et al., 2013).

Growth of microorganisms such as bacteria, fungi and algae, as
well as macroorganisms such as mussels and clams is problematic
in water systems and process streams. Proliferation of these organ-
isms can cause mechanical, operational and chemical problems with
economic and health-related consequences. Many of the chemi-
cals used to control fouling in water systems are toxic to terrestrial
animals or aquatic life. They are also eye or skin irritants. Environ-
mentally compactible natural substances that control microbial foul-
ing such as hop beta acids have been optimized. The hop extract,
defined as an extract primarily composed of beta acids in the form
of 10% alkali agqueous solution, is added to the water system at the
concentration preferably in the range of 0.1 to about 10 ppm. Water
systems to which hop extracts may be added include cooling tow-
ers, food, beverage and industrial process waters, pulp and paper
mill systems, brewery pasteurizers, heat transfer systems, decora-
tive fountains, ballast water tanks etc. (Cooper et al., 2002; Breen
et al., 2002).

US Patent No. 5,370,863 disclosed that oral care compositions
containing hop acids or their salts are effective in inhibiting Gram
positive bacteria, including Streptococus mutans, which can cause
plaque or periodontal disease. Toothpastes, tooth powders, mouth-
washes containing tetrahydro-iso-humulone and lupulone have been
developed to treat oral cavity in combination with suitable pharma-
ceutically acceptable carriers. Such compositions contain 1-100
ppm of one or more hop acid or their salts. Barney et al., 1994).

Beta acids designed for industrial applications are delivered in the
form of their alkali salts solution in food-quality propylene glycole
(1.1-propandiol) in concentrations of up to 30% (Wilson et al., 2003).
The Hopsteiner company has recently marketed a product named Beta-
Bio 45 with a 45% content of beta acids (Hopsteiner, 2014). Beta acids
in the propylene glycole solution are stable and do not form any precipi-
tates even at storage temperatures well below 0 °C. Conveniently they
are also miscible with water, which facilitates easy dosing at reduced
concentrations. Beta acids may be prepared from liquid or supercritical
CO, extracted hops. Propylene glycol has a sweet taste and thus may
help mask any residual bitterness of the beta acids preparation arising
from the presence of small amounts of bitter iso-alpha acids.

5 PHYSIOLOGICAL EFFECTS OF BETA
ACIDS

For centuries, hop has been known as a remedy for a number
of disorders in traditional medicine such as sleep disorders, bowel
obstructions, earaches and toothaches, healing wounds, inflamma-
tory diseases and others. It is not surprising that the Medicinal plant
research study group at the University of Wirzburg declared hop the
medicinal plant of the year 2007 (Hopfen-Rundschau Int., 2007). The
first reports about utilisation of hop as a medicinal plant date back
to the Middle Ages. The oldest report is found in a book from the
11th century assigned to the Arabic physician Mesue who described
the anti-inflammatory properties of hops. Numerous medieval herbal
books show the hop plant in connection with treatments of ear infec-
tions, spleen disorders, diuretic and digestive problems, and fevers.
The use of hops in gynecology was first mentioned by Hieronymus
Bock in 1539 (Biendl, 2009; Piendl and Schneider, 1981). Thanks
to the progress in analytical instrumentation and separation tech-
nigques, modern science has been able to root the experience that
was empirically gathered for centuries into the scientific basis. The
unique structure and composition of the most important secondary
metabolites are in the background of many curative effects of hops.
New research has revealed remarkable properties of xanthohumol,
iso-xanthohumol, humulone and lupulone in prevention of cancer,
osteoporosis and other diseases (Gernhauser, 2002). Hops contain
small amounts of 8-prenylnaringenine, the most potent phytoestro-
gen currently known (Milligan, 2002) and its precursor desmethylx-
anthohumol (Krofta et al., 2013).

Zanoli (Zanoli et al., 2007) studied the effects of beta acids on
the central nervous system functions under both ,in vitro“and ,in
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Zanoli (Zanoli et al., 2007) zkoumala v podminkach ,in vitro“ i ,in
vivo“ vliv beta kyselin na funkci centralniho nervového systému u la-
boratornich krys. Oralni podavani beta kyselin v davce 5-10 mg/
kg zvysilo prizkumnou aktivitu testovanych zvifat v otevieném pro-
storu. Elektrofyziologické studie provedené na cerebralnich burikach
prokazaly, Ze beta kyseliny snizovaly, v zavislosti na davce, proud
vyvolany neurotransmiterem GABA (gama-aminomaselna kyselina).

Chemoprevence karcinomd, definovana jako plsobeni latek s ci-
lem inhibovat nebo zpozdit procesy vedouci ke vzniku nadord, jejich
rlstu a Sifeni, byla prokazana, kromé jiz vy§e zminéného xanthohu-
molu a humulonu, i u beta kyselin chmele. Vaskularizace nadord je
nezbytna pro jejich rlst a metastatické Sifeni. Inhibice angiogeneze
(tvorba novych cév) predstavuje v chemoprevenci nador( v ,in vitro®
i ,in vivo“ podminkach perspektivni terapeuticky smér. U mysi, které
dostavaly lupulon v davce 20 mg/kg/den po dobu 21 dni, byla tvorba
novych cév potlatena o 50 % (Siegel et al., 2008).

U beta kyselin byl prokazan retarda¢ni u¢inek na rlist rakovinnych
bunék karcinomu tlustého stfeva (SW 620). Vznik karcinomu byl
u pokusnych zvifat vyvolan peritonealnimi injekcemi azoxymethanu
jednou tydné po dobu 14 dni. Rist SW 620 bunék u laboratornich
krys byl inhibovan o 70 % po 48hodinové expozici beta kyselinami
v davce 40 pg/ml. Beta kyseliny rovnéz zvysily mitochondrialni mem-
branovou permeabilitu (Lamy et al., 2007).

Alfa a beta hofké kyseliny jsou schopny, v zavislosti na davce,
potlacovat zivotaschopnost lidskych leukemickych bunék linii HL-60
a U937. Po 24 hodinach byla pozorovana vysoka mortalita prede-
v§im u bunécného kmene HL-60, pro ktery byla zjiSténa hodnota
IC50 8,68 mg/ml. Kmen U397 byl vice rezistentni, hodnota IC50 &i-
nila 58,9 mg/ml (Chen a Lin, 2004). Alfa a beta kyseliny zpUsobily
fragmentaci DNA leukemickych bunék, coz vedlo posléze k jejich
apoptéze.

Schiller et al. zkoumali sedativni U¢inky chmelovych extrakt(i na la-
boratornich mysSich (Schiller et al., 2006). Preparaty lipofilnich chme-
lovych extraktl snizovaly spontanni lokomoéni aktivitu, prodluzovaly
ketaminem indukovanou dobu spanku a snizovaly télesnou teplotu.
Sedativni U€inky autofi pfisuzuji pfedevsim alfa kyselinam, dale beta
kyselinam a chmelovym silicim.

Podle US patentu 6,352,726 (Haas a Srinivasan, 2001) bylo pro-
kazano, ze nékteré latky chmele, mj. i beta kyseliny, jsou schopny
potlacovat vyskyt prvokl (Protozoa). Prvoci hraji velmi dulezitou roli
napf. pfi tzv. samocisténi vody, v pudach jsou soucéasti edafonu.
Néktefi zastupci jsou vSak parazitni a svym hostitelim jsou schop-
ni zpUsobit tézk& onemocnéni a ¢asto je i usmrcuji (maldrie, toxo-
plasmdza, spava nemoc). Zatimco tetra-iso-alfa kyseliny byly a¢inné
v koncentraénim rozmezi 0,2-20 pg/ml, beta kyseliny plsobily pfi
koncentracich 0,1-2 pg/ml. Jesté ucinné&jsi byl xanthohumol, u néhoz
byla 100% mortalita prvokl dosazena pfi davkach 0,05-1,0 pg/ml.
Zaroven bylo zjisténo, Ze ucinek chmelovych latek se podstatné zvy-
Sil synergickym ucinkem oxidu uhli¢itého.

Aplikace ethnolového roztoku kolupulonu na povrch listd méla re-
pelentni U€inky na svilusku chmelovou (Tetranychus urticae), odpu-
zovala dospélce z povrchu listd chmelové rostliny a rovnéz snizovala
pocet nakladenych vajic¢ek. Celéd frakce beta kyselin byla v repelent-
nich ucincich efektivnéjSi nez samotny kolupulon ve stejné koncent-
raci (Jones et al., 1996).

6 ZAVER

Aktudlni vyzkum potvrdil obecné pfijimany fakt, Ze hlavni podil na
celkové horkosti piva maji transformac¢ni produkty chmelovych alfa
kyselin, cis- a trans-iso-alfa-kyseliny. Vyznamnymi transformacénimi
(oxidaénimi) produkty transformace beta kyselin jsou hulupony, na
rozdil od jinych latek, byla jejich existence a senzoricka aktivita po-
tvrzena i v nedavnych studiich. Hulupony vykazuiji kratce doznivajici,
mirnou horkost podobnou hofkosti iso-alfa-kyselin.

Hulupony vznikaji pfedevsim pfi zpracovani a skladovani chmele,
v zanedbatelné mife pak pfi chmelovaru. Vyznam oxida¢nich pro-
duktl beta kyselin pro hotkost piva se vyrazné snizil s postupujici
ochranou chmele pfed oxidaci v priibéhu poskliziiového zpracovani
chmele a skladovani chmelovych vyrobki. Presto je pfi chmeleni
aromatickymi chmely s vyrovnanym pomérem alfa a beta kyselin
mozno piedpokladat prispévek hulupont k horkosti piva.

V priibéhu let byla shromazdéna rada dukazl o biologickych a far-
makologickych ucincich chmelovych hofkych kyselin a specialné
ucincich beta kyselin. Chmelové kyseliny jsou proto potencialnim
zdrojem pro Ié¢bu anebo prevenci fady onemocnéni véetné rako-
viny, diabetu, osteopordzy, kardiovaskularnich chorob, zanétlivych

vivo“conditions. Oral administration of beta acids (5-10 mg/kg) in
rats produced an increased exploratory activity in the open field and
reduction in the pentobarbital hypnotic activity. Electrophysiological
studies performed on cerebellar granule cells in culture showed that
the beta acids fraction decreased GABA-evoked current in a dose-
dependent way (GABA; y-aminobutyric acid).

Cancer chemoprevention defined as the use of pharmacological or
natural agents in order to inhibit or delay the processes of tumor ini-
tiaion, promotion and progression has beed proved for the above men-
tioned xanthohumol, humulone and beta acids as well. Tumor vasculari-
zation is mandatory for growth and metastatic dissemination. Inhibition
of tumor angiogenesis (formation of new blood vessels) represents an
attractive strategy in cancer chemoprevention. Lupulone caused a sig-
nificant reduction of closed capillary-like structures in Matrigel, indicat-
ing a strong inhibitory effect on neovascularization. In mice receiving
lupulone (20 mg/kg/day) in drinking water for 21 days, new vessel for-
mation was reduced by 50% in matrigel plugs implanted under the skin
when compared with controls. Lupulone is able to inhibit angiogenesis
under ,in vitro“ and “in vivo“ conditions (Siegel et al., 2008).

Beta acids showed retardation effect on the growth of cancer-
derived metastatic SW620 cells in the human colon. Colon carcino-
genesis was initiated in rats by intra-peritoneal injections of azoxym-
ethane once a week for 2 weeks. SW 620 cell growth was inhibited
by 70% after a 48 h exposure to lupulones at the dose of 40 pg/ml.
Lupulones also increased the mitochondrial membrane permeability
(Lamy et al., 2007).

Alpha and beta bitter acids displayed a strong increase of the
inhibitory effect against human leukemia HL-60 and U937 cells in
a dose-dependent way. High mortality of HL-60 cells was oberved
after a 24-hour exposition with an estimated IC50 8.68 pug/ml. More
resistant U397 cells showed IC50 58.9 pg/ml. Alpha and beta acids
induced DNA fragmentation of leukemia cells that finally resulted in
their apoptosis (Chen a Lin, 2004).

Schiller et al. studied the sedating effect of hop extracts on laboratory
mice (Schiller et al., 2006). Preparations of lipophilic hop extracts re-
duced the spontaneous locomotor activity, increased ketamine-induced
sleeping time and reduced body temperatue, and thus, confirmed the
central sedating effect. Initially, the sedating activity could have been
attributed to alpha acids. Beta acids and hop oils clearly contributed to
the sedating activity of lipophilic Humulus lupulus extracts.

Accorging to the US patent 6,352,726 (Haas and Srinivasan,
2001), it was proved that some hop substance including beta acids
are able to suppress incidence of protozoa (Protozoa). Protozoa play
an important role in the process of water self-purification; moreover,
they are components of soil edaphone as well. On the other hand,
there are many pathogenic protozoa in the intestinal tract that may
cause human diseases (malaria, toxoplasmosis, sleeping disorder).
The agent is an effective amount of hop extract composed of alpha
acids, beta acids, xanthohumol and combinations thereof. The mini-
mum effective amounts of alpha resin (humulone, iso-alpha acids,
tetrahydro-iso-alpha acids) are about 0.2-20 ug/ml. The effective
amount of beta resins is approximately 0.1-2 pg/ml. Xanthohumol
appears to be more lethal to protozoa than to beta resin. The quan-
tity that is necessary to achieve a 100% kill rate varies from about
0.05 to 1.0 pg/ml. It has also been found that a greatly improved
synergistic effect against protozoa is attained when carbon dioxide
is used in combination with hop resins.

Colupulone, the main component of the beta-acids fraction of hop
extract, was shown to repel the two-spotted spider mite Tetranychus
urticae Koch from the surface of plant leaves. The total beta acid
fraction was found to be more effective at repelling mites and reduc-
ing the number of eggs laid than colupulone at equivalent concentra-
tions, suggesting that other components of the extract have repellent
and oviposition-deterring effects (Jones et al., 1996).

CONCLUSION

Current research confirmed the generally accepted fact that the
transformation products of hop alpha acids, cis- and trans-iso-alpha-
acids have major impact on overall beer bitterness. Hulupons are the
most important transformation (oxidative) products of beta acids. In
contrast to other compounds, the existence of hulupons and their sen-
sorial activity have been verified by recent studies. Hulupons exhibit
short-lasting mild bitterness similar to the bitterness of iso-alpha-acids.

Hulupones emerge mainly during hop processing and storage, how-
ever, they arise at negligible rates in the course of wort boiling. The
importance of oxidation products of beta acids in respect to beer bit-
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procesl a metabolickych poruch. Uginky transformaénich produktti
horkych kyselin jsou relativné dobfe prozkoumany u iso-alfa kyselin,
mozné plsobeni oxidacnich produktl beta kyselin ¢eka na objas-
néni.

Pro vyuZiti potencialu chmelovych latek se nabizi nékolik cest.
Prvou je vyroba specifickych preparatl konkrétnich latek a jejich po-
uziti pfi vyrobé 1é¢iv a potravnich doplrk(, jako se to déje v pfipadé
prenylflavonoidl. Druhou cestou je pfiprava komplexnich vytazku
chmelovych sekundarnich metabolitd a jejich aplikace pfi vyrobé
potravnich doplfikd ¢i funkénich potravin pro komplexni podpudrné
pusobeni na lidsky organismus. Chmel totiz obsahuje Siroké spek-
trum latek s fadou prokazanych fyziologickych efektll a plisobnosti
na r(izné druhy onemocnéni. Obdobné efekty, napfiklad z hlediska
antimikrobidlnich ucinkd, jsou uvadény pro horké kyseliny, prenyl-
flavonoidy a chmelové silice. PFiznivé plsobeni rlznych slozek se
mUZe potencovat. Treti cestou je pfijem fyziologicky ucinnych latek
chmele konzumaci piva. Pfiznivé pusobeni moderovaného piti piva
na lidsky organismus bylo prokazano fadou epidemiologickych stu-
dii (Klatsky et al. 1997). V pfipadé horkych kyselin je obsah v pivu
limitovan jejich nizkou rozpustnosti a vyznam mohou nabyvat jejich
transformacni 1épe rozpustné produkty alfa a beta kyselin, iso-alfa
kyseliny respektive hulupony. Je zjevné, Ze silnéji a aromatickym
chmelem s vyznamnym podilem beta kyselin chmelena piva obsa-
huji vice téchto latek. V poslednich letech byly podany i nové diikazy
o chemismu oxidaénich pfemén beta kyselin a senzorické aktivité je-
jich produktd. Je velmi pravdépodobné, Ze hulupony se u piv chme-
lenych aromatickym chmelem se srovnatelnym obsahem alfa a beta
kyselin podileji na intenzité a charakteru horkosti. V této oblasti je
potfebny dal$i vyzkum pro upfesnéni miry moderovani horkosti piv
hulupony.
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