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Summary

Nowadays, the world hop industry is faced with one of the biggest crisis in the his-
tory. Permanent decrease of hopping rates in the world beer industry during last 20 
years caused many problems to hop producers all around the world. It resulted in the 
huge surpluses of hop stocks between years 2008 and 2010, the ages known as “years 
of famine” for hop farmers. Th e hop contains some compounds having medical, phar-
maceutical or biological activities, and xanthohumol is one of them. Xanthohumol 
is a biofl avonoid whose positive eff ect is confi rmed both in vitro and in vivo experi-
ments. It is successfully used in medical treatment of patients having diseases such 
as prostate and breasts cancer, osteoporosis, menopausal problems, and even HIV. 
However, such attributes of hop are strong argument to consider the restructuring 
of the world hop industry and forming a new supply chain, primarily oriented to the 
pharmaceutical industry.
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Introduction
Th e 23rd of April 1516 was surely the most important date in 

the history for every brewer and hop producer, because it was 
the date when Bavarian Duke Wilhelm IV declared the Purity 
Law (Barth et al., 1994; Moir, 2000). Th e sweet marriage between 
brewers and hop producers lasts for centuries. But from the be-
ginning of nineties of the 20th century the hop dosing rates per 
hL of beer wort is constantly decreasing because of global ten-
dency of beer producers to satisfy organoleptic preferences of 
younger generations. Suddenly, bitterness and hoppy aroma of 
beer became less desirable; fl avour less suitable for the young-
er population that was estimated as the most important target 
buyers/consumers by the marketing experts of the beer indus-
try. Consequently, the world hops areas are decreasing year aft er 
year with exceptions of some years, mostly because of temporary 
price fl uctuations (Barth and Meier, 2010). 

In order to satisfy more demandable requests of beer indus-
try, the research programs in hop genetics and breeding, hop 
physiology and processing into hop products, used to be intensi-
fi ed during the last twenty years. However, in spite of many im-
provements such as development of new hop cultivars, modern 
growing techniques, implementation of new plant protection 
measures, nowadays even some of the biggest and the most re-
spectable hop research organizations are faced with the simple 
survival and share the destiny of hop farmers. Both i.e. hop pro-
ducers and researchers are faced with the most important ques-
tion: - How to sustain? 

Th e aim of this paper is to give a critical overview of position 
of hops in the world beer industry. Th e intention is to point out 
the importance of hop secondary metabolites, in order to estab-
lish the new supply chain to the pharmaceutical industry. It could 
improve the economical sustainability of the world hop sector. 

Decrease of beer bitterness – problem for hop 
producers and beer technologists
It is already well known that invention of hop adding into 

wort was probably one of the most important innovations in 
history of brewing (Barth et al., 1994; Moir, 2000). Th e reason 
for that was primarily to decrease the sweetness of wort and to 
achieve a desirable beer bitterness aft er isomerisation of -acids 
(Bamforth, 2003; Briggs et al., 2004; Jaskula et al., 2007; Jaskula 
et al., 2008; Srečec et al., 2008a; Hanke, 2009; Hartmeier and 
Reiss, 2010; Jaskula et al., 2010) and, on the other hand, to pre-
vent the beer spoilage, caused mostly by lactic acid bacteria of 
Lactobacillus genera (Back, 1994; Kaltner et al., 2001; Sakamoto, 
2002; Sakamoto and Konings, 2003; Suzuki et al., 2004; Suzuki 
et al., 2006). According to Košir (1996), in the year of 1888 
Hayducka used the term -acids for hop substances forming a 
bitter resin of acid reaction with ions of lead. In 1925 Wöllmer 
developed the fi rst analytical method for their quantitative de-
tection (Howard and Tatchell, 1956; Forster, 1993) and -acids 
became name for the most important hop chemical compound 
in the world beer industry. 

Low hopping rates caused surpluses of hops and 
made hop production unstable 
rom the beginning of 1990 (Fig. 1) the hop dosing rates con-

stantly decreased (r = - 0.99; P < 0.0001) and consequently, the 

world hop acreage rose as well (r = - 0.85; P = 0.00001, Fig. 1) 
(Anon., 2010; Barth and Meier, 2010; Pavlovič, 2010). Moreover, 
in spite of constant growth of the world beer production, con-
sumption of -acids constantly decreases (r = - 0.73; P = 0.008, 
Fig. 2) due to decreasing of hop dosing rates (Fig. 2). Finally, in 
order to achieve some acceptable prices on the world hop market, 
which could guarantee their sustainability, the world hop produc-
ers decreased the hop acreage, but, because of implementation 
of new technologies and planting of hop cultivars with higher 
yields of -acids per hectare, the hop yields increased as well as 
production of -acids (r = 0.13; P  0.05, Fig. 3). 

Figure 1. Decreasing of hop dosing rates and world hop area 
since 1992 till 2009

Figure 2. Increasing of world beer production and decrease 
of α-acids consumption since 1992 till 2009
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During the years of 2008 and 2009, the world production 
of -acids increased (Fig. 3), but this was a short term change 
caused by the speculative prices on the world hop market in 
year of 2007. Currently, there is among 3 481 tones of -acids 
surplus on the world hop market. At the same time the hopping 
rate of 4.1 g of pure -acids per hL of wort is the lowest in his-
tory (Barth and Meier, 2010). 

Gushing – consequence of low hopping rates
Gushing is a phenomenon in which beer spontaneously, 

without agitation, vigorously overfoams out from the bottle 
(or some other packaging) immediately aft er opening. It has a 
negative infl uence on beer image and also causes big economic 
losses. Th e fungi developed on the kernels (caryopsis) of barley 
(Petr and Capouchová, 2001) are causing gushing and the most 
frequent among them are primarily of genera Fusarium, but 
also Aspergillus, Nigrospora, Penicillium and Stemphylium. 
Additionally, these fungi produce mycotoxins, like deoxyniva-
lenol (DON) that is connected with the development of gushing 
potential. So, screening of mycotoxins in barley and malt may 
off er a means of reducing beer gushing problems. Th e predictors 
of gushing activity are hydrophobins, small, moderately hydro-
phobic proteins produced also by fi lamentous fungi. Th ey have 
been found on the cell walls of hyphae and on spore surfaces 
and can also be secreted in the culture media (Sarlin et al., 2005; 
Stewart, 2006; Zapf et al., 2007). 

Humulones and linalool are hop constituents that prevent 
beer from gushing (Hanke et al., 2009), especially when hops 
are added at late stages of wort boiling. Linalool signifi cantly 
reduces the gushing volume and also decreases the gushing 
tendency of beer. 

Unfortunately, there is no available data about fi nancial losses 
caused by gushing. It would be very interesting to fi nd out the 
infl uence of so called “savings” in hops to compare the fi nancial 
consequences of returning the whole beer contingents from the 
market to the price of hops and hop products.

Xanthohumol “rediscovered” hop secondary 
metabolites
Th e fi rst literature sources about medical eff ects of hops 

was book “Physica”, the fi rst known pharmacopoeia, written by 
Abbess Hildegard von Bingen in 12th century (Schattenhofer, 
1989). Xanthohumol, a secondary metabolite, is a structurally 
simple prenylated chalcone that occurs only in the hop plant, 
where it is the principal prenylfl avonoid of the female hop cones 
(Stevens and Page, 2004). Dried hops contain up to 1.0% of xan-
thohumol, which is found in the lupulin glands together with 
- and β-acids and essential oils (De Keukeleire et al., 2003).. 
Flavonoids are known to have antiallergenic, antiinfl ammatory, 
antiviral, antifungal, antibacterial, antioxidative, antiprolifera-
tive, and anticancerogenic eff ects (Middleton and Kandaswami, 
1994). Practically all hop secondary metabolites exhibit more or 
less pronounced bioactive eff ects (Kondo, 2003). Nowadays, in 
the world scientifi c databases there are more than 250 references 
of published scientifi c papers considering the biosynthesis, accu-
mulation, medical eff ects and metabolism of xanthohumol. Th is 
compound is one of the most examined prenylated fl avonoids 
in the world. Unfortunately, the results of brewing tests showed 
that 80 to 90% of the added xanthohumol is eliminated during 
the brewing process. Th e eff ective dosages of xanthohumol or 
isoxanthohumol are minimally 0.35 mg per kg of body weight. 
It corresponds to approximately 30 mg per person per day or an 
average of 30 L of beer per day (Forster and Köberlein, 1998). 
Th erefore, it is not possible to attribute physiological eff ect to a 
small amount that is consumed by drinking beer. According to 
Stevens and Page (2004), one way to achieve higher level of xan-
thohumol is addition of the pure compound during the brewing 
process (Biendl et al., 2001) which requires extraction and puri-
fi cation of large amounts of this compound. However, depend-
ing on addition of roasted malt or special roasted malt extracts 
enriched with xanthohumol, dark beers with more than 10 mg 
of xanthohumol per liter were achieved as well as wheat beers 
with more than 1 mg of xanthohumol per liter (Wunderlich et al., 
2005; Magalhäes et al., 2008). Th ere are some commercial prod-
ucts of xanthohumol pills and beer enriched with xanthohumol 
on market (Biendl, 2007; Dhooghe et al., 2010). Consequently, the 
higher content of xanthohumol is also a goal in diff erent breed-
ing programs all over the world (Darby et al., 2003).

Biosynthesis and accumulation of hop secondary 
metabolites
Biosynthesis of hop secondary metabolites was not complete-

ly understood, until recently. It was known that biosynthesis of 
hop secondary metabolites starts in leaf cells (Čeh et al., 2007) 
and then they accumulated in hop glandular trichomes (Srečec 
et al., 2010b and 2011; Fig. 4). 

According to Nagel et al. (2008) and Wang et al. (2008), there 
are three independent biosynthetic pathways for terpene-derived 
natural products found in hop trichomes (Fig. 5). In order to un-
derstand the molecular basis for terpene accumulation in hop 
trichomes, Wang et al. (2008) constructed a trichome cDNA li-
brary and 9 816 cleansed expressed sequence tag (EST) sequences 
were obtained from random sequencing of 16 152 cDNA clones. 
Th e ESTs were assembled into 3 619 unigenes (1 101 contigs and 
2 518 singletons). Biosynthetic pathways for terpene-derived nat-

Figure 3. World production of α-acids since 1992 till 2009
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Figure 4. ESEM (environmental scan electron microscope 
photography) of hop peltate glandular trichomes in different 
stages of morphogenesis, developed from the epidermal cells of 
cone bract, Srečec et al., 2011 (magnification 113×, bar=200 μm)

ural products found in hop trichomes, showing EST abundance 
in the hop glandular trichome cDNA library. 

Th e same authors found that accumulation of monoterpene 
and sesquiterpene derived hop secondary metabolites in hop glan-
dular trichomes is more intensive during the third and fourth 
week aft er beginning of hop fl owering, which generally corre-
sponds with the results of Hirosawa et al. (1995) and Čeh et al. 
(2007). Accumulation of hop secondary metabolites is under the 
strong infl uence of external or climatic factors (Forster, 2001a, 
b; Srečec et al., 2004; Srečec et al., 2008b; Kučera and Kroft a, 
2009; Mozny et al., 2009). 

However, there is a large variability in accumulation of some 
most important hop secondary metabolites, such as α-acids and 
β-acids, xanthohumol, essential oils, total polyphenols and fl a-
vonoids. Such variability depends primarily on genotype of hop 
cultivars, external factors (the infl uence of crop year) and also 
on the level of processing the natural hop cones into hop prod-
ucts (Forster, 2001a,b; Kroft a et al., 2008; Čerenak et al., 2009; 
Srečec et al., 2009; Jelínek et al., 2010). Moreover, there is a vari-
ability in content of hop secondary metabolites even in wild hop 

Figure 5. Biosynthetic 
pathways for terpene-derived 
natural products found in 
hop trichomes, showing 
EST abundance in the hop 
glandular trichome cDNA 
library (Wang et al. 2008)
A, The pathway leading to 
dimethylallil pyrophosphate 
(DMAPP) biosynthesis. 
B, General reactions of 
mono- and sesquiterpene 
biosynthesis. C, 
Prenylflavonoid and bitter 
acid biosynthesis. DXPS, 
1-Deoxy-D-xylulose-5-P 
synthase; DXR, 1-deoxy-D-
xylulose-5-P reductoisomerase; 
MCT, 2-C-methyl-D-erythritol-
4-P cytidylyltransferase; 
CMK, 4-diphosphocytidyl-
2-C-methyl-D-erythritol 
kinase; MCS, 2-C-methyl-D-
erythritol-2,4-cyclodiphosphate 
synthase; HDS, 1-hydroxy-
2-methyl-2-(E)-butenyl-4-
diphosphate synthase; HDR, 
1-hydroxy-2-methyl-2-
(E)-butenyl-4-diphosphate 
reductase; IPPI, isopentenyl 
diphosphate/dimethylallyl 
diphosphate isomerase; OMT, 
O-methyltransferase; PT, 
prenyltransferase.
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populations, which is the consequence of their genetic diversity 
(Kroft a et al., 1998; Hampton et al., 2002, Patzak et al., 2010a,b; 
Srečec et al., 2010a). 

Medical eff ects of xanthohumol
It is well known that xanthohumol as much as other prenyl-

fl avonoids is cancer chemopreventive agent. Even low micromo-
lar concentrations cause inhibition of metabolic activation of 
procarcinogens, induction of carcinogen-detoxifying enzymes, 
and inhibition of tumour growth by inhibiting infl ammatory sig-
nals and angiogenesis (Stevens and Page, 2004). Xanthohumol 
is highly potent in suppressing the growth of human breast 
cancer cells (MCF-7) and ovarian cancer cells (Miranda et al., 
1999). Albini et al. (2006) refer that xanthohumol even in low 
concentrations of only 5 M, is very potent orally available an-
tiangiogenic chemoprevention agent whose mechanism targets 
endothelial cell migration, invasion, and proliferation. Lust et al. 
(2005) cultured in vitro lymphocytes from patients with B-cell 
chronic lymphocytic leukemia (B-CLL) in presence of xantho-
humol. Xantohumol induced killing of B-CLL cells at LD50 (24 
h) at 24.4 ± 6.6 M, independent of known adverse prognostic 
factors including functional loss of p53 (tumour protein 53). 
Colgate et al. (2007) found that xanthohumol at 2.5-50 M de-
creases cell viability, induces apoptosis and inhibits NF-kappaB 
(protein complex that controls transcription of DNA) activation 
in prostate epithelial cells. Buckwold et al. (2004) found that ul-
tra-pure preparations of xanthohumol ( 99 %) showed antiviral 
activity against bovine viral diarrhea virus (BVDV) and herpes 
simplex virus type 1 (HSV-1) and type 2 (HSV-2), and cytomeg-
alovirus (CMV). Wang et al. (2004) found that xanthohumol 
in half of maximal eff ective concentration (EC50) of 0.82, 1.28 
and 0.50 g mL-1, inhibits HIV-1 induced cytopathic eff ects, 
production of p24 (capsid protein of HIV) antigen and reverse 
transcriptase in C8166 lymphocytes. Xanthohumol also inhib-
ited HIV-1 replication in peripheral blood mononuclear cells 
(PBMC) with EC50 value of 20.74 g mL-1. However, the activ-
ity of recombinant HIV-1 reverse transcriptase and the HIV-1 
entry were not inhibited by xanthohumol. 

Xanthohumol has also estrogenic eff ects, because in vitro 
studies identifi ed 8-prenylnaringenin (8-PN) as one of the most 
potent estrogens in hops. 8-PN belongs to the group of prenylated 
fl avones, also containing isoxanthohumol, 6-prenylnaringenin, 
and a number of diprenylated analogues (Nikolić et al., 2006). 
Also, acne vulgaris is defi nitely one of the most common skin 
disease aff ecting children and adolescents caused by prolifera-
tion of bacteria such as Propionibacterium acnes, Staphylococcus 
epidermidis, Staphylococcus aureus, Kocuria rhizophila and 
Staphylococcus pyogenes. According to the results of Yamaguchi 
et al. (2009) hop extracts of xanthohumol and the lupulones 
(β-acids) showed strong inhibitory activities against all of the 
bacteria strains causing acne vulgaris. 

Nowadays, antioxidants are among popular over-the-counter 
and other nonprescription medications, because of the increas-
ing awareness on their importance for human health. Th ey are 
able to eliminate reactive oxygen and nitrogen radicals that ir-
reversibly damage live tissues and induce serious diseases, e.g. 
degenerative diseases, such as cardiovascular disease and cancer. 
Since oxidative damage is also considered to be the main cause 

of ageing it opens another fi eld of antioxidants application. Due 
to their antioxidant power, hop polyphenols may contribute 
positively to beer fl avour stability (Mudura et al., 2010) and use 
of hop as nutraceutical with antioxidative properties (Kroft a et 
al., 2008; Yamaguchi et al., 2009; Mudura et al., 2010) could be 
also expanded to gain an extra profi t.

Dosage and side eff ects of xanthohumol
Hussong et al. (2005) referred weak hepatotoxicity noticed in 

vivo only at doses of 100-1000 mg of xanthohumol per kilogram 
of Sprague Dawley rats body weight during the 28 days of diet. 
However, these concentrations are extremely high. For instance, 
average body weight in US population is approximately 86 kg 
for males and 74 kg for females (Ogden et al., 2004), and accord-
ing to these data, the daily input of 100 mg kg-1 of human body 
weight would be input of 8.6 kg of pure xanthohumol for males 
or 7.4 kg for females. Th e consumption of such high amounts of 
pure xanthohumol or beer containing such doses is not realistic.

Cancer disease statistics and hop surpluses 
According to the WHO statistics, in 2007 diff erent cancer 

diseases were cause of death for 7.6 million of people and some 
three quarters of them are in low- or middle-income countries 
(Anon., 2007). On the other hand, according to the statistics 
of American Cancer Society cancer caused 570 280 of deaths 
in 2005 and there were 1 372 910 estimated new cases (Anon., 
2005). In male population the most oft en is prostate cancer and 
in female breasts cancer (33% and 32%, respectively). Most of 
the world hop cultivars synthesize and accumulate in hop cones 
approximately less than 1% of xanthohumol. It means that, in 1 
tone of dried hop cones only 10 kg of xanthohumol is accumu-
lated, which is, according to Albini et al. (2006) suffi  cient daily 
chemopreventive dose for 5 643 341 of people. However, this is 
just minimal quantity for chemoprevention of malignant disease 
of critical groups in the population, without medical treatments 
of patients with some cancer disease. 

Particularly, hop preparations can be used in the most threat-
ened part of population, such as workers in chemical industry, the 
people who live in polluted areas, possible recurrences, i.e. cured 
patients who get over some cancer disease, etc. 

Conclusion
Th ere is a large quantity of research done on xanthohumol. Its 

biological activity is a strong argument to consider the restructur-
ing of the world hop industry and forming a new supply chain, 
primarily oriented towards pharmaceutical industry. It seems 
that using of nutraceuticals based on hop or functional food (e.g. 
beer enriched with xanthohumol) aimed primarily for chemo-
prevention and even for some medical treatments. Respecting 
the increasing number of some types of cancer such applica-
tion of hops constituents could mean a strong opportunity for 
future restructuring and sustainability of the world hop sector. 

In spite of a huge research work with encouraging results, 
which positive eff ects are confi rmed in vitro and in vivo only a 
few drugs or nutritional supplements containing xanthohumol 
are registered. It seems that the world pharmaceutical industry 
and medical science still do not pay attention to possible appli-
cations of hop compounds. 
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Unfortunately, at the moment huge quantities of hops are 
stored in hop warehouses and waiting to be sold or destroyed. 

Using of xanthohumol is opportunity to achieve sustainabil-
ity of world hop industry. At the same time it is possible to make 
new economic profi t from underutilized hop sources, because 
hop production is well established, experiential based and pro-
moted by new genetic research and technological improvements. 

References
Albini A., Dell’Eva R., Vené R., Ferrari N., Buhler R. D., Noonan D. 

M., Fassina G. (2006). Mechanisms of the antiangiogenic activ-
ity by the hop fl avonoid xanthohumol: NF-kB and Akt as tar-
gets. Th e FASB Journal 20: 527-529.

Anon. (2005). Cancer facts & fi gures 2005. American Cancer 
Society: 4-10.

Anon. (2007). Th e World Health Organization’s fi ght against cancer; 
Strategies that prevent, cure and care. WHO Library: 3-28.

Anon. (2010). Guidelines for hop buying. Hopsteiner: http://www.
hopsteiner.com/guide.html

Back W. (1994). Secondary contaminations in the fi lling area. 
Brauwelt International 4: 326–333.

Bamforth C. (2003). Beer: tap into the art and science of brewing. 
Oxford University Press, Oxford: 109-122.

Barth H. J., Klinke C., Schmidt C. (1994). Th e hop atlas. Th e his-
tory and geography of the cultivated plant. Joh. Barth & Sohn, 
Nuremberg: 25-78. 

Barth S., Meier H. (2010). Th e Barth report. Barth-Haas Group, 
Nuremberg: 7-14.

Biendl M. (2007): Commercial hop extracts rich in xanthohumol. 
Proceedings of the Scientifi c Commission, IHGC, Tettnang, 
Germany: 41-45.

Biendl M., Eggers R., Czerwonatis N., Mitter W. (2001). Studies 
on the production of a xanthohumol-enriched hops product. 
Cerveza y Malta 38: 25–29.

Briggs D. E., Boulton C. A., Brookes P. A., Stevens R. (2004). 
Brewing science and practice. CRC Press, Woodhead Publishing 
Limited, Cambridge: 243-270. 

Buckwold V. E., Wilson R. J., Nalca A., Beer B.B., Voss T.G., Turpin 
J.A., Buckheit R.W. 3rd, Wenzel-Mathers M., Walton E.M., 
Smith R.J., Pallansch M., Ward P., Wells J., Chuvala L., Sloane 
S., Paulman R., Russell J., Hartman T., Ptak R. (2004). Antiviral 
activity of hop constituents against a series of DBA and RNA 
viruses. Antiviral Research 61: 57-62.

Colgate E. C., Miranda C.L., Stevens J.F., Bray T.M., Ho E. (2007). 
Xanthohumol, a prenylfl avonoid derived from hops induce 
apoptosis and inhibits NF-kappaB activation in prostate epithe-
lial cells. Cancer Letters 246: 201-209.

Čeh B., Kač M., Košir I.J., Abram V. (2007). Relationship between 
xanthohumol and polyphenol content in hop leaves and hop 
cones with regard to water supply and cultivar. International 
Journal of Molecular Sciences 8: 989-1000.

Čerenak A., Šatović Z., Jakše J., Luthar Z., Carović-Stanko K., 
Javornik B. (2009). Identifi cation of QTLs for alpha-acid content 
and yield in hop (Humulus lupulus L.). Euphytica 170: 141-154. 

Darby, P., Atkinson R., Buggey L.A., Meacham A.E (2003). Th e 
potential for selective breeding to increase the xanthohumol 
content of hops. Proceedings of the Scientifi c Commission, 
IHGC, Dobrna-Žalec, Slovenia: 97-100.

Dhooghe L., Naessens T., Heyerick A., De Keukeleire D., Vlietinck 
A., Pieters L., Apers S. (2010). Quantifi cation of xanthohumol, 
isoxanthohumol, 8-prenylnaringenin, and 6-prenylnaringenin 
in hop exctracts and derived capsules using secondary stand-
ards. Talanta, doi: 10.1016/j.talanta.2010.09.041

De Keukeleire J., Ooms, G., Heyerick, A., Roland-Ruiz, I., Van 
Bockstakle, E. & De Keukeleire, D. (2003). Formation of 
α-acids, β-acids, desmethylxanthohumol and xanthohumol 
during fl owering of hops. Journal of Agricultural and Food 
Chemistry 51:4436-4441.

Forster A. (1993). How to analyse hops? Hop news from Germany, 
August 1993 (special issue): 45-53.

Forster A., Köberlein A. (1998). Persistence of xanthohumol from 
hops during brewing. Brauwelt International 138: 1556-1561.

Forster A. (2001a). Th e importance of the crop year for evaluating 
hop products. Brauwelt International 1/01: 32-37.

Forster A., (2001b). Th e quality chain from hops to hop products. 
Proceedings of the 48th congress of international hop growers 
convention, Canterbury: 6-10.

Hampton R., Nickerson G., Whitney P., Haunold A. (2002). 
Comparative chemical attributes of Native North American 
hop, Humulus lupulus var. lupuloides E. Small. Phytochemistry 
61: 855-862. 

Hanke S. (2009). Untersuchungen zum Einfl uss der 
Hopfungstechnologie auf die Geschmacksstabilität und 
Harmonie untergäriger Biere. Ph.D. Dissertation. Freising, 
Technische Universität München Lehrstuhl für Brau- und 
Getränketechnologie, Germany: 3-37.

Hanke S., Kern M., Herrmann M., Back W., Becker T., 
Krottenthaler M. (2009). Suppression of gushing by hop constit-
uents. Monatsschrift  für Brauwissenschaft  62: 181-186.

Hartmeier, W., Reiss, M. (2010) Production of beer and wine. 
In: Industrial Applications – Th e Mycota Vol. X, 2. izd. 
(Hoff richter, M., ured.), Springer-Verlag, Berlin, Heidelberg, str. 
59-77.

Hirosawa T., Saito T., Tanaka T., Matasushima H. (1995). SEM 
observation and HPLC analysis of the accumulation of alpha- 
and beta-acids in the fresh developing hop (Humulus lupulus L.) 
peltate glandular trichomes. Journal of Electron Microscopy 44: 
145-147.

Howard G. A., Tatchell A. R. (1956). Development of resins during 
the ripening of hops. Brewing Industry Research Foundation 62: 
251-256.

Hussong R., Frank N., Knauft  J., Ittrich C., Owen R., Becker H., 
Gerhäuser C. (2005). A safety study of oral xanthohumol 
administration and its infl uence on fertility in Sprague Dawley 
rats. Molecular Nutrition & Food Research 49: 861-867. 

Jaskula B., Goiris K., De Rouck G., Aerts G., De Cooman L. (2007). 
Enhanced quantitative extraction and HPLC determination of 
hop and beer bitter acids. Journal of the Institute of Brewing 
113: 381-390.

Jaskula B., Kafarski P., Aerts G., De Cooman L. (2008). A 
kinetic study on the isomerization of hop α-acids. Journal of 
Agricultural and Food Chemistry 56: 6408–6415. 

Jaskula B., Aerts G., De Cooman L. (2010). Potential impact of 
medium characteristics on the isomerisation of hop α-acids in 
wort and buff er model systems. Food Chemistry 123: 121-1226. 

Jelínek L., Šneberger M., Karabín M., Dostálek P. (2010). 
Comparison of Czech hop cultivars based on their contents 
of secondary metabolites. Czech Journal of Food Sciences 28: 
309-316.

Kaltner D., Bohak I., Forster A., Gahr A., Back W. (2001). 
Investigations of the infl uence of hop products on the micro-
bial stability of beer. Proceedings of the 29th EBC congress, 
Budapest: 174-180.

Kondo, K. (2003). Preventive eff ects of dietary beer on lifestyle-
related diseases. EBC proceedings, Dublin, P133.

Košir, I. (1996) Th e chemistry and analytics of hops. Proceedings 33 
hop seminar, Žalec. Hop Bulletin Supplement 1, 73–83.

Kroft a K., Nesvadba V., Patzak J. (1998). Utilization of wild hops for 
extention of genetic sources for breeding. Rostlinna Vyroba 44: 
313-320.



Agric. conspec. sci. Vol. 77 (2012) No. 2

67Importance of Medical Effects of Xanthohumol, Hop (Humulus lupulus L.) Bioflavonoid in Restructuring of 
World Hop Industry

 Kroft a K., Mikyška A., Hašková D. (2008). Antioxidant charac-
teristics of hop and hop products. Journal of the Institute of 
Brewing 114: 160-166.

Kučera J., Kroft a K. (2009). Mathematical model for prediction of 
alpha acid contents from meteorological data for ‘Saaz’ aroma 
variety. Acta Horticulturae 848: 131-139.

Lust S., Vanhoecke B. Janssens A., Philippe J., Bracke M., Off ner 
F. (2005). Xanthohumol kills B-chronic lymphocytic leukemia 
cells by an apoptotic mechanism. Molecular Nutrition and Food 
Research 49: 844-50.

Magalhäes P. J., Dostalek P., Cruz J. M., Guido L. F., Barros A. A. 
(2008). Th e impact of a xanthohumol-enriched hop product on 
the behavior of xanthohumol and isoxanthohumol in pale and 
dark beers: A pilot scale approach. Journal of the Institute of 
Brewing 114: 246-256.

Middleton, M., Kandaswami, C (1994). Th e impact of plant fl a-
vonoids on mammalian biology: implications for immunity, 
infl ammation and cancer. In: Th e fl avonoids. Advances in 
research since 1986. J. B.Harborne, ed. London: Chapman and 
Hall.

Miranda C. L., Stevens J. F., Helmrich A., Henderson M. C., 
Rodriguez R. J., Yang Y. H., Deinzer M. L., Barnes D. W., 
Buhler D. R. (1999). Antiproliferative and cytotoxic eff ects of 
prenylated fl avonoids from hops (Humulus lupulus) in human 
cancer cell lines. Food and Chemical Toxicology 37: 271-285.

Moir M. (2000). Hops: a millennium review. Journal of the 
American Society of Brewing Chemists 55: 157-160.

Mozny M., Tolasz R., Nekovar J., Sparks T., Trnka M., Zalud Z. 
(2009). Th e impact of climate change on the yield and qual-
ity of Saaz hops in Czech Republic. Agricultural and Forest 
Meteorology 149: 913-919.

Mudura E., Tofană M., Păucean A., Socaci S. (2010). Th e evalu-
ation of antioxidant capacity of Romanian hops. Journal of 
Agroalimentary Processes and Technologies, 16: 262-264.

Nagel J., Culley L. K., Lu Y, Liu E., Matthews P. D., Stevens J. F., 
Page J. E. (2008). EST Analysis of hop glandular trichomes 
identifi es an O-methyltransferase that catalyzes the biosynthesis 
of xanthohumol. Th e Plant Cell 20: 186-200.

Nikolić D., Li Y., Chadwick L. R., van Breemen R. B. (2006). In 
vitro studies of intestinal permeability and hepatic and intesti-
nal metabolism of 8-prenylnaringenin, a potent phytoestrogen 
from hops (Humulus lupulus L.). Pharmaceutical Research 23: 
864-872. 

Ogden C. L., Fryar C. D., Carrol M. D., Flegal K.M. (2004). Mean 
body weight, height, and body mass index, United States 1960-
2002. Advance data from vital and health statistics 27: 1-18. 

Pavlovič M. (2010). Economic Commission Summary Reports. 
International Hop Growers Convention: http://www.hmelj-giz.
si/ihgc/obj.htm

Patzak J., Nesvadba V., Henychová A., Kroft a K. (2010a). 
Assessment of the genetic diversity of wild hops (Humulus 
lupulus L.) in Europe using chemical and molecular analyses. 
Bichemical Systematics and Ecology 38: 136-145.

Patzak J., Nesvadba V., Kroft a K., Henychová A., Inalovic Marzoev 
A., Richards K. (2010b). Evaluation of genetic variability of wild 
hops (Humulus lupulus L.) in Canada and the Caucasus region 
by chemical and molecular methods. Genome 53: 545-557. 

Petr J., Capouchová I. (2001). Causes of the occurrence of malting 
barley kernel discoloration. Monatsschrift  fur Brauwissenschaft  
54: 104-113.

Sakamoto K. (2002). Beer spoilage bacteria and hop resistance in 
Lactobacillus brevis. Doctoral dissertation. Rijksuniversiteit 
Groningen, the Netherlands: 1-27.

Sakamoto K., Konings W. N. (2003). Beer spoilage bacteria and 
hop resistance. International Journal of Food Microbiology 89: 
105-124.

Sarlin T., Nakari-Setälä T., Linder M., Pentillä M., Haikara A. 
(2005). Fungal hydrophobins as predictors of the gushing activ-
ity of malt. Journal of the Institute of Brewing 111: 105-111. 

Schattenhofer M. (1989). Hops from Germany. CMA, Bonn: 6-9.
Srečec S., Kaučić D., Kvaternjak I., Marić V. (2004). Dynamics of 

hop growth and accumulation of α-acids in normal and extreme 
climatic conditions. Agriculturae Conspectus Scientifi cus 69: 
59-62.

Srečec S., Rezić T., Šantek B., Marić V. (2008a). Infl uence of hop 
pellets age on α-acids utilization and organoleptic quality of 
beer. Agriculturae Conspectus Scientifi cus 73: 103-107.

Srečec S., Kvaternjak I., Kaučić D., Špoljar A., Erhatić R. (2008b). 
Infl uence of climatic conditions on accumulation of α-acids in 
hop cones. Agriculturae Conspectus Scientifi cus 73: 161-166.

Srečec S., Rezić T., Šantek B., Marić V. (2009). Hop pellets type 90: 
infl uence of manufacture and storage on losses of alpha-acids. 
Acta Alimentaria 38: 141-147.

Srečec S., Zechner-Krpan V., Petravić-Tominac V., Čerenak A., 
Liber Z., Šatović Z. (2010a). Phenotypic and α-acid content 
diversity of wild hop populations in Croatia. Plant, Soil and 
Environment 56: 37-42.

Srečec S., Zechner-Krpan V., Petravić-Tominac V., Mršić G., 
Špoljarić I., Marag S. (2010b). ESEM comparative studies of hop 
(Humulus lupulus L.) peltate and bulbous glandular trichomes 
structure. Agriculturae Conspectus Scientifi cus 75: 145-148.

Srečec S., Zechner-Krpan V., Marag S., Špoljarić I., Kvaternjak I., 
Mršić G. (2011). Morphogenesis, volume and number of hop 
(Humulus lupulus L.) glandular trichomes, and their infl uence 
on alpha-acid accumulation in fresh bracts of hop cones. Acta 
Botanica Croatica 70: 1-8.

Stevens J. F., Page J. E. (2004). Xanthohumol and related pre-
nylfl avonoids from hops and beer: to your good health. 
Phytochemistry 65: 1317-1330.

Stewart G. G. (2006). Beer stability. In: Handbook of brewing 
(F.G.Priest, G.G. Stewart, eds.) Taylor & Francis Group, London: 
715-728.

Suzuki K., Sami M., Ozaki K., Yamashita H. (2004). Nucleotide 
sequence identities of horA homologues and adjacent DNA 
regions identifi ed in three species of beer-spoilage lactic acid 
bacteria. Journal of the Institute of Brewing 110: 276-283.

Suzuki K.,   Iijima K., Sakamoto K., Sami M., Yamashita H. (2006). 
A review of hop resistance in beer spoilage lactic acid bacteria. 
Journal of the Institute of Brewing 112: 173-191.

Yamaguchi N., Satoh-Yamaguchi K., Ono M. (2009). In vitro evalu-
ation of antibacterial, anticollagenase, and antioxidant activities 
of hop components (Humulus lupulus) addressing acne vulgaris. 
Phytomedicine 16: 369-376. 

Wang Q., Ding Z. H., Liu J.K., Zheng Y. T. (2004). Xanthohumol, 
a novel anti-HIV-1 agent purifi ed from hop Humulus lupulus. 
Antiviral Research 64: 189-194.

Wang G., Tian L., Aziz N., Broun P., Dai X., He J., King A., Zhao P. 
X., Dixon R. A. (2008). Terpene biosynthesis in glandular tri-
chomes of hop. Plant Physiology 148: 1254-1266.

Wunderlich S., Zürcher A., Back W. (2005). Enrichment of xan-
thohumol in brewing process. Molecular nutrition and food 
research 49: 874-881. 

Zapf M.W., Th eisen S., Rohde S., Rabenstein F., Vogel R.F., Niessen, 
L (2007). Characterization of AfpA, an alkaline foam protein 
from cultures of Fusarium culmorum and its identifi cation in 
infected malt. Journal of Applied Microbiology 103: 36-52. 

acs77_14


