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Components Percentage (w/w)

Essential Oil 0.5-3.0 (v/w)

Monosaccharides 2-3

Amino acids 0.1

Proteins 15

Lipids and fatty acids 1-5

Pectins 2

Ashes �±salts 5-10

Cellulose �±lignins 40-50

Water 8-12
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It is well-known that a healthy diet, including a lot of fruit 

and vegetables, is a major determinant for an overall 

healthy life and prevention of diseases. Already more 

than 2400 years ago, the Greek philosopher Hippocrates 

stated: �µLet food be thy medicine and medicine thy food�¶��

We now know that fruits and vegetables are excellent sources of dietary 

antioxidants, that can interfere with oxidative processes and may help in the 

prevention of oxidative stress-related diseases, such as cancer and 

cardiovascular diseases. Polyphenols have been widely investigated as a 

most important class of potent antioxidants as they can readily scavenge 

reactive oxygen species (ROS ).1,2

Hops , the typical female organs of the hop plant (Humulus lupulus L.), are 

rich in secondary metabolites, most of which are secreted in the specialized 

lupulin glands (hop acids, hop essential oil, prenylated flavonoids). Hops are 

indispensible as a beer ingredient, as they impart flavour (bitterness and 

hoppy flavour), enhanced foam stability and bacteriostatic activity. In addition, 

hop-derived products are used in a variety of traditional and novel health 

applications (as sleeping aid, or for its estrogenic and anti-inflammatory 

properties). It should be noticed that hops are also an excellent source of 

polyphenolic antioxidants including proanthocyanidins, flavanols, phenolic

acids, stilbenes, flavonols, multifidols and prenylated flavonoids. In addition, 

also hop oil and hop acids (including downstream products) have been 

reported as potent antioxidants. Antioxidants can also confer technical 

advantages, such as increased flavour stability and extended shelf life.

A range of hop products (including different extracts �±including diffferent Xantho-Flav�Œ���H�[�W�U�D�F�W�V���F�R�Y�H�U�L�Q�J���D���E�U�R�D�G���U�D�Q�J�H���R�I���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I��xanthohumol �±and 

downstream products) was provided by Hopsteiner. The peroxyl radical scavenging capacity was investigated using the ORAC assay in a 96-well plate format with 

2,2,-azobis-(2-amidinopropane) dihydrochloride (AAPH �±64 µM) as a free adical generator and fluorescein as probe (48 nM).3 The hydroxyl radical scavenging 

capacity (HORAC) was investigated using a modified version of the ORAC assay using a mixture of H2O2 (12%) and CuSO4 (360 µM) to generate radicals (Fenton 

reaction).  Fluorescence intensity (��Ex: 485 nm, ��Em: 535 nm) was measured each minute for 60 minutes at 37°C in the presence of sample (5 concentrations, diluted 

in buffer from a methanol stock) or Trolox (a water soluble vitamin E analogue). Area under curve of fluorescence decay was calculated and standard curves were 

obtained using  a range of Trolox concentrations (2 -100 µM). For less water-soluble products, solubility was enhanced by using ��-cyclodextrins.4 Results are 

expressed as ORAC units per g of tested materials, where 1 ORAC unit equals the net protection of fluorescein produced by 1 µmol Trolox. Quercetin and a grape 

extract containing oligomeric proanthocyanidins (OPC) were used for comparison. Standard deviations were typically less than ten percent. 

RESULTS AND DISCUSSION

Peroxyl radical scavenging capacities of prenylated flavonoids are highly similar to the powerful antioxidant quercetin equaling 5-10 Trolox equivalents. The 

radical scavenging capacities of Xantho -Flav �Œextracts were highly correlated with the concentration of xanthohumol (X). The hydroxyl radical scavenging 
capacity of pure xanthohumol was about 25 Trolox equivalents which is 10-20 times higher than that of quercetin . In contrast to the linear response observed in 

the ORAC assay, xanthohumol showed an exponential response in the HORAC. This indicates that xanthohumol exerts its hydroxyl radical scavenging activity via 

one or more different mechanism(s) compared to Trolox, most likely involving chelation of metal ions. Ethanol extract (including X) consistently showed a higher
radical scavenging activity than CO2-extract . Tannin extract also proved an efficient hydroxyl radical scavenger. Hop oil does not show any significant antioxidant 

capacity. Antioxidant activities of hop acids and derived products are generally lower than polyphenolic products. 

CONCLUSION

Hop-derived polyphenols in general and hop-derived prenylated flavonoids in particular are powerful antioxidants able to scavenge peroxyl

and hydroxyl radicals. Xanthohumol, the predominant prenylflavonoid in hops and now available as concentrated extracts (Xantho -Flav�Œ) 

showed exceptionally high hydroxyl radical scavenging capacities, which may be partly mediated by metal ion chelating properties. Apart from their 

possible health benefits , these products might also contribute antioxidant power during the brewing process and during storage .

ORAC �ÆPeroxyl Radical Scavenging Capacity

CLASS MATERIAL

ANTIOXIDANT

CAPACITY  

(µmol Trolox/g)

MOLAR 

ANTIOXIDANT 

EQUIVALENTS 

(vs Trolox)

References
Quercetin-dihydrate (90%) 21779 8.2

Grape OPC extract 29228

Purified Compounds

(> 98%)

Isoxanthohumol 19073 6.8

8-Prenylnaringenin 29390 10.0

Xanthohumol 23447 8.3

Tetrahydroxanthohumol 13559 4.9

Xanthohumol-rich

extracts

Xantho-Flav (at 10% X) 3515

Xantho-Flav (at 15% X) 6617

Xantho-Flav (at 40% X) 8633

Xantho-Flav (at 75% X) 16477

Xantho-Flav (at 90% X) 22107

Other Hop Products

Ethanol extract (Hallertau Taurus) 1517

Carbon dioxide extract (Hallertau Taurus) 1006

Tannin Extract (liquid) 2411

Tannin Extract (dried) 5577

Hop oil (Type Dry) 96

Carbon dioxide extract (Apollo) 4632

�.-acids (10% in PG) 403

��-acids (40-50% in Beta Aroma Extract) 2466

PIKE (Potassium-form Isomerized Kettle Extract) 1797

Iso extract (30%) 542

Tetra concentrate (65-70%) 496

HORAC �ÆHydroxyl Radical Scavenging Capacity

CLASS MATERIAL

ANTIOXIDANT

CAPACITY  

(µmol Trolox/g)

MOLAR 

ANTIOXIDANT 

EQUIVALENTS 

(vs Trolox)

References
Quercetin-dihydrate (90%) 5610 2.1

Grape OPC extract 11906

Purified Compounds

(> 98%)

Isoxanthohumol 29600 10.5

8-Prenylnaringenin 32639 11.1

Xanthohumol 72245 25.6

Tetrahydroxanthohumol 29876 10.7

Xanthohumol-rich

extracts

Xantho-Flav (at 10% X) 8424

Xantho-Flav (at 15% X) 12104

Xantho-Flav (at 40% X) 19618

Xantho-Flav (at 75% X) 39047

Xantho-Flav (at 90% X) 55662

Other Hop Products

Ethanol extract (Hallertau Taurus) 1268

Carbon dioxide extract (Hallertau Taurus) 952

Tannin Extract (liquid) 2279

Tannin Extract (dried) 24047

Hop oil (Type Dry) 142

Carbon dioxide extract (Apollo) 718

�.-acids (10% in PG) 123

��-acids (40-50% in Beta Aroma Extract) 952

PIKE (Potassium-form Isomerized Kettle Extract) 926

Iso extract (30%) 148

Tetra concentrate (65-70%) 479

ORAC and HORAC results for Xantho-FlavÊ

1. Halliwell, B., Antioxidants in human health and disease. Annual Review of Nutrition 1996, 16, 33-50.
2. Seifried, H. E.; Anderson, D. E.; Fisher, E. I.; Milner, J. A., A review of the interaction among dietary antioxidants and reactive 

oxygen species. Journal of Nutritional Biochemistry 2007, 18, (9), 567-579
3. Ou, B. X.; Hampsch-Woodill, M.; Prior, R. L., Development and validation of an improved oxygen radical absorbance capacity 

assay using fluorescein as the fluorescent probe. Journal of Agricultural and Food Chemistry 2001, 49, (10), 4619-4626
4. Huang, D. J.; Ou, B. X.; Hampsch-Woodill, M.; Flanagan, J. A.; Deemer, E. K., Development and validation of oxygen radical

absorbance capacity assay for lipophilic antioxidants using randomly methylated beta-cyclodextrin as the solubility enhancer. 

Journal of Agricultural and Food Chemistry 2002, 50, (7), 1815-1821..
.

mailto:Arne.Heyerick@UGent.be

