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Hop (Humulus lupulus L.) is a plant, which is probably the best known for being used in brewery for bittering. Bitter 

α- and β-acids found in cones of hops have antibacterial and antioxidant properties. However, it is known that hops contain 

other biologically active compounds (i.e. xanthohumol, 8-prenylnaringenin and others) that have anti-cancer, radical 

scavenging, peroxide reducing and antioxidant properties [1, 2]. It is very likely, that biologically active compounds can 

be found in different proportions across the whole plant. It is also possible that various parts of hop plant contain 

biologically active compounds that are insoluble in some solvents. There is lack of information about biologically active 

compounds of the leaves of hops. 

The QUENCHER procedure, standing for QUick, Easy, New, CHEap and Reproducible, is the method, which relies 

on the surface reaction phenomenon between solid (bound or trapped antioxidant compounds) and dissolved materials 

[3]. The purpose of this study was to apply QUENCHER procedure for determination of phenolic compounds, flavonoid 

compounds and radical scavenging activity of hop leaves and cones as well as to compare the results with that obtained 

using extract of raw material, which prepared by conventional liquid extraction. Five different Lithuanian hop varieties 

(Raudoniai, Fredos taurieji, Fredos derlingieji, Kauno ankstyvieji, Kauno gražieji) growing in Kaunas Botanical Garden 

of Vytautas Magnus University were analyzed. To our knowledge, it is the first study on the application of QUENCHER 

procedure for the analysis of phenolic compounds of different parts of hops. The total amount of phenolic compounds, 

the amount of flavonoids and radical scavenging activity using DPPH (1,1-diphenyl-2-picrylhydrazyl) were determined 

using spectrophotometric methods [4]. Results were expressed as rutin equivalents mg/g of plant.  

The analysis has shown that the total content of phenolic compounds using QUENCHER procedure was higher 

compared to the methanol extracts. The concentration of phenolic compounds in methanol extracts varied from 31.4 mg/g 

(leaves of Kauno gražieji) to 78.2 mg/g (cones of Fredos taurieji). In contrast, the total content of phenolic compounds 

using QUENCHER procedure varied from 91.7 mg/g (cones of Kauno ankstyvieji) to 168.5 mg/g (leaves of Fredos 

taurieji). It is interesting to note, that the total content of phenolic compounds was higher in the samples of leaves than 

the cones, whereas methanol extracts have shown opposite results. Phenolic compounds that are insoluble in methanol 

may be the reason of higher content of phenolic compounds using QUENCHER procedure. Also, higher content of such 

compounds in leaves using QUENCHER could be the consequence of various compounds that are insoluble in methanol. 

When comparing the total content of flavonoids, there was no big difference between two methods. The highest content 

of flavonoids (23.3 mg/g) was in the methanol extract of cones of Kauno gražieji whereas the lowest concentration of 

flavonoids was of the leaves of the same variety (11.0 mg/g). However, the correlation between the total content of 

phenolic compounds and radical scavenging activity using QUENCHER procedure is notably lower (r = 0.661) than in 

methanol extracts (r = 0.928). Such results may have occurred because there are some phenolic compounds that have 

lower or no radical scavenging activity. The radical scavenging activity in methanol extracts varied from 34.4 mg/g 

(leaves of Kauno ankstyvieji) to 87.2 mg/g (cones of Fredos taurieji). In contrast, radical scavenging activity using 

QUENCHER procedure varied from 48.4 mg/g (leaves of Kauno gražieji) to 121.0 mg/g (leaves of Fredos taurieji). It is 

worth noticing that the QUENCHER procedure usually provides higher errors because of inhomogeneity of the samples 

(RSD <9.6 % and 4.0 % for phenolic compounds using QUENCHER and traditional extraction respectively, 

RSD <13.3 % and 3.8 % for flavonoids using QUENCHER and methanol extracts respectively and RSD <10.0 % and 

2.4 % for radical scavenging activity using QUENCHER procedure and traditional extraction respectively). 

In conclusion, the QUENCHER procedure was successfully applied for the determination of phenolic compounds, 

flavonoids and radical scavenging activity in different parts of hop plant. The total content of phenolic compounds using 

QUENCHER procedure was higher compared to methanol extracts, while there was small differences in total content of 

flavonoids between two methods. The radical scavenging activity of different parts of hops varies between two methods. 

The QUENCHER procedure results in higher errors. 

 

Acknowledgements:  

This project was financed by Research Council of Lithuania project No. 09.3.3-LMT-K-712-03-0133.  

 
[1] P. Allsopp, S. Possemiers, D. Campbell, C. Gill, I. Rowland, A cComparison of the anticancer properties of isoxanthohumol and 8-prenylnaringenin 

using in vitro models of colon cancer, BioFactors, 39, 441–447 (2013). 
[2] W. Hardwick, Handbook of Brewing, 2nd Ed. (Boca Raton: CRC Press, USA, 2006). 

[3] M. Henrion, M. Servaes, F. Thielecke, V. Fogliano, Application of the QUENCHER methodology to the food industry, Food Chemistry, 240, 951–

958 (2018). 
[4] V. Kaškonienė, G. Ruočkuvienė, P. Kaškonas, I. Akuneca, A. Maruška, Chemometric analysis of bee pollen based on volatile and phenolic 

compound compositions and antioxidant properties, Food Analytical Methods, 8, 1150–1163 (2015). 


