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Abstract

PLUHÁČKOVÁ HELENA, BENEŠOVÁ KAROLÍNA, EHRENBERGEROVÁ JAROSLAVA, 
KOCOURKOVÁ BLANKA: The content of vitamine E in hop cones of the Saaz variety.  Acta Universitatis 
Agriculturae et Silviculturae Mendelianae Brunensis, 2013, LXI, No. 3, pp. 777–785

The activity of vitamin E, total content of tocols and the content of individual isomers: -tocopherols, 
-tocopherols, -tocopherols and -tocopherols was monitored in samples of hop cones of the 
world-important Saaz variety. Hop cone samples originated from hop-breeding area Tršice, Czech 
Republic. The method used for the determination of vitamin E in barley was modifi ed and used for 
this quantitative analysis. The results indicate that monitored characteristics are infl uenced by the 
year of harvest (2010 or 2011) but also by the age of hop-gardens (hop bucks). High values of vitamin 
E activity (up to 67.79 mg.kg−1) and total content of tocols (up to 76.31 mg.kg−1) in hop cones are worth 
further attention from the viewpoint of alternative use of hops.

hop, vitamin E, antioxidant, tocopherol, Saaz

Antioxidants are important mediators of energy 
transfer, immune defense factors and signal 
molecules of cell regulation (Chrpová, Kouřimská, 
Pánek, 2008). Food quality is given not only by 
nutrients and nutritionally important substances, 
but also by components that enhance the immunity 
of the organism and its defensive ability against 
diseases, reduce the risk of disease, act against 
pathogenic microorganisms or otherwise protect 
human health. These components slow unwanted 
processes in human body and contribute to the 
protection against negative eff ects of lifestyle 
changes and aging (Kopec, 1998; Štípek, 2000). 

Antioxidants are divided according to their 
function (Benešová, 2000; Velíšek, 2002) to primary 
antioxidants that end the chain reaction of free 
radicals by supplying hydrogen or electrons. They 
work also with lipid radicals, creating complexes 
lipid-antioxidant. Tocopherols belong to this group 
together with many other phenolic compounds 
found in natural samples etc. According to 
Benešová (2000), natural antioxidants are 
compounds naturally occurring in plants, animals 
and microorganisms. Antioxidation activity of these 
compounds varies in a wide range from very mild to 
very high. 

Vitamins are non-energetical low-molecular 
organic compounds that the organisms need 
unconditionally in some minimum concentration, 
but are unable to synthesize them itself or can 
do it only in insuffi  cient quantities and thus the 
compounds must be contained in food. The 
complex of vitamins contained in fruits and 
vegetables protects human organism in many ways. 
Some vitamins have other protective eff ects, for 
example against tumor diseases. 

Eight basic structurally-related derivatives of 
chroman (3,4-dihydro-2h-1-benzopyran) called 
tocols show the activity of vitamin E. The structural 
base is common for all the compounds exhibiting the 
vitamin E activity (so-called vitagenum E), contains 
chroman cycle with saturated or unsaturated 
isoprenoid side chain with 16 carbon atoms. This 
cycle is derived from diterpenoid alcohol phytol, 
but it contains also additional methyl group in the 
position C-2 and hydroxy group in the position 
C-6 of the chroman cycle. The presence of these 
functional groups is necessary for biological activity 
of all eight vitamers. Four forms of the vitamin E with 
saturated terpenoid side chain derived from tocol 
are tocopherols, four forms with unsaturated side 
chain are called tocotrienols. Individual tocopherols 
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and tocotrienols diff er in the position and number 
of methyl groups in the chroman cycle. The vitamin 
E, especially -tocopherol, is the most important 
lipophilic antioxidant that is the part of eukaryotic 
cells. Appropriate intake of vitamin E is considered 
to help preventing the oxidation of biomembrane 
lipids. Vitamin E is necessary for the cell division, for 
the right function of nerves, muscles, brain, kidneys 
and liver. It enhances also the life duration of red 
blood cells (Velíšek, 1999; Kopec, 1998). Vitamin E, 
group of substances synthesized by all higher plants, 
belong to the most important natural antioxidants. 
In the human organism they help to slow down 
the ageing process and play a role in prevention of 
cancer and heart and vascular diseases (Weber and 
Rimbach, 2001; Zingg, 2007).

The content of antioxidants, including vitamin 
E, is most o� en studied in vegetables. Ensminger 
(1995) states that the most studied are following 
species: cabbage, onion, tomatoes, carrot, 
melon, bell pepper, cucumber and caulifl ower. 
Antioxidants are the focus of interest also in other 
plant species, especially in cereals (Prýma, 2007). 
The content of antioxidants hasn’t been studied in 
detail yet in hops, where there would be a good idea 
to look for alternative ways of use due to the world 
overproduction of hops. 

Olas et al. (2011) dealt with the use of extract 
from hop cones (Humulus lupulus) as an oxidation 
stress modulator in blood cells and according to 
them there is little known about the antioxidation 
activity of hop cones. In the comparative study they 
found out that hop extracts aren’t more effi  cient 
antioxidant than pure commercial preparation. 
Cleemput et al. (2009) found out that bitter acids 
from hops are eff ective against infl ammation and 
metabolic disorder. They pointed out there is 
a possibility of using hop extracts for the treatment 
of diabetes, cardiovascular diseases and metabolic 
syndromes. 

In the Czech Republic the most widespread 
cultivated variety is the Saaz hops. As for its quality, 
it belongs to the top quality hops in the world. It 
is an original population that was developed and 
naturally selected at the conditions of current 
hop-breeding regions. From the beginning of 
nineties the clones are propagated from virus-
free planting material. International degustation 
held since 1998 by the Hops Institute Ltd., Žatec, 
clearly demonstrate the high quality of this variety. 
(Nesvadba, 2012). Hops is a crop that is being grown 
at the site for more than 20 years; hop varieties 
became more yielding thanks to the plant breeders, 
which is one of the factors contributing to the 
worldwide overproduction of hops in recent years. 
Hops are irreplaceable raw material for brewing, but 
it is necessary to use the overproduction of hops 
also in other areas, for example in pharmaceutics, 
cosmetics, but also in animal nutrition and breeding 
(treatment of infl ammation diseases).

The aim of our work was the determination of the 
content of vitamin E antioxidant. Previous scientifi c 

research indicate that this antioxidant hasn’t been 
determined in hops before.

MATERIALS AND METHODS
The samples of Saaz variety hops were used for 

the determination of individual isomers of vitamin 
E and its activity. Hop cone samples from hop-
breeding region Tršice were obtained from the 
harvests 2010 and 2011 and were taken from 9 hop-
gardens of diff erent age (hop bucks) (Tab. I). 

Original method according to EN 12 822:2000 
and according to Mc Laughlin and Weihrauch 
(1979) adapted for hop cone samples was used for 
the determination of vitamin E. Vitamin E activity 
is given in milligrams of -tocopherol equivalent 
which represents the sum of the individual 
tocopherols and tocotrienols with respect to 
their biological activity (calculation according to 
McLaughlin and Weihrauch 1979).

Saponifi cation:
The sample of hop cones was ground in laboratory 

mill. 2 g of the sample were weighted, 100 mg of 
ascorbic acid and 50 ml of ethanol were added. 
Then the sample was shaken in the shaker machine 
for 1 minute, kept at rest for 10 minutes in the 
dark and a� er that 10 ml of 50% KOH were added. 
The prepared sample was le�  to stay overnight in 
the dark in nitrogen atmosphere at the laboratory 
temperature to let the saponifi cation occur.

Extraction:
Saponifi ed sample was transferred quantitatively 

to the separating funnel, the fl ask was rinsed 
with 100 ml of distilled water. The extraction was 
performed with 3 × 50 ml of diethylether. Combined 
etheric phases were washed with water to the neutral 
reaction; water was added to the etheric phase 
(3 × 100 ml) and shaken gently not to form emulsion. 
Washed etheric phase was dried by anhydrous 
sodium sulfate. The solvent was evaporated to 
dryness at the vacuum evaporator and the residue 
was immediately dissolved in 4 ml of methanol and 
transferred quantitatively to the vial.

I: Places where hop cones samples were taken

Planting year Cadastral area Track name

1993 Dolní Újezd U lípy

1995 Prosenice Rol

1996(1) Lazníky Nad česačkou

1996(2) Prosenice Kouta

1996(3) Dolní Újezd Pod cestou

1997(4) Dolní Újezd Pod cestou

1997(5) Lazníky Zabitá I.

1998 Lazníky Zabitá II.

2000 Dolní Újezd Pod cestou
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Analytical determination:
Chromatographic analyses were preformed 

employing high-performance liquid chromatograph 
(HPLC) Ultimate 3000 (Dionex, USA). The system 
is equipped with quaternary gradient pump 
with integrated vacuum degasser, autosampler 
with injection block Rheodyne, programmable 
termostated column and two programmable 
detectors, diode-array detector on-line coupled to 
four-channel fl uorescence detector. The so� ware 
Chromeleon was used for data acquisition and 
evaluation. The column Ascentis® Express RP-
Amide, size 150 × 3 mm, particle size 2.7 μm was 
used for the analyses, the mobile phase was 100% 
acetonitrile at the fl ow rate 0.75 ml.min−1. Column 
temperature was 30 ºC, injection volume 1 μl and 
both tocopherols and tocotrienols were determined 
by a fl uorescence detector with ex 290 and em 330 
nm, resp. Statistical program STATISTICA (data 
analysis so� ware system), version 10 (StatSo�  Inc., 
2011) was used for data evaluation.

Results were evaluated by multi-factor analysis 
of variance, followed by testing the diff erences in 
average values by the means of LSD test.

RESULTS AND DISCUSSION
Only the content of tocopherols was determined 

in the monitored set of samples, tocotrienols were 
not detected. This is in good accordance with the 
analysis of barley green mass; there were also only 
tocopherols determined (Ehrenbergerová et al., 
2009).

Based on the evaluation of obtained experimental 
results by the means of the multi-factor analysis of 
variance (see Tab. II), statistically highly signifi cant 
eff ects were found for the planting year (age of 
hop bucks) and the harvest year (2010, 2011). Also 
the interaction of these factors (planting year x 
harvest year) infl uenced monitored parameters in 
a statistically highly signifi cant way. Subsequent 
testing using Fisher’s LSD test found many 
signifi cant diff erences in the average activity values 
and the content of individual vitamin E isomers (see 
Fig. 1–Fig. 6) caused by the above given factors. 

As for the average activity of vitamin E (see Fig. 1, 
see Tab. II) it was found out for the Saaz variety 
and individual years of the hop-gardens planting 
during the two-year monitoring that statistically 
signifi cantly higher activity was determined for the 

II: Analysis of variance for the activity of vitamin E and content of its isomers in hop cones of the Saaz variety for the years 2010 and 2011 

SOURCE OF 
VARIANCE d.f.

Vitamin E
activity

Total
tocols -T -T -T -T

MS

Planting year 8 635,17*** 772,11*** 615,23*** 0,08*** 0,24*** 7,93***

Harvest year 1 10100,99*** 11966,80*** 9801,34*** 0,34*** 2,95*** 65,39***

Interactions:
Planting year*
Harvest year

8 1234,65*** 1613,26*** 1175,56*** 0,19*** 1,21*** 20,82***

Error 54 3,98 4,94 3,79 0,00 0,03 0,10

Note: * - p ≤ 0.05; ** - p ≤ 0.01; *** - p ≤ 0.001; T = tocopherol
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1: Average values of vitamin E activity in hop cones of the Saaz variety in harvest years 2010 and 2011 
Note: Average values marked with diff erent letters showed statistically signifi cant diff erences from each 
other at P = 0.05; (1) Lazníky „Nad česačkou“, (2) Prosenice „Kouta“, (3) Dolní Újezd „Pod cestou“, (4) 
Dolní Újezd „Pod cestou“, (5) Lazníky „Zabitá I.“
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harvest year 2011 (38.21 mg.kg−1) in comparison with 
the year 2010 (14.52 mg.kg−1). This fi nding could 
lead to the conclusion that the harvest year 2011 
was a more favourable for the activity of vitamin 
E, but in some samples higher values were found 
in the harvest year 2010 (planting years 1995 – 
29.97 mg. kg−1 and 1996 – 22.53 mg.kg−1). The highest 
activity was found in the samples from the youngest 
hop-garden (the planting year 2000 – 67.79 mg.
kg−1) in the harvest year 2011, on the other hand the 
lowest activity of vitamin E was found in samples 

from the planting year 1996 (5.37 mg.kg−1), which 
is not signifi cantly statistically diff erent from the 
samples from the planting year 1997 (8.11 mg.kg−1).

Similar to the vitamin E activity, the highest 
average content of total tocols (see Fig. 2, see Tab. III) 
in the two-year period was determined in the harvest 
year 2011 in samples from the youngest hop-garden 
(harvest year 2000 – 76.31 mg.kg−1). High content 
of total tocols was found also in samples from the 
same harvest year 2011 and planting year 1996 
(69.26 a 68.70 mg.kg−1) which were not signifi cantly 
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2: Average values of the total tocols content in hop cones of the Saaz variety in harvest years 2010 and 2011

III: Average values of the vitamin E activity, total tocols content and vitamin E isomers (mg.kg−1) in hop cones of the Saaz variety

Harvest
year

Planting 
year

Cadastral
area

Track 
name

Area
(ha)

Vitamin E
activity

Total
tocols -T -T -T -T

2010

1993 Dolní Újezd U lípy 2,6 9,48 bc 11,16 b 9,11 bc 0,58 ab 1,34 a 0,14 a

1995 Prosenice Rol 12 29,97 h 33,81 i 29,23 i 1,03 ef 3,26 e 0,30 de

1996(1) Lazníky Nad česačkou 5,2 15,72 e 17,72 de 15,30 f 0,64 abc 1,57 ab 0,21 abc

1996(2) Prosenice Kouta 3,6 5,37 a 6,95 a 5,05 a 0,50 a 1,26 a 0,15 a

1996(3) Dolní Újezd Pod cestou 9,5 22,53 fg 28,03 h 21,46 gh 1,56 hi 4,38 g 0,63 h

1997(4) Dolní Újezd Pod cestou 7,4 11,47 cd 13,53 bc 11,02 cd 0,72 abcd 1,60 ab 0,19 ab

1997(5) Lazníky Zabitá I. 7 8,11 ab 10,41 b 7,58 ab 0,87 cde 1,80 bc 0,17 ab

1998 Lazníky Zabitá II. 7 15,05 e 18,86 e 14,29 ef 1,13 fg 3,04 e 0,40 fg

2000 Dolní Újezd Pod cestou 6 12,97 de 15,15 cd 12,49 de 0,78 bcde 1,69 ab 0,19 abc

Mean 14,52 17,29 13,95 0,87 2,22 0,26

2011

1993 Dolní Újezd U lípy 2,6 39,49 j 43,96 k 38,57 k 1,37 gh 3,70 f 0,33 def

1995 Prosenice Rol 12 21,31 f 23,98 f 20,66 g 1,15 fg 1,86 bc 0,31 de

1996(1) Lazníky Nad česačkou 5,2 60,88 k 69,26 l 59,40 l 1,86 jk 7,26 h 0,74 i

1996(2) Prosenice Kouta 3,6 60,63 k 68,70 l 59,21 l 1,72 ij 7,29 h 0,48 g

1996(3) Dolní Újezd Pod cestou 9,5 13,60 de 15,66 cd 13,22 def 0,50 a 1,78 b 0,17 ab

1997(4) Dolní Újezd Pod cestou 7,4 34,32 i 37,44 j 33,69 j 0,94 def 2,54 d 0,28 cde

1997(5) Lazníky Zabitá I. 7 24,79 g 27,61 gh 24,19 h 0,93 def 2,23 cd 0,25 bcd

1998 Lazníky Zabitá II. 7 21,07 f 24,78 fg 20,37 g 0,97 def 3,09 e 0,35 ef

2000 Dolní Újezd Pod cestou 6 67,79 l 76,31 m 66,24 m 2,01 k 7,34 h 0,72 hi

Mean 38,21 43,08 37,28 1,27 4,12 0,40

Note: Average values marked with diff erent letters showed statistically signifi cant diff erences from each other at P = 0.05



 The content of vitamin E in hop cones of the Saaz variety 781

statistically diff erent from each other. Interesting 
results were obtained for three hop-gardens from 
the planting year 1996 of diff erent areas from 
diff erent cadastral districts (hereina� er referred to 
as cadastral). The results can point out the infl uence 
of the hop-garden habitat. In the samples from the 
hop-garden from planting year 1996 (cadastral Dolní 
Újezd „Pod cestou“), higher values (28.03 mg.kg−1) 
were found in the harvest year 2010 in comparison 
with the harvest year 2011 (15.66 mg.kg−1). 
-tocopherol (see Fig. 3, see Tab. III) is generally 

one of the isomers most involved in the total 
content of tocols and the vitamin E activity. Its high 
percentage was confi rmed also in the hop cone 
samples. Thus, similar to the vitamin E activity 
and the total content of tocols, also the highest 
values of -tocopherol were found in samples from 

the youngest hop-garden (planting year 2000 – 
66.24 mg.kg−1) in the harvest year 2011. In the harvest 
year 2010, several times lower values (12.49 mg.kg−1) 
were found in samples from the same hop-garden 
planted in the year 2000. However, the results were 
not signifi cantly statistically diff erent either from 
the samples from the planting year 1998 and harvest 
year 2010 (14.29 mg.kg−1) or from the samples 
from the planting year 1996 and harvest year 2011 
(13.2 mg.kg−1).

Statistically signifi cantly higher average content of 
-tocopherol isomer (see Fig. 4, see Tab. III) during 
the two-year period was determined in hop cone 
samples from the planting year 2000 and harvest 
year 2011 (2.01 mg.kg−1) compared to other samples 
in the set. Statistically signifi cantly lower content 
was found in samples from the planting year 1996 
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3: Average values of the -tocopherol content in hop cones of the Saaz variety in harvest years 2010 and 2011 
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4: Average values of the -tocopherol content in hop cones of the Saaz variety in harvest years 2010 and 2011 



782 Helena Pluháčková, Karolína Benešová, Jaroslava Ehrenbergerová, Blanka Kocourková

and harvest year 2011 (0.50 mg.kg−1, cadastral Dolní 
Újezd „Pod cestou“), but it wasn’t signifi cantly 
statistically diff erent from samples from the 
planting year 1996 (cadastral Prosenice „Kouta“ – 
0.50 mg. kg−1), the planting year 1993 (cadastral Dolní 
Újezd „U lípy“ – 0.58 mg.kg−1), the planting year 
1996 (cadastral Lazníky „Nad česačkou“ – 0.64 mg.
kg−1) and the planting year 1997 (cadastral Dolní 
Újezd „Pod cestou“ – 0.72 mg.kg−1), all in the harvest 
year 2010. 

The -tocoferol isomer (see Fig. 5, see Tab. III) was 
found in monitored years (2010, 2011) to be in the 
range of 1.26–7.34 mg.kg−1. This isomer is the second 
highest represented one in the total content of tocols 
a� er -tocopherol.

The highest values of -tocopherol (0.74 mg.kg−1) 
(see Fig. 6, see Tab. III) were found in the samples 
from the planting year 1996 and harvest year 2011 
(cadastral Lazníky „Nad česačkou“). However, the 
results weren’t signifi cantly statistically diff erent 

from samples from the youngest hop-garden from 
the planting year 2000 (0.72 mg.kg−1).

The lowest content of -tocopherol was found 
in the samples from the planting year 1993 
(0.14 mg. kg−1), but this was signifi cantly statistically 
diff erent neither from samples from the planting 
year 1996 (0,15 mg.kg−1), from the planting year 1997 
and cadastral Lazníky „Zabitá I.“ (0.17 mg.kg−1), from 
the planting year 1997 and cadastral Dolní Újezd 
„Pod cestou“ (0.19 mg.kg−1) and from the planting 
year 2000 (0.19 mg.kg−1), all in the harvest year 2010, 
nor from the planting year 1996 and cadastral Dolní 
Újezd „Pod cestou“ 1996 in the harvest year 2011 
(0.17 mg.kg−1).

Lachman (2000) states that the vitamin E, mostly 
-tocopherol, is the most important lipophilic 
antioxidant contained in eukaryotic cells as the 
protection of unsaturated lipids against damage 
caused by free radicals. In our research the content 
of -tocopherol in hop cones of investigated Saaz 
variety varied in the range between 5.05 mg.kg−1–
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5: Average values of the -tocopherol content in hop cones of the Saaz variety in harvest years 2010 and 2011 
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6: Average values of the-tocopherol content in hop cones of the Saaz variety in harvest years 2010 and 2011 
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29.23 mg.kg−1 and 13.22–66.24 mg.kg−1 in the harvest 
years 2010 and 2011, resp., given in average values 
from all sites. These quantities are much higher than 
values given for the selected vegetables, because 
according to Kopec (1998) the amount of vitamin E 
varies from 1.3 mg.kg−1 in caulifl ower and 2 mg.kg−1 
in cabbage to 7.2 mg.kg−1 in tomatoes and 10.5 mg.
kg−1 in green bell pepper and 11.9 mg.kg−1 in red bell 
pepper. The content of tocols found in genotypes 
of spring barley by Ehrenbergerová et al. (2006) was 
highest for waxy varieties (60.32–67.55 mg.kg−1) and 
reached the level of 49.93–53.56 mg.kg−1 in standard 
malting type varieties; it means that some samples of 
hop cones in our research are also of higher content 
than these values.

The authors Goupy et al. (1999) and Cavallero 
et al. (2004) state that the range of total tocol content 
in barley grain is from 9.7 to 61.4 mg.kg−1; it is in 
good accordance with the range of our results in 
hop cones that was from 6.95 to 76.31 mg.kg−1. 
Peterson and Qureshi (1993) also studied the 
concentration of vitamin E in barley grain and they 
state that the content of vitamin E is infl uenced by 
the environmental conditions during the growth, 
ripening, harvest and storage, which is confi rmed 
also by the authors of more recent works (Březinová 
Belcredi et al., 2008). The results of this research 
were confronted primarily with those of authors 
who dealt with vitamin E in barley, because hops are 
reported to have similarly high levels of vitamin E as 
above-mentioned barley. 

Average activity of vitamin E in hop cones was 
14.52 mg.kg−1 in the year 2010 and 38.21 mg.kg−1 

in the year 2011, average values of total tocols 
and -tocopherol in the samples were adequately 
higher. It means that the weather course conditions 
during individual hop-planting years infl uences 
signifi cantly the activity of vitamin E and the content 
of its isomers, as was also statistically verifi ed by 
analysis of variance. However, due to signifi cant 
interaction of the years of cultivation with the 
years of hop-garden planting both lower amount 
of total tocols and lower activity of vitamin E was 
determined in the hop cone samples from the hop-
gardens Prosenice “Rol” a Dolní Újezd “Pod cestou” 
(1) in the harvest year 2011 compared to the year 
2010 when vast majority of samples showed higher 
values.

The evaluation of the results achieved in the 
hop cones research indicates that the content of 
tocopherols and vitamin E activity was infl uenced 
by the planting year (age of the hop-garden). Also 

the soil and climatic conditions of the habitat and 
weather course conditions in the harvest years 
of hops infl uenced levels of vitamin E, which is 
confi rmed e.g. by diff erent values obtained for 
samples from diff erent cadastral areas in hop-
growing region Tršice.

Prýma et al. (2007) confi rmed the dependence of 
the content of vitamin E on the variety of barley; 
thus it is likely that the situation will be similar for 
hops and our current research work will brings 
interesting results of the study of more hop varieties. 

The activity of vitamin E in hop cones was 
monitored for the purpose of alternative use. Due 
to the overproduction of hops not only in the Czech 
Republic but also in the whole world it is important 
to look for other use of hops, for example in food 
additives that aren’t exposed to high temperatures 
during the processing.

CONCLUSIONS
The obtained results show that the content of 

tocopherols and vitamin E activity was infl uenced 
by the year of planting (age of hop bucks), but also 
by soil and climatic conditions of the site and the 
harvest year. 

From the temperature viewpoint the harvest 
year 2010 can be characterised as slightly above the 
average with the average temperature 8.17 oC. The 
rainfall during the year 2010 was 768.40 mm, that is 
215 mm above the long-term average. In the harvest 
year 2011 the average temperature was even higher 
(9.02 oC) in comparison to the year 2010, but as for 
the rainfall the year 2011 was closer to the long term 
average with 551.2 mm rainfall. From the diff erent 
weather conditions of these two years we can 
assume that the weather conditions of the year 2011 
infl uenced favourably higher vitamin E activity.

It is evident from the two-years results that the 
hop cones contain signifi cant amount of vitamin E 
and isomers of tocopherols. Tocotrienols were not 
detected in the samples due to their low level.

Further research of the use of vitamin E from hop 
cones is needed. In the harvest year 2011 the highest 
activity of vitamin E and its isomers was found in 
samples from the youngest hop-garden, planted in 
the year 2000. Unfortunately, it was not the same in 
the year 2010; thus, the result show that the impact 
of harvest year is very important. According to 
overall results we can say that the harvest year 2011 
was more favourable for the synthesis of vitamin E 
compared to the year 2010. 

SUMMARY
This work deals with the methodology of determination of vitamin E activity in hop cones of the 
most important Czech hop variety Saaz. The method proved and validated to be used on barley 
grain (Ehrenbergerová et al., 2006) was used for the determination; it has been partially adapted for 
determination from hop cone samples. The samples were saponifi ed, extracted and chromatographic 
analyses were performed. The results were evaluated by multi-factor analysis of variance, followed by 
testing the diff erences among the average values via LSD test. 
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Four tocopherol isomers (, ,  and ) were detected in the samples of Saaz variety hop cones from 
hop-growing region Tršice in the harvest years 2010 and 2011. Hop samples originated from the hop-
gardens of diff erent planting age (age of the hop bucks).
The evaluation of the results achieved in the hop cones monitoring indicates that the content of 
tocopherols and vitamin E activity was infl uenced by the planting year (age of the hop-garden) and 
also by the soil and climatic conditions of the site and weather course conditions during the harvest 
year.
The vitamin E activity found in the samples of the Saaz variety varied in the range of 5.37–67.79 
mg.kg−1, total tocols content varied in the range of 6.95–76.31 mg.kg−1. The -tocopherol, -tocopherol, 
-tocopherol and -tocopherol isomers were present in hop cone samples in the ranges of 5.05–66.24 
mg.kg−1, 0.5–2.01 mg.kg−1, 1.26–7.34 mg.kg−1 and 0.14–0.74 mg.kg−1, respectively. It is evident from the 
two-years results that the hop cones contain signifi cant amount of vitamin E and its isomers.
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