Hops - A source of natural antioxidants
b Chmel - zdroj pfirodnich antioxidanti
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ops (Humulus lupulus 1..) are one of the basic

raw materials for brewing beer. They contribute

not only the so-liked bitterness, the full taste
and aroma, but also a number of substances that are the
subject of medical and pharmaceutical research to beer.
These remarkable substances also include polyphenols
— natural antioxidants. Polyphenol substances generally
contribute to the chemical-physical stability of beer,
the formation of foam and the resistance towards aging
and oxidation of beer. They also have a wide spectrum
of beneficial effects on health, such as for example the-
ir anti-carcinogenic and anti-microbial effects, they re-
gulate blood pressure and the blood glucose level.

Of the total amount of polyphenols contained in beer,
30% of these come from hops and the remainder from
malt. It is assumed that hop polyphenols are more ef-
fective antioxidants than malt polyphenols, because
they are present during the process of beer brewing for
a shorter period of time and consequently their anti-
oxidation activity is better preserved. It has been proven
that a number of polyphenol substances in hops have
similar antioxidant effects to synthetic antioxidants or
some vitamins. Consequently beer can increase the level
of antioxidants in the human organism thereby prevent-

hmel (Humulus lupulus L.) je jednou ze zaklad-

nich surovin na vyrobu piva. Pfinasi do piva ne-

jen tolik oblibenou hotkost, plnost chuti a viini,
ale i radu latek, jenz jsou predmétem lékarského a far-
maceutického vyzkumu. Mezi tyto pozoruhodné latky
patfi polyfenoly — prirodni antioxidanty. Polyfenolové
latky se obecné podileji na chemicko-fyzikalni stabilité
piva, na formovani pény a na odolnosti proti starnuti
a oxidaci piva. Ddle maji Siroké spektrum zdravi pro-
spésnych ucinkd, jako napf. antikarcinogenni a an-
timikrobidlni Gi¢inky, reguluji krevni tlak a hladinu glu-
kosy v krvi.

Z celkového mnozstvi polyfenolit obsazenych v pivu
jich priblizné 30% pochazi z chmele, ostatni pochazi
ze sladu. Predpoklada se, ze chmelové polyfenoly jsou
ucinnéjsimi antioxidanty nez polyfenoly sladové, pro-
toze se Ucastni procesu vareni piva krats$i dobu, a ma-
ji tak vice zachovanu antioxidacni aktivitu. Bylo pro-
kazano, ze rada polyfenolovych litek chmele ma ob-
dobné antioxida¢ni G¢inky jako syntetické antioxidanty
¢inékteré vitaminy. Pivo tak miize zvy$ovat hladiny an-
tioxidantd v lidském organizmu, a tim zabranovat ne-
zadoucim oxidacim volnymi radikaly, které jsou pri-
¢inou rady civiliza¢nich chorob.

Figure 1: Comparison of Total
Antioxidant Capacity (TAC) for
27 pure antioxidant substances
(concentration in cuvette was
3.75 umol/L) measured with

the ABTS'* method and the
FRAP method. Results of TAC
are expressed in micromoles per
micromoles of Trolox.

Obr. 1: Porovndni celkové an-
tioxidacni aktivity 27 Cistych
polyfenolovych ldatek (koncent-
race v kyveté byla 3,75 umol/l)
mérenych pomoci metody ABTS
a FRAP. Viysledky jsou vyjdadre-
ny v mikromolech na mikromol
Troloxu.
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Picture 2: Oxidation of ABTS to ABTS"*
Obr. 2: Oxidace ABTS na ABTS*
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ing undesirable oxidation by free radicals, which are the
cause of a number of civilizational diseases.

Hops contain a large number of bioactive substances,
which have strong antioxidant effects. The most im-
portant polyphenol substances in hops are epicatechin,
catechin, ellagic acid, ferulic acid, gallic acid and rutin.
Two various opinions of how to investigate these anti-
oxidant properties of hops exist. The first possibility
is precise determination of the amount of individual
polyphenol substances and subsequent determination
of their antioxidant activity. The second alternative is
direct determination of the total antioxidant capacity
(AC) of hop varieties.

To detect polyphenol substances in hops it is possible to
use highly effective liquid chromatography (HPLC) for
example. A UV detector is sufficient to detect majority
substances, a weight detector (LC/MS) is more suitable
for determination of minority substances. The results
of HPLC determination of the contents of selected
polyphenol substances in Czech varieties of hops are
given in table 1. Determination of the antioxidant activ-
ity of individual polyphenol substances follows. Several
analytical methods can be used to determine this. The
most frequently used method is the simple ABTS or
FRAP spectrophotometric method. A comparison of the
antioxidant activity of selected polyphenol substances
by ABTS and FRAP methods is given in picture 1.

The principle of the ABTS method is the reaction of
2,2’-azinobis-3-ethyl-benzothiazoline-6-sulfonic acid
(ABTS), which in the presence of potassium diperoxo-
disulphate creates a green ABTS" radical cation (Pic. 2),
this slakes, i.e. decolours in the presence of antioxidants.
The intensity of the resulting colouring measured at
734 nm is then equal to the degree of inhibition of the
reaction. The cation may be dissolved both in water and
in organic solvents.

The FRAP method is based on measuring the activity
of antioxidants that cause a reduction of a ferric ion to a
ferrous ion. The ferrous ion reacts with 2,4,6-tri(2"-pyri-
dyl)-1,3,5-triazine (TPTZ) in a stoichiometic proportion
of 1:2, a chelate originates, an intensely blue coloured
complex of Fe**-TPTZ (Picture 3). The amount of this
complex in the system determines the effectiveness of
the antioxidant because the more effective the antioxi-
dant the more blue complex originates and the higher
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Chmel obsahuje velké mnozstvi bioaktivnich latek, kte-
ré maji silné antioxida¢ni ucinky. Nejdulezitéjsimi po-
lyfenolovymi latkami chmele jsou epikatechin, katechin,
kyselina ellagova, kyselina ferulova, kyselina gallova
arutin. Existuji dva rtizné pohledy jak tyto antioxida¢ni
vlastnosti chmele zkoumat. Prvni moznosti je presné
stanoveni mnozstvi jednotlivych polyfenolovych latek
a nasledné urceni jejich antioxidac¢ni aktivity. Druhou
variantou je primé stanoveni celkové antioxida¢ni ka-
pacity (TAC) odrtad chmele.

K detekci polyfenolovych latek chmele l1ze pouzit na-
priklad vysokoucinnou kapalinovou chromatografii
(HPLC). K detekci majoritnich latek postacuje UV de-
tektor, pro stanoveni minoritnich latek je vhodnéjsi vy-
uzit hmotnostni detektor (LC/MS). Vysledky HPLC sta-
noveni obsahu vybranych polyfenolovych latek v ces-
kych odriadach chmele uvadi tabulka 1. Nasleduje ur-
¢eni antioxidacni aktivity jednotlivych polyfenolovych
latek. K tomu lze vyuzit nékolik analytickych metod.
Nejcastéji je pouzivana jednoducha spektrofotometricka
metoda ABTS ¢i metoda FRAP. Porovnani antioxidac-
ni aktivity vybranych polyfenolovych latek metodami
ABTS a FRAP je uvedeno na Obr. 1.

Principem metody ABTS je reakce 2,2"-azinobis-3-
ethyl-benzothiazolin-6-sulfonové kyseliny (ABTS), kte-
rd v pritomnosti persiranu draselného vytvari zeleny
radikalovy kation ABTS* (Obr. 2), ten se v pritomnosti
antioxidant? zhasi, tj. odbarvuje. Intenzita vzniklého
zbarveni mérena pri 734 nm je pak rovna mife inhibice
reakce. Kation mutize byt rozpustén jak ve vodném, tak
i v organickém rozpoustédle.

Metoda FRAP je zalozena na méreni aktivity antioxi-
dantu, ktery zptsobuje redukci Zelezitého iontu na Ze-
leznaty iont. Zeleznaty iont reaguje s 2,4,6-tri(2'-py-

Picture 3: Structure of the blue coloured Fe**-TPTZ complex
Obr. 3: Struktura modre zbarveného komplexu Fe**-TPTZ
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the absorbance of the solution. This complex is soluble
in organic and water solutions, its absorbent maximum
is at 593 nm. Optimum pH for origin of the blue colour-
ing is in the range of 3.4 to 5.8. Both methods are most
frequently calibrated to Trolox, a water-soluble analogue
of vitamin E.

The second, more frequently used alternative, is direct
determination of the total antioxidant capacity (TAC

ridyl)-1,3,5-triazinem (TPTZ) ve stechiometrickém
pomeéru 1:2, vznika chelat, intenzivné modre zbarveny
komplex Fe?*-TPTZ (Obr. 3). Mnozstvi tohoto komple-
xu v systému urcuje uc¢innost antioxidantu, nebot ¢im
plexu, a tim vyssi je absorbance roztoku. Tento kom-
plex je rozpustny v organickych i vodnych roztocich,
jeho absorb¢ni maximum je pti 593 nm. Optimalni pH
pro vznik modrého zbarveni je v rozmezi od 3,4 do 5,8.

Figure 4: Total Antioxidant 250

Capacity (TAC) in hop water
extract as measured with the
ABTS " method and the FRAP
method. Concentrations of hop
in both cuvettes were 0.06 g/L.
The results of TAC are expres-
sed in micromoles per gram of
dry hop.
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Obr. 4: Celkovd antioxidacni
kapacita (TAC) namérend me-
todou ABTS a metodou FRAP.
Koncentrace chmele byla 0,06
g/L. Vysledky TAC jsou vy-
jddreny v micromol/g suseného
chmele.
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— total antioxidant capacity) in water extracts of hops.
Again it is possible to use the ABTS or FRAP methods.
By comparison of both methods of determination the
total antioxidant capacity for Czech hop varieties is
given in Picture 4. The picture shows that the highest
total antioxidant capacity was measured in the fine aro-
matic variety Saaz (identified in the picture as Saazer).
Using these methods it is simple to acquire an overall
overview of the antioxidant capacities of individual hop
varieties.

The ABTS and FRAP methods provide comparable
results. In the case of precise determination of indi-
vidual hop polyphenols using the HPLC method the
disadvantage is the large number of detected analytes
in the hop matrix and consequently the laboriousness
and expense of this method. The advantage is precise
determination of the individual analytes of known anti-
oxidant activity. Using this method it is then possible to
purposefully cultivate varieties with a higher content of
specific polyphenol substances that are responsible for
the effects of hops that are beneficial to health.

The advantage of direct determination of the antioxidant
capacity (TAC) is fast screening of samples, simplicity
and cheapness. Another positive factor is that the total
antioxidant capacity is directly bound to the amount of
total polyphenols in the given variety. Consequently it
can be applied as determination of the total polyphenols.
The comparison of the results of measuring of total
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Obé metody se nejcastéji kalibruji na Trolox, ve vodé
rozpustny analog vitaminu E.

Druhou castéji uzivanou moznosti je pfimé stanoveni
celkové antioxidacni kapacity (TAC — total antioxidant
capacity) ve vodnych extraktech chmele. Opét lze po-
uzit metodu ABTS a FRAP. Porovnani obou metod sta-
noveni celkové antioxida¢ni kapacity pro ceské odrady
chmele je uvedeno na Obr. 4. Z obrazku je vidét, ze
nejvyssi celkova antioxidacni kapacita byla namérena
ujemné aromatické odriidy Zatecky polorany cervendk
(v obrazku oznacena jako Saazer). Témito metodami je
snadné ziskat celkovy prehled o antioxida¢ni kapacité
jednotlivych odriid chmele.

Metody ABTS a FRAP poskytuji srovnatelné vysledky.
V pripadé presného stanoveni jednotlivych polyfenola
chmele metodou HPLC je nevyhodou velké mnozstvi
detekovanych analytd v chmelové matrici, a tutiz i vel-
ka pracnost a finan¢ni naro¢nost této metody. Vyhodou
je presné stanoveni jednotlivych analytd o zndmé an-
tioxidac¢ni aktivité. Pomoci této metody lze pak cilené
slechtit odridy s vyssim mnozstvim konkrétnich po-
lyfenolovych latek, jenz jsou odpovédné za zdravi pro-
spésné ucinky chmele.

Vyhodou primého stanoveni antioxidac¢ni kapacity
(TAC) je rychly screening vzork, jednoduchost a fi-
nanc¢ni nendro¢nost. Dalsim pozitivnim faktem je, Ze
celkova antioxida¢ni kapacita je pfimo spjata s mnoz-




Figure 5. Comparison of me- 1200
thods for determination of total
polyphenols in hop. The results

from EBC method are expressed 1000 +

as milligrams per litre of hop

extract (20 g/L). 800 HEB Cm eth Od

The results from Folin-Ci- i . .

ocalteu method are expressed M Folin-Ciocalteu method
as milligrams gallic acid equi- 600 4

valent (GAE) per litre of hop ex-
tract (20 g/L).

400 +
Obr. 5: Porovndni metod ur-

ceni obsahu polyfenolii ve chme-

lu. Vysledky metody EBC jsou 200 -
vyjadreny v miligramech na litr

chmelového extraktu (20g/L). 0

Vysledky metodou Folin-Ci-

localteu jsou vyjddieny jako mi- Agnus or Harmonie Premiant Saazer Sladek
ligramy (GAE) na litr chme-

lového extraktu (20g/L).

Total Polyphenols (mg/L)

polyphenols in Czech hop varieties using the method  stvim celkovych polyfenoli v dané odrudé. Lze ji proto

according to EBC and the method according to Folin-  aplikovat jako stanoveni obsahu celkovych polyfenola.

Ciocalteau is given in Picture 5. Porovnani vysledkt méreni celkovych polyfenola v ces-
kych odriidach chmele metodou podle EBC a metodou
podle Folin-Ciocalteau je uvedeno na Obr. 5.

Table 1. Polyphenol Content in Water Extracts from Czech Hop Samples, harvest 2004 (average, h = 2)
Tabulka 1: Obsah polyfenolii v ¢eskych odridach chmele (2004)

1  gallicacid 2.6 159 14.4 15.7 8.7 9.1 18.8

3 4-hydroxybenzoic acid 9.0 2.5 1.5 1.2 2.2 1.9 3.6

5  vanillic acid 12.5 17.0 6.8 3.1 6.1 8.5 12.8

7  syringic acid 15.2 0.7 nd nd 0.6 0.8 1.5

9  p-coumaric acid 19.2 4.4 3.5 2.7 0.6 5.2 4.0

11  sinapic acid 22.2 nd nd nd nd nd nd

13 rutin 28.6 54.8 44.2 39.2 12.4 103.7 76.4

15 trans-cinnamic acid 32.4 3.7 3.4 3.5 1.1 4.4 6.6

‘results are expressed in milligrams per 100 grams of dry hop; nd - not detected
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