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Krofta, K. — MikySka, A. — Haskova, D.: Zmény antioxidacnich vlastnosti chmele pfi suseni, mleti, granulaci a skladovani. Kvasny
Prum. 53, 2007, €. 9, s. 266-272.

Poskliziovym su$enim zeleného chmele se ¢ast antioxidaéni aktivity ztraci. Ztrata zpravidla neprekracuje 5 % plvodni hodnoty RApppy.
Suseni se projevilo i ubytkem obsahu polyfenolovych latek. Mezi susenim v komorové a pasové susarné nebyl z hlediska zachovani antioxi-
dacnich vlastnosti chmele zjistén podstatny rozdil. Vysledky stanoveni antioxidacni aktivity v horkovodnim vyluhu hlavkovych a mletych chmeld
jsou srovnatelné a rozdily statisticky nepriikazné. Rovnéz granulaci mletého chmele se jeho redukéni aktivita prokazatelnym zptisobem ne-
méni. V pribéhu dlouhodobého skladovani chmele dochazi k poklesu antioxidaénich aktivit s riznou rychlosti v zavislosti na teploté sklado-
vani a formé chmele. Skladovaci teplota nema prokazatelny vliv na antioxidaéni aktivitu granulovanych chmell, zabalenych do vicevrstvé 6-
lie bez pfistupu vzduchu.

Krofta, K. — MikySka, A. — Haskova, D.: Changes in antioxidative properties of hops in the course of drying, milling, pelletization
and storage. Kvasny Prum. 53, 2007, No. 9, p. 266-272.

Post harvest drying of green hops causes loss of some antioxidative activity. This loss does not generally exceed 5 % of the original RApppy
value. Drying also affected decrease in polyphenol substances content. Drying in chamber and belt dryers did not show any significant dif-
ference in terms of maintaining antioxidative characteristics of hops. Results of determined antioxidative activity in hot water extract of whole
and ground hops are comparable and differences are not statistically significant. Pelletizing of ground hops does not significantly change their
antioxidative activity either. During a long-term storage of hops, antioxidative activity declines in dependence on the storage temperature and
form of hops. Storage temperature has not detectable effect on antioxidative activity of hop pellets packed in multi-layer foils without air access.

Krofta, K. — MikySka, A. — Haskova, D.: Die Aenderungen von Hopfenantioxidationseigenschaften wahrend des Trocknens, des Mah-
lens, der Granulierung und der Aufbewahrung: Kvasny Prum. 53, 2007, Nr. 9, S. 266-272.

Durch das Trocknen des geernteten griinen Hopfens wird ein Teil der Antioxidationsaktivitédten verloren. Der Verlust bleibt in der Regel un-
ter der Grenze von 5% des urspriinglichen Wertes RApppy. Der Trocknungsprozess dufBBert sich auch durch eine Abnahme des Gehalts an
Polyphenolstoffen. Im Hinblick auf die Erhaltung von Hopfenantioxidationseigenschaften wéhrend des Trocknungsprozesses im Kammert-
rockner oder im Bandtrockner wurden keine wesentliche Unterschiede festgestellt. Die Ergebnisse der Antioxidationseigenschaftenbestim-
mung des Heisswasserauszugs von Kopfhopfen und gemahlten Hopfen sind vergleichbar, die Unterschiede sind statistisch nicht erweisbar.
Durch eine Hopfengranulation wird die Reduktionsaktivitdt des Hopfen erwiesenermaBen auch nicht geéndert. Im Laufe des langfristigen
Hopfenlagerns sinkt die Antioxidationsaktivitat mit einer veschiedenen Geschwindigkeit in der Abhangigkeit von der Lagerntemperatur und
der Hopfenform. Die Lagerntemperatur hat keinen erweisbaren Einfluss auf die Antioxidationsaktivitat des in einer mehrschiftigen Folie ohne
Luftzugang verpackten granulierten Hopfens.

Kpodta, K. — Mukbiwka, A. — MNawkosa, [l.: UameHeHns1 aHTUOKUCIIUTENIbHbIX CBOUCTB XMesisl B Te4EHUEe CYLIKU, MOMOna, rpaHy-
nupoBaHus 1 xpaHeHus. Kvasny Prum. 53, 2007, Ho. 9, cTp. 266-272.

Cywkon xmens nocne ybopa BbIBOAUTCH HacTb @HTUOKWUCIUTENbHOW aKTUBHOCTM. YObiNb OObIKHOBEHHO He nepecTtynaet 5 %
nepeoHa4anbHon ctouMocT RApppy. Cyllka oTpasunachk U B ybbifibe COAep>KaHns NoMGeHOsbHbIX BeLwecTB. MexXay CyLIKOoW B KaMepHOM
N KOHBEVEPHOW CylWKe He 6blna y3HaHa — C TOYKM 3PEHUst COXPaHEHUS aHTUOKUCIUTENbHbIX CBOWCTB XMeNs — BaXKHas pasHuua.
PesynbTatbl onpefeneHns aHTUOKUCIIUTENBHOW aKTUBHOCTM B BOAOrPEVHOM 3KCTPAKTE XMENs B LMLIKAxX M U3MESIbY4EHHOro XMensi
ABNAOTCA CPaBHUMbIMA U pasHULbl CTAaTUCTUHECKM HECOCTOSITENbHbIMA. TakXe rpaHy/MpoBaHMEM pPasMeSibdeHHOro XMens
BOCCT@HOBUTESbHAA aKTUBHOCTb SIBHO HE MEHUTCA. B TedeHne [ONroBpEMEHHOro XpaHeHWs XMens aHTUOKUCNMTEeNbHas aKTUBHOCTb
nagaeT pasHON CKOPOCTbIO B 3aBMCMMOCTM OT TeMnepaTypbl XpaHeHUs 1 oT BuAa xmens. Temnepatypa XpaHeHUs SIBHO He BRMSET Ha
AHTUOKUCTUTENbHYO aKTUBHOCTb MPaHyIMpOBaHHOIo XMensi, yrakoBaHHOro B MHOTOCMOWHON NneHke 6e3 JocTyna Bo3ayxa.

Kli¢ova slova: chmel, polyfenoly, antioxidanty, suseni, mleti chmele,
granulace chmele, skladovani chmele, DPPH

1 UvoD

Chmelové hlavky obsahuji pfiblizné 75 % hm. vody. Aby nedoslo
po sklizni ke znehodnoceni, je nutné je bezprostfedné po sklizni usu-
Sit na vihkost pod 12 % hm. Optimalni vihkost suchého chmele je 8
az 12 % hm. Pfi nizkém obsahu vody jsou chmelové hlavky kfehké
a pfi mechanickém namahani se snadno rozplevuji na vieténka a li-
steny, coz vede k velkym ztratdm lupulinu a znaéné znesnadnuje
dalSi zpracovani. PFi vy$si vihkosti hrozi nebezpedi zapareni &i do-
konce samovzniceni chmele. V praxi se su$eni provadi na dvou ty-
pech susaren, komorovych a pasovych. Z technologického hlediska
se jedna o odliSné postupy. Pasova susarna je kontinualni susici za-
fizeni. Suseni ohfatym vzduchem probiha na pohybujicim se kovo-
vém ro$tu v nékolika teplotnich zénach. Komorova susarna je vsad-

Keywords: hops, polyphenols, antioxidants, drying, milling and pel-
letizing, hop storage, DPPH

1 INTRODUCTION

Hop cones contain water from ca 75 % of their weight. To avoid de-
gradation, it is necessary to dry it to moisture under 12 % immedia-
tely after harvest. Optimum moisture of dry hops is 8 to 12 % by we-
ight. With low water content hop cones are tender and at mechanical
stress they degrade easily to strigs and bracteoles, this leads to big
losses of lupulin and makes further processing much more difficult.
With higher moisture there is a danger of steaming up or even hop
spontaneous ignition. In practice, drying is performed in two types of
dryers, chamber and belt. From the technological point of view two
different methods are regarded. A belt dryer is continuous drying equ-
ipment. Drying with heated air proceeds on moving metal grate in se-
veral thermal zones. A chamber dryer is inserting equipment in which
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kové zafizeni, ve kterém suSici vzduch prostupuje vrstvou vihkého
chmele. Suseni v obou typech suSaren probihd pfi teplotach
50-60 °C po dobu 6—10 hodin. Zmény antioxidacnich vlastnosti
chmele pfi suSeni nebyly dosud podrobné zkoumany. Granulace
chmele je v sou¢asné dobé nejrozSifenéjsi forma zpracovani chmele,
pokud jde o aromatické a hotké odridy. Pfi vyrobé granuli se v prvni
fazi mele hlavkovy chmel na jemny prasek s prevazuijici velikosti ¢as-
tic do 0,5 mm. Po homogenizaci se praSkovy meziprodukt protlauje
kruhovymi otvory kovové matrice a lisuje do granulované formy. Jak
mleti, tak granulace jsou operace, pfi kterych dochazi k zahfivani
chmele. Procesy jsou vedeny tak, aby se zahfivani co nejvice ome-
zilo ochlazovanim proudem inertniho plynu. Teplota chmele pfi zpra-
covani na granule zpravidla nepfesahuje hranici 55 °C. Vzhledem
k tepelnému zatizeni chmele se navozuje otazka, do jaké miry mdze
tato okolnost ovlivnit antioxidaéni stav této pivovarské suroviny. Ani
po usu$eni a granulaci nezlstava slozeni chmele stabilni. V zavis-
losti na podminkach skladovani se méni obsah i sloZzeni chmelovych
pryskyfic, silic a dalSich latek. Jak se méni antioxida¢ni vlastnosti
chmele pfi dlouhodobém skladovani, neni dosud znamo. V pfedlo-
zené studii jsou uvedeny vysledky hodnoceni antioxidaénich cha-
rakteristik ¢erstvych i suSenych, zpracovanych i nezpracovanych
chmell. Soucasti experimentd bylo dale zjistit, do jaké miry dochazi
k uvolnéni antioxidant( z ¢erstvého nesuSeného chmele do roztoku
ve studené vodé a za varu. Pfispévek navazuje na praci [1], ve které
byly ovéfeny analytické postupy stanoveni antioxidaéni aktivity ve
chmelech a chmelovych vyrobcich a stanoveny rozdily mezi odru-
dami.

2 METODIKA

Antioxidaéni vlastnosti hlavkovych chmell a chmelovych vyrobku
byly hodnoceny postupem vypracovanym ve Vyzkumném Ustavu pi-
vovarském a sladafském, a. s., v Praze a v Chmelafském institutu
v Zatci, podrobné popsanym v pfedchozim &lanku [1], ktery vychazi
z metody publikované Kanedou [2]. Z chmele je pfipraven vyluh hor-
kou vodou. Stanoveni je zalozeno na reakci stabilniho barevného vol-
ného radikalu 1,1-diphenyl-2-picryl-hydrazylu (DPPH) s redukénimi
latkami. Antioxidaéni aktivita vzork(i RApppy Uvadéna v experimen-
talni ¢asti je vyjadfena jako relativni pokles koncentrace DPPH za
podminek stanoveni. Aktualni hodnota koncentrace volného radikalu
je ve Vyzkumném Ustavu pivovarském a sladarském stanovena tech-
nikou elektronové spinové rezonancéni spektrometrie (ESR), ve
Chmelafském institutu spektrofotometricky. Bylo zjisténo, Ze vysledky
obou mérfeni dobfe koreluji. Polyfenolové latky jsou nejvyznamnéj-
$imi antioxidanty chmele. Celkové polyfenoly a flavonoidy byly sta-
noveny dle Analytiky EBC [3], anthokyanogeny dle Pivovarsko-sla-
dafské analytiky [4]. Obsah alfa-hofkych kyselin byl stanoven
kapalinovou chromatografii podle metody EBC 7.7 [3], index sklado-
vani chmele se méfil spektrofotometrickou metodou dle Analytiky
ASBC [5].

Stanovenim obsahu vihkosti v Cerstvé sklizeném chmelu bylo zjis-
téno, ze obsah vody je 75 + 1,0 % hm. Ke stanoveni antioxida¢ni ka-
pacity bylo navazovano 5 gramu bezvodé matrice. Tomuto mnozstvi
odpovidalo cca 20 gramu zelenych hlavek a pfiblizné 5,5 g susenych
hlavek. Cerstvé hlavky byly nakrajeny na malé kusy, opatrné nasy-
pany do varné bariky a prelity vodou. Vyluh ze zelenych hlavek za
studena byl pfipravovan smichanim nakrajenych hlavek s vodou a mi-
chanim po dobu 30 minut. SuSené hlavky byly pfed analyzou namlety
v odstfedivém mlynku na drt o velikosti ¢astic 1,5 mm. Obsah varné
barky byl pfiveden k varu pod zpétnym chladi¢em. Doba varu byla
30 minut. Po ukonc&eni varu se obsah banky zchladil a kvantitativné
prevedl do 1000 ml odmérné bariky a doplnil destilovanou vodou po
rysku. Pfipraveny vyluh se nejprve Zfiltroval pfes filtracni papir a poté
pFes celulosovy membranovy filtr o velikosti pért 0,45 um. Cisty filt-
rat se pouzil pro méreni redukéni aktivity.

Vliv suseni Cerstvého zeleného chmele na jeho antioxidacni akti-
vitu byl zkouman v pribéhu sklizni 2005 a 2006 v zelenych i suSe-
nych hlavkach odrad Zatecky polorany ¢ervenak, Sladek, Premiant
a Agnus. VétSina vzork( chmele byla odebirana na pasové susarné
instalované v Ugelovém hospodafstvi Chmelafského institutu ve
Stekniku. Dal$i vzorky zelenych i suSenych chmeld byly odebrany
u péstiteld chmele, ktefi provozuji komorové i pasové susarny. Zpra-
covani vzorku bylo provedeno bezprostiedné po odbéru. Za ucelem
stanoveni vlivu starnuti chmele na redukcni aktivitu byl v fijnu 2005
zaloZen dlouhodoby skladovaci pokus odriid Premiant a Zatecky Cer-
venak. Z technologickeé linky vyroby granulovaného chmele ve Chme-
laFstvi, druzstvo Zatec bylo odebrano ur¢ité mnozstvi hlavek a gra-
nuli obou odrid. Odebrané vzorky byly rozvazeny po cca 100

drying air permeates a layer of wet hop. Drying in both types of dry-
ers proceeds at temperatures of 50 to 60 °C for 6 to 10 hours. Chan-
ges in antioxidative characteristics of hops in the course of drying
have not been investigated in detail yet. Pelleting of hops is the most
widespread form of processing of aromatic and bitter hop varieties
today. In the first phase of production of pellets, whole hops are ground
to a fine powder with prevailing particle size to 0.5 mm. After homo-
genization the powdery intermediary is forced through circular slots
of the metal matrix and is pressed into a pelleted form. Both grinding
and pelleting are operations during which hops are heated up. Pro-
cesses are conducted so that heating was restricted as much as pos-
sible by cooling with a stream of inert gas. Hop temperature at pro-
cessing to pellets does not generally exceed the limit of 55 °C. With
regards to thermal loading of hops, the question arises to what ex-
tent this factor can affect antioxidative state of this brewing raw ma-
terial. Hop composition does not remain stable after drying and pel-
leting either. Depending on storage conditions also content and
composition of hop resins, oils and other substances are changed.
So far it is not known how antioxidative characters of hops are chan-
ged during long-term storage. This study presents results of the eva-
luation of antioxidative characteristics of fresh and dried hops, pro-
cessed and raw hops. In addition, within the experiments we
determined to which extent antioxidants are released from fresh not-
dried hops to solution in cold water and at boiling. Our paper follows
the study [1] in which analytical methods for determination of antio-
xidative activity in hops and hop products were checked and diffe-
rences between varieties were determined.

2 METHODS

Antioxidative characteristics of whole hops and hop products were
evaluated with the method designed in the Research Institute of Bre-
wing and Malting in Prague and Hop Research Institute in Zatec,
described in detail in the preceding study [1], which follows the met-
hod published by Kaneda [2]. Hot water extract is prepared from hop.
Determination is based on the reaction of stable color free radical
1,1-diphenyl-2-picryl-hydrazyl (DPPH) with reducing substances. An-
tioxidative activity of samples of RApppy presented in the experimental
part is expressed as relative decline in DPPH concentration under
the conditions of determination. Actual value of free radical concent-
ration is determined in the Research Institute of Brewing and Malting
with the technique of electron spin resonance spectrometry (ESR);
in the Hop Research Institute spectrophotomentrically. It was found
out that the results of both measurements were in good correlation.
Polyphenol substances are the most significant hop antioxidants. To-
tal polyphenols and flavonoids were assessed according to the Ana-
lytica-EBC [3], anthocyanogenes pursuant to the Brewing and Mal-
ting Analytica [4]. Content of alpha bitter acids was determined with
the liquid chromatography with the EBC method 7.7 [3]; hop storage
index was measured with the spectrophotometric method pursuant
to the Analytica ASBC [5].

Determination of water content in freshly harvested hops showed
that water content is 75 + 1,0 % by weight. For determination of an-
tioxidative activity 5 grams of dry matter was weighted. This amount
corresponds to ca 20 grams of green cones and approximately 5.5 g
dried cones. Fresh cones were cut to small pieces, carefully filled to
boiling flask and dashed with water. Cold extract obtained from green
cones was prepared by blending the cut cones with water and stir-
ring for 30 minutes. Before the analysis, dried cones were ground in
a centrifugal mill to granules with particle size of 1.5 mm. Content of
the boiling flask was brought to boil in a backflow condenser. Time of
boiling was 30 minutes. Subsequently, the content of flask was coo-
led down and transferred quantitatively to a 1000 ml-volumetric flask
and distilled water was added to the gauge line. The prepared extract
was at first filtered through a filtration paper and then through cellu-
lose membrane filter with a pore size of 0.45 um. Pure filtrate was
used for the measurement of reduction activity.

The effect of drying of fresh green hops on the antioxidative acti-
vity was studied in the course of harvests 2005 and 2006 in green
and dried cones of the varieties Saaz Hop, Sladek, Premiant, and
Agnus. Most hop samples were collected from the belt dryer instal-
led in the hop farm of the Hop research institute in Steknik. Further,
samples of green and dried hops were taken from hop growers who
run chamber and belt driers. Samples were processed immediately
after taking. In October 2005 a long-term storage experiment with the
varieties Premiant and Saaz Hop was established with the aim to de-
termine the effect of aging of hops on the reduction activity. From the
technological line for the production of pelleted hops in the Hop Gro-
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gramech. Granulované chmele byly vakuové zataveny do vicevrstvé
félie, hlavkové chmele slisovany v laboratornim lisu do malych hra-
nolll a zabaleny do papiru. Uvedend Uprava odpovida komerénimu
zpUsobu baleni chmelud pro pivovary. Vzorky byly skladovany pfi po-
kojové teploté 20—24 °C a teploté 2—-3 °C v lezackém sklepé pokus-
ného minipivovaru Chmelafského institutu v Zatci v takovém poétu,
aby pfi kazdém vzorkovani byl odebran novy vzorek. V prabéhu na-
sledujiciho obdobi byly pribézné odebirany vzorky chmelli na sta-
noveni redukéni aktivity, obsahu alfa-horkych kyselin, indexu starnuti
chmele a vihkosti.

3 VYSLEDKY A DISKUSE
3.1 Vliv suseni na antioxidacni aktivitu chmele

V tab. 1 jsou uvedeny souhrnné vysledky stanoveni antioxida¢nich
aktivit v zelenych a su$enych chmelech ze sklizni 2005 a 2006 pro
sledované Geské odriidy chmele v€etné specifikace typu susarny
a plvodu vzorkd. Z vysledku je patrné, Ze antioxidacni aktivita hor-
kovodnich vyluhl suSenych a Eerstvych zelenych hlavek se lii. Su-
Senim se ¢ast antioxidaéni aktivity chmele sice ztraci, ale ztrata je
velmi maléd a zpravidla nepfekracuje 5 % puvodni hodnoty RAppp.
dily jsou vétSinou v mezich experimentalni chyby opakovatelnosti [1].
Porovnani souboru dat parovym t-testem prokazalo, Ze rozdily jsou
statisticky priikazné. Vysledky déle ukazuji, ze mezi susenim v ko-
morové a pasové susarné neni z hlediska zachovani antioxida¢nich
vlastnosti chmele vyrazny rozdil. V praxi se dodrzovéani teplot suSeni
vénuje velka pozornost, protoze pfi teplotach suseni nad 60 °C do-
chazi k barevnym i senzorickym zménam suSeného chmele, ktery
tak ztraci na cené.

Vzorky ZPC a Premiant byly rovnéz analyzovany na obsah poly-
fenolovych latek (tab. 2). Je patrné, ze ¢ast nékterych polyfenolovych
latek se suSenim ztraci. Obsah celkovych polyfenoll ve vyluhu su-
Senych hlavek je podstatné nizsi, nez ve vyluhu hlavek zelenych. Ob-
dobny markantni vliv suSeni na obsah anthokyanogent a flavonoidi
nebyl zjistén.

wing co-operative in Zatec, a certain quantity of cones and pellets of
both varieties were taken. Weight of the taken samples was ca 100
grams. Pelleted hops were vacuum packed to a multilayer foil, cone
hops were pressed in a laboratory press to small blocks and wrap-
ped to paper. This treatment corresponds to the commercial packa-
ging of hops for breweries. Samples were stored at room tempera-
ture of 20 to 24 °C and temperature of 2°C to 3°C in the lager cellar
of the experimental microbrewery of the Hop Research Institute in Za-
tec in such quantity so that at each sampling a new sample was ta-
ken. In the course of the following period, hop samples were taken
for the determination of reduction activity, alpha acid content, hop age
index and moisture content.

3 RESULTS AND DISCUSSION
3.1 The effect of drying on hop antioxidative activity

Tab. 1 presents summary results of the determination of antioxi-
dative activities in green and dried hops from harvests 2005 and 2006
for the studied Czech hop varieties including specification of a type
of a dryer and sample origin. It is evident from the results that anti-
oxidative activity of hot water extracts of dried and fresh green cones
is different. Drying causes loss of some antioxidative activity of hops
but the loss is very low and it does not usually exceed 5 % of the ori-
ginal value of RApppn. Antioxidative activity of dried cones is syste-
matically lower nevertheless the differences are within the limits of
the experimental error of repeatibility [1]. Comparison of the set of
data with the pair t-test proved that the differences are statistically
significant. In addition, the results show that in terms of maintaining
antioxidative characteristics of hops there is not any significant diffe-
rence between drying in the chamber and belt dryers. In practice high
attention is paid to maintaining the drying temperatures as at tem-
peratures of drying above 60 °C changes in color and sensory pro-
perties of dried hop occur; it consequently looses its value.
Samples of the varieties Saaz Hop and Premiant were also analy-
zed for the content of polyphenol substances (Tab. 2). Evidently, some
polyphenol substances are lost during drying. Total polyphenol con-

Tab. 1 Vysledky stanoveni antioxidaéni aktivity zelenych a suSenych chmell ze sklizni 2005 a 2006 / Results of determination of antioxida-

tive activity of green and dried hops from harvests 2005 and 2006

Odruda / Variety Lokalita / Typ susarny / RApppH (% rel.) Rozdil RApppH
Locality Type of a dryer Zeleny / Green Ususeny / Dried (sus-zel, %) / Difference of
RApppy (dried-green, %)

2005

ZPC Steknik Pasova / Belt 78,7 75,8 -2,9

ZPC Vrbi¢any Pasova / Belt 78,5 75,3 -3,2

Sladek Steknik Pasova / Belt 54,6 50,9 -3,7

Premiant Steknik Pasova / Belt 56,3 53,5 -2,8

Agnus Steknik Pasova / Belt 33,0 32,0 -1,0
2006

ZPC Sedgice Pasova / Belt 63,4 62,7 -0,7

Sladek Milostin Pasova / Belt 59,8 55,4 -4,4

Sladek Ocihov Komorova / Chamber 47,6 442 -3,4

Premiant Steknik Pasova / Belt 50,1 48,0 -21

Sladek Steknik Pasova / Belt 47,9 451 -2,8

Agnus Steknik Komorova / Chamber 48,2 43,2 -5,0

ZPC - Zatecky polorany Cervenak / Saaz semi-early red bine hops

Tab. 2 Vysledky sledovani vlivu sueni chmele na polyfenolové latky / Results of study of the effects of hop drying on polyphenol substances

Odrada / Hlavky / Polyfenolové latky / Polyphenol substances

Variety Cones Celkové polyfenoly / Anthokyanogeny / Flavanoidy /
Total polyphenols Anthocyanogenes Flavanoids

mg/| mg/l mg/l

ZPC Zelené / green 289 98,2 29,3

Vrbicany Susené / dried 229 98,0 20,6

Premiant Zelené / green 140 49,2 8,0

Steknik Susené / dried 107 51,7 9,6

ZPC - Zatecky polorany Cervenak/ Saaz semi-early red bine hops
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3.2 Vliv mleti a granulace na antioxidacni aktivitu chmele

Za ucelem zjisténi vlivu granulace chmele na antioxidaéni aktivitu
byl proces granulace rozdélen na dvé ¢asti. Pfedbézné testy proka-
zaly, Zze podchytit technologickou navaznost vzork(l v provoznich
podminkach (granulaéni linka ve Chmelafstvi, druzstvo Zatec), tj.
hlavkového chmele z nasypu, mletého chmele z homogeniza¢niho
sila a hotovych granuli, je velmi problematické. V prvni ¢asti byl sle-
dovan vliv mleti chmele v laboratornich podminkach. Opravnénost
tohoto postupu vyplynula ze stanoveni distribuce ¢astic chmele ro-
zemletého na laboratornim mlynku (Retsch ZM1- sito 1,5 mm, vih-
kost chmele 7-9 %) a chmelového prasku, ktery vznikl po rozpu$-
téni granuli v horké vodé a nasledném vysuSeni. Distribuéni rozdéleni
velikosti ¢astic je patrné z obr. 1. Vysledky granulometrického roz-

tent in extract of dried cones is substantially lower than in the extract
of green cones. Similar marked effect of drying on content of antho-
cyanogenes and flavonoids was not determined.

3.2 The effect of milling and pelletization on hop antioxidative
activity

To determine the effect of hop pelletization on antioxidative activity
the pelletization process was split to two parts. A preliminary test pro-
ved that to line up technological concurrence of samples under pro-
duction conditions (pelletization line in Hop co-operative in Zatec), i.e.
whole hops from filling, ground hops from homogenization silo and fi-
nished pellets, is very difficult. In the first part, the effect of milling of
hops under the laboratory conditions was studied. Correctness of this
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Tab. 3 Vysledky stanoveni antioxida¢ni aktivity hlavkovych a mletych chmell ze sklizné 2005 a 2006 / Results of determination of antioxida-

tive activity of whole and ground hops from harvests 2005 and 2006

Odrtda / Variety Lokalita / Locality RA — DPPH (% rel.) Rozdil / Difference RApppn
Hlavky / Cones Mlety / Ground ;)gerla;:tgl_;r—omlzt&;
Sklizen / Harvest 2005
Sladek QOcihov 34,5 35,8 1,3
Sladek Steknik 36,8 33,5 -3,3
Sladek Oploty 46,5 45,2 -1,3
Sladek Kryry 35,1 34,1 -1,0
ZPC Lhota u Rakovnika 59,8 56,0 -3,8
ZPC Prilepy 66,2 67,2 1,0
ZPC Racice 59,3 65,2 5,9
ZPC Kokory 68,0 72,3 4,3
Premiant Steknik 38,3 40,7 2,4
Premiant Starikovice 41,8 41,7 -0,1
Agnus Steknik 33,6 33,3 -0,3
Sklizen/ Harvest 2006
Agnus Mradice 451 49,0 3,9
Agnus Steknik 41,2 36,8 -4,3
Premiant Hredle 57,1 59,6 2,5
Sladek Ocihov 43,8 43,1 -0,7
ZPC Ptilepy 77,7 80,5 2,8
ZPC Pocéedélice 69,4 65,2 -4,2
ZPC Trsice 58,6 57,3 -1,3

ZPC — Zatecky polorany &ervenak / Saaz semi-early red bine hops
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Tab. 4 Vysledky stanoveni antioxida¢ni aktivity hlavkovych a mletych chmell ze sklizné 2005 a 2006 / Results of determination of antioxida-

tive activity of ground and pelleted hops from harvests 2005 and 2006

Odruda / Variety Typ / specifikace RApepH (% rel.) Rozdil / Difference RApppn
Type / specification Mlety / Ground Granulovany / Pelleted :’%57:;2’-03:3%

Sklizen / Harvest 2005

ZPC G 45 - NB 72,9 71,6 -1,3

ZPC G 45 - NB 70,9 71,9 1,0

ZPC G 45 - NB 65,2 65,9 0,7

Premiant G 90 — NB 45,6 45,7 0,1

ZPC Ustsk, G 90 69,8 66,1 -37

ZPC Ustek, G 90 67,7 67,2 -0,5

ZPC G 90- NB 62,1 63,7 1,6
Sklizen/ Harvest 2006

ZPC G 90 - NB 76,5 75,0 -1,5

ZPC G 90— NB 72,0 73,1 1,1

ZPC G 90 - NB 70,2 70,9 0,7

ZPC G 90 — NB 76,9 78,0 1,1

ZPC G 90— NB 74,5 76,0 1,5

ZPC G 90 - SB 72,6 77,1 4,5

ZPC - Zatecky polorany Cervenak / Saaz semi-early red bine hops

boru granuli a laboratorné mletych hlavek ukazaly, ze distribuce ve-
likosti ¢astic je prakticky identicka, tudiz se dala predpokladat i srov-
natelna extrahovatelnost ¢astic pfi pfipravé vyluhl. Vliv vlastni gra-
nulace mletého polotovaru na antioxidac¢ni aktivitu byl proSetfovan
analyzovanim série dvojic provoznich vzorkd mletého chmele z ho-
mogenizacniho sila a vyrobenych granuli odebiranych za granulacni
hlavou z technologickeé linky ve Chmelafstvi, druzstvo Zatec.V tomto
pfipadé je pravdépodobnost odbéru technologicky navaznych
vzorkl velmi vysoka.

Vysledky stanoveni antioxidaéni aktivity v horkovodnim vyluhu ce-
lych chmelovych hlavek a hlavek rozemletych na laboratornim mlynku
Retsch ZM1 ze sklizni 2005 a 2006 jsou shrnuty v tab. 3. Cast vzorka,
analyzovanych v jarnim obdobi 2006, pochazela ze sklizné 2005. Dru-
hou ¢&ast tvofily vzorky ze sklizné 2006, analyzované na podzim té-
hoz roku. Rozdily antioxida¢nich aktivit hlavkovych a mletych chmelt
jsou velmi malé. To potvrdilo i statistické hodnoceni parovym t-tes-
tem, které vyhodnotilo rozdily jako statisticky nevyznamné. Lze tudiz
konstatovat, ze mletim hlavkového chmele na prasek, jako prvni fazi
pfi vyrobé granulovaného chmele, se jeho redukéni aktivita proka-
zatelnym zplsobem neméni.

Vysledky méfeni antioxidaéni aktivity vzork( mletych a granulo-
vanych chmeld odrid Zatecky Cerveridk a Premiant jsou uvedeny
v tab. 4. Po¢et vzorku Zateckého poloraného ¢ervendku vyrazné pre-
vazuje, coz je dano objemem zpracovani této odriidy na vyrobni lince
Chmelafstvi, druzstvo Zatec v Zatci. Vzorky chmeldl pochazely ze
sklizni 2005 a 2006. Vzorky mletych chmell byly odebirany z ho-
mogenizaéniho sila pfed granulaci, vzorky granulovaného chmele
byly odebirany pfimo za granulaéni hlavou tak, aby byla dodrzena
technologicka navaznost odebranych vzorkl. Granulované chmele
byly pfed stanovenim antioxidaéni aktivity navazovany bez dalSich
Uprav, nebot po nasypani do destilované vody se kratce po zahfati
rozpadly na praskovy polotovar. Navazky mletych hlavek i granuli
byly pfes obsah vlhkosti upraveny tak, aby mnozstvi suché sub-
stance pro analyzu ¢inilo 5 gram0. Vysledky analyz uvedené v tab.
4 ukazuiji, ze rozdily antioxidacnich aktivit mletych a granulovanych
chmeld jsou velmi malé. To potvrdilo i statistické hodnoceni parovym
t-testem, které vyhodnotilo rozdily jako statisticky nevyznamné. Lze

method resulted from the distribution of particles of hop ground on a la-
boratory mill (Retsch ZM1- sieve 1.5 mm, hop moisture 7 to 9 %) and
hop powder that was created after melting the pellets in hot water and
subsequent drying. Distribution of size particles is shown in Fig. 1. The
results of metrical analysis of pellets and cones milled in laboratory
showed that size distribution of particles is practically identical there-
fore comparable extrability of particles at extract preparation could also
be expected. The effect of pelletization of the milled intermediates on
antioxidative activity was examined by analyzing the series of couples
of operational samples of ground hops from the homogenization and
produced pellets taken behind a pelleting head from the technological
line in the Hop co-operative in Zatec. In this case there is a very high
probability of taking technologically concurrent samples.

The results of determination of antioxidative activity in hot water
extract of whole hop cones and cones ground on the laboratory mill
Retsch ZM1 from harvests 2005 and 2006 are summarized in Tab.
3. Part of samples analyzed in a spring period of 2006, was from har-
vest 2005. The second part comprised the samples from harvest 2006
analyzed in autumn of the same year. Differences of antioxidative ac-
tivities of whole and ground hops are very small. This was also con-
firmed by statistical evaluation with a pair t-test which evaluated the
differences as statistically nonsignificant. Therefore, we can state that
milling of whole hops to powder as a first phase at production of pel-
leted hop does not significantly change its reduction activity.

The results of measurement of antioxidative activity of samples of
ground and pelleted hop varieties Saaz Hop and Premiant are given
in Tab. 4. Number of samples of the variety Saaz Hop prevails mar-
kedly, this is given by the processing volume of this variety on the
production line of the Hop co-operative in Zatec. Samples of hops
were from harvests 2005 and 2006. Samples of ground hops were
collected from the homogenization silo before pelletization, samples
of pelleted hops were collected directly behind the pelletization head
so that technological concurrence of the taken samples was mainta-
ined. The pelleted hops were weighed before determination of anti-
oxidation activity without further treatment as after adding to distilled
water they split to powdery intermediary shortly after boiling. Weigh-
ted amounts of milled cones and pellets were despite moisture con-

Tab. 5 Vysledky stanoveni antioxidaéni aktivity RApppy chmelll v pribéhu dlouhodobého skladovani / Results of determination of RAppey

antioxidative activity of hops during long-term storage

Mésic / Month Hlavky / Cones Granule / Pellets
Teplo / Warm | Chlad / Cold Teplo / Warm Chlad / Cold
PREMIANT
Rijen / October 2005 57,8 57,8 57,5 57,5
Zari /| September 2006 53,2 45,6 50,5 50,2
ZATECKY CERVENAK / SAAZ HOP
Rijen / October 2005 67,1 67,1 64,7 64,7
Zari /| September 2006 64,2 58,7 62,2 62,2
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Tab. 6 Vysledky stanoveni polyfenolovych latek chmell na konci skladovaciho obdobi / Results of determination of polyphenol substances of
hops at the end of the storage period

Polyfenoly / Hlavky / Cones Granule / Pellets
Polyphenols (mg/l) Teplo / Warm | Chlad / Cold Teplo / Warm Chladno / Cold
PREMIANT
Celkové polyfenoly / Total polyphenols 157 114 151 154
Anthokyanogeny / Anthocyanogens 78,1 63,0 61,1 74,8
Flavanoidy / Flavanoids 10,9 9,1 13,2 13,2
ZATECKY CERVENAK / SAAZ HOP

Celkové polyfenoly / Total polyphenols 216 176,0 214,0 235,0
Anthokyanogeny / Anthocyanogens 91,7 84,9 89,5 88,8
Flavanoidy / Flavanoids 23,2 18,6 23,5 24,3

Tab. 7 Obsah alfa-horkych kyselin, vlhkost a index starnuti chmell v prabéhu testu skladovani / Alpha-bitter acid content, moisture and hop
age index during the storage test

Mésic / Month Chlad / Cold Teplo / Warm
Hlavky / Cones | Granule / Pellets Hlavky / Cones Granule / Pellets
PREMIANT PREMIANT

Alfa/  Vlhkost / Alfa/  Vihkost/ Alfa/  Vlhkost / Alfa/ Vihkost /

alpha  moisture HSI alpha moisture  HSI alpha  moisture ~ HSI alpha  moisture  HSI

(%hm.)  (%hm.) (%hm.)  (%hm.) (%hm.)  (%hm.) (%hm.) (%hm.)
Rijen / October 2005 8,45 9,3 0,28 8,70 6,7 0,29 8,45 9,3 0,29 8,70 6,7 0,29
Zari | September 2006 | 6,17 12,6 0,48 8,25 6,6 0,34 4,09 6,2 1,19 7,12 6,4 0,43

ZATECKY CERVENAK / SAAZ HOP ZATECKY CERVENAK / SAAZ HOP

Rijen / October 2005 3,65 9,1 0,31 3,51 6,5 0,31 3,65 9,1 0,31 3,51 6,5 0,31
Zafi | September 2006 | 2,52 15,2 0,65 3,28 6,4 0,39 1,58 7.4 1,40 2,71 6,6 0,46

tudiz konstatovat, ze granulaci mletého polotovaru, tj. druhou fazi vy-
roby granulovaného chmele, se jeho redukéni aktivita prikaznym
zplsobem neméni.

3.3 Vliv starnuti a dlouhodobého skladovani na antioxidaéni
aktivitu chmele

V tab. 5 jsou uvedeny vysledky méreni antioxidacni aktivity vSech
pokusnych variant na pocatku a na konci pokusu (zafi 2006). V tab.
6 jsou shrnuty vysledky stanoveni polyfenolovych latek na konci skla-
dovaciho pokusu. Tab. 7 shrnuje vysledky stanoveni dal$ich kvalita-
tivnich parametrli chmele, které charakterizuji starnuti chmele z po-
hledu slozeni chmelovych pryskyfic (obsah alfa-hofkych kyselin,
vlhkost a index starnuti chmele).

Vysledky stanoveni redukénich aktivit v tab. 5 ukazuji, ze v prQ-
béhu skladovani dochazi k poklesu redukéni aktivity s rliznou rych-
losti v zavislosti na teploté skladovani a formé chmele. Ukazalo se,
ze skladovaci teplota nema na antioxidaéni aktivitu granulovanych
chmell, zabalenych do vicevrstvé hlinikové félie bez ptistupu vzdu-
chu, prokazatelny vliv. Na konci pokusu byla redukéni aktivita granu-
lovanych chmell skladovanych v chladnu a teplu prakticky stejna.
Plati to pro obé testované odr(idy Premiant i Zatecky &ervenak. Ob-
sah polyfenolovych latek v granulovaném chmelu na konci sklado-
vani v teple i chladnu se prakticky nelisil. Pfitom prokazatelné doslo
ke zhorSeni kvality chmele, protoze obsah alfa-horkych kyselin v od-
ridé Premiant poklesl o 18,2 % rel. (teplo) a 5,2 % (chladno) resp.
022,8 a 6,5 % rel. v Zateckém &erveiaku. Zhorseni kvality dokladaji
rovnéz hodnoty indexu skladovani chmele (HSI), které se u odridy
Premiant zvysily na 0,428 (granule-teplo) a 0,341 (granule-chlad),
u Zateckého Cervenaku na 0,461 (granule-teplo) a 0,386 (granule-
chlad). Tyto hodnoty potvrzuji, ze nizka skladovaci teplota se na stavu
chmelovych pryskyfic projevila pfiznivé.

Zcela odlisné vysledky, pokud se ty¢e antioxidacni aktivity, byly
zjistény u hlavkovych chmell. Na konci pokusu byla redukéni akti-
vita chmell skladovanych v chladnu podstatné horsi nez u chmeld
skladovanych v teple. Pro hlavky skladované v chladu byly na konci
skladovani také stanoveny nizsi obsahy polyfenolovych latek v po-
rovnani s hlavkami skladovanymi v teple. Pivovarska hodnota chmell
skladovanych v teple vSak byla vyrazné horsi nez u chmell ucho-
vavanych v chladu, coz dokumentuji 50-60% ubytky obsahu alfa-
horkych kyselin (teplo) resp. 27-31% (chlad) a hodnoty indexu skla-
dovani vy$si nez 1,00. Pri¢inou zdanlivé paradoxniho zji§téni mize
byt vysokéa vlhkost hlavkovych chmell skladovanych v chladu s vy-
sokou relativni vihkosti prostfedi. Zatimco u chmell skladovanych

tent adjusted so that the quantity of dry substance for the analysis
was 5 grams. The results of analyses in table 4 show that the diffe-
rences of antioxidative activities of ground and pelleted hops were
very small. This was also confirmed by statistical evaluation with pair
t-test which evaluated the differences as statistically nonsignificant.
Therefore we can state that that pelletization of the ground interme-
diary, i.e. the second phase of production of pelleted hop, did not sig-
nificantly change its antioxidative activity.

3.3 The effect of aging and long-term storage on antioxidative
activity of hops

Tab. 5 presents the results of measurement of antioxidative activity
of all experimental variants at the beginning and end of the experiment
(September 2006). The results of determination of polyphenol sub-
stances at the end of the storage experiment are presented in Tab. 6.
Tab. 7 summarizes the results of determination of other quality para-
meters of hops that characterize aging of hops in terms of hop resin
compositions (content of alpha acids, moisture and index of hop aging).

Results of determination of antioxidative activities in Tab. 5 show
that in the course of storage antioxidative activity declines at different
rate depending on storage temperature and hop form. It was found
out that storage temperature has not a detectable effect on antioxi-
dative activity of pelleted hops packed to multi-layer aluminum foil wit-
hout air access. At the end of the experiment, reduction activity of
pelleted hops stored in cold and warm was nearly the same. This is
true about both tested varieties Premiant and Saaz Hop. Content of
polyphenol substances in pelleted hop at the end of storage in warm
and cold did not practically differ. Hop quality, however, was appa-
rently deteriorated as alpha acid content in the variety Premiant dec-
lined by 18.2 % rel. (warm) and 5.2 % (cold) or by 22.8 and 6.5 %
rel. in Saaz Hop. Deterioration in quality is also supported by the va-
lues of hop storage index which in the variety Premiant raised to 0.428
(pellets-warm) and 0.341 (pellets-cold), in Saaz Hop to 0.461 (pel-
lets-warm) and 0.386 (pellets-cold). These values confirm that low
storage temperature affected the state of hop resins favourably.

Completely different results of antioxidant activity were determined
in whole hops. Reduction activity of hops stored in cold was at the end
of the experiment substantially worse than of hops stored in warm. At
the end of storage, in hops stored in cold, lower contents of polyphe-
nol substances were also determined compared to cones stored in
warm. But brewing value of hops stored in warm was markedly worse
than in hops kept in cold, this is documented by 50 to 60 % losses of
content of alpha acids (warm) or 27 to 31 % (cold) and value of hop
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v teple vihkost poklesla z 9,3 % na 6,4 az 7,4 %, u hlavkovych chmelu
skladovanych v chladu byla naméfena vihkost 12,6 % (Premiant)
a 15,2 % (Zatecky Cervendk). Protoze pokusné balicky o rozmérech
10x10x4 cm byly zabaleny v papiru, méla vihkost po del$i dobé moz-
nost prostoupit cely objem a urychlit reakce polyfenolickych slozek
chmele, coz se ve svém dusledku projevilo ve zhor$eni antioxidac¢-
nich vlastnosti. V praxi, kde se chmel lisuje do 50 kg hranol{i o roz-
mérech 50x60x50 cm, by se uvedeny jev patrné omezil pouze na
povrchové vrstvy obalu.

4 ZAVERY

1. Antioxidagni aktivity zelenych a sugenych hlavek odrtd Zatecky
Cervenak, Sladek a Premiant se statisticky prakazné lisi. Suse-
nim se ¢ast antioxidacni aktivity nevratné ztraci. Ztrata zpravidla
neprekracuje 5 % plvodni hodnoty RApery. Suseni se projevilo
i Ubytkem polyfenolovych latek. Mezi suSenim v komorové a pa-
sové susarné nebyl zjistén podstatny rozdil co se se tyka za-
chovani antioxidac¢nich vlastnosti chmele.

2. Vysledky stanoveni antioxidacni aktivity v horkovodnim vyluhu
celych chmelovych hlavek a hlavek rozemletych na laboratornim
mlynku prokazaly, Zze rozdily antioxida¢nich aktivit hlavkovych
a mletych chmeld jsou velmi malé a statisticky nepriikazné. Mle-
tim hlavkového chmele na prasek, jako prvni fazi pfi vyrobé gra-
nulovaného chmele, se jeho redukéni aktivita prokazatelnym
zplsobem neméni. TotéZ plati i pro rozdily antioxidaénich aktivit
mletych a granulovanych chmelu. Lze tudiz konstatovat, Ze gra-
nulaci mletého polotovaru, tj. druhou fazi vyroby granulovaného
chmele, se jeho redukéni aktivita prokazatelnym zplsobem ne-
méni. Granulace chmele nema podstatny vliv ani na obsah po-
lyfenolovych latek.

3. Byl proveden 11mésicni skladovaci pokus v chladu a teple s gra-
nulemi a lisovanym chmelem odrld Zatecky ¢ervenak a Premi-
ant. Vysledky stanoveni antioxida¢nich aktivit ukazaly, ze v pru-
béhu skladovani dochazi k poklesu riznou rychlosti v zavislosti
na teploté skladovani a formé chmele. Skladovaci teplota nema
na antioxidaéni aktivitu RApppy granulovanych chmell, zabale-
nych do vicevrstvé folie bez pfistupu vzduchu, prokazatelny vliv.
Obsah polyfenolovych latek v granulovaném chmelu na konci
skladovani v teple a chladu se prakticky neliSil. U hlavkovych
chmeld skladovanych v chladu byla antioxidaéni aktivita nizsi,
nez u chmeld skladovanych v teple. Pfi¢inou zdanlivé paradox-
niho zjisténi je pravdépodobné vysoka vlhkost hlavkovych
chmell skladovanych v chladu s vysokou relativni vihkosti pro-
stfedi.
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storage index higher than 1.00. Reason for this apparently paradox
finding can be high moisture of whole hops stored in cold with high
relative humidity of the environmet. While in hops stored in warm, mo-
isture declined from 9.3 % to 6.4 and 7.4 %, in whole hops stored in
cold, moisture was 12,6 % (Premiant) and 15.2 % (Saaz Hop). Be-
cause experimental packets of 10x10x4 cm were wrapped in paper,
moisture could after a longer time penetrate the whole volume and
accelerate reactions of hop polyphenol compounds, which as a result
led to deterioration of antioxidative properties. In practice where hop
is pressed to 50 kg blocks of 50x60x50 cm this feature would be pro-
bably restricted to outer layers of the packaging.

4 CONCLUSIONS

1. Antioxidative activities of green and dried hop cones of the varie-
ties Saaz Hop, Sladek and Premiant differ statistically significantly.
Drying causes irreversible loss of some antioxidative activity. Loss
usually does not exceed 5 % of the original value of RApppy. Dry-
ing also affected decline in polyphenol substances. No significant
difference was found between drying in chamber and belt dryers
in terms of maintaining antioxidative characteristics of hops.

2. Results of determined antioxidative activity in hot water extract
of whole hops and hops ground on a laboratory mill proved that
the differences of antioxidative activities of whole and ground
hops are very small and statistically nonsignificant. Milling of
whole hops to powder as a first phase at production of pelleted
hop does not significantly change its reduction activity. The same
holds true for antioxidative activities of ground and pelleted hops.
Therefore we can state that pelletization of the ground interme-
diary, i.e. the second phase of production of pelleted hop, does
not significantly change its reduction activity. Hop pelletization
does not affect content of polyphenol substances either.

3. 11-month storage experiment was carried out in cold and warm
with pellets and pressed hop of the varieties Saaz Hop and Pre-
miant. Results of measurement of antioxidative activities sho-
wed that during storage this activity declines at different rate de-
pending on storage temperature and form of hops. Storage
temperature does not significantly affect RApppy antioxidative ac-
tivity of pelleted hops packed in multi-layer foil without air access.
Content of polyphenol substances in pelleted hops at the end of
storage in warm and cold did not practically differ. Antioxidative
activity in whole hops stored in cold was lower than in hops sto-
red in warm. Reason for this apparently paradox finding can be
high moisture of whole hops stored in cold with high relative hu-
midity of the environment.
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