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In 2015, the effect of treatment of spring barley grain and malt produced from it with low-temperature plasma discharge on the malt

gushing potential was studied.

Malting barley and malt produced from it were plasma-treated. In the malt samples, the gushing potential was determined. Simultane-
ously, selected quality parameters were assessed in the malt samples (Kolbach index, diastatic power, B-glucan content in wort, final at-
tenuation, extract of malt in dry matter, relative extract at 45 °C, and friability). Gushing declined in the plasma-treated samples of malting

barley or malt. The malt quality parameters remained unchanged.

Bélakova, S., Havelka, Z., Bohata, A., Hartman, l., Kabelova, H., KFiZ, P., Dienstbier, M., Bartos, P., épatenka, P., 2018: Vliv osetreni
zrna jeémene a sladu vybojem nizkoteplotniho plazmatu na gushingovy potencial sladu. Kvasny Prum. 64(6): 314-317
V roce 2015 byl sledovan vliv oSetfeni zrna je€émene jarniho a z néj vyrobeného sladu nizkoteplotnim plazmovym vybojem na gushin-

govy potencial sladu.

Sladovnicky je€émen a z né&j vyrobeny slad byl oSetfen plazmatem. U vzorkd sladt byl stanoven gushingovy potencial. Sou¢asné byly
ve vzorcich sladu sledovany vybrané kvalitativni parametry (Kolbachovo &islo, diastatickd mohutnost, obsah B-glukant ve slading, dosa-
zitelny stuperi prokvaseni, extrakt sladu v susing, relativni extrakt pfi 45 °C a friabilita). U vzorkd sladu, kde byl sladovnicky je¢men nebo
slad oSetfen plazmatem, doslo ke snizeni gushingu. Kvalitativni parametry sladu zdstaly ve vSech pfipadech zachovany.

Keywords: malt, gushing, plasma discharge, malt quality parameters

1 INTRODUCTION

Gushing is a phenomenon observed in carbonated beverages
such as beer. It is a massive overflow of beer after the container is
opened. The principle of this relatively complex phenomenon is the
immediate release of carbon dioxide after the bottle opening. (Shokri-
bousjein et al., 2011). According to its causes, gushing can be divid-
ed into “primary” and “secondary” (Gjertsen, P. et al., 1963), while the
primary gushing of beer is related to malt quality, secondary to its
processing in the brewery. It is well known that the most important
factor in the induction of primary gushing is the infection of cereals
with filamentous fungi that produce surface-active proteins, so called
hydrophobins (Postulkova et al., 2016).

In the past, various physical methods for suppressing fungal con-
tamination of cereals before the malting process were used. For ex-
ample, electron beam irradiation (Kottapalli, B. et al., 2006) elimi-
nated fungal organisms in barley but malting parameters were
deteriorated as well. Other methods include, for example, the use of
a static magnetic field to inhibit Fusarium species (Albertini et al.,
2003) or iozonization (Piacentini, K. C. et al., 2017)..). The disadvan-
tage of these methods is that they only suppress the symptoms of
fungal contamination, but do not completely eliminate it, and the
fungi that survive this treatment are able to re-expand during the
malting process. It has been shown that overfoaming of beer re-
quires the activity of fungi during the malting process (Gjertsen, P. et

Kli€ova slova: slad, gushing, plazmovy vyboj, kvalitativni
parametry sladu

1 UvoD

Gushing je jev pozorovany u sycenych napoju jako je napt. pivo,
kdy pfi otevieni obalu dojde k masivnimu ptepénéni napoje. Podsta-
tou tohoto pomérné slozitého jevu je okamzité uvolnéni oxidu uhlici-
tého po otevieni lahve (Shokribousjein et al., 2011). Z hlediska pfi¢in
Ize gushing rozdélit na ,primarni“ a ,sekundarni (Gjertsen, P. et al.,
1963), pfitemz primarni gushing u piva souvisi s kvalitou sladu,
sekundérni pak s jeho zpracovénim v pivovaru Je véeobecné zné-
fekce obilovin vlaknitymi houbami, které produkuji povrchové aktivni
proteiny, tzv. hydrofobiny (Postulkova et al., 2016).

Pro potlaceni houbové kontaminace obilovin pfed procesem sla-
dovani se v minulosti testovaly rizné fyzikalni metody. Jednalo se
napf. o ozéfeni sladovnického je€mene elektronovym paprskem
(electron-beam irradiation) (Kottapalli, B. et al., 2006), kdy sice doslo
k eliminaci houbovych organismd v je€meni, ale sou¢asné i ke zhor-
$eni jeho sladarskych parametrl. Dal$imi metodami bylo nap¥. pou-
ziti statického magnetického pole pro inhibici plisni rodu Fusarium
(Albertini et. al., 2003) nebo ozonifikace (Piacentini, K.C. et al.,
2017). Nevyhodou téchto metod je, Ze pfi nich dochazi pouze k po-
tlaceni projevu plisfiové kontaminace, nikoliv vSak k jeji uplné elimi-
naci, pficemz plisné, které toto oSetfeni preziji, jsou schopny se bé-
hem sladovaciho procesu opétovné rozsifit. Pfitom je prokazéano, ze
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al., 1965); at the same time, it has not been proven that malt made
from such cereals retained all the malting parameters.

According to the current state of the art, the plasma discharge has
strong antimicrobial effects and its various types are used to treat
and sterilize fragile and temperature-sensitive surfaces including
food (Perni et al., 2008).

From an economic and technical point of view, it is much more
advantageous to use atmospheric pressure systems than vacuum
systems. Such atmospheric discharges include, for example, a co-
rona discharge, a dielectric barrier discharge, or, the so-called Glid-
ing Arc (Fridman, 1999).

The treatment with low-temperature plasma generated by Gliding
Arc type burning under atmospheric pressure is one of the so-called
advanced oxidation processes. The relatively high efficiency of the
plasma treatment is given by the synergy of all three components of
the discharge, namely the increased temperature of the plasma
channel, generated UV radiation, and especially the presence of
strong oxidation radicals in the plasma blown by the working gas
stream towards the treated sample (Horakova et al., 2014).

The aim of our study was to evaluate the effect of treatment of
spring barley grain and malt produced with low-temperature plasma
discharge on the gushing potential of malt while preserving important
quality parameters of malt.

2 MATERIAL AND METHODS

2.1 Samples

In 2015, malting barley variety Francin was sown on the experi-
mental field of the company ZkuSebni stanice Kluky spol. s r.o. (Test-
ing Station Kluky). The certified seed of spring barley was obtained
from the company Selgen a.s. The average TGW (thousand grain
weight) of the seed was 39.589. Before sowing, two basic variants
with different seed treatment were prepared:

a) seed treated with the fungicide Raxil Star

b) untreated seed (control sample).

Each barley variant was grown in four replications of which two
mixed samples were prepared — one from the variant with the treated
seed, the other from the variant with the untreated seed. One half of
each barley sample was plasma-treated; the other one was left un-
treated. Of these four barley samples (treated and untreated vari-
ant), malts were prepared in the micromalting plant of the Malting
Institute Brno using the MEBAK method (2011). One half of the malt
samples was treated with the plasma discharge, the other half re-
mained untreated. Totally, eight malt samples were prepared (Fig.1).

2.2 Treatment with plasma discharge

The experimental device utilizes the effects of a Gliding Arc plasma
discharge generated at atmospheric pressure. The device is described
in more detail in (Kfiz, Haisan and Spatenka, 2012). The experimental
system settings were the same for all samples (see Table 7).

The plasma nozzle was equipped with two divergent stainless
steel electrodes with the air gap of 2mm. Each barley or malt sam-
ple (1509) was placed to a stirrer for the whole treatment time. The
stirrer consists of an open perforated tube body with a bottom blade
rotating at 60 rpm to stir the sample homogeneously. Statistically,
each grain was exposed to plasma three times to ten times, always
for ca 0.5 to 2 s with the intervals sufficient for its cooling.

pro prepériovani je nutna pravé aktivita plisni béhem sladovéani
(Gjertsen, P. et al., 1965); souasné ale neni prokazano, ze by si
slad vyrobeny z takto oSetfenych obilovin zachoval v§echny sladov-
nické parametry.

Podle sou¢asného stavu feSené problematiky ma plazmovy vyboj
silné antimikrobialni G¢inky a jeho rdzné druhy jsou pouzivany
k oSetfeni a sterilizaci kfehkych a teplotné citlivych povrchl véetné
potravin (Perni et al., 2008).

Z ekonomického i technického hlediska je mnohem vyhodnéjsi vy-
uzivat systémy pracujici za atmosférického tlaku nez vakuové systé-
my. Mezi takové atmosférické vyboje patfi napf. korébnovy vyboj, di-
elektricky bariérovy vyboj nebo klouzavy vyboj, tzv Gliding Arc
(Fridman, 1999).

OSetfeni nizkoteplotnim plazmatem generovanym elektrickym vy-
bojem typu Gliding Arc hoficim za atmosférického tlaku patfi mezi
tzv. pokrocilé oxidaéni procesy. Pomérné vysokou ucinnost plazmo-
vého oSetfeni zabezpeCuje synergie vSech tii slozek vyboje, a to
zvy3ené teploty plazmového kanalu, generovaného UV zéfeni a pre-
devsim pfitomnosti silnych oxidaénich radikald v plazmatu vyfukova-
ném proudem pracovniho plynu smérem k oSetfovanému vzorku
(Horakova et al., 2014).

Cilem nasi prace bylo posoudit vliv oSetfeni zrna je¢mene jarniho
a z néj vyrobeného sladu nizkoteplotnim plazmovym vybojem na gu-
shingovy potencial sladu a sou¢asného zachovani dilezitych kvali-
tativnich parametrd sladu.

2 MATERIAL A METODY

2.1 Vzorky

V roce 2015 byl na experimentalnim poli spole¢nosti ZkuSebni sta-
nice Kluky spol. s r.o. zaset sladovnicky je€men odridy Francin.
Uznané a certifikované osivo je€mene jarniho bylo ziskano z firmy
Selgen a.s. Primérna HTZ (hmotnost tisice zrn) osiva byla 39,58g.
Pfed setim byly vytvofeny dvé zakladni varianty s rliznym zplisobem
oSetfeni osiva:

a) osivo namofené fungicidnim pfipravkem Raxil Star

b) nemofené osivo (kontrolni vzorek).

Kazda varianta jeémene byla péstovana ve ¢tyfech opakovanich,
ze kterych byly pfipraveny 2 smésné vzorky je€mene — jeden z vari-
anty s namofenym osivem, druhy z varianty s nemofenym osivem.
Z kazdého vzorku jeémene byla jedna polovina oSetfena plazmatem
a druhé polovina se ponechala neoSetfena. Z takto vytvorenych Ctyf
vzorkd je¢mene (oSetfend i neoSetfend varianta) byly v mikrosladov-
né Sladafského Ustavu v Brné pfipraveny slady obvyklym zplisobem
dle metodiky MEBAK (2011). Jedna polovina vzork( sladll byla oSet-
fena plazmovym vybojem, druh& polovina zlstala neoSetfena. Cel-
kem bylo pfipraveno 8 vzorku sladu (obr.1).

2.2 Osetreni plazmovym vybojem

Pouzité experimentalni zafizeni vyuziva G€inkd plazmového vyboje
typu Gliding Arc generovaného pfi atmosférickém tlaku. Zafizeni je
detailnéji popsano v (KFfiz, Haisan and Spatenka, 2012). Nastaveni
experimentalniho systému bylo pro vSechny vzorky stejné (viz. tab. 1).

V plazmové trysce byly pouzity dvé divergentni nerezové elektro-
dy, mezi nimiz byla vzduchova mezera 2mm. Kazdy vzorek je€émene
nebo sladu o hmotnosti 150g byl po celou dobu oSetfeni umistén
v michacim zafizeni. Michaci zafizeni se sklada z otevieného déro-
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Fig. 1 Scheme of malting and plasma treatment of samples

Obr. 1 Schéma sladovani a plazmového o$etreni vzorkl



Kvasny Prum.
64/2018 (6)

316

The effect of treatment of barley grain and malt with low-temperature plasma discharge on the malt gushing potential

Table 1 Parameters of plasma device
Tab. 1 Parametry nastaveni plazmovaciho zafizeni

Conditions
Podminky

0.86 of standard m®h
0,86 normalniho m°/h

Parameter of the process
Parametr procesu

Working gas flow rate
Pritok pracovniho plynu

Plasma head power

Vykon plazmovaci hlavice 240W
Power head distance 10 cm
Vzdalenost plazmovaci hlavice
Treatment time .

4 min

Doba osetreni

2.3 Gushing — determination of the gushing prediction in malt

The test for the prediction of gushing was conducted in the malt
samples (S/N, S/P, PS/N, PS/P) both for the treated and untreated
control variant according the method by Vaag et al. (1993). Extracts
of malt grist were added into bottles of standardized beers and were
pasteurized. After three days of shaking under the exactly defined
conditions, the bottles were opened and weighed again. Overfoam-
ing (given in g/bottle) corresponds to lowering of weight before and
after bottle opening (Vaag et al.,1993).

2.4 Determination of the basic malting parameters

The following quality parameters were assessed in the studied
malt samples: Kolbach index, diastatic power, B-glucan content in
wort, final attenuation, malt extract in dry matter, relative extract at
45 °C and friability. The analyses were carried out according to the
methods (EBC, 2009; MEBAK, 2011).

3 RESULTS AND DISCUSSION

3.1 The effect of the treatment on the malt gushing potential

The effect of treatment of spring barley grain and malt produced
from it with low-temperature plasma discharge on the gushing poten-
tial of malt was studied. The results of the malt gushing potential are
given in Table 2.

Samples from untreated barley seed

Gushing in the malt samples varied from 0 — 27 g/bottle. The value
of 27 g/bottle was measured in the malt sample (S/N) which was not
plasma-treated in the phase of barley or malt. After malt plasma
treatment (S/P), the gushing test showed the reduction of the gush-
ing potential up to 0 g/bottle. Malt which was plasma-treated in the
phase barley and/or malt had the gushing potential O g/bottle.

Samples from the treated barley seed

Gushing in the malt samples which was not plasma-treated in the
phase of barley or malt was 14 g/bottle. Plasma treatment of the malt
sample reduced gushing to 0 g/bottle. The same situation was also
in the sample which was plasma-treated in the phase of barley. After
plasma treatment of malt, gushing declined from 14 g/bottle to 0 g/
bottle.

3.2The effect of treatment with plasma discharge on malt quality

Malt quality of the samples was assessed according to the param-
eters of the malting quality index (Psota and Kosar, 2002). Table 3
gives average results of the evaluation of barley malt not treated with
plasma (S/N) and its comparison with the samples treated with plas-
ma either in the phase of barley grain or malt.

Samples from the untreated barley seed

In the control variant, plasma treatment of the samples did not af-
fect any studied parameter, except B-glucans in wort: in the malt
sample (S/P), B-glucan content was increased by 19% to the value
of 214 mg/l.

Samples from the treated barley seed

B-glucan content was reduced in the samples from the variant with
the treated seed (PS/N) and (PS/P) to 74 and 79 % of the original
content. All other indicators of malt quality remained unchanged af-
ter plasma treatment.

Table 2 The effect of the plasma treatment of spring barley grain and
malt produced from it on the malt gushing potential

Tab. 2 Vliv plazmového oSetfeni je€mene jarniho a z néj vyrobeného
sladu na gushingovy potencial sladu

@ & & g g S 58
— 9 O G ISR Z2 23
S 9532 | 863 33 20 F

- EX TEES | CEES | _ETx|EDS

258 | 5535 | 5598|8558 888
»n 20 n22® | =20 =S80 |03
Untreated
NomedeC | NOINE NO/NE SIN 27
Untreated
Nomeae | NOINE | YES/ANO S/P
Untreated
Nomeaee | YESIANO | NOINE PSIN 0
Untreated
NomedoC | YESIANO | YES/ANO | PS/P 0
Treated NO/NE | NOINE SIN 14
Moreno

Treated NO/NE | YES/ANO | s/P 0
Moreno

Treated | veqano | NOINE PS/N 14
Moreno

Treated

voaee | YEsiano | YES/ANO | PSP 0

vaného tubusu s michaci Cepeli na dné, ktera se otaci rychlosti 60
ot/min tak, aby doSlo k optimalnimu a homogennimu oSetfeni celého
vzorku. Kazdé zrno vzorku bylo statisticky vystaveno plazmatu 3kréat
az 10krat, vzdy na dobu cca 0,5 az 2 s s intervaly dostate¢nymi pro
jeho ochlazeni.

2.3 Gushing — stanoveni predikce gushingu ve sladu

U vzorkd sladi (S/N, S/P, PS/N, PS/P) pro namofenou i kontrolni
variantu byl zpisobem dle publikace Vaag et al. (1993) proveden
test predikce gushingu. Extrakty sladového Srotu byly pfidany
do lahvi standardizovaného piva, které poté prosly pasterizaci. Po 3
dnech tfepéani za pfesné definovanych podminek byly lahve otevie-
ny a znovu zvazeny. Pfepénéni (udava se v g/lahev) odpovida sni-
Zeni hmotnosti pfed a po otevieni lahve (Vaag et al.,1993).

2.4 Stanoveni zakladnich sladafskych parametrt

Ve sledovanych vzorcich sladu byly stanoveny tyto kvalitativni pa-
rametry: Kolbachovo é&islo, diastatickd mohutnost, obsah B-glukant
ve sladiné, dosazitelny stuperi prokvaseni, extrakt sladu v susiné,
relativni extrakt pfi 45 °C a friabilita. Analyzy byly provedeny podle
metodiky (EBC, 2009; MEBAK, 2011).

3 VYSLEDKY A DISKUSE
3.1 Vliv oSetieni na gushingovy potencial sladu

Byl sledovan vliv oSetfeni zrna je€émene jarniho a z néj vyrobené-
ho sladu nizkoteplotnim plazmovym vybojem na gushingovy poten-
cial sladu. Vysledky gushingového potencialu sladu jsou uvedeny
v tab. 2.

Vzorky z nemoreného osiva jeémene

Gushing ve vzorcich sladu se pohyboval v rozmezi 0-27 g/lahev.
Hodnota 27 g/lahev byla naméfena u vzorku sladu (S/N), ktery nebyl
plazmovéan ve fazi je€émene ani sladu. Po oplazmovani sladu (S/P)
a nasledném provedeni gushingového testu doslo k sniZzeni gushin-
govyho potencialu, a to az na 0 g/lahev. Slad, ktery byl plazmovan
ve fazi jeémene a/nebo sladu, mél gushingovy potencial 0 g/lahev.

Vzorky z moreného osiva jecmene

Gushing ve vzorcich sladu, ktery nebyl plazmovan ve fazi je€mene
ani sladu mél gushing 14 g/lahev. Po oplazmovani vzorku sladu do-
Slo ke snizeni gushingu na 0 g/lahev. Stejné situace byla i u vzorku,
ktery byl plazmovan ve fazi je€mene. Po oplazmovani sladu doslo
ke snizeni gushingu ze 14 g/lahev na 0 g/lahev.
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Table 3 The effect of plasma treatment of spring barley and produced malt on the selected malt quality parameters
Tab. 3 Vliv plazmového oSetfeni jeCmene jarniho a z néj vyrobeného sladu na vybrané kvalitativni parametry sladu

Malt quality parameters Untreated seed / Nemorené osivo Treated seed / Mofené osivo

DML P T S SN | s/P | Ps/N | PsP | SN | sP | PSIN | psp
Kolbach index (%) / Kolbachovo cislo (%) 40.7 41.0 40.4 41.0 40.4 41.3 41.4 40.7
Diastatic power ( WK un.) / Diastaticka mohutnost (j. WK) 553.5 | 551.0 | 549.0 | 568.5 | 572.5 | 578.5 | 572.5 | 564.0
B-glucans in wort (mg/l) / B-glukany ve sladiné (mg/l) 180.0 | 214.0 | 190.0 | 158.0 | 177.0 | 172.0 | 130.5 | 1405
Final attenuation (%) / Dosazitelny stuperi prokvaseni (%) 78.9 79.1 79.6 79.2 79.3 79.5 79.8 80.2
Malt extract in dry matter (%) / Extrakt sladu v susiné (%) 78.4 78.7 78.1 78.3 78.3 78.7 78.3 78.4
Relative extract at 45 °C (%) / Relativni extrakt pri 45 °C (%) 441 73.8 45.7 45.7 44.9 44.3 47.5 46.5
Friability (%) / Friabilita (%) 64.1 66.6 65.2 65.9 61.5 63.7 64.8 67.5

4 CONCLUSIONS

The conducted tests confirmed the possibility of use of plasma
discharge, type Gliding Arc, for the detoxification of the brewing raw
materials. Suitably selected plasma parameters ensure sufficient
and uniform treatment of all sample grains reducing thus the quantity
of surviving spores of toxic fungi and detoxifying the treated grain
and reducing the gushing potential of malt. After the treatment of the
samples with plasma discharge, all malt quality parameters remain
at the values which are similar to the initial values are in compliance
with the technological usability of malt in the brewing industry.
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3.2 Vliv oSetreni plazmovym vybojem na kvalitu sladu

Sladovnické kvalita vzork( byla hodnocena podle znaki tvoficich
ukazatel sladovnické jakosti (Psota a Kosaf, 2002). V tab. 3 jsou
uvedeny prameérné vysledky hodnoceni je€ného sladu, ktery nebyl
plazmovan (S/N) a jeho srovnani se vzorky, které byly plazmovany
bud' ve fazi zrna jeémene, nebo sladu.

Vzorky z nemoreného osiva jeémene

U kontrolni varianty se vliv oSetfeni vzorkd plazmatem neprojevil
u zadného sledovaného parametru mimo B-glukant ve sladiné, kdy
u vzorku sladu (S/P) doslo k navySeni obsahu B-glukant o 19 % az
na hodnotu 214 mg/I.

Vzorky z moreného osiva jecmene

U vzork( z varianty s namofenym osivem doslo ke snizeni obsahu
B-glukanl (PS/N) a (PS/P) na 74 a 79 % puvodniho obsahu. VSech-
ny ostatni ukazatele sladovnické kvality se vlivem plazmovani ne-
zmenily.

4 ZAVER

Provedené testy potvrdily moznost vyuziti plazmového vyboje
typu Gliding Arc k detoxikaci surovin v pivovarnictvi. Vhodné zvolené
parametry plazmatu zajistuji dostatecné a rovnomérné oSetfeni
vSech zrn vzorku, dochazi k poklesu mnozstvi pfezivajicich spor to-
xickych plisni a tim k detoxikaci oSetfovanych zrnin a ke snizeni gu-
shingového potencialu sladu. Po oSetfeni vzord plazmovym vybojem
zUstavaji vSechny kvalitativni ukazatele sladu zachovany na hodno-
tach, které jsou velmi podobné vychozim hodnotam a jsou v souladu
s technologickou pouzitelnosti sladu v pivovarnictvi.
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