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Gushing - overfoaming of beer - can be affected by hydrophobic polypeptides and high surface activity. The study focused on lipid
transfer proteins ( LTP) and hydrophobins — products of microscopic filamentous fungi. For the experiment, barley samples, intermediar-
ies of malting and malt were used. Proteins extracted from the samples were subsequently separated with the SDS-PAGE method with
the TRIS-tricine buffer system. Character of the change in the content of the low-molecular weight proteins during malting was studied.
The studied relationships between the low-molecular weight proteins, gushing potential and microbiological contamination of samples
were not proven.

Svoboda, Z., Mikulikova, R., Myslivcova, P., Bélakova, S., BeneSova, K., 2018: Nizkomolekularni proteiny ve sladu a gushing. Kvasny
Prum. 64(2): 46—49

Gushing - prepénovani piva - maze byt ovlivnén hydrofobnimi polypeptidy s vysokou povrchovou aktivitou. V praci byla pozornost
zamérena na proteiny je¢mene prenasejici lipidy - lipid transfer proteins — LTP a hydrofobiny — produkty mikroskopickych vlaknitych hub.
Pro experiment byly pouzity vzorky je¢mene, meziproduktl sladovani a sladu. Ze vzorkd byly extrahovany proteiny, které byly nasledné
separovany metodou SDS-PAGE za pouziti TRIS-tricinového pufrového systému. Byl sledovan charakter zmény obsahu zminénych
nizkomolekularnich proteind béhem sladovani. Dale byly hledany souvislosti mezi obsahem nizkomolekularnich proteint, gushingovym

potencidlem a mikrobiologickou kontaminaci vzorkd, které viak nebyly prokazany.
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1 INTRODUCTION

Gushing is one of many aspects of beer quality. This spontane-
ous overfoaming of beer is caused by non-controlled release of
carbon dioxide (Cepi¢ka et al, 1993). The gushing potential of
barley or malt in brewing is determined with the Carlsberg or its
modified version (Nesvadba et al, 2009; Christian et al., 2011).
Based on its causes, two types of gushing are distinguished: pri-
mary and secondary. Primary gushing is associated with infection
of pathogenic fungi which occur in malt. Secondary gushing is
connected with the production parameters such as rough surface
of the bottle, carbon dioxide oversaturation or high concentrations
of heavy metal and oxalates (Basafova, 2015; Béldkovd et al,
2012; Hégrova et al., 2009).

The cause of the primary gushing is connected with malt attacked
with microscopic filamentous fungi, most commonly Fusarium, As-
pergillus, Rhizopus, Penicillium, and Nigrospora spp. During malting,
the above mentioned fungi can proliferate and produce mycotoxins
and hydrophobic polypeptides — hydrophobins with high surface ac-
tivity hydrophobes characterized by a high affinity to carbon dioxide.
Hydrophobins are present in the cell walls of microscopic filamen-
tous fungi where they are involved in mycelium and spore produc-
tion. Secreted proteins are able to decrease the surface tension of
water or change the hydrophilic nature of the surface to hydrophobic
(Sarlin et al., 2005).

Based on the amino acid composition, hydrophobes can be divid-
ed into two classes: hydrophobins | and hydrophobins Il. In general,
hydrophobins are in the range of 7-20 kDa and play an important role
in the growth of pathogenic fungi. The molecular weight of hydro-
phobins produced by Fusarium filamentous fungi is 8.5 kDa (Sarlin
et al., 2005; Bamforth, 2009).

The principle of overfoaming of beer is carbon dioxide, which is
not its main initiator but a necessary component. The carbon dioxide
microbubble that would dissolve under normal conditions in beer is
stabilized by the surrounding hydrophobic layer. Thus it represents
the core for the emergence and growth of other bubbles. Their
strong surface activity along with the fact that the hydrophobin lay-
ers can form condensation centers for releasing carbon dioxide bub-
bles contribute to gushing formation (Bamforth, 2009; Postulkova et
al.,, 2013).

Kli¢ova slova: gushing, hydrofobiny, LTP proteiny, SDS-PAGE

1 UVOD

Jednim z mnoha aspektd kvality piva je i jev zvany gushing - sa-
movolné prepénovani piva, které je zplsobené nekontrolovanym
uvolnénim oxidu uhli¢itého (Cepi¢ka et al., 1993). Ke stanoveni gu-
shingového potencidlu je¢mene nebo sladu se v pivovarské praxi
vyuZiva test Carlsberg nebo jeho modifikovana verze (Nesvadba et
al., 2009; Christian et al., 2011). Z hlediska pficin Ize rozlisit dva typy
gushingu: primarni a sekundarni. Primarni gushing je spojovan s in-
fekci patogennich hub, které se vyskytuji ve sladu. Sekundarni gu-
shing je spojen spi$ s vyrobnimi parametry, jako je drsny povrch
lahve, presyceni oxidem uhli¢itym nebo vysoka koncentrace tézkych
kovU a $tavelan (Basafova, 2015; Béldkova et al, 2012; Hégrova et
al., 2009).

Pricina primarniho gushingu souvisi se sladem napadenym mikro-
skopickymi vlaknitymi houbami, nejcastéji rody Fusarium, Asper-
gillus, Rhizopus, Penicillium a Nigrospora. Béhem sladovani se mo-
hou zminéné houby mnozit a produkovat mykotoxiny a hydrofobni
polypeptidy — hydrofobiny s vysokou povrchovou aktivitou vyznacuiji-
ci se velkou afinitou k oxidu uhli¢itému. Hydrofobiny se nachazi v bu-
né¢nych sténadch mikroskopickych vldknitych hub, kde se podileji
na tvorbé mycelii a spor. VyluCované proteiny jsou schopny snizit
povrchové pnuti vody nebo zménit hydrofilni povahu povrchu na hyd-
rofobni (Sarlin et al., 2005).

Na zakladé aminokyselinového slozeni Ize hydrofobiny rozdélit
do dvou tfid: hydrofobiny I a hydrofobiny Il. Obecné Ize fici, ze hyd-
rofobiny maji velikost v rozmezi 7820 kDa a hraji ddlezitou roli v ristu
patogennich hub. Hydrofobiny produkované vlaknitymi houbami Fu-
sarium maji velikost 8,5 kDa (Sarlin et al., 2005; Bamforth, 2009).

Podstatou prepénovani piva je oxid uhlicity, ktery neni hlavnim
inicidtorem, ale je nutnou soucasti. Mikrobublina oxidu uhlic¢itého,
kterd by se za béznych podminek v pivu rozpustila, je stabilizovana
hydrofobinovou vrstvou, kterd ji obklopuje. Pfedstavuje tak jadro pro
vznik a rdst dalsi bubliny. K moznosti zpUsobit gushing pfispiva jejich
silnd povrchova aktivita spolu s faktem, ze vrstvy hydrofobint mohou
tvofit kondenzacni centra pro uvolnéni bublin oxidu uhli¢itého (Bam-
forth, 2009; Postulkova et al., 2013).

Na gushingu se mohou podilet ale i antimikrobialni peptidy (PR
proteiny), které produkuje napadend rostlina je¢cmene jako odpovéd
na mikrobidlni kontaminaci. Jsou to obecné povrchové aktivni mole-
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Gushing can be also induced by antimicrobial peptides (PR pro-
teins) produced by an infected plant in response to microbial con-
tamination. These surface active molecules stabilize carbon dioxide
bubbles in beer by forming a layer around the carbon dioxide micro-
bubbles preventing thus their dissolution (Hégrova et al., 2009; Sar-
lin etal., 2005).

PR proteins are an important group of barley proteins. These
proteins represent about one third of the total protein content and
play an important role when a plant is attacked by pathogens (Gor-
janovic, 2010; BeneSova et al., 2011). Non-specific lipid transfer
proteins (ns-LTP) represent an important group of PR proteins.
These extracellular proteins are able to mediate transport of lipids
and hydrophobic molecules. They are involved in plant adaptation
to biotic and abiotic stress, recognition and inhibition of pathogens
of bacteria and fungi and collecting defense extracellular polymeric
substances. Their expression is regulated by pathogens, signaling
molecules associated with plant defense and abiotic and environ-
mental stress (Gorjanovic, 2005).

LTP proteins occur in two 2 forms: ns-LTP1 and ns-LTP2 of the
molecular weight 9 kDa and value of pl 9 and 7 kDa and pl 8, respec-
tively (Perrocheau, 2006).

During the malting process, the amount of surface-active low-
molecular weight proteins changes, making prediction of the pro-
pensity of malt to overfoaming more difficult (Evans and Hejgaard,
1999). Beer is a complex mixture in which gushing initiators and
inhibitors are in a certain balance. Additionally, the content of these
substances can be affected by yeast during fermentation. It is clear
that the issue of gushing is highly complex. Gushing is caused by
a whole set of substances contained in raw materials for beer pro-
duction and their interactions (Bamforth, 2009; Postulkova et al,
2013).

2 MATERIAL AND METHODS

Low-molecular proteins in samples of barley, malting intermediar-
ies and malt were analyzed by the optimized SDS-PAGE method
(sodium dodecyl sulfate-polyac lam electrophoresis in polyacryla-
mide gel).

2.1 Instrumentation

Vertical electrophoresis equipment: PowerPac Universal voltage
sources, electrophoretic cell Protean Il xi Cell (BIO-RAD), cooling
water bath (Julabo), densitometer GS-800 (BIO-RAD).

2.2 Samples

Five different collections of barley samples were used for the ex-
periment (Table 1). Each of the collections included totally 10 sam-
ples which were collected during malting to cover all the malting pro-
cess (Table 2).

Table 1 Barley varieties used for analyses
Tab. 1 Odrlidy je¢mene pouzité pro analyzy

Collection Barley variety
Odbér Odrda je¢men
collection 1/ odbér 1 Sebastian
collection 2 / odbér 2 Bojos

collection 3/ odbér 3 Bojos : Malz : Laudis 550 / (2:1:1)

collection 4/ odbér 4 | Bojos:Malz/(1:1)

collection 5 / odbér 5 Bojos : Malz : Laudis 550 / (1:1:1)

2.3 Protein extraction

Proteins were extracted from the analyzed samples with extraction
solution containing sodium dodecyl sulfate (SDS), 2-mercaptoetha-
nol, N, N-dimethylformamide, glycerol and TRIS-HCI buffer (Schag-
ger and von Jagow, 1987).

2.4 Electrophoresis

Protein analysis was performed by gel electrophoresis. Focusing
and separating SDS-polyacrylamide gel and TRIS-tricine buffer solu-
tion were used for electrophoresis.

Electrophoresis was performed by an optimized method for 2
hours with a constant current of 10 mA and then 11 hours at 15 mA
(maximum voltage 300 V). Electrophoresis was cooled during the
electrophoresis cooling water bath with circulation to 0 °C.

kuly, které v pivu tvofi vrstvu kolem mikrobublinek oxidu uhli¢itého,
a tim je stabilizuji a zabranuji jejich rozpusténi (Hégrova et al., 2009;
Sarlin et al., 2005).

PR proteiny jsou vyznamnou skupinou proteind je¢mene. Tyto pro-
teiny reprezentuji asi tfetinu z celkového obsahu protein(i a hraji du-
lezitou obrannou roli v pfipadé napadeni rostliny patogenem (Gorja-
novic, 2010; Benesova et al, 2011). Vyznamnou skupinou PR
proteind jsou nespecifické proteiny prendsejici lipidy (ns-LTP). Jed-
na se o extracelularni proteiny schopné zprostredkovat transport lipi-
di a hydrofobnich molekul. Jsou zapojeny pfi adaptaci rostliny
na bioticky i abioticky stres, rozpoznavani a inhibici patogenl bakte-
rii i hub a shromazdovani obranych extraceluldrnich polymerickych
latek. Jejich exprese je regulovéna patogeny, signalnimi molekulami
spojenymi s obranou rostliny a abiotickym i environmentalnim stre-
sem (Gorjanovic, 2005).

LTP proteiny se vyskytuji ve 2 formach: ns-LTP1 a ns-LTP2 o veli-
kosti 9 kDa a hodnoté pl 9, resp. 7 kDa a pl 8 (Perrocheau, 2006).

Béhem procesu sladovani se méni mnozstvi povrchové aktivnich
nizkomolekuldrnich proteinl, coz znesnadruje predikci sklonu sladu
k prepénovani (Evans a Hejgaard, 1999). Pivo je komplexni smés,
ve které jsou inicidtory a inhibitory gushingu v urcité rovnovaze. Na-
vic obsah téchto latek muize byt ovlivnén kvasinkami béhem fermen-
tace. Z toho je zfejmé, Ze problematika gushingu je vysoce komplex-
ni. Gushing je zpUsoben celym souborem latek obsazenych
v surovinach pro vyrobu piva a jejich vzajemnymi interakcemi (Bam-
forth, 2009; Postulkova et al.,, 2013).

2 MATERIAL A METODY

K analyze nizkomolekularnich proteini ve vzorcich je¢mene, me-
ziproduktl sladovani a sladu byla pouzita optimalizovand metoda
SDS-PAGE (gelova elektroforéza v polyakrylamidovém gelu s do-
decylsiranem sodnym).

2.1 Pouzité pristroje

Zafizeni pro vertikalni elektroforézu: napétovy zdroj PowerPac
Universal, elektroforeticka cela Protean Il xi Cell (BIO-RAD), chladici
vodni lazen (Julabo), denzitometr GS-800 (BIO-RAD).

2.2Vzorky

Pro experiment bylo pouzito celkem 5 rdznych odbér(i vzorkd jec¢-
mene (tab. 1). Kazdy z odbérd zahrnoval celkem 10 vzorkd, které
byly odebirdny béhem sladovani pro zachyceni celého sladovaciho
procesu (tab. 2).

2.3 Extrakce proteint

Proteiny byly z analyzovanych vzork( extrahovany extrakénim
roztokem s obsahem dodecylsiranu sodného (SDS), 2-merkaptoe-
thanolu, N,N-dimethylformamid, glycerolu a TRIS-HCl pufru (Schag-
ger a von Jagow, 1987).

Table 2 Description of the analyzed samples
Tab. 2 Popis analyzovanych vzork(

Sample Sample description
Vzorek Popis vzorku
1 barley / je¢men
2 1 steeping / 1. maceni
3 2" steeping / 2. maceni
4 3 steeping (1 ** day of germination) / 3. maceni

(1. den kliceni)
5 2" day of germination / 2. den kli¢eni

34 day of germination / 3. den kli¢eni

4t day of germination (green malt) / 4. den kli¢eni

/ (zeleny slad mokry)

8 green malt pre-dried / zeleny slad predsouseny

9 green malt bottom floor / zeleny slad spodni liska
10 malt / slad

2.4 Elektroforéza

Analyza proteinl byla provedena metodou gelové elektroforézy.
K elektroforéze byl pouzit zaostfovaci a délici polyakrylamidovy gel
s obsahem SDS a TRIS-tricinovy pufrovy roztok.
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2.4.1 Dying and evaluation

After electrophoresis, the gel was dyed for 5 hours with Brilliant
Blue R methanol solution. After staining, the gel was rinsed with wa-
ter and evaluated.

For evaluation and archiving, the gel was scanned into the PC.
The electrophoretic spectrum of each sample was compared with
the molecular weight standard (1.060-26.600 kDa) which was ana-
lyzed together with the samples. Based on the comparison of the
samples with the weight standard, only 9 kDa low-molecular protein
fractions were identified and evaluated, the other fractions were not
identified.

Using a densitometer (BIO-RAD GS-800), the relative optical den-
sity of the selected low-molecular proteins was detected and chang-
es of its intensity were observed during the malting process. Soft-
ware Statistica was used for testing a possible correlation between
the content of the selected low-molecular proteins, microbiological
contamination and gushing potential.

3 RESULTS AND DISCUSSION

Totally, five sets of samples were used for the experiment. Each of
the sets contained 10 samples which were collected during malting
for covering the whole malting process (Table 1). Content of low-
molecular proteins in the analyzed samples based on the relative
optical density is shown in Fig. 1. The general trend of the change of
the content of these proteins in the individual samples was followed;
for all collections, a similar character of the dependency of protein
content on the phase of malting can be observed. The detected char-
acter of the malting effect on the LTP content can be compared with
the study by Evans and Hejgaard (1999), who determined the con-
tent of LTP proteins in samples of barley, green malt and malt in 7
barley varieties using the ELISA method.

In all the analyzed samples, microbiological contamination with
filamentous Fusarium fungi (Fig. 2) and gushing potential (Fig. 3)
with the Carlsberg test (Vaag et al, 1993) was determined. The ac-
quired data was used for the statistical evaluation together with infor-
mation obtained by the SDS-PAGE method using the program Sta-
tistica. The relationship between the content of low-molecular
proteins and the gushing potential or microbiological contamination
was not confirmed. The effect of microbiological contamination on
the gushing potential was not proven either.

® odbér 1/collection 1

modbér 2/collection 2

odbér 3/collection 3

® odbér 4/collection 4

u odbér 5/collection 5

optical density /opticka hustota

sample / vzorek

Fig. 1 Content of low-molecular proteins in the analyzed samples
based on relative optical density

Obr. 1 Obsah nizkomolekularnich proteind v analyzovanych vzorcich
na zakladé relativni optické hustoty

60 m odbér 1/collection 1
- 50 modbér 2/collection 2
E s < ;
=] I odbér 3/collection 3
2 30
o I m odbér 4/collection 4
20 —
10 I m odbér 5/collection 5
Ml s il L

1 2 3 4 5 6 7 8 9 10
sample / vzorek

Fig. 2 Gushing potential in the analyzed samples
Obr. 2 Gushingovy potencial v analyzovanych vzorcich

Elektroforéza probihala optimalizovanou metodou 2 hodiny
za konstantniho proudu 10 mA, a poté 11 hodin pfi 15 mA (maximal-
ni napéti 300 V). Elektroforéza byla v pribéhu chlazena chladici
vodni lazni s cirkulaci na 0 °C.

2.4.1 Barveni a vyhodnoceni

Po elektroforéze byl gel barven 5 hodin methanolovym roztokem
Brilliant Blue R. Po barveni byl gel propldchnut vodou a pfipraven
k vyhodnoceni.

Pro vyhodnoceni a archivaci byl gel naskenovan do PC. Elektrofo-
retické spektrum kazdého vzorku bylo porovnano s molekulo-
vym hmotnostnim standardem (1,060X26,600 kDa), ktery byl analyzo-
van spole¢né se vzorky. Na zakladé porovnani vzorkl s hmotnostnim
standardem byla identifikovana a vyhodnocena pouze frakce nizko-
molekuldrnich protein( o velikosti 9 kDa, ostatni frakce nebyly identifi-
kovany.

Pomoci denzitometru (BIO-RAD GS-800) byla zjisténa relativni
optickd hustota vybranych nizkomolekuldrnich proteini a byla sle-
dovana zména jeji intenzity béhem procesu sladovani. Pomoci soft-
waru Statistika byla testovdna moznd korelace obsahu vybranych
nizkomolekularnich proteini, mikrobiologické kontaminace a gu-
shingového potenciélu.

3 VYSLEDKY A DISKUSE

Pro experiment bylo pouzZito celkem 5 souborl vzork(. Kazdy
ze soubord zahrnoval celkem 10 vzorkdl, které byly odebirany bé-
hem sladovani pro zachyceni celého sladovaciho procesu (tab. 1).
Obsah nizkomolekularnich proteind v analyzovanych vzorcich
na zakladé relativni optické hustoty je znazornén na obr. 1. Byl
sledovén obecny trend zmény obsahu téchto proteind v jednotli-
vych odbérech, u vSech odbérli Ize pozorovat podobny charakter
zavislosti obsahu proteind na stupni sladovani. Zjistény charakter
vlivu sladovani na obsah LTP proteinl Ize srovnat s praci Evanse
a Hejgaarda (1999), ktefi pomoci metody ELISA stanovovali obsah
LTP proteinG ve vzorcich je¢mene, zeleného sladu a sladu v 7 od-
radach je¢mene.

Ve vdech analyzovanych vzorcich byla také stanovena mikrobio-
logickd kontaminace vldknitymi houbami Fusarium (obr. 2) a gu-
shingovy potencial (obr. 3) testem Carlsberg (Vaag et al., 1993).
Ziskana data byla pouzita pfi statistickém zpracovéni spolu s infor-
macemi ziskanymi metodou SDS-PAGE pomoci programu Statisti-
ka. Souvislost mezi obsahem nizkomolekuldrnich proteinli a gu-
shingovym potencidlem ani mikrobiologickou kontaminaci nebyla
potvrzena. Nebyl potvrzen ani vliv mikrobiologické kontaminace
na gushingovy potencial.

4 ZAVER

Souvislost mezi obsahem nizkomolekularnich protein na zakla-
dé relativni optické hustoty a gushingovym potencidlem nebo mik-
robiologickou kontaminaci nebyla potvrzena. Problematika gushin-
gu je vysoce komplexni a gushing je zplsoben mnoha faktory,
které se vzajemné ovlivhuji. Pro nalezeni pfic¢in tohoto nezadouci-
mu jevu a porozuméni celému problému je potfeba jesté dalsiho
vyzkumu.

c

N 120
5

c modbér 1/collection 1

modbér 2/collection 2

® odbér 3/collection 3
<

2 modbér 4/collection 4
o

2> modbér 5/collection 5

1 2 3 4 5 6 7 8 9 10
& sample / vzorek

Fig. 3 Relative representation of grains attacked by microscopic fila-
mentous fungi of Fusarium sp.
Obr. 3 Relativni zastoupeni zrn napadenych mikroskopickymi vldk-
nitymi houbami rodu Fusarium
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4 CONCLUSIONS

The relationship between the content of low-molecular proteins based
on the relative optical density and gushing potential or microbiological
contamination was not confirmed. Gushing is a very complex issue, it is
caused by many interacting factors. Further research is needed for find-
ing causes of this undesirable phenomenon and understanding the
whole issue.
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