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V roce 2015 byly béhem rekonstrukce pivovaru firmy Raven Trading, s.r.o. v Zahlinicich nalezeny tfi lahve piva. Diky dobrym sklado-
vacim podminkam bylo moZno provést analyzu piva a dozvédét se néco o jeho plvodnim sloZeni. Bylo zjisténo, Ze v8echny tii vzorky
jsou s nejvy$si pravdépodobnosti piva typu lezak. Prvni pivo (svétlé, extrakt pivodni mladiny EPM 10,3 %) mélo vyrazné simé a fekalni
aroma. Druhé pivo (tmavé, EPM 7,6 %) bylo velmi kyselé a velice pripominalo lambik. Analyza DNA prokazala pfitomnost spodnich
pivovarskych kvasinek Saccharomyces pastorianus a kontaminanty Dekkera bruxellensis. Tteti pivo (svétlé, EPM 10,4 %) obsahovalo
malé bublinky CO, a zbytkovou hofkost. V dlsledku zachovani podminek pro piirozené stamuti byly v tomto pivu nalezeny extrémné
vysoké koncentrace 2-furfuralu a transformaéni produkty iso-alfa horkych kyselin. Z vysokych koncentraci myristové kyseliny a nizkych
koncentraci kiemiku lze u v8ech tfi piv usuzovat na pomérné vysoky stupen surogace. Ve viech pivech byla nalezena DNA kontaminu-
jicich mikroorganismd.

Olsovska, J., Matoulkova, D., Felsberg, J., Jelinkova, M., Dusek, M., Cejka, P., Stérba, K., 2016: Analysis of Century old Beer —
Chemical, sensorial and genetic profile of 100-Year-Old Beer. Kvasny Prum. 62, No. 11-12, pp. 326-334

Three bottles of different beers were found in 2015 during a reconstruction of the brewery of the Raven Trading s.r.o. company in
Zahlinice, Czech Republic. Good storage conditions enabled analysis of their original characteristics. All three bottles contained most
probably lager type beer. First beer (bright, original extract 10.3%) had sulfuric and fecal off-flavors. The second beer (dark, original
extract 7.6 %) was very acidic, resembling Lambic beer. DNA analysis proved the presence of lager yeast Saccharomyces pastorianus
and contaminant Dekkera bruxellensis. The third beer (light brown, original extract 10.4%) contained small CO, bubbles and was slightly
bitter. As a consequence of natural aging process the extremely high concentration of 2-furfural was found. The relatively high degree of
adjuncts addition could be assumed based on high concentration of myristic acid and simultaneously low concentration of silica. DNA of
contaminating microorganisms in all samples was proved.

OlSovska, J., Matoulkova, D., Felsberg, J., Jelinkova, M., Dusek, M., Cejka, P., Stérba, K., 2016: Analyse des hundertjihrigen
Bieres — Das chemische, sensorische und genetische Profil des hundertjahrigen Bieres. Kvasny Prum. 62, Nr. 11-12, S. 326-334
Im Jahre 2015 wurden wahrend der Rekonstruktion der Firmenbrauerei Raven Trading s. r. o (GmbH) in Zahlinice mit Bier drei gefll-
ten Flaschen gefunden. Dank der guten Lagerbedingungen war es méglich die Analyse des Bieres durchzufiihren und seine urspringli-
che Zusammensetzung festzustellen. Es wurde ermittelt, dass mit der héchsten Wahrscheinlichkeit alle drei gefundenen Muster Typ des
Lagerbieres wéren. Das erste Bier (helles Bier, EPM = Extrakt der urspringlichen Wirze 10,3%) wies ein ausdrucksvolles und fakales
Aroma aus. Das zweite Bier (dunkles Bier, EPM7,6%) war sehr sauer und sehr erinnert an Lambic Bier. Die DNA Analyse hat die An-
wesenheit der Untergarungshefe Saccharomyces pastorianus und Kontaminanten Dekkera bruxellensis nachgewiesen. Das dritte Bier
(helles, EPM 10,4%) hat eine kleine CO, Blasen und Restbitternis enthalt. Durch Beibehalten von Bedingungen fir naturliche Alterung
des Bieres wurden eine extrem hohe Konzentration an 2-Furfural und Transformationsprodukte von |so-alpha Bittersauren gefunden.
Aus der hohen Konzentration an Myristinsdure und den niedrigen Silizium Konzentration konnte man bei allen drei Bieren lber eine
verhéltnismasig hohe Surrogation erwdhnen. In allen Mustem wurde die DNA von kontamierenden Mikroorganismen gefunden.

Klicova slova: sfo let staré pivo, starnuti piva, senzoricka analyza,
karbonylové slouceniny, karbohydraly, tékavé slouceniny, mastné
kyseliny, mineraini latky, degradace hoikych latek, Dekkera
bruxellensis, Saccharomyces bayanus, Saccharomyces pastorianus

1 UVOD

V roce 2015 byly béhem rekonstrukce pivovaru firmy Raven Tra-
ding, s.r.o., v Zahlinicich nalezeny tfi neporugené lahve piva. Pivo
pravdépodobné pochéazi z doby pred & tésné po 1. svétové val-
ce a bylo asi omylem zapomenuto v priduchu lezackého sklepa
(obr. 1). Pivo bylo uchovano ve velice dobrych podminkach, takze
bylo mozné provést analyzu chemickych parametrl a z nich vyvodit
plvodni parametry piva.

Keywords: century-old beer, beer aging, sensory analysis,
carbonyl compounds, carbohydrates, volatile compounds, fatty
acids, minerals, degradation of bitter compounds, Dekkera
bruxellensis, Saccharomyces bayanus, Saccharomyces pastorianus

1 INTRODUCTION

Three bottles of different beers were found in 2015 during a recon-
struction of the brewery of the Raven Trading s.r.o. company in Zahli-
nice, Czech Republic. The beer probably originated from the period
before the World War | and it was, perhaps accidentally, immured
in the lager cellar of the brewery (Fig. 7). The beer was preserved
in such a way that it was possible to perform analysis of chemical
parameters and deduce original characteristics of the beer.
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Obr. 1 Fotografie stoletého piva z mista nalezu ve sklepé pivovaru
v Zahlinicich / Fig. 1 Photo of century-old beers in the place of its
finding incellar of Zahlinice brewery

Nalez piva umoznil zkoumat tradiéni produkt nasich predkid a ové-
fit si a hloubéji prostudovat chemické procesy probihajici b&éhem
starnuti piva. Nedavno byly zvefejnény dvé publikace s podobnou
tématikou. Londesborough et al. (2016) popsali analyzu piva z po-
topeného vraku lodi z roku 1840. Na dné oceanu byly kromé vina
nalezeny dvé lahve piva staré 170 let. Z analyzy chmelovych latek
a jejich degradacnich produktl autofi usoudili, Ze se jednalo o dva
rozdilné typy piva. Autofi Walther et al. (2015) analyzovali sloZeni
lezakl z let 1880, 1890 a 1900, nejvice se zaméiili na obsah a profil
sacharidd. V nékterych lahvich byly pomoci rDNA sekvence nale-
zeny pouze dormantni buriky S. carlsbergensis a Sporobolomyces
roseus (pivo kazici kvasinky). Z vysledk( autofi vyvodili postupné
zZlep3ujici se trend manipulace pii lahvovani piva v pribéhu sledova-
ného obdobi 1880 az 1900.

Sekvenace DNA je povazZovana za jednu z nejvice spolehlivych
metod identifikace mikroorganismi. Sekvenovan neni cely genom,
ale jen jeho urcité geny nebo oblasti. U eukaryt je tou oblasti nej-
¢astéji ITS region (vnitini pfepisovany mezemik), coz je variabilni
cast DNA mezi konzervovanymi sekvencemi kédujicimi 18S, 5,8S
a 28S rRNA. Porovnavani sekvenci ITS oblasti je hojné vyuzivano
v taxonomii nebo pfi studiu molekularni fylogeneze, nebot postaéuje
i malé mnozstvi vychozi DNA a metoda umozriuje vzajemné odlisit
pfibuzné druhy (White et al., 1990). Pro amplifikaci riznych oblasti
DNA byla navrzena rada primer(. V nasi studii jsme pouZili dva pary
primerd (ITS1 + ITS4 a NS7 + ITS4), které jsou pfi identifikaci kva-
sinek vyuzivany standardné. Produkty polymerasové fetézové reak-
ce (PCR) byly nasledné sekvenovany a porovnavany se znamymi
sekvencemi DNA, které jsou shromazdény v GenBank Narodniho
centra pro biotechnologické informace (v Narodni |ékarské knihovné
v USA).

Hlavnim zamérem této prace bylo provést detailni mikrobiologic-
kou a genetickou analyzu sto let starého piva a srovnat jeji vysledky
se senzorickymi a chemickymi daty podrobné popsanymi v paralelni
chemické studii (OlSovska et al., 2016). V ramci studie byl proveden
maximalné mozny pocet analyz, ktery byl limitovan objemem histo-
rického vzorku.

2 MATERIAL A METODY

2.1 Vzorky piva

Pivo bylo nalezeno ve tmavych lahvich s korkovym uzavérem, kte-
ry byl na povrchu éasteéné poékozeny, ale uzavéry dobfe tésnily.
Lahve byly pro daldi praci oznageny jako vzorky A, B a C. Lahve
s oznacenim A a B mély vytlaené oznaceni ,Pivovar Zahlinice®

Discovery of the three old beers gave us the possibility to explore
a traditional product of our ancestors and verify and deepen the
current knowledge about the chemical processes during beer ag-
ing. Recently, two articles regarding similar topics were published.
Londesborough et al. described chemical parameters of beers from
a 1840s shipwreck. Besides some wine bottles, two 170-year-old
bottles of beer were found on the bottom of the ocean. Analysis of
hop components and their degradation products proved that each
bottle contained a different type of beer (Londesborough et al.,
2015). Walther et al. (2015) analyzed the composition of original la-
ger beer samples from the 1880s, 1890s and 1900s with emphasis
on the carbohydrate content and composition. Only dormant cells of
S. carlsbergensis yeast and Sporobolomyces roseus (a beer spoil-
age yeast) were detected in some bottles using rDNA sequencing.
The gradual improvement of bottled beer handling from 1880s to the
1900s was proved.

DNA sequencing is considered as one of the most reliable tech-
nigue for identification of microorganisms. Not the whole genome
is sequences, but only the special genes or regions. For identifica-
tion of eukaryotes the ITS region (internal transcribed spacer) is
nowadays the most widely used sequenced DNA region. ITS region
refers to the variable spacer DNA situated between the conserved
sequences encoding for 18S, 5,85 and 28S rRNA. Comparison of
sequences of ITS region is widely used in taxonomy and molecular
phylogeny because only even a small amount of DNA is needed and
has a high level of variation between closely related species (White
etal., 1990). Several primers have been designed for amplifying vari-
ous segments of DNA. In this study two pairs of primers (ITS1 + ITS4
and NS7 + ITS4) were used as a very standard for yeast identifi-
cation. The resulting products of polymerase chain reaction (PCR)
were then sequenced and compared to the known sequences of
DNA that are collected in GenBank of National Center for Biotechnol-
ogy Information (NCBI) in United States National Library of Medicine.

The aim of the article was to provide a detailed microbiological
and genetic study of the century-old beers and compare it with sen-
sorial a chemical data published simultaneously in a parallel chemi-
cal study (OlSovska et al., 2016). The maximum possible number of
analyses was performed with respect to the limited volume of the
samples.

2 MATERIALS AND METHODS

2.1 Beer samples

The old beers were found in dark glass bottles covered with cork,
somewhat dilapidated but well-sealed, and they were marked A, B,
and C. The glasses of beers A and B bore the inscription “Zahlinice
Brewery”, the bottle of beer C was marked “HoleSov Brewery” (the
two places are about 10km apart, see Fig. 2. Based on the place of
beer finding, we assume that the bottles were stored in the dark at
a quite stable temperature around 10 °C. Based on the history of the
Zahlinice brewery, the age of the beer has been estimated at about
100 years. Beer D is standard Czech lager, which was used for the
comparison of results of chemical analysis.

2.2 Beer analysis
Sensory analysis

Because of the small volume of the beer samples, sensory analy-
sis was carried out by only 5 members of our sensory panel. A de-
scriptive analysis of flavor and taste was performed immediately after
opening of the bottles.

Chemical analysis

Chemical analyses such as determination of original extract
(EBC 9.4), alcohol (EBC 9.2.6), total acidity (ASBC Beer 8), pH
(EBC 9.35), color (EBC 9.6), content of bitter substances (EBC
9.8), total nitrogen (EBC 9.9.1), FAN (EBC 9.10), and volatile com-
pounds (EBC 9.39) were performed according to EBC methods.

Metals were analyzed using AAS using the following EBC meth-
ods: Cu (EBC 9.14.3), Fe (EBC 9.13.3), Zn (EBC 9.20), Mn (similar
as Zn at 279.5 nm), Si was determined in acetylene—nitrous oxide
flame at 309.3, 357.9, 251.6, 235.5 nm, respectively.

The profiles of residual a-acids, iso-a-acids and their cis/trans
isomers were determined using HPLC-UV method (OlSovska et
al., 2016). The profiles of transformation products of alpha ac-
ids were determined using liquid chromatography coupled with high
resolution mass spectrometry (HPLC-HR/AM-MS) (Olsovska et al.,
2016).



Kvasny Prum.
62/2016 (11-12)

328

Analyza stoletého piva — Chemicky, senzoticky a geneticky profil 100 let starého piva

Obr. 2 Soucasna fotografie Zahlinického pivovaru (vpravo) a sladovny (vlevo) (foto: Milan Starec, 20186) / Fig. 2 Current photo of Zahlinice
brewery (right) and malt-house (left) (photo: Milan Starec, 2016)

a lahev C byla originalné oznadena napisem ,Pivovar HoleSov” (Ho-
leSov se nachazi 10km od Zahlinic (obr. 2). Vzhledem k mistu nalezu
|ze pfedpokladat, Ze pivo bylo po celou dobu uloZeno v temnu a pii
konstantni teploté kolem 10 °C po dobu nejméné 100 let. Pro potfe-
by srovnani parametrl bylo pouZzito referencni pivo D, ¢erstvé pivo
typu Cesky lezak.

2.2 Analyzy piva
Senzoricka analyza

Vzhledem k limitnimu objemu historickych vzorkl (0,51) byla bez-
prostiedné po otevieni lahvi provedena senzoricka deskriptivni ana-
lyza z minimélniho objemu péti Eleny senzorického panelu VUPS.

Chemicka analyza

Chemicka analyza vzorki byla provedena podle konvencnich
metod: extrakt plvodni mladiny (EBC 9.4), alkohol (EBC 9.2.6),
titracni kyselost (ASBC Beer 8), pH (EBC 9.35), barva (EBC 9.6),
hofkost (EBC 9.8), celkovy dusik (EBC 9.9.1), FAN (EBC 9.10)
a tékavé latky (EBC 9.39).

Mineraly a tézké kovy byly analyzovany metodou AAS pomoci
pfislusnych EBC metod: Cu (EBC 9.14.3), Fe (EBC 9.13.3), Zn (EBC
9.20), Mn (podobné jako Zn pfi 279,5 nm), Si byl stanoven v plameni
acetylen-oxid dusny pri 309,3; 357,9; 251,6 a 235,5 nm.

Profil zbytkovych a-horkych kyselin, iso-a-hoikych kyselin a je-
jich cis/trans isomerd byly stanoveny metodou HPLC-UV (OlSov-
ska et al., 2016). Profily transformaénich produkti iso-a-hotkych
kyselin byly stanoveny metodou HPLC s vysokorozliSovaci hmot-
nostni detekei (HPLC-HR/AM-MS) (OlSovska et al., 2018).

Sacharidy byly stanoveny metodou HPLC-RI na chromatografic-
ké koloné s iontovou vyménou v Ag+ cyklu Rezex RSO-Oligosa-
ccharide (200 x 10mm, Phenomenex, USA) s mobilni fazi tvofenou
pouze deionizovanou vodou (Jurkova et al., 2014).

Mastné kyseliny byly stanoveny metodou GC-FID; chromatogra-
ficka separace kyselin s kratkym i dlouhym fetézcem byla provedena
na koloné DB-WAX 20m x 0,18 mm x 0,18 pm (Horéak et al., 2013).

Karbonylové slouéeniny byly stanoveny metodou GS-MS a se-
parovany na polarni chromatografické koloné TR-WAX MS (30m x
0,25mmi.d., 0,25 pm) (Cejka et al., 2013).

Mikrobiologicka/geneticka analyza
Izolace DNA, PCR a sekvenace

Izolace a purifikace chromosomalni DNA, polymerasova retézova
reakce (PCR) a sekvenace je popsana v paralelni praci OlSovské
et al, (2016). ITS oblasti DNA kvasinek byly amplifikovany s pouzi-
tim primer( ITS1 + ITS4 a NS7 + ITS4, pro analyzu bakteridlni 16S
rDNA byly pouzity primery 0028F + 1521R (tab. 1).

Carbohydrates were determined using HPLC-RI on Rezex RSO-
Oligosaccharide ion exchange column in Ag+ mode, (200 x 10mm,
Phenomenex, U.S.A.) with deionized water as mobile (Jurkova et
al., 2014).

Fatty acids were determined using GC-FID; chromatographic
separation of both short- and long-chain fatty acids were carried out
on the column DB-WAX 20m x 0.18mm x 0.18 pm (Horak et al.,,
2014).

Carbonyl compounds were determined using GS-MS analysis
on the the polar column TR-WAX MS, (30m x 0.25mm i.d., 0.25 pm
film thickness according to previously published method (Cejka et
al., 2013).

Microbiology/genetic analysis
Isolation of genomic DNA, PCR and sequencing

Isolation and purification of chromosomal DNA, PCR and se-
quencing was performed according to Ol3ovska et al. (2016). The
ITS regions of yeast were amplified using primer sets ITS1 + ITS4
and NS7 + ITS4. The primer set 0028F + 1521R was used for the
amplification of bacterial 16S rDNA. Primer sequences are given in
Table 1.

3 RESULTS AND DISCUSSION

The opening of the original bottles was immediately followed by
the basic sensory analysis. Subseqguently, the chemical and genetic
analyses were performed. Because of performing DNA isolation
directly from the beer sediment, PCR reamplification was needed.
As target regions for reamplification, internal transcribed spacer re-
gions ITS1 and ITS2, and 165 rRNA (or 16S rDNA), were used for
identification of yeast and bacteria, respectively. The PCR products
were controlled by electrophoresis and sequenced. Amplified DNA
fragments of adjacent segments of the ITS regions from total DNA
isolated from beer samples is shown in Fig. 3. When using the ITS1
+ ITS4 primers, more PCR products are often generated because of
the high variability of the target region. Products of the PCR reaction
with primers NS7 + ITS4 are longer (~ 1000 bp) since the NS7 primer
overlaps to the genes encoding for small ribosomal subunit (White
etal., 1990).

The sequences of PCR products were then compared with the
known sequences in GenBank using the BLAST algorithm (Altschul
et al., 1990). The results of DNA analysis are demonstrated in Ta-
ble 2. The presence of Saccharomyces yeast in all three beer sam-
ples was expected, since the filtration of beer and thus their separa-
tion from the finished product was not perfect at that time. However,
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Tab. 1 Sekvence primerl / Table 1 Primer sequences

Primer set Primer Sekvence 5" = 3/ Sequence 5’= 3~ Odkaz / Citation
| ITS1 TCC-GTA-GGT-GAA-CCT-GCG-G
a
ITS4 TCC-TCC-GCT-TAT-TGA-TAT-GC White et al., 1990
b NS7 GAG-GCA-ATA-ACA-GGT-CTG-TGA-TGC
ITS4 TCC-TCC-GCT-TAT-TGA-TAT-GC
0028F AGA-GTT-TGA-TCC-TGG-CTC-AG
1] Edwards et al., 1989
1521R AAG-GAG-GTG-ATC-CA(AG)-CCG-CA

3 VYSLEDKY A DISKUSE

Po otevieni lahvi bylo provedeno zakladni senzorické hodno-
ceni piv. Nasledné byly realizovany chemické a genetické analyzy.
Po izolaci DNA, ktera byla provedena pfimo ze sedimentl, nasle-
dovala PCR reamplifikace — oblasti ITS1 a ITS2 pro identifikaci
kvasinek a 16S rDNA (resp. 16SrDNA) pro detekci bakterii. Produk-
ty PCR reakce byly zkontrolovany elekiroforeticky (obr. 3) a posléze
sekvenovany. Pfi pouZiti primer( ITS1 + ITS4 ¢asto vznika vice PCR
produktl, cilova oblast DNA je totiz vice variabilni (obr. 3, draha 2).
Produkty PCR reakce s primery NS7 + ITS4 jsou delsi (~ 1000 bp),
protoZe primer NS7 pfesahuje do genl kédujicich malou ribosomalni
podjednotku (White et al., 1990).

Sekvence produktl PCR byly nasledné porovnavany se znamymi
sekvencemi v BenBank s pouzitim algoritmu BLAST (Altschul et al.,
1990). Vysledky analyzy DNA jsou uvedeny v tab. 2. Ve viech vzor-
kach jsme predpokladali pritomnost DNA kvasinek Saccharomyces,
nebot filtrace piva a tedy i separace kvasnic z hotového vyrobku ne-
byly v dobé jeho produkce dokonalé. Nicméné, vzhledem k diouhé
dobé skladovani vzorkdl mizeme predpokladat vysoky stupen po-
Skozeni DNA, a tedy i na vysledky je nutné se divat jako na nekom-
pletni.

1 2 3 4 5 6 7
w10 000 bp
-—
-
-
& 3000 bp
-
-
-
“ -
‘, & S &% 1000 bp
-
-' —
#% 500 bp

--.ee

Obr. 3 Amplifikace DNA kédujici ITS oblast rDNA; Drahy 1, 4, pivo
A; drahy 2, 5, pivo B; drahy 3, 6, pivo C; drahy 1-3, amplifikace s pri-
mery ITS1 + ITS4; drahy 4-6, amplifikace s primery NS7 + ITS4, 7,
velikostni standard (GeneRuler DNA Ladder) / Fig. 3. Amplification
of DNA regions encoding the ITS spacer of rDNA. Lanes 1, 4, beer
A; lanes 2, 5, beer B; lanes 3, 6, beer C; lanes 1-3, amplification with
primers ITS1 + ITS4; lanes 4-6, amplification with primers NS7 +
1TS4; 7, size standard (GeneRuler DNA Ladder)

because of the long-time storage of the beer we can assume that
the DNA was to a great extent degraded, so the results should be
considered as incomplete.

We can assume that pure cultures of yeast were used at the time
of production of the three beers. The technique for isolation and
maintenance of pure yeast cultures was developed in 1880s by the
Danish botanist and microbiologist Emil Christian Hansen (Rainieri
et al., 2003). The Zahlinice brewery was founded in 1895 and closed
in 1921, Because of the engineering works that were probably per-
formed at the time of “enclosing” the beer bottles in the lager cel-
lar (Starec, 20186), their age was estimated to be about a “century”.
From that we can assume that pure cultures of yeast were used for
the production of the beers. Basafova and Hlavacek (1998) stated
that pure cultures of brewer’s yeast were introduced into the Czech
breweries at the end of 19th century and the cultures were also main-
tained in the Yeast Collection of the Research Institute of Brewing
and Malting in Prague.

The presence of DNA of bacteria (e.g. Streptomyces and Bacil-
Jus usually ocurring in soil) and soil fungi (e.g. Coniochaeta, Le-
cythophora, Hypocreales) in beers A and C was probably caused by
the cork-cup leakage during the storage of beer sample that aided
the contamination.

Tab. 2 Vysledky analyzy DNA / Table 2 Resulls of DNA analysis

NCBI Blast*

Coniochaeta

Lecythophora sp.

Dikarya

Hypocreales sp.
Staphylococcus hominis
Streptomyces paucisporeus

Saccharomyces bayanus / S.
pastorianus

Saccharomyces cerevisiae x
Saccharomyces eubayanus x
Saccharomyces uvarum

Saccharomyces pastorianus
Saccharomyces uvarum
Dekkera bruxellensis
Dikarya

Ascomycota
Debaryomyces hansenii
Coniochaeta

Dikarya

Acremonium sp.
Simplicillium sp.
Bacillus simplex
Streptomyces sp.

Vzorek / Sample
Pivo A/ Beer A

Pivo B/ Beer B

Pivo C/ Beer C

* NCBI - Narodni centrum pro biotechnologické informace, BLAST
je algoritmus pouzivany v bicinformatice za Ucelem srovnavani
primarmich sekvencnich informaci; sekvence DNA z NCBI jsou uve-
deny v publikaci OlSovské et al., 2016 / NCB! - National Center for
Biotechnology Information, BLAST - Basic Local Alignment Search
Tool; DNA sequences from NCBI are given in more detail including
the DNA homology described in the publication by OlSovska et al.,
2016.
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V dobé vyroby analyzovanych piv byly jiz pravdépodobné pouZity
Cisté kultury pivovarskych kvasinek. Technika izolace a udrzovani
¢istych kultur byla zavedena v 80. letech 19. stoleti danskym bo-
tanikem a mikrobiologem Emilem Christianem Hansenem (Rainieri
et al., 2003). Zahlinicky pivovar byl zaloZen v roce 1895 a uzavien
v roce 1921. Vzhledem k tomu, zZe k ,uschovani® lahvi v lezackém
sklepé doélo v souvislosti se stavebnimi pracemi (Starec, 2016), ml-
Zeme jejich stafi odhadnout na pfiblizné 100 let. Z toho usuzujeme,
Ze analyzovana piva jiz byla vyrobena s pouzitim &istych kulturnich
kvasinek. Podle Basarové a Hlavacka (1998) byly ¢isté kultury pivo-
varskych kvasinek zavadény do ¢eskych pivovarl koncem 19. stoleti
a zaroven byly deponovany ve Sbirce kvasinek na Vyzkumném usta-
vu pivovarském a sladaiském v Praze.

Pritomnost DNA bakterii (napf. béznych pldnich bakterii Strepto-
myces a Bacillus) a padnich hub (napf. Coniochaeta, Lecythophora,
Hypocreales) v pivech A a C je ziejmé vysledkem netésnosti korko-
vych uzavérl, které nezabranily kontaminaci piva béhem jeho skla-
dovani.

3.1 Pivo A

Pivo A mélo nejhorsi senzorické hodnoceni, bylo svétlé, zakalené
a obsahovalo silné sirové a fekalni aroma.

Nejzajimavéjsi chemické parametry, které velice dobie korespon-
duji se senzorickou analyzou a vysledky mikrobiologické a genetické
analyzy, jsou uvedeny v fab. 3 (vdechny chemické vysledky jsou uve-
deny v paralelni chemické studii, OlSovska et al., 2016). Extrakt plvod-
ni mladiny ve vzorku A byl 10,30%. Pravdépodobné z divodu sekun-
dami fermentace a mikrobiologické kontaminace vzorku obsahoval
vzorek A vysoky obsah alkoholu (5,45 % v/v) a velmi maly skutecny
extrakt (1,87 %). Ve srovnani s prumémou hodnotou sou¢asného
¢eského lezaku, nizka hodnota pH piva A (3,89) a zvySena hodnota
titraéni kyselosti (5,08 ml NaOH/100ml) je pravdépodobné zplisobe-
na mikrobidlni kontaminaci tohoto piva. Také zvy$ené koncentrace
DMS (66 pgll), ethylacetatu (70,4 mg/l), ethyllaktatu (0,64 mg/l) a fur-
furylalkoholu (0,32 mg/l) indikuji sekundami nespecifické kvageni.

DNA kvasinek Saccharomyces nebyla detekovéana, coz je s nej-
vétsi pravdépodobnosti zplisobeno poskozenim DNA. Identifikovana
byla DNA bakterii rodl Staphylococcus a Streptomyces. Mikroskopie
ukazala pfitomnost mrtvych kvasinkovych bunék (obr. 4).

3.2 Pivo B

Pivo B svou chuti i vini velice pfipominalo lambik, bylo tmavé,
velmi kyselé, s pfijemnymi tony madeiry a ovocného aroma.

Také chemicky profil piva B blizce koreloval s vysledky senzoric-
ké a genetické analyzy. V pivu B byla detekovana extrémné nizka
koncentrace volnych aminokyselin FAN (12,00 mg/l) a extrémné vy-
soka hodnota titraéni kyselosti (12ml 1M NaOH/100 ml). To odpo-
vida senzorickému hodnoceni silné kyselosti a detekované vysoké
koncentraci kyseliny octové (8000 mg/l), ktera se nasledné projevila
ve vysoké koncentraci jejiho esteru, ethylacetatu (624 mg/l). V di-
sledku sekundami fermentace mikroorganismem Dekkera bruxellen-
sis doslo k velice zajimavému efektu, a to obracenému poméru ob-
sahu esterl a alkohold (0,15) ve srovnani s ¢erstvym referenénim
pivem (5,72). Za zminku stoji také dvojnasobna koncentrace celko-
vych nasycenych mastnych kyselin s kratkym fetézcem (12,6 mg/l)
ve srovnani s referenénim pivem D.

Zajimavym vysledkem je minimalni koncentrace 2-furfuralu
(78 pg/l) v pivu B. Zatimco v pivech A a C byly zjistény deseti a sto-
nasobné koncentrace této slouceniny oproti ¢erstvému pivu, pivo
B se béhem stoletého starnuti za stejnych podminek chovalo zcela
jinak. 2-furfural patfi do skupiny heterocyklickych slouéenin, které
vznikaji béhem starnuti piva z aminokyselin &i peptidd a redukujicich
cukr( (Vanderhaegen et al., 2006). Tyto latky jsou v odborné litera-
tufe nazyvany jako ,ndikatory starnuti” a |ze pomoci jejich profilu
zpétné zjistit zatéZové podminky, pfi kterych doslo k senzorickému
pogkozeni piva b&hem procesu starnuti (Cejka et al., 2013). Ve vzor-
ku B nebyly pravdépodobné vlivem pfitomnosti Dekkera bruxellen-
sis vhodné podminky pro pribéh Maillardovy reakce; aminokyseliny
a sacharidy byly fermentovany mikroorganismem dfive, nez stacilo
dojit k tvorbé 2-furfuralu v mife odpovidajici stafi piva.

V pivu B byly dale zjistény asi ¢tyfikrat vy$si koncentrace kyse-
lin isomaselné, maselné a isovalerové (2,21, 1,15, a 4,36 mg/l),
ve srovnani s referencénim pivem D. | tento vysledek je s nejvétsi
pravdépodobnosti vysledkem kontaminace Dekkera bruxellensis;
tento mikroorganismus metabolizuje leucin a valin v pivu na Kyseliny
isovalerovou a isomaselnou (Oelofse et al,, 2008).

V pivech B a C byla zjisténa minimalni koncentrace celkovych
polyfenoll (5,0 a 21,00 mg/l) ve srovnani se stejné starym pi-
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Obr. 4 Mikroskopie sedimentu piva A / Fig. 4 Microscopic sediment
analysis of beer A

3.1 Beer A

Beer A was sensorially the least acceptable. It was light, hazy with
very intensive sulphuric and fecal off-flavor.

The most interesting chemical parameters, which very well cor-
respond with sensorial and microbiological quality of the sample, are
summarized in Table 3 (the complete results have been presented in
a parallel chemical study OlSovska et al., 2016). The original extract
of beer A was 10.30%; probably because of a secondary fermenta-
tion or contamination, higher content of alcohol (5.459% v/v) and very
low real extract (1.87) were detected. Compared with the results of
average current lager beer, the parameters such as pH (3.89) and
significantly higher level of the total acidity (5.08ml NaOH/100ml)
are probably caused by proved infection. Other features that indicate
the secondary un-specific fermentation include, a high concentration
of DMS (66 pg/l), ethyl acetate (70.4 mg/l), ethyl lactate (0.64 mg/l)
and furfuryl alcohol (0.32 mg/l).

No Saccharomyces yeast DNA was detected. We can assume
that the DNA was to a great extent degraded and the target regions
for Saccharomyces yeast identification were thus broken. DNA of
bacteria Staphylococcus and Streptomyces was identified. Micro-
scopic analysis proved the presence of dead yeast or yeast-like cells
(Fig. 4).

3.2 Beer B

Beer B sensorially resembled Lambic. It was dark, very sour with
madeira and nicely fruity off-flavors.

The chemical profile of Beer B strongly correlated with sensorial
profile and genetic results. Very low concentration of residual FAN
(12.00 mg/l), extremely high total acidity (12ml 1M NaOH/100 ml),
and extreme sensorial sourness were caused by high concentration
of acetic acid (9000 mg/l) and ethyl acetate (624 mg/l) indicating con-
tamination of beer by wild yeast Dekkera bruxellensis (Steensels et
al., 2015). Concentrations of ethyl acetate (624 mg/l) and other es-
ters were also very high. Undisputed is the ratio of the sum of esters
to the sum of alcohols (0.15) compared to value of reference beer D
(5.72). Further, twofold concentration of saturated short chained fatty
acids (12.6 mg/l) was determined in beer B in comparison with the
reference beer D.

A very interesting phenomenon was the very low concentration of
furfural (78 [Jg/l) in beer B, while in beers A and C it was respectively
tenfold and hundredfold higher. Furfural belongs to heterocyclic com-
pounds formed during beer aging from amino acids or peptides and
reducing sugars (Vanderhaegen et al., 2006). These compounds are
also called “aging indicators™ and it is possible to retrospectively as-
sess the storage conditions of the old beer from the profile of these
compounds (Cejka et al., 2013). It is very likely that the conditions
were not suitable for Maillard reactions due to the presence of Dek-
kera bruxelflensis. The amino acids and saccharides were fermented
before the formation of 2-furfural concentration level corresponding
with the age of the beer,

Also, the concentration of fatty acids such as isobutyric, butyric,
and isovaleric acids (2.21, 1.15, and 4.36 mg/l, respectively) in
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Tab. 3 Vybrané chemické parametry nalezenych piv / Table 3 Selected chemical paramters of founded beers

Analyt/Analyte Jednotky/Units Pivo A/ PivoB/ Pivo C/ PivoD/
Beer A Beer B Beer C Beer D
Rok vyroby / Year of production 19007* 19007* 19007* 2015
Extrakt redlny / Extract real % 1.87 1.58 2.09 4.46
Alkohol / Alcohol (v/v) Yo 5.45 3.85 5.38 4.89
Alkohol / Alcohol (w/v) Yo 4,31 3.04 4.25 3.82
Plvodni extrakt mladiny / Original extract Plato® % 10.30 7.62 10.40 11.87
Horkost / Bitterness IBU 15.00 8.00 22.00 29.33
Barva / Color EBCU 10.00 60.20 17.20 10.57
pH/ pH - 3.89 3.70 3.86 4.58
Titraéni kyselost / Total acidity ml 1M NaOH/100 ml 5.08 12.00 4.34 2.73
Celkovy dusik / Total nitrogen g/100 ml 0.36 0.13 0.48 0.43
Z volné aminokyseliny / X free amino acids mg/l 149.00 12.00 180.00 211.67
Celkoveé polyfenoly / Total polyphenols may/l 105.00 5.00 21.00 125.00
Cu mg/l 0.24 0.15 0.15 0.05
Fe mg/l 0.25 0.46 0.25 0.03
Mn mg/l 0.28 0.1 0.17 0.09
Si mg/l 9.7 4.7 6.4 35.40
Zn mg/l 0.09 0.09 0.13 0.02
¥ iso-a-kyseliny / X iso-a-acids mg/l 0.1 0.02 0.05 26.27
Z trans-iso- a-kyseliny / £ trans-iso-a-acids may/l 0.02 0.01 0.05 7.50
¥ cis-iso-a-kyseliny/ X cis-iso-a-acids mg/l 0.07 0.01 < 0.01 18.77
Z a-kyseliny / £ a-acids may/l <0.01 <0.01 <0.01 1.23
Dimethylsulfid / Dimethylsulfide pe/l 66 5 <5 20.00
Ethylacetat / Ethyl acetate mg/l 70.4 624 79 10.71
Ethyllaktat / Ethy! lactate mg/l 0.64 0.55 0.92 0.12
Ethyllaurat / Ethyl laurate may/l 0.03 0.03 0.03 0.14
Ethylmyristat / Ethyl myristate mg/l 0.02 0.06 0.58 0.04
Z alkoholy / Z alcohols may/l 70.87 97.32 69.79 73.21
z estery/ Z esters mg/l 72.5 628.18 82.62 12.70
Pomér alkoholy/estery / Alcohols/esters ratio 0.98 0.15 0.84 5.72
Glukosa / Glucose /100 ml 0.04 0.01 0.03 0.03
Fruktosa / Fructose /100 ml <0.01 <0.01 <0.01 0.05
Maltosa / Maltose /100 ml 0.01 < 0.01 0.01 0.36
DP 3 g/100 ml 0.04 < 0.01 0.05 0.46
DP 4 g/100 ml 0.05 0.02 0.06 0.33
z g/100 ml 0.19 0.08 0.21 1.70
Isomaselna kyselina / Isobutyric acid may/l 1.54 2.212 1.204 0.50
Maselna kyselina / Butyric acid mg/l 0.781 1.145 0.703 0.35
Isovalerova kyselina / Isovaleric acid mg/l 2.469 4,359 2.188 1.09
Myristova kyselina / Myristic acid ma/l 0.937 112 1.405 0.41
Aceton / Acetone pg/l 430 332 812 299.67
2-methylbutanal / 2-methylbutanal pg/l 17.51 563 39.96 532
3-methyl butanal / 3-methyl butanal pa/l 25.61 5.29 118.77 13.17
2-furfura / 2-furfural pg/l 626 78 6667 43.00
Benzaldehyd / Benzaldehyde pg/l 6.4 6.4 49.1 1.00
Fenylacetaldehyd / Phenylacetaldehyde pg/l 85.78 51.78 893.49 31.80

vem A (105 mg/l) a referencnim pivem D (125 mg/l). Tento jev si lze
vysvétlit oxidaénimi pochody nebo jinymi transformaénimi pochody
polyfenolickych latek ve starnoucich pivech. Reakce, pomoci které
jsou stanovovany celkové polyfenoly, je zaloZzena na reakci FeCl,
s funkénimi hydroxylovymi skupinami a po jejich chemické pfeméné
nemUZe probihat.

Geneticka analyza prokazala pfitomnost DNA kvasinek Dekkera
bruxellensis, Saccharomyces uvarum, S. pastorianus, S. bayanus
a S. cerevisiae x S. eubayanus x S. uvarum (tab. 2). V soucasné
dobé je v ramci rodu Saccharomyces uznavano 9 druhl: S. cer-
evisiae, S. arboricolus, S. paradoxus, S. mikatae, S. kudriavzevii,
S. eubayanus, S. uvarum a dva hybridni druhy S. bayanus a S. pas-
torianus (Boynton a Greig, 2014). Pivovarské kvasinky jsou tech-
nologicky i taxonomicky klasifikovany do druhu S. pastorianus (tzv.
spodni kvasinky) a S. cerevisiae (svrchni kvasinky). Pfedpoklada
se, Ze vzniku spodnich kvasinek S. pastorianus piedchazely dvé
nebo vice nezavislych hybridizaci a na vzniku jejich genomu maji

beer B was about four times higher in comparison with fresh refer-
ence beer. This result correlates with the finding of Dekkera bruxel-
lensis, which breaks down leucine and valine present in beer into
isovaleric and isobutyric acid, respectively (Oelofse et al., 2008).

Very low concentrations of total polyphenols, 5.0 and 21.00 mg/l,
respectively, were found in beers B and C. A very interesting fact
was the negligible concentration of total polyphenols (5.0 mg/l) in
beer B. This phenomenon could be explained by oxidation or other
transformation reactions in aging beer. The determination of poly-
phenols is based on the color reaction between FeCl; and functional
hydroxyl groups of polyphenols. When hydroxyl groups are trans-
formed, the reaction does not take place.

DNA of the yeast Dekkera bruxellensis and Saccharomyces uvar-
um, S. pastorianus, S. bayanus and S. cerevisiae x S. eubayanus X
S, uvarum was identified (Table 2). Currently 9 species are recog-
nized within the genus Saccharomyces: S. cerevisiae, S. arboricolus,
S. paradoxus, S. mikatae, S. kudriavzevii, S. eubayanus, S. uvarum
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Saccharomyces bayanus/pastorianus

Identities: 185/186 (99 %)

TARRTARAATTGTTTGTGTTTGTTACCTCTGGGCTCGATTGCTCGAAACCCARAGARARA 60
FRRRRERRE T E e et e e bbb b et r e e e

Sbjct 308 TARATARAATTGTTTGTGTITGITACCTCTGGGCTCGATTGCTCGAAACCCRAAAGARARA 249

Query 1

GTTGCRAAAGTATARAAACTCORCAGTETGT TARTATTGARACEETTTTAATTETCCTATA 120
L N NN N NN N NN NNy
GTTGCAAAAGT ATAAARACTCCACAGTGTGT TGTATTGARACCGTTTTRATTGTCCTATA 189

Cuery 61
Sbjct 248

Query 121 ACARRRACAGAGRRGTCTCACTGTTTGGAATAGCARGAAAGRARCTTGCARGCCCTAGCA 180
PRRRRERRE et r i e e b b e e b v

ACARRRAC, TCTCACTGTTTGGARTAGCARGARRGARACTTGCAR-CCCTAGCA 130

sbiet 188

MGACCG 186
LI
AGLUCG 124

Query 181

sbjet 129

Qbr. 5 Porovnani sekvence ¢asti DNA from Beer B s databazi NCBI;
Query — sekvence DNA z piva, Sbjct — sekvence z databaze / Fig.
5. Comparison of part of the DNA sequence from Beer B with NCB/
database; Query — DNA from beer, Sbjct — sequence from GenBank

podil druhy S. cerevisiae, S. eubayanus a pravdépodobné i dalsi
tzv. non-S. cerevisiae druhy (Dunn a Sherlock, 2008; Hebly et al.,
2015). Po prvotni hybridizaci a vzniku allotetraploidnich kvasinek
pak doslo ke znaéné reorganizaci genomu (Gibson a Liti, 2015).
Hybridni plvod vétdiny kmenl spodnich pivovarskych kvasinek
je ¢asto pfi¢inou jejich obtizné identifikace nebo odliseni dokonce
na trovni druhu (Kopecka et al., 2016). Na obr. 5je pfiklad porovna-
ni ¢asti sekvence DNA z piva B s databazi NCBI. Analyza prokaza-
la 100% homologii s DNA Saccharomyces bayanus/S. pastorianus.
Téméi 100% homologie s oblasti ITS1 S. cerevisiae x S. eu-
bayanus x S. uvarum kmene CBS1503 mlze svédéit o hybridnim
plvodu kvasinek pouzivanych v zahlinickém pivovaru (OlSovska
et al., 2016). Nalez DNA kvasinek S. uvarum a S. bayanus je ne-
jspide prikazem kontaminace piva v pribéhu jeho vyroby nebo sk-
ladovani divokymi kvasinkami.

Mikroskopie vzorku B je zdokumentovana na obr. 6. Tvar bunék ze
sedimentu piva koresponduje s typickou morfologii bunék kvasinek
Dekkera (obr. 7).

Obr. 7 Buriky kvasinek D. bruxellensis / Fig. 7 Cells of yeast D. bru-
xellensis (Kochlariova et al., 2016)

3.3Pivo C

Pivo C mélo svétle hnédou barvu a obsahovalo zbytky bublinek
CO,. | kdyZ byl v pivu zfetelny vysoky stupefi oxidace s typickou
sladkou, sirupovou a papirovou chuti, bylo lehce nahofklé a celkové
pfipominalo pivo jako takové. Vy$si barva oproti pivu A byla patmé
zpUsobena oxidaénimi reakcemi.

Plvodni extrakt mladiny piva C byl 10,40 %. Podobné jako u piva
A, toto pivo obsahovalo zfejmé v disledku sekundérni fermentace
vysoké procento alkoholu a nizky skuteény extrakt (viz tabulka 3).
Pivo C také obsahovalo velké mnoZstvi esterl, napi. koncentrace
ethyllaktatu byla 0,92 mg/l, coZ je spojeno také s vysokou koncentra-
ci mlééné kyseliny (3500 mg/l).

Obr. 6 Mikroskopie sedimentu piva B / Fig. 6 Microscopic sediment
analysis of beer B

and two species S. bayanus and S. pastorianus possesing a hybrid
genome (Boynton and Greig, 2014). Brewing yeasts are technologi-
cally and taxonomically classified into species S. pastorianus (so-
called bottom fermenting) and S. cerevisiae (top fermenting). It is
believed that formation of the bottom fermenting yeast S. pastorianus
was preceded by two or more independent hybridizations and their
genome arose under the participation of the species S. cerevisiae,
S. eubayanus and probably other non S. cerevisiae species (Dunn
and Sherlock, 2008; Hebly et al., 2015). After the initial hybridization
and formation of allotetraploid yeast the genome was substantially
reorganized (Gibson and Liti, 2015). The hybrid nature of most of the
lager yeast strains often leads to their problematic identification or
unreliable differentiation even on the species level (Kopecka et al.,
2016). An example of comparison of DNA from Beer B with GenBank
NCBI database is shown in Fig. 5. Saccharomyces bayanus/S. pas-
torianus was determined with 99% identity. The hybrid nature of the
yeast strain from Zahlinice brewery may be indicated by the almost
100% DNA homology with S. cerevisiae x S. eubayanus x S. uvarum
strain CBS1503 internal transcribed spacer 1 (Ol3ovska et al., 2016).
The finding of homology between beer B DNA and sequences of
S. uvarumand S. bayanus can also be an indication of contamination
of the beer during its production or storage.

Microscopic analysis documented the presence of dead yeast or
yeast-like cells (Fig. 6). The appearance of dead cells corresponds
to the typical cell morphology of Dekkera (Fig. 7).

3.3BeerC
Beer C was light brown and contained traces of carbon dioxide
bubbles. While the beer was oxidized, with typical sweetness and

.

Obr. 8 Mikroskopie sedimentu piva C / Fig. 8 Microscopic sediment
analysis of beer C
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Pivo C je diky kvalitnimu neporu$enému uzavéru a ochranné at-
mosféfe pomoci zbytk( CO, typickou ukazkou pfirozené starnouciho
piva. Koncentrace karbonylovych latek ze skupiny ,indikator( star-
nuti“ narostla b&hem stoleti do extrémnich hodnot, zvlasté u slou-
¢enin 2-furfural (6667 pgll), 2-methylbutanal (40 pgfl), 3-methylbu-
tanal (119 pg/l) a fenylacetaldehyd (894 pg/l) (viz tab. 3). Je velmi
zajimavé, Ze autofi, ktefi analyzovali pivo z vraku lodi z roku 1840,
nasli ve srovnani s nami analyzovanym vzorkem podstatné nizsi
koncentraci, a to 644 pg/l (Londesborough et al., 2015). Toto zjisté-
ni potvrzuje a prikazné demonstruje fakt, ze 2-furfural je indikator
teplotni stability, tudiz v podminkach 4 °C, které jsou na dné oce-
anu, vznikal v pivu b&hem starnuti pouze v minimalnim mnozstvi.

Ve vzorku C byla prokdzana DNA kvasinek Debaryomyces
a bakterii Bacillus a Streptomyces. Podobné jako u piva A nebyla
v tomto vzorku detekovana DNA kvasinek rodu Saccharomyces,
ziejmé z dlvodu vysokého stupné poskozeni DNA. Mikroskopie
ukazala pfitomnost mrtvych kvasinkovitych bunék (obr. 8).

Jak se dalo pfedpokladat, piva A, B a C méla vzhledem k iden-
tickému plvodu také fadu shodnych chemickych parametrl, které
nebyly ovlivnény jejich riznorodou kontaminaci. Vechna tfi piva
obsahovala pomémé vysokou koncentraci kov( Fe, Cu, Mn and
Zn (viz tab. 3);, zejména Koncentrace Zeleza, ktera se pohybova-
la od 0,25 do 0,46 mg/l, byla ve srovnani s dnesnim standardem
(0,01-0,03 mg/l) vysoka. Vysoka koncentrace Zeleza mohla pocha-
zet z neupravené vody a patrné také z materialu tehdej$iho varni-
ho zafizeni. Zfejma je také nizka koncentrace kiemiku ve stoletém
pivu, ktera se pohybovala mezi 4,7 az 9,7 mg/l oproti srovnavacimu
vzorku piva D 35 mg/l. Vyznamnym zdrojem kiemiku je jeény slad,
nebot kiemik je soustiedén v pluchach zrna jeémene (bezpluché
obilniny kiemik neobsahuji) (Cejnar et al., 2013). Nizka koncentra-
ce Si muze byt zplsobena pouzitou odrldou jeémene, z vétsi miry
vSak pravdépodobné vyS&i mirou surogace. Ta byla v dobé& Prvni
svétové valky a po ni bézna z divodu nedostatku obili.

Jednoduché fermentovatelné cukry, jako fruktosa, glukosa
a maltosa, byly ve vSech tfech pivech kompletné spotfebovany
kvasinkami a ostatnimi mikroorganismy. Také celkova koncentrace
oligosacharid( se stupném polymerace do 10 glukosovych jedno-
tek je minimalni (0,08 az 0,21 g/100 ml). Vysoky obsah esterovych
latek ve stoletych vzorcich piva byl jiz vySe komentovan, zajima-
vy je také jejich neobvykly pomér k celkovému obsahu alkohol(
(od 0,15 do 0,98). V bézZnych soucasnych lezacich je tento pomér
zcela obraceny (zhruba 4,9 az 6,3; vysledky VUPS). Tuto anomalii
s nejvétsi pravdépodobnosti zplsobila ¢innost kontaminujicich mi-
kroorganismu.

Velmi zajimavym jevem je neshoda mezi vysledkem hoikosti
(15, 8, a 22 |. EBC) a vysledky HPLC stanoveni iso-a-kyselin, kte-
ra poskytla v souladu se senzorickym hodnocenim témér nulové
hodnoty. Z vysledku je patrné, jak je vdeobecné pouzivana metoda
stanoveni hofkosti EBC 9.8 nespecifickd a mize vykazovat fales-
né pozitivni vysledky. Proto byla provedena analyzy degradacnich
produktl hotkych latek ve vzorku C metodou HPLC-MS a bylo zjis-
téno, Ze se jedna o daldi v fadé ,iso” produkty iso-alfa kyselin.
Bliz&i popis tohoto experimentu spoleéné s detailnimi vysledky je
popsan v paralelni studii (OlSovska et al., 20186).

Poslednim diskutabilnim parametrem je koncentrace myristové
kyseliny, ktera je ve stoletych pivech obsaZena ve ¢&tyfnasobné
koncentraci oproti referenénimu pivu. Tato nasycena kyselina nenfi
produktem kontaminujicich bakterii ani kvasinek. Zvy$ena koncen-
trace mize byt zplisobena surogaci (Briggs et al., 2004), a do jisté
miry také odrldou pouZitého jeémene. Podle nasich studii je kon-
centrace této kyseliny odriidové specificka, a to zejména pro ¢eské
odridy jeémene (poznamka autora, publikace v pfipravé).

4 ZAVER

Z chemického a senzorického rozboru sto let starého piva vyply-
va, Ze se s velkou pravdépodobnosti jednalo o pivo leZzackého typu.
Tim, Zze kazdé z piv A, B a C bylo kontaminovano jinym zplsobem,
Ize v pivu po tak dlouhé dobé sledovat fadu zajimavych chemickych
sinkou Dekkera bruxellensis v pivu B a procesy starnuti a isome-
rizace iso-hoikych kyselin v pivu C. Nékteré parametry (obsah Si,
myristové kyseliny) také shodné ukazuji na moznost vyssiho stupné
surogace, ktera byla pocatkem 19. stoleti nutnou soudéasti vyroby
piva z divodu nedostatku sladovnického jeémene. V pivu B byla
prokazana DNA spodnich pivovarskych kvasinek Saccharomyces
pastorianus. V pivech A a C nebyla naopak detekovana zadna DNA

papery off-flavors, it was very slightly bitter and it really appeared as
beer. The slightly higher color of beer C compared with A is probably
caused by oxidation.

The original extract of beer C was 10.40 %. Because of a second-
ary fermentation or even some kind of contamination, higher con-
tent of alcohol and very low real extract were detected. Similarly as
beers A and B, also beer C contained a quite high concentration
of esters (see Table 3); the concentration of ethyl lactate was high,
0.92 mg/l, which associated with the high amount of lactic acid (3500
mg/l).

Sample C is a typical example of a naturally aging beer due to
a well-sealed and undamaged cork cap, which secured a protective
atmosphere (rests of carbon dioxide bubbles). The concentration of
carbonyl compounds belonging to the group of “aging indicators” in-
creased during the century to extreme values; namely the amounts
of 2-furfural, 2-methylbutanal, 3-methylbutanal, and phenylacetalde-
hyde were 6667, 40, 119, and 894 pg/l, respectively (see Table 3).
It is very interesting that the authors who analyzed beer from the
1840s shipwreck found a much lower amount of 2-furfural (644 pg/l)
(Londesborough et al., 2015). This finding confirms and clearly dem-
onstrates that 2-furfural is a “thermal indicator”. In other words, the
temperature on the ocean floor is low and stable (about 4 °C).

DNA of yeast belonging to the genus Debaryomyces and of Bacil-
lus and Streptomyces bacteria was identified. As for beer A, no Sac-
charomyces yeast DNA was detected, probably because of the high
level of DNA damage. Microscopic analysis proved the presence of
dead yeast or yeast-like cells (Fig. 8).

Predictably, beers A, B and C showed a number of similar param-
eters indicative of their common origin. All beers had a higher con-
tent of Fe, Cu, Mn and Zn (see Table 3); especially the concentration
of Fe ranging from 0.25 to 0.46 mg/l is very high compared to cur-
rent beers. This fact could be caused by the usage of insufficiently
treated water and by metal composition of the brewhouse equipment
100 years ago. Also the levels of Si determined in the century-old
beers were lower (from 4.7 to 9.7 mg/l) than in reference beer D (35
mg/l). Silicon in beer originates from barley, namely from palea (grain
without palea does not contain silicon (Cejnar et al., 2013). Barley
malt is therefore a rich silicon source. We assume that a lower con-
centration of Si could be caused by barley variety and by some type
of adjuncts, which was common during World War | and also after it.

Further, simple fermentable sugars such as glucose, fructose and
maltose were completely fermented by yeasts and other microor-
ganisms (see Table 3) and they are completely missing in A, B, C
beers; the sum of carbohydrates with less than 10 glucose units in
these samples was 0.19, 0.08, and 0.21 g/100ml. Moreover, the high
content of esters evident in century-old beers A, B, and C was most
probably caused by infection; the ratio of the sum of esters to the
sum of alcohol ranged from 0.15 to 0.98 whereas in fresh beers the
ratio is ranging from 4.9 to 6.3 (data from RIBM database).

A very interesting feature was measured bitterness of 15, 8, and 22
IBU, while the concentration of iso-a-acids determined using HPLC
method was near zero. Also sensorially determined bittemess was
missing or was negligible. This indicates that the EBC 9.8 routine
method is not specific and can provide false positive results. There-
fore, the presumed degradation products of bitter acids were further
analyzed using HPLC-MS and subsequent “iso” products of iso-al-
pha acids were found. The experiment and results are described in
more detail in a parallel study (Ol3ovska et al., 2016).

Finally, compared with the current beers, four-fold higher concen-
tration of myristic acid was found in century-old beers. This saturated
fatty acid is neither a product of contaminating bacteria nor a product
of yeasts. The higher concentration of myristic acid may probably be
caused by surrogates used, which can increase the concentration of
this fatty acid (Briggs et al., 2004), or by the barley varieties used,
because the profile of fatty acids is variety dependent and the con-
centration of myristic acid is a characteristic feature of each Czech
barley variety (study in preparation, note of the author).

4 CONCLUSIONS

Based on the results of chemical and sensory analysis of hundred
years old beers we can conclude that the beer was the most proba-
bly lager type. Due to varying contamination in samples A, Band C it
was possible to monitor a number of interesting chemical reactions in
the beers after so long a period, The most interesting is undoubtedly
the process of contamination by the yeast Dekkera bruxellensis in
beer B together with an aging process, and isomerization of iso-bitter



Kvasny Prum.
62/2016 (11-12)

334

Analyza stoletého piva — Chemicky, senzoticky a geneticky profil 100 let starého piva

kvasinek rodu Saccharomyces, zrejmé z dlvodu jejiho poskozeni
v pribéhu skladovani.
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