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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.
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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).
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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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