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Summary

Two kinds of top brewer’s yeasts, belonging to Saccharomyces cerevisiae, flocculent and non-
-flocculent types, were isolated from bottied beer. The pure cultures showed the same morpho-
logical properties as those described by Szmelich (1963, 1964), who has used them in beer
production in top brewery in Grodzisk Wlkp. Both types of yeasts behaved alike: the same
sugars and sources of nitrogen being able to assimilate. Both types adapted to anaerobic
fermentation conditions were low respiring. Nevertheless for both types distinct differences
in the rate of oxydative decarboxylation in glucose, using Warburg’s technique, were observed.

Introduction

The selection of strains suitable for certain type of beer production offers many
difficulties from the methodological point of view. The yeasts living in special
technological conditions are influenced by several factors of biochemical, physical
and biological origin, being responsible for the technological value of growing
population and their behaviour in the first and second stage of fermentation
(Rainbow, 1966; Ingram, 1969; Suomalainen, 1969).

The majority of investigations dealing with the phenomenon of flocculation of
botton. and of top brewer’s yeast are concentrated on the type of flocculence and the
attenuating power (Gilliland, 1955; Holm, Neohr and Thorne, 1953; Eddy
and Phil, 1958; Hough, 1959: Szmelich, 1964). Development of yeast science and
practice, based on cytology and biochemistry of the yeast cell, revealed the importance
of phenotypic and genetic variation. The mitochondrial structure’ and function
and changes in electron transport system, being responsible for respiration and
fermentative ability of yeasts populations, must be taken into consideration with
respect to the technological brewing conditions (Masschelein ef al, 1963:
Yotsuyanagi, 1962; Ingram, 1953, 1969; Suomalainen, 1969 1. c.).

The top fermentation brewery, situated in Grodzisk, near Poznan, has been
known since the XIIth century. Grodzisk yeast, of exceptionally low attenuating
power and early flocculating, had bezen used until the end of XIXth century




(Warschauer, 1893: Schonfeld. 193R). The highly appreciated “*Grodzisk beer”
possesses characteristic taste and flavour due to the specific technology and to the
type of brewer’s yeasts. Extensive studies on the characteristics of those strains,
in order to assure typical beer production, were made by Schmelich (1963, 1964).
According to his invention the desired effect, from technological point of view was
achieved, when a mixture of pure culture, consisting of flocculent and non-flocculating
strains in a given proportion, was used. Both types ought to be propagated separately
and mixed in the fermentation vat in a ratio 1 : 2. During the fermentation period
distinct predominance of the non-flocculating type occurs. The “Grodzisk beer”
corresponds to a genuine Graetzer Beer. The second stage of fermentation achieved
in bottles assured the intense saturation of beer with natural carbon dioxide, typical
taste and foam formation. Some analytical data characterizing the Grodzisk bottled
beer (Jakubowska, 1971) in comparison with the mild ale (Hopkinsand Krause,
1951) are presented in Table I. Low alcohol and extract content and very high
saturation with CO, are characteristic for this type of beer.

Table I

Some data characterizing the finished bottled beer

. : Grodzisk Beer Mild ale |
Estimation | : |
(1964*—1970) i (Hopkins, 1951)
alcohol 9 by weight 2.22--2.29 3.3 —3.5
extract % 2.81—2.89 | 34 —3.8
acid as lactic a. % - 0.11—0.106 0.11—0.13
pH 4.1 —4.3
CO,% by weight 0.69—0.70 0.4 —0.5
' colour ml N/10 iodine 0.55—0.60

* Malecka, 1965

In present study the occurrence of both kinds of top yeasts in bottled beer was
investigated. The isolated pure cultures identified after Szmelich (1964), were
characterized with respect to their sedimentation and agglomeration properties,
the use of several sugars by growing and resting cells, the oxydative respiration
and fermentation were taken into account as well.

Experimental

Methods

In order to define the content of both types of yeasts present in the beer, several flasks ob-
tained from the Grodzisk top brewery, produced in 1964—71, were examined. The samples of
sediment, taken out of the bottles, were investigated by plate method. The yeasts were isolated
from the typical colonies of Saccharomyces cerevisiae. growing in Petri dishes in 29 agar-malt
at 25°% after 4 days of incubation. According to the previous statement made by Szmelich (1964
l.c.), the structure of colonies allowed to distinguish the flocculent from the non-flocculent type.
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Several colonies of both types were transferred on wort, 10° Blg. After 4 days of cultivation at 25°
the behaviour of yeasts population was examined, namely: the type of sediment, occurrgnce of
chains or aggregates, the clarification of the liquid.

The sporulation ability was tested on acetate medium (Harrigan and Cancell, 1966). Diagno-
stics and identification were carried out according to yeasts taxonomy (Lodder and Kreger v.
Rij, 1952). The ability to assimilate several sugars and some sources of nitrogen were estimated on
agar plates by auxanographical method (Barnett and Ingram, 1955).

The measurements of gaseous exchange were executed by Warburg routine method (Umbreit,
Burris, Stauffer, 1964). The cells suspensions were harvested from the stationary phase of arowth
after 48 hr of cultivation at 25° in wort, 10° Blg. The washed yeast cells, centrifuged at 2,000 rpm
for 3 minutes, obtained in homogenous suspensions in citrate buffer (pH 4.85), contained 2—4 mg
of cells dry mass per 1 ml. The reaction mixture in Warburg’s flask contained: 1.5 ml of yeast
suspension, 0.6 ml of substrate in an 0.19; aqueous solution. The incubation was carried out at 30°
by continuous shaking equal to 120 rev/min, the deflection being about 5 cm. The output of CO,
and the uptake of Oy in the air, as gas phase, were measured every 15 minutes within 2 hr. The
average results, with difference not exceeding 5% in paralle]l measurements, were accepted.

Results and Discussion

The microscopical examination of colonies and of yeasts populations grown
in wort allowed to prove some distinct differences between the yeasts present in
bottled beer. As is shown in Table II both types, representing top yeast used in the
Grodzisk beer production, were found, their ratio being maintained in prorc
3 : 1, non-flocculating type always predominating.

Table 11

Non-flocculating and flocculent types of yeasts estimated in finished
bottled Grodzisk Beer

Samples of beer ! Number of colonies of Sacch.
produced in cerevisiae grown in Petri dishes
196471 ! nf* ‘ {* | Ratio nf:f

1 1 48 15 3.2:1

2 ; 29 10 2.9:1

3 | 42 20 242

4 Rt 14 | 3.5:1

5 | 31 8 3.8:1

6 | 25 9 2.8:1

7 ‘ 37 12 301

* non-flocculent type B (nf) and flocculent type A (f) after Kockova et al (1970)

The proper structure of colonies visible on Phot. 1 corresponds to those described
by Kockovd er al (1970) and revealed by Szmelich (1964 l.c.). By microscopical
examination (125x) the outline of colonies showed characteristic differences,
namely: smooth and regular margin, typical for flocculent yeasts, type A according
to Kockovd. For non-flocculating type the colonies were irregular and branched.

Several colonies of both types were transferred in wort, 10°Blg, their behaviour
being observed during cultivation at 25°. After 22 hr the cells of the non-flocculating
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Phot. 1. Outlines of 2 colonies: smooth (flocculent), branched (non-flocculent [one); (125%)

type were dispersed in the liquid, strong fermentation and big foam were observed.
After 4 days the liquid was clarified. By shaking, the cells were quickly rising up
from the sediment, then slowly settling. Pairs or short chains of cells (size 3—5x5—12
p) have been microscopically distinguished (Phot. 2).

po

Phot. 2. Non-flocculent strain (PL) 48 hr in malt wort

rlocculent ana nol-lloCCuUleliL ycast & ki

The cells of flocculating strains were quickly settling down, forming compact
sediment. Flocks consisting of large aggregates of matures identical in size cells
(3—6x4—10 ) are shown on Phot. 3:

Phot. 3. Flocculent strain (K;) 48 hr in malt wort

The non flocculating type, rich in glycogen, easy sporulated. Within 3 days on
acetate medium up to 259 of cells contained 1—3 ascospores.

Both types of yeasts behaved alike: the same sugars were assimilates
fermented, viz., glucose, galactose, fructose, maltose, sucrose and re~V e ¢ (/3
Melibiose and lactose were not utilized. Peptone as source of nitrogeuw was vt
favourable for growth, in presence of nitrate and ammonium sulfate weh, et
was observed. \

The resting cells suspensions tested by manometric technique, in presence v
several sugars, were very low respiring (Fig. 1). This fact was in agreement with
Chin’s (1950) observations on non-aerated top brewer’s yeast. The endogenuous
respiration, illustrated in Fig. 2 showed that non-flocculent strain possesses some
interior reserves, being responsible for the increasing gaseous exchange during two
hours of experiments, whereas in case of the flocculating strain indistinct changes
were observed. In presence of several sugars the carbon dioxide output always
predominated the oxygen uptake (Fig. 3a, b). Higher respiration coefficient
characterized the non-flocculating cells.

The present investigations let us to conclusion that the type of metabolism
examined by Warburg’s technique should be included in testing the properties of
industrial strains (Lafon, 1956; Fichter and Phenninger, 1962; Haboucha,
Masschelein, Devreux, 1959). In such experiments, however, the phase of

B
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Ma Ra

Fig. 1. Respiratory quotient of both strains of Saccharomyces cerevisiae in glucose, galactose,

fructose, sucrose, maltose and raffinose
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Fig. 3. Oxydative sugars consumption by both strains; @) non-flocculent (strain P1) b) flocculent
one (strain K;)
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growth must be respected. The both types of top brewer’s yeasts were stable in
technological conditions keeping their morphological and physiological features.
It is evident that some differences between non-flocculating and flocculent types
concerning the rate of several sugars consumption and the dynamics of fermen-
tation process are connected with the cell membrane permeability its structure and
physico-chemical properties.
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Jadwiga Jakubowska

Niektére cechy biochemiczne klaczkujacych i pylistych drozdzy stosowanych w g6rnej fermentacji piwa
w Grodzisku Wikp

Streszczenie

Drozdze pyliste i klaczkujace fermentacji goérnej, stosowane w produkcji piwa grodziskiego
w stosunku 2:1, utrzymuja sie w tym stosunku w toku procesu fermentacyjnego. Wykazano to
na podstawie stosunku wymienionych drozdzy w analizie piwa butelkowanego, ktéry wynosit
2—3:1.

Cechy morfologiczne odpowiadaly opisanym przez Szmelicha (1964), a takze taksonomicznie
typowi A i B Saccharomyces cerevisiae Hansen wedlug Kockovej i wsp. (1970). Oba typy nie
wykazywaly réznic w uzdolnieniach do asymilacji cukrow oraz zrodel azotu, natomiast pewne
réznice zaznaczaly sie w intensywnosci oksydatywnej dekarboksylacji glukozy mierzonej metoda
Warburga.
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