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The experiments conducted on a laboratory and on a large laboratory
scale revealed the suitability of hybrides of brewers’ and bakers’ yeasts
in the production of beers. The obtained beers were characterized by
satisfactory physical and chemical properties and they were assessed as
good from the flavour viewpoint. The beer produced with the use of
hybride M27-2 had the most favorable parameters. In order to confirm

“the further technological suitability of this strain, the experiments were
carried out on a pilot plant scale.

THE EXPERIMENTAL

For the microtechnical scale experiments, the strain M27-2 was select-
ed on the basis of the results obtained in the first part of the present
work. The control strain in this series was yeast strain no 77 which was
suggested by Szmelichr [8] on the basis of results of studies on the selec-
tion of yeast for production of top fermenting beer, carmed out by the
Institute of Fermentation Industry.

The microtechnical tests were carried out on wort with the follow-
ing composition:

extract (%o (g/g)) 10.4
pH - 5.9
colour 12.0
acidity (ml) 1.6
formol nitrogen (mg/100 ml) 24.5
iso- compounds (mg/l) 24.4

The tests were carried out in the Experimental Laboratory of the
Institute of Fermentation Industry at the brewery in Biskupiec.
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ANALYTICAL METHODS

Apart from the analyses performed for beers on the laboratory and
large-laboratory scale (part I), the following determinations were made
in the Institute of Fermentation Industry: content of acetic aldehyde,
ethyl acetate, n-propanol, iso-butanol and amyl alcohols content. The
determinations were made by a gas chromatography method [2].

RESULTS

During the fermentation process (Table 1), hybrid M27-2 revealed
a substantially better fermentation capacity when compared with the
control strain 77. After 2 days of the process, the hybrid M27-2 ferment-
ed already 70%b0 of the initial extract of wort while the control strain 77
fermented only 30%o. It may be stated that after two days, hybrid M27-2
completed fermentation of wort. The control strain achieved fermentation
to 64% after 6 days of fermentation and in the second trial — to 43%o,
This differentiation was further maintained during the storage (Table 2).
Hybrid M27-2 after three days of storing lowered value of extract by
27%0 in comparison with the initial value while strain 77 at the same time
lowered it only by 5%. The differences in the wort fermentation rate
were reflected in the results of beer analyses (Table 3). Beer produced

Table 2. The run of storing process of beer obtained in the microtechnical scale

Extract i ive d
Xxtract In successive days Number of cells in 1 mlx 106

Strain & (g/=)
2 3 4 | s 7 | 21 31| 4 | 5 [ 7
_ 263 197 190| 190| 36 | 27| 27 | 24 | 06
M27-2 2151 192 ] 185 185] 69 | 48 | 40 | 1.8 | o5
77 493 | 440 | 398 | 380 | 350| 70 | 63 | 22 | 1.0 | 1.6

-

Warm storing 7 days at 18-22°C
Cold storing 3 days at 4°C

with the use of hybrid had a considerably higher rate of fermentation
(about 20%o), the remaining physical and chemical properties of both
beers were similar. From the flavour viewpoint, the compared beers were
evaluated as satisfactory.

Both strains produced acetoine and higher alcohols in beer in similar
quantities (Table 4), while the hybrid produced a diacetyl amount by
30%0 lower. As it results from Table 4, amyl alcohols were produced in
similar quantities (50 mg/l) while hybrid M27-2 formed smaller quantities
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Table 3. The results of analyses of beer produced on the microtechnical scale

3w ur | v =
spunodwos-osy | 2 & | &
woeol/Swur | vo | =
uagonmu jowrog | P T | T
(wu) | v | oo
xoput Suopey | € ° | @
. < oy
PSULLII| =2 | 9
< < <r
(qw) ApY | — = | =
429l
HY | ¢« | «
n v | O
o~ 0
mopP) | & |
~ o~ ~
GuSlem ur %) A | 88 | &
OQuSram wt 50) ‘A | I F | B
o~ v on
(uBm w1 ) ‘g | S S | S
< 0 \©
o ~ O (=}
(Brm Ul 0V | = 2| &
o~ vy
OQusrem ur 09 | T 2| 2
Srom ur %) ‘49 = 3 =
(3q H - /o —_— o
o
g s
5 [a)
7] p>




109

Monosperous populations and hybrides of brewers’ yeasts

€9 191 gel 9¢y 0s'L 9¢ (44 €10 LL
9'0¢ 9'9 $'9 STL 00'v 144 16°'1 S0°0
6CS $'6 691 (44! ¥8°¢ [4% 1€°¢C 60°0 ¢-LTN
/8w
_ 9je108 opAyepie s[oyoo[e . urens
sjogoole [Aury [oueng-osy jouedoid-u Ay oV 1YSIH _uI010y 1K19001QQ
9[20S [EOIUYIR)OIOM 3G} UO paonpoid s1eaq UI s1onpoid-Aq UIeNsd JO AT ‘y d[qe L

~



110

H. Oberman et al.

of acetic aldehyde (by 47%6) in beer and iso-butanol (by 23%) when com-
pared with control strain 77.

The selected analytical data characterizing beer obtained with the
use of hybrids in different scales (Fig. 2) and their organoleptic features
revealed the best value of hybrid M27-2. Alongside with the increasing
scale, an improvement of sensoric properties as well as lowering of by-
products content in beers (Fig. 3) was observed. Exception was made by
the content of acetoine, the amount of which did not exceed, however,
the quantities accepted as criterion.

Hybrids formed up to 60 mg/l of higher alcohols in beer produced in
a large-laboratory (part I) and microtechnical scale, so the content of
these compounds was considerably lower in the experimental beers than
in the typical top fermenting ones and it was comprized within the limits
accepted for bottom fermented beers [7].

The contents of certain alcohols in beers produced in the microtechni-
cal scale, using M27-2 strain were the following: n-propanol 616 mg/l

sugar solution to increase Blg 1.5°

cul tace test flask flask flask can barrel £ilt
[ |tube | |50ml | |500 mi| | 5000 m1|]25 1 30 1 iltration
10 nl 24 hrs| |43 hrs [ | 96 nrs [‘ up o e-racking  —e analyses
48 hrs 6 days capping
— ~ J

7 days at 23°C
3 days at 4 C
under 002 pressure

hopped wort, 11°Blg controlled parameters
every 24 hrs:
~ temperature
- number of yeast cells in 1 ml
- extract /in %/
and after completed fermentation -
yield of yeasts

Fig. 1. Production of beer in the microtechnical scale

compared to 1--20 mg/l and iso-butanol 7--10 mg/l compared to
4--30 mg/l reported by Baca [1]. These contents do not have any adverse
effect on the flavour of beer.

Hybrid M27-2 produced 0.09 mg/l diacetyl in beer while Haukeli and
Lie [4] during their studies on the formation of carbonylic compounds
by bottom and top brewers’ yeast, reported variations in diacetyl amount
in the limits 0.02-0.32 mg/l.

The examined hybrid produced less than 10 mg/l of ethyl acetate
while Engan [3] reports in his studies about a content of ethyl acetate
amouting to 16 mg/l.

Acetic aldehyde has small effect on the taste of beer when it appears
in quantities not higher than 25 mg/l (averagely it constitues no more
than 10 ml/l1) but it is a precursor of compounds which, even in small
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quantities, have an adverse influence on the taste of beer. Hybrid M27-2
produced 4 mg/l of acetic aldehyde in beer manufactured on a micro-
technical scale while Engan [4] reported 8 ml/l and Otter et al. [6] inform-
ed even about 9 mg/l.

It should be stressed that beers containing higher quantities of by-
products received a higher organoleptic evaluation. Hybrid M27-2 selected

y E (% in weight) ‘ A (%6 in weight)
B = — — r
= 5 = 4 B —
31 H =
L — —
s }_. —]
2 = — — [ 3
M23 M26-1 M27-2 M27-4 M23 M26-1 M27-2 M27-4
Vo (%) | V.. (%)
oo | [ N 1 [ F B ]
b-’ 70 i n T
A A %

M23 M26-1 MZ27-2 M27-4

M23 M26-1 M272 M 27-4

M26-1 M27-2 MZ27-4

1T (s) 08 | Hartong index (ml).
] B ] ] 06 =
1000 | ] = — —
E 04| — — —
500 | — I [
= M23 M26-1 M27-2 M27-4
=) | A1 3
M23 M26-1 M27-2 M27-4 15 | /so-compounds (mg/l)
Formol nitrogen (mg/100m!) ' —
10 L —
’ = 10 L =7 —
1B [F (B [E].E
5 =% ZIms
M 23 M 23

M26-1 M27-2 M 27-4

1 HE: 3

Fig. 2. Selected analytical data, characterizing beers produced with the use of
strains: M23, M26-1, M27-2, M27-4 in the following scales: 1 — laboratory, 2 — large-
laboratory, 3 — microtechnical
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Fig. 3. Level of certain by-products in beers produced with the use of strains M23,
M26-1, M27-4 in scales: 1 — laboratory, 2 — large-laboratory, microtechnical

as the best one, produced beer with optimized levels of the particular by-
products.

Comparing the result of analyses of beer produced with the use of
hybrid M27-2 in successive scales, we may observe, during the increas-
ing volume, an improvement of sensoric properties as well as lowering
of by-products content in beer, except for acetoine, the amount of which
did not exceed, however, the accepted standards.

Hybrid M27-2 was obtained as a result of combining the monosporous
brewers’ population having a weak fermentation activity but giving beer
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with a low content of by-products, and the monosporous population of
bakers’ yeasts having a high fermentation activity but giving beer with
a high level of by-products. The hybrid was very active in the technolo-
gical process, it accelerated the time of fermentation by about 50% when
coinpared with the control strain; it produced beer with a low content
of by-products.

CONCLUSIONS

1. The possibility of applying yeast hybrids in the production of
top beer was shown. Harmonized technological parameters were obtained
as a result of the combination of sexually active monosporous populations
of brewers’ and bakers’ yeasts.

2. The suggested several-stage sequence of strains selection taking
into consideration the results of trials in a laboratory, large-laboratory
and microtechnical scale, provides the possibility of choice of hybrids
with optimized technological parameters.

3. The hybrid of brewers’ and bakers’ yeasts accelerated the fermenta-
tion of beer by 50%o in comparison with the control industrial strain.
It produced beer with high flavour values and with a harmonized con-
tent of by-products.

4, During the increasing scale of the experiments, an improvement
of sensoric properties as well as a lowering of by-products level in beer
produced with the use of hybrids, was observed.
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PRZYDATNOSC TECHNOLOGICZNA POPULACJI MONOSPOROWYCH I MIE-
SZANCOW DROZDZY PIWOWARSKICH. CZ. II. PROBY W SKALI CWIERCTECH-
NICZNEJ

Instytut Technologii Fermentacji i Mikrobiologii, Politechnika, E6dzZ

Streszczenie '

Potwierdzono w skali éwierétechnicznej pelna przydatno$é mieszancéw drozdzy
piwowarsko-piekarskich do produkcji piwa goéornej fermentacji. Wyniki zamiesz-
czone w tab. 1 wykazuja, ze mieszaniec M-27, wybrany jako najlepszy w prébach
laboratoryjnych i wielkolaboratoryjnych posiadal o ok. 50% wyzszg aktywno$é fer-
mentacyjng niz szczep kontrolny, a piwo otrzymane przy jego uzyciu (tab. 3) wy-
kazalo do 30% wyzszy stopien odfermentowania, wysokie walory smakowe i zharmo-
nizowang zawartos¢ produktow ubocznych. Ich poziom byl nizszy niz w piwach
kontrolnych. Mieszaniec M-27 wytworzyl do 60 mg/l alkoholi wyzszych, tj. ilosci
dopuszczalne dla piw dolnej fermentacji. W piwach doswiadczalnych szczegoélnie
korzystnie byla obnizona przy uzyciu mieszanca M-27 zawarto$¢ acetoiny i dwu-
acetylu oraz octanu etylu i aldehydu octowego.

Otrzymane wyniki, oprécz dokumentacji przydatnos$ci mieszanncOw drozdzy do
produkcji piw gérnej fermentacji, potwierdzaja takze warto$s¢ metod kwalifikuja-
cych te szczepy na cele przemyslowe.



