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ENCAPSULATION OF BREWING YEAST IN ALGINATE/CHITOSAN MATRIX:
COMPARATIVE STUDY OF BEER FERMENTATION WITH IMMOBILIZED
AND FREE CELLS
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University of Food Technologies, BG — 4000 Plovdiv, Bulgaria

Abstract

V. NAYDENOVA, V., S. VASSILEV, M. KANEVA and G. KOSTOV, 2013. Encapsulation of brewing yeast in alginate/
chitosan matrix: comparative study of beer fermentation with immobilized and free cells. Bulg. J. Agric. Sci., Supplement
2,19:123-127

In the present study, the possibilities for beer production with lager brewing yeasts, encapsulated in alginate/chitosan ma-
trix with a liquid core, were investigated. The yeast cells — free and immobilized — were used for batch fermentations at 15°C.
The dynamics of the fermentation parameters — yeast growth, real extract and alcohol — were studied at different original wort
gravity — 9 to 17°P. Simultaneously, the dynamics of flavor-active yeast by-products (esters, aldehydes and higher alcohols)
were investigated. The immobilized cells showed higher real degree of fermentation and produced slightly higher levels of to-
tal fusel alcohols and esters. On the other hand, the free cells produced slightly higher levels of aldehydes. Fermentation kinet-
ics was described using Monod equation. The immobilized cells showed higher specific growth rate and higher specific ethanol
production rate for most of the studied variants. The results showed that cell immobilization did not affect the fermentation
process and yeast by-products formation. The obtained data about the fermentation dynamics will be used for the development

of a continuous system for beer production with immobilized cells.

Key words: brewing, flavor profile, immobilized yeast

Abbreviations: ICT — Immobilized cell technology, OG — Original gravity, RDF — Real degree of fermentation

Introduction

The conventional brewing process consists of four stages:
malting, wort production, fermentation, and beer stabilization
together with filtration (Branyik et al., 2005). Fermentation and
maturation are the most time consuming steps in the overall
beer production. In such a competitive market, the potential
time savings, proposed by ICT have to be taken into account.
Immobilized cell systems are heterogeneous systems in which
considerable mass transfer limitations can occur, resulting in a
changed yeast metabolism. Therefore, successful ICT exploita-
tion needs a thorough understanding of mass transfer and intrin-
sic yeast kinetic behavior of these systems (Willaert, 2007). ICT
processes have been designed for different stages in the beer
fermentation process, including wort acidification, bioflavoring
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during the secondary fermentation, primary fermentation, and
fermentations for the production of alcohol-free or low-alcohol
beers (Branyik et al., 2005; Nedovic et al., 2005). The most
challenging and most complex application is the combined
main and secondary fermentations. A further major challenge
for the successful application of ICT on an industrial scale is the
control of the flavor profile during a combined primary and sec-
ondary fermentation, as many parameters can have an influence
on flavor formation (Willaert and Nedovic, 2006).

The effect of immobilization on the fermentation process
is crucial for ICT implementation in brewing. The aim of this
work was to study the influence of cell immobilization on the
fermentation dynamics and yeast by-products (esters, higher
alcohols, and aldehydes) accumulation at different original
wort gravities.
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Material and Methods

Microorganisms. The experiments were carried out with
dry brewing yeast strain Saccharomyces pastorianus S-23
(Naydenova et al., 2012).

Cell immobilization. The yeast suspension was added to
a solution of sodium alginate (3 g.100 cm~) and subsequent-
ly dropped into a 2 g.100 cm™ CaCl, solution. The cell con-
centration in the beads was 107 CFU.cm™ of gel. The beads
were left for 30 min in CaCl, and then were placed into a
0.38 g.100 cm chitosan solution in 1 ¢cm?.100 cm™ acetic
acid. The alginate beads stayed in the chitosan solution for
60 min. After that, the chitosan-alginate beads were washed
with sterile water in order to remove the excess of chitosan.
The beads stayed in a 0.05 M sodium citrate solution for 30
min to obtain microcapsules with liquid core (Naydenova et
al., 2012).

Wort. Wort with OG 17°P was supplied by Kamenitza
Plc. It was diluted to OG — 9°P, 11°P, 13°P, and 15°P. All
types of wort were autoclaved at 120°C for 20 min.

Fermentation. 14 g microcapsules were added to 400 cm?
sterile wort. The free cells suspension, containing 10’ CFU.cm™
was added to 400 cm’ sterile wort. The fermentations (main and
secondary) were carried out at 15°C in fermentation bottles,
equipped with airlock system. The results are the average of
three independent fermentation processes.

Analytical methods. The analyses of basic beer param-
eters — real extract, alcohol and RDF were conducted ac-
cording to the EBC methods of analysis (Analytica — EBC,
2004). The detailed information about biomass concentration
analysis can be found in Parcunev et al. (2012). The concen-
trations of yeast metabolites — aldehydes, esters and higher
alcohols were determined according to Marinov (2010).

Results and Discussion

The dynamics of fermentations with free and immobi-
lized cells are presented in Figure 1. Main fermentation time
increased with the increase of wort OG and lasted between 3
and 8 days. Afterwards, “green” beer maturation started. The
course of extract consumption and ethanol production was
similar for fermentations with free and immobilized cells.
On the 10" day all beers showed RDF, which varied between
47 and 57% for beers produced by free cells and 57-67% for
beers, produced by immobilized cells. The increased RDF
caused decreased residual extract in beer. For that reason,
beers produced by immobilized cells could be described as
“light bodied beers*, which was a disadvantage for them.

A model of fermentation kinetics, using Monod equation
was made to investigate the effect of immobilization on the

yeast growth. Specific growth rates of free cells varied be-
tween 0.11 and 0.424 d! and decreased with the increase of
wort OG. Specific ethanol production rates of free cells var-
ied between 1.547 and 3.839 g.(g.d)". The maximum of spe-
cific ethanol production rates was for 13°P wort. Afterwards,
it began to decrease gradually. Immobilized cells showed the
highest process rates when wort with OG 11°P was used. The
high values of efficiency coefficients showed that immobi-
lization did not affect the yeast growth and ethanol produc-
tion. Efficiency coefficients (M, and n,) are the ratio of spe-
cific growth rates and specific ethanol production rates of the
immobilized cells to the same ones of free cells. In our study,
n, was in the range of 0.71-2.31 and n_ varied between 1.2—
2.72. It is obvious that efficiency coefficients are higher than
1. Therefore, it can be suggested that the alginate/chitosan
membrane protects the cells from substrate and product in-
hibition, which is a prerequisite for rapid yeast growth. Con-
sequently, the immobilized cells reached stationary phase
of growth more quickly than the free cells (Figure 1).Yield
coefficient (Y, varied between 0.47 and 0.58, correspond-
ing to the literature data for the transformation of sugars into
ethanol. Detailed description of the kinetic parameters can
be found in Parcunev et al. (2012).

The influence of different wort OG on the formation
of flavor-active yeast metabolites — esters, aldehydes and
higher alcohols during fermentation is presented in Figure 2.
The course of higher alcohols formation was similar during
fermentations with immobilized and free cells. The immobi-
lized cells produced more fusel alcohols than the free ones.
Rapid yeast growth of immobilized cells leads to enhanced
anabolic production of amino acid precursors with concomi-
tant synthesis of higher alcohols (Willaert and Nedovic,
2006). The amount of higher alcohols increased with the
increase of wort OG. In both cases, the final concentration
of higher alcohols in beer was between 40 and 60 mg.dm.

Like higher alcohols, the course of ester formation was
similar for the immobilized and the free cells. Ester forma-
tion increased with the increase of wort OG and the immo-
bilized cells produced more esters than the free cells. Shen
et al. (2003) suggested that immobilization induces the in-
hibition of fatty acid synthesis, resulting in an accumula-
tion of acyl-CoA that together with high levels of ethanol in
immobilized-cell systems enhance ethyl acetate formation.
Furthermore, higher wort OG limits oxygen solubility in
wort, which also leads to increased ester synthesis (Dufour
et al., 2003). At the end of the fermentation, a slight decrease
in ester concentration was observed. The main reason is the
decreased production of CO,, which results in lower concen-
tration of H,CO, and leads to reduced amount of carbonic
acid esters. However, ester concentration varied between



Encapsulation of Brewing Yeast in Alginate/Chitosan Matrix: Comparative Study of Beer Fermentation... 125

==9% =W=11% =4=13% ==15% ==17%

b~
G

~
=
| 7

P
[
&

e
S W
»

4

>

Real extract, ©

D R

A Fermentation time, d

—-9% —11% —o—13% 15% ——17%

s

Alcohol, em?.100 ¢em
S~ N W R oD

0 2 4 6 8 10
C Fermentation time, d
—=9% —=11% =—d=13% =—e=15% =—==—17%
36
34 P
% 3.2 - /
E QM
z 3
s e A4
2 /.
£ 26
=
A 24
22+
2 T T T T T 1
0 2 4 6 8 10 12
E

Fermentation time, d

—=9% =W=11% =4=13% =—==15% =—=17%

e
o, 14 7

B Fermentation time, d

9% ——11% ——13% 15% ——17%

Alcohol, ¢m3.100 cm3

S~ N W R o W

D Fermentation time, d
=90 == 11% de=]13% e——]5% ——]17%
4.50
. 400 ~_——0
z —
% 3.50 " R .
g 300
2
= 2.50 -
2.00 T T T T T 1
0 2 4 6 8 10 12
F

Fermentation time, d

Fig. 1. Dynamics of extract, alcohol and biomass production during the fermentation process of beer with different
original extracts
A) C) E) free cells; B) D) F) immobilized cells

50 and 100 mg.dm™ on the 10" day. The most interesting
results for ester formation were observed when 17°P wort
was used. The most common flavor problem found during
high-gravity brewing is the relative overproduction of ac-
etate esters, mainly ethyl acetate (Dragone et al., 2007). A
significant amount of esters (about 500 mg.dm) was formed
in the beginning of the fermentation, but on the 10" day, the
concentration of esters in the beer was comparable to the

other explored variants.

Unlike the ester formation, there were significant differ-
ences in the aldehyde synthesis and reduction by immobi-
lized and free cells. The free cells produced more aldehydes
during main fermentation than immobilized ones. The maxi-
mum of aldehyde concentration was observed on the 2™ day
for all variants with free cells. The height of aldehyde peaks
increased with the increase of wort OG. On the other hand,
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Fig. 2. Dynamics of esters, aldehydes and higher alcohol production during the fermentation process of beer with dif-
ferent original extracts
A) C) E) free cells; B) D) F) immobilized cells

the immobilized cells produced maximum aldehydes during tration in all beers varied between 10 and 30 mg.dm. It can
different days of fermentation and the aldehyde peaks were be concluded that immobilization affects only the aldehyde
not so distinct. Therefore, it can be hypothesized that the synthesis but it does not affect their reduction. It is worth
rates of aldehyde synthesis and reduction were almost equal noting that aldehyde concentration increased at the end of the
for the immobilized cells. On the 10" day aldehyde concen- fermentation when 9°P wort was used. The main reason is
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the rapid substrate depletion and the demand for other nutri-
ents, which may cause yeast autolysis. The flavor profile of
the beers from the immobilized fermentation was compared
to the beers produced by free cells. Although there were no
data about diacetyl concentration, there were no significant
differences between the flavor and aroma profiles of the two
beer types with the exception of lower extract content. Study
of diacetyl dynamics during fermentation with immobilized
cells will be the subject of our future investigations.

Conclusion

Beer production with free and immobilized cells at dif-
ferent wort OG was investigated in the present paper. It can
be concluded that cell immobilization had little influence
on the fermentation process and yeast by-products forma-
tion. The immobilized yeast system produced slightly higher
levels of total higher alcohols and esters, while the amount
of aldehydes was slightly lower. Batch fermentations with
immobilized cells can be performed for the production of
regular, special and high-gravity beers. The quality of the
beers produced with immobilized cells was comparable to
conventional beers and an average consumer did not make
considerable differences between the two beer types. The
obtained data from the fermentations with immobilized cells
will be used for the development of continuous fermentation
system.
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