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Abstract 3 UVOTITIKA & TIEPIEKTIKI TIEQIANYN (TTPOQIPETIKO): < —

Various supports and immobilization techniques have been proposed and tested for application in wine-making, cider-making,
brewing, distillates, potable alcohol and novel beverages production. Immobilization applications suitable for use by these alcohol-
related industries are described together with an evaluation of their potential future impact, which is also highlighted and assessed.
Topics in process engineering including immobilized cell bioreactor configurations and the scale-up potential of the various
immobilization supports and technigues are also discussed
) 2003 Elsevier Ltd. All rights reserved.

Keywords: Immobilization; Biocatalysts; Wine-making; Cider-making; Brewing; Potable alcohol; Malolactic fermentation; Bioreactors; Distillates
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1. Introduction

An upsurge ol interest in cell immobilization [lor
alcoholic beverages and potable alcohol production has
been taking place recently. This is mainly due to the
numerous advantages that cell immobilization offers
including enhanced fermentation productivity, feasibil-
ity of continuous processing, cell stability and lower
costs of recovery and recycling and downstream
processing (Margaritis and Merchant, 1984; Stewart
and Russel. 1980). Cell immobilization may also protect
cells against shear lorce. Industrial use of immobilized
cells is still limited however further application will
depend on the development of immobilization proce-
dures that can be readily scaled-up.

The overall objective of this review., hence, is (o
analyse and assess data available in the literature on
supports and techniques of wviable cell immobilization
for application in alcoholic beverages production.

1.1, Cell immobilization supports and technigues

Whole cell immobilization was defined as “the
physical confinement or localization of intact cells to a
certain region of space with preservation of some desired
catalytic activity”™ (Karel et al., 1985). Immobilization
often mimiecs what occurs naturally when cells grow on
surfaces or within natural structures. Many micro-
organisms own the ability to adhere to different kinds
of surfaces in nature.

Numerous biotechnological processes are advantaged
by immobilization techniques and therefore several such
techniques and support materials have been proposed.
These techniques can be divided into four major

categories based on the physical mechanism employed
(Fig. 1): (a) attachment or adsorption on solid carrier
surfaces, (b) entrapment within a porous matrix. (c) self-
aggregation by focculation (natural) or with cross-
linking agents (artificially induced), and (d) cell contain-
ment behind barriers (Pilkington et al., 1998).
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1.1.1. Immebilization on solid carrier surfaces

Cell immobihization on a solid carrier is carried out by
physical adsorption due to electrostatic lorces or by
covalent binding between the cell membrane and the
carrier. The thickness ol cell film usually ranges from
one layer of cells to 1mm or more. Systems using
immobilized cells on a surface are popular due to the
relative ease of carrying out this type of immobilization.
The strength with which the cells are bonded to the
carrier as well as depth of the biofilm often varies and is
not readily determined. As there are no barriers between
the cells and the solution, cell detachment and relocation
is possible with potential establishment of equilibrium
between adsorbed and freely suspended cells. Examples
of solid carriers used in this type of immobilization are
cellulosic materials (DEAE-cellulose, wood, sawdust,
delignified sawdust), inorganic materials (polygorskite,
montmorilonite, hydromica, porous porcelain, porous
glass), etc. Solid materials like glass or cellulose can
also be treated with polycations. chitosan or other
chemicals (pre-formed carners) to enhance their adsorp-
tion ability (Norton and D*Amore, 1994; Navarro and
Durand. 1977).

1.1.2. Entrapment within a porous matrix

In this type ol immobilization, the cells are either
allowed to penetrate into the porous matrix until their
mobility is obstructed by the presence of other cells, or
the porous material is formed in situ into a culture of
cells. Both entrapment methods are based on the

inclusion of cells within a rigid network to prevent the
cells from diffusing into the surrounding medium, while
still allowing mass transfer of nutrients and metabolites.

Characteristic examples of this type ol immobilization
are the entrapment into polysaccharide gels like
alginates, x-carrageenan, agar, chitosan and polygalac-
turonic acid or other polymeric matrixes like gelatin,
collagen and polyvinyl alcohol (Norton and D’Amore,
1994; Park and Chang, 2000). Cell growth in the porous
matrix depends on diffusion limitations imposed by the
porosity of the material and later by the impact of
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Fig. 1. Basic methods of cell immobilization.




Table 2
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Summary of the main immobilization supports and technigues proposed for alcoholic beverages production

Micro-organism

Immobilization support/
technigue

Type of fermentation

Process/bioreactor

Substrate/product

Reference

5. cerevisige+ 8N cerevisiae
for. bayarus
5. cerevisiae
5. cerevisige

5. porbe

5. cerevisiae

5. cerevisige

5. cerevisiae
5. cerevisiae

5. cerevisiae

5. cerevisiae

5. cerevisiae+ L. plantarm

5. cerevisiae
5. cerevisige

5. cerevisige+ Candida
brassicae

5. rerevizige+ Cand ida
sheharae

L. casei

S i e

Alginate beads
Mineral kissiris
y-alumina pallets

Double-layer alginate
beads
Microfiltration membranes

Delignified cellulosic
material

Mineral Kissiris
Mineral kissiris

Porous, spherical plass
beads
Wood blocks

Sponge-like, neutral, acidic
and basic cross-linked
cellulose

Delignified cellulosic
miaterial

Gluten

Luffa cylindrica sponge;
chitosan

Agar layver; microporous
membrane filters

Calcium pectate; modified
chitosan

Calcinm nectate -

Secondary AF
AF

AF

MLF

Secondary AF

AF

AF
AF

Secondary AF

AF

Post-primary AF; MLF

AF
AF
AF
AF

MLF

107 immob. cells 1™ wine; 12-14°C
Batch-stationary, 300 ml, 30°C
Batch-stationary, 110ml, 30°C
FBR; continuous;, 380ml; 25°C

Millispark cartridge; “in the bottle”

Batch-stationary; PBR; 300ml; 0-30°C
Two PBRs; continuous; 1500ml; 5-16°C
Industrial-scale pilot-plant; multista ge fixed-
bed tower reactor; 7,000 L-100,000L; 30°C
Pilot-scale; up-flow mubular PBR; 500L;
6 C

Vertical PBR; continuous; 100ml;, 33°C

Up-flow, PBR: continuous, 20 ml; 20°C

Batch-stationary: 4({ml; continuous:
2100 ml; 0-30°C

Batch-stationary: 400ml, continuous:,
2170ml;, 0-30°C

PBR; contimuous; 1500 ml; 30°C

Two-chambered reactor; batch, symmetrical
and asymmetrical aeration; 30°C
Batch-shaken flasks; 100-170ml; 20-36°C

Ratch-stationary: 390 W ml S 205

Wine/sparkling wine

Gilucose; raisin extracts,
ethanol

Glucose; raisin extracts,
ethanol

Grape must/de-acidified
graps must
Wine/sparkling wine

Glucose; grape must/
ethanol; wine

Girape must/wing
Molasses/ethanol

Green besr/mature beer

Glucose-fructose mixtures,

ethanol; fructose enr.

sy rup

Fresh cider/mature cider
Wort/beer

Wort/bear

Glucose fethanol
Glucose, xylose/ethanol
Wine/wine

Wit heer

Fumi et al., 1987
Kana et al., 198%
Kana et al., 1989k
Taillandier et al., 1994
Lemonnier and Duteurtre,
1989; Ramon-Portugal
et al., 2003

Bardi and Koutinas, 1994

Bakovianis et al., 1992
Bakovianis and Koutinas,

1996; Koutinas et al., 19497

Yamauchi et al., 19954, b

Cruenette and Duvnjak,
19496

Scott and O'Reilly, 1996

Bardi et al., 1992
Bardi et al., 1997
Oghonna et al., 1997
Lebeau et al., 1997
Kosseva et al., 1998

Smoerovicova and

O Mivakag ival mpwtoTutog (A. Mmekatwpou) kal amoTteAei alvown Twv KUPIWV TEXVIKWY

’

AKIVNTOTTOINONG KUTTAPWY KAl TWV EQAPHOYWY TOUG OTNV TTAPAY WY OAKOOAO

XWV TTOTWV
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4. Conclusions

Available literature shows the high number of
immobilization supports proposed by various research-
ers for alcoholic beverages production. The advantages
associated with the production of potable alcohol using
immobilized cell systems (increased rates of productiv-
ity, reduced risk of contamination, biocatalyst recycling,
rapid product separation and ease with which the
product mav be recovered) are well established. How-
ever, attention should be also focus on the improvement
of quality of the products. Therefore, efforts should be
concentrated on cheap, abundant, non-destructive and
food-grade purity immobilization supports, which will
improve quality and give a distinctive aroma profile and
a fine taste to the final product.
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1. Introduction ”Gpdeﬁqn BiBAloypagikwv avagopwv evidg
TOU KEIJEVOU.

An upsurge ol interest in cell immobilization for
alcoholic beverages and potable alcohol production has
been taking place recently. This 1s mainly due to the
numerous advantages that cell immobilization offers
including enhanced fermentation productivity, leasibil-
ity of continuous processing, cell stability and lower
costs ol recovery and recycling and downstream

processing (Margaritis and Merchant, 1984; Stewart
and Russel, 1986). Cell immobilization may also protect
cells against shear force. Industrial use of immobilized

cells 1s stll limited however further application will
depend on the development of immobilization proce-
dures that can be readily scaled-up.

The overall objective of this review, hence. is to
analyse and assess data available in the literature on
supports and techniques of wviable cell immobilization
for application in alcoholic beverages production.




BiAioypa@IKn EpYOioic

Bakoyianis and Koutinas (1996) described the devel-
opment of an industrial-scale, multistage fixed-bed
tower bioreactor using the promoter mineral kissiris
for industrial alcohol production using free cells. Pilot-
plant operations were carried out m a 70001 total
working volume bioreactor and was operated 1 batch
mode, firstly as a one-stage and consequently as a two-
stage fixed-bed system. Operational stability of the
process was excellent for a long period and the support
was easily regenerated by washing with hot water. The
fermented product was directly pumped into the
distillation unit. The process was estimated to require
30% less energy and 10-20% less capital. Scale-up at
industrial scale of the previous system was achieved with
a pilot-plant of a multi-stage fixed bed bioreactor with
100,0001 capacity (Koutinas et al., 1997).

Ogbonna et al. (1997) found the use of loofa (Luffa
cylindrica) sponge, for yeast immobilization efficient for
e¢thanol production 1n the packed-bed bioreactor, and
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Hll Enifsto-koppa(,)-Apytkad ovopotoc-tereta/Koppa(.,)-emopgor ovyypopérs, Etod.
Tithog apOBpov. IIeprodko Topog, aprtONoOS ceEAd®V.
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TitloC:

Hopoyoyn Kot avdivon NUIYAVK®OV 0lveV ol YUVU0 TOPTOKAALOD KOl
oTOQLO0 IE YPNOT UKLV TOTOUEVOV KVTTAPMV EUTOPLKOV
COUKYUPOUVKNTOV

KEDAAAIO 1° - EIZAT'QI'H

1.1 O oivog
Eion oivou Kul ToyKOGHIo Tapaymyn

1.1,

1) Adhkooikn Copmen (froymueio ko pukpofroioyio)

11 Eumopikéc owonomtikes kairEpyeies (8101 Ko 1010TNTES, TAEOVEKTIHOTA KOl
HELOVEKTT|LLILTO)

1.1.3.1 O gpropikoc Copopokntag Saccharomyces cerevisae X

1.2 Alxoolovye motd und gpoita
L2l [Hotdt and moproxdi
1.2.2 [Totd and otapida

[.2.2.1  To vmompoiov tomomoinons Kopwbkns otaeidag (dwrpopikn adla kot SuvatdTnTes
actomoinonc)
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TitloC:

Hopoyoyn Kot avdivon NUIYAVK®OV 0lveV ol YUVU0 TOPTOKAALOD KOl
oTOQLO0 IE YPNOT UKLV TOTOUEVOV KVTTAPMV EUTOPLKOV
COUKYUPOUVKNTOV

1.3 llopoyoy)] 0AKk00,00OV TOTOV IE CKIVI|TOTOUHEVE KUTTUPE

1.3.1 Teyvikéc akivnTomoinons KUTTEpOVY Yio TV TepaymyT] GAKOOAOU OV TOTOY —
Broavudpactipeg
1.3.2 [TheovekTUOTE CKIVITOTONHEVOV KUTTAPOY GTIHV TUPUYOYT] GAKOOAQUYOY TOTOV

1.4 Avaidoerg oivev Kal 4.00.00f0OV TOTOV
1.4.1 Avdlvon caxyapav pe HPLC
1.4.2 Avaivon nmnikov cvatatikov pe GC

1.4.3 AvaAvong oMK G KOL TINTIKIS 050N Tag

1.5 Exomog g epyaciog
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