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EMIXEIPNMATA (arguments) TTou UTTOOTNPICOUV PIa CUYKEKP
arroyn o€ £va €TTIOTNUOVIKO BEua

» MIANpo@opPEi yIa TNG TTEIPAUATIKEC TEXVIKEC TTOU XPNOIKOTTOIN
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» SCIENCE DIRECT (http://www.sciencedirect.com/)
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pR1&preferencesSaved=)
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» [eviki) avalntnon tng BiBAIoypagiac oto Internet (11.x. Google) utro
TTEPIOOOTEPA ATTOTEAECHATA OXETIKA PE TO BEpa aAAG uia BiIBAIoypadpl
TTPETTEI VO OTNPICETAI O EYKUPEC ETTIOTNUOVIKEC TTNYEC:

» SCOPUS (https://www.scopus.com/home.uri)

» Avalntnon o€ ouykekpIEVa TTEPIODIKA (journals), Tr.X. yia
TPpOQIua/oIvoAoyia/BioTeEXVoAoyia TPOPIUWV:

v" Food Chemistry

v Food Microbiology

v~ Journal of Agricultural & Food Chemistry

v~ American Journal of Enology & Viticulture

v Applied Biochemistry & Biotechnology

v Australian Journal of Grape and Wine Research

v Trends in Food Sci
Technology

v Journal of Food

v Bloresource T

v Internationa

v Journal of
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1° BAua: Eépguva TnNG BIBAIoypa®iag

» ZUYKEVTPWON
OXETIKWV ME TO
BEpa epyaciwv

» Avalntnon OXETIKWV
EPYOQCIWYV Kal aTN
AioTa Twv BiIBAIoypa-
PIKWYV TTAPATTOUTIWV
(References /
Literature cited) kG6¢
gpyaaiag

» Avalntnon aAAwv
OXETIKWV EPYACIWV
TOu idloU ouyypagea

BiBAioy
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2° BApa: avaAuon Twy OedouEVWV

>

[ToleC epyaoiec KAAUTITOUV aKPIBWCS TO BEPA Kal UTTOOTN
ETTIXEIPNMATA / EPWTAMOTA / CUMTTEPACUATA TTOU QVATITU
epyaaoia;

[loieg epyaoieg KAAUTITOUV TO BEUA TTIO TTEPIPEPEIAKA;

YTTAPXEl ETTIOTAMOVIKI QVTITTAPABEON N YEVIKN CUMQWVIA OX
uE 1O BEuQ;

[Toia diaypApuaTa, OXNMOTA, TTIVOKEG KOl EIKOVEC OTTO TN
BiIBAIoypagia pTTopouv va Xpnoigotroinbouv otnv £py



BiBAioy

3° BAMa: TTWGS YPAWPETAI N EpyaTia

» H epyaoia TTpETTEl va TTEPIAAUBAVEI TIC TTAPAKATW Old
EVOTNTEC:

1. MNepiAnyn (TrpoaipeTIKr OTIC BIBAIOYPAPIKEC EPYATIEQ)
7. Eloaywyn

3. Kuplo yEpog

4. 2UMTTEPACMATA

5. BIBAIOYPAQPIKEC TTAPATTOUTTES




3° BAMA: TTWCS YPAWPETAI N Epyacia

» Opyavwaon TnC Epyaaiac:

v XpnoipotrolouvTal KEPaAidec & UTTOKEPAAIDEC TT
TTPETTEI VA TTEPIYPAPOUV TO AVTIKEIMEVO TTOU AVAA
oTNV Kabe evoTnta

v [eprypd@ovTal apxXIk& Kal cUVTOua Ol TTIO yavn&ég
EVVOIEC OXETIKA ME TO BEPA KAl JETA AVATITUCOO
TI0 €10IKA BEuaTa TTou avaAuel n epyaaia
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3° BAMA: TTWG YPAPETAI N EPYATia
» Ti repiAaufavel n Kabe evoTnra
1. Eloaywyn:

v 2uvTtoun (1/5 Tou KelpEvou)

v AvaTrTuooe€l To BewpnTIKO UTTORABPO 1 avapEpEl YEVIKA
ETMTEUYUATA OXETIKA PE TO BEUQ \

v MNapouoiddel To €101KO BEpa TS epyaaciag

v TMepiypd@el TOUC OTOXOUC TNG EPYACIiag

v T1p€TTel va KevTPiZel TO EVOIOPEPOV TOU AVAYVWO
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Abstract

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 techniques are also discussed.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

An upsurge of interest in cell immobilization for
alcoholic beverages and potable alcohol production has
been taking place recently. This is mainly due to the
numerous advantages that cell immobilization ofTers
including enhanced fermentation productivity, feasibil-
ity ol continuous processing, cell stability and lower
costs of recovery and recycling and downstream
processing (Margaritis and Merchant, 1984; Stewart
and Russel, 1986). 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 to
analyse and assess data awvailable 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 mimics 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.

MNumerous biotechnological processes are advantaged
by immobilization techniques and therefore several such
techniques and support materials have been proposed.
These techniques can be divided into lour 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) sell-
aggregation by flocculation (natural) or with cross-
linking agents (artificially induced), and (d) cell contain-
ment behind barriers (Pilkington et al., 1998).

1.1.1. Immobilization on solid carrier surfaces

Cell immobilization on a solid carrier is carried out by
physical adsorption due to electrostatic forces 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 mimmobilization. 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 ol
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 of immobilization
are the entrapment into polysaccharide gels like
alginates, k-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 difTfusion limitations imposed by the
porosity of the material and later by the impact ol




3° BAMA: TTWG YPAPETAI N Epyacia

» TimepIAauBavel n kGBe evotnta

2. Kupio uéEpoc:

v TapaBETel TTEIPAPATIKEC ATTOOEICEIC KAl ONUAVTIKA OTTOTEAECUATO
Tpoo@artn PIBAloypagia Kal e¢nyei TTWES AUTA dIAMOPPWVOUV ThV
Karavonon Jag yia 1o BEua

v Ava@épel TUTTOUC TTEIPAUOTIKWY OIEPYACIWY AAAG OEV TTEPIYPAPEI AE
TIC TTEIPAMOATIKEG TEXVIKEC

v ToviCel evOeXOMEVEC BlaPwViec oTO TTEDIO

v XpNOIYOTTOIEi CUYKEVTPWTIKG oxAuaTa & TTiVOKEC YIa VO TTApOUC
oUh@WVa PE TNV ATTOYPN TOU oUyypa@ea TN ouvBeon Twv O€d
OUAAECE




(AD) (A2)

0000
AN

Adsorption
on a surface

(C1)

arn B n db, ;‘..Qi
_\:\i.\“_‘\-‘_'!:\‘a‘n;i '\E\\i o
M.
Electrostatic binding
on a surface

(A3)

PR

Covalent binding
on a surface

(C2)

Entrapment within a
porous matrix

Interfacial
microencapsulation

Microencapsulation

Liquid phase

serizizs]  Porous matrix b.

e mmEmEE Microporous membrane

Bifunctional reagent
{cross-inker)

T F 2 & FElectrostatic forces d.

MNatural flocculation
(Aggregation)

Insoluble carrier a.

C.

Artificial flocculation
(cross-linking)

(D3)
QL.

Containment
between microporous
membranes

IMMOBILIZATION ON THE
SURFACE OF A SOLID CARRIER

ENTRAPMENT WITHIN A POROUS
MATRIX

CELL FLOCCULATION
(AGGREGATION)

MECHANICAL CONTAINMENT
BEHIND A BARRIER

Fig. 1. Basic methods of cell immobilization.
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Table 2

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

Micro-organism Immaobilization suppaort/ Type of fermentation Process/bioreactor Substrate product Reference
technique

5. cerevisige+ 8. cerevisiae  Alginate beads Secondary AF 107 immob. cells 1~ wine; 12-14°C Wine/sparkling wine Fumi et al., 1987

for bavanus

5. cerevizige Mineral kissiris AF Batch-stationary, 300ml, 30°C Gilucose; raisin extracts/ Kana et al., 198%a

ethanol
8. cerevisiae p-alumina pallets AF Batch-stationary, 110ml, 30°C Gilucose; raisin extracts/ Kana et al., 1989b
ethanol

5. pombe Double-layer alginate MLF FBR: continuous; 580ml; 25°C Grape must/de-acidified Taillandier et al., 1994
beads Erape must

5. cerevisiae Microfiltration membranes  Secondary AF Millispark cartridge: “in the bottle™ Wine/sparkling wine Lemonnier and Duteurtre,

1989; Ramon-Portugal
et al., 2003

5. cerevisiae Delignified cellulosic AF Batch-stationary; PBR: 500ml; 0-30°C Glucose: grape must/ Bardi and Koutinas, 1994
material ethanol; wine

5. cerevizige Mineral kissiris AF Two PBRs; continuous; 15300 ml; 5-16°C Grape must/wine Bakovianis et al., 1992

5. cerevisiae Mineral kissiris AF Industrial-scale pilot-plant; multistape fixed-  Molasses/ethanol Bakovianis and Koutinas,

bed tower reactor;, 7,000L-100,000L; 30°C 19496, Koutinas et al., 1997

5. cerevisiae Porous, spherical plass Secondary AF Pilot-scale; up-fiow bular PBR; 300L; 0 Green beer/mature beer Yamauchi et al., 1993a, b
beads 0" C

5. cerevisige Wood blocks AF Vertical PBR; continuous; 100ml; 33°C Glucose-fructose mixtures/  Guenette and Duvnjak,

5. cerevisiaet L. plantarum

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

Post-primary AF; MLF

Up-flow, PBR; continuous; 2000 ml; 20°C

ethanol; fructose enr.
symp
Fresh cider/mature cider

1996

Scott and O'Reilly. 1996

5. cerevisiae Delignified cellulosic AF Batch-stationary: 400 ml; continuous: Wort/beer Bardi et al.. 1996a
material 2100 ml; 0-30°C

5. cerevisige Giluten AF Batch-stationary: 400 ml; continuous:, Wort/beer Bardi et al., 1997

2170 ml; 0-30°C

8. cerevisiget Candida Luffa cylindrica sponge; AF PBE; continuous; 1500ml; 30°C Glucose ethanol Ogbonna et al., 1997

brassicae chitosan

8. cerevisiget Candida Agar layer, microporous AF Two-chambered reactor: batch: symmetrical  Glucose; xylose/ethanol Lebeau et al., 1997

sheharae membrane filters and asymmetrical aeration; 30°C

L. casei Calcium pectate; modified MLF Baich-shaken flasks; 100-170ml; 20-36°C Wineg/wine Kosseva et al., 1998
chitosan

8. cerevisiae Calcium pectate; k- AF Batch-stationary: 320-400ml; 5-20°C; Wort/beer Smogrovicova and

carrageenan; DEAE-
cellulose

Continuous: up-fiow, GLR; 482ml; 15°C

Domeny, 1998, 1999

O lMivakag gival TTpwTtoTuTtrog (A. MTTEKATWPEOU) KAl ATTOTEAEI oUvVOWN

TWV KUPIWV TEXVIKWY OKIVNTOTTOINONG KUTTAPWY Kal TWV £EQAPHOYWV
TOUG OTNV TTAPAywyn AdAKOOAOUX WYV 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 may 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 [1apadean BiBAIOYpAQIKWY AVAPOPWY EVTOS
TOU KEIKEVOU:

An upsurge of interest in cell immobilization for
alcoholic beverages and potable alcohol production has
been taking place recently. This i1s mainly due to the
numerous advantages that cell immobilization offers

including enhanced lfermentation productivity. [easibil-
ity of continuous processing, cell stability and lower
costs ol recovery and recvcling 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 still himited however further application will
depend on the development of immobilization proce-
dures that can be readily scaled-up.

The owverall objective ol this review., hence. 1s to
analyse and assess data available in the literature on
supports and technigques ol wviable cell immobilization
for application in alcoholic beverages production.
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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 in a 70001 total
working volume bioreactor and was operated in 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
100,000 1 capacity (Koutinas et al., 1997).

Ogbonna et al. (1997) found the use of loofa (Luffa

cyvlindrica) sponge, Tor yeast immobilization efficient for
ethanol production in the packed-bed bioreactor, and
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