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1.- Introduccién

Los procesos fermentativos han sido utilizados
historicamente para producir bebidas alcohdlicas y
alimentos fermentados en gran escala.

la descomposicio la  mater]
organica por microorganismos }
fermentadores (bacterias y hongos).




ESQUEMA GENERAL PARA LA
OBTENCION DE ADITIVOS

APROVECHAMIENTO
DE MATERIALES

RESIDUALES ,; f

PROCESOS
FERMENTATIVOS

@ ADITIVOS
ALIMENTARIOS

ACIDO
LACTICO

BACTERIOCINAS

BIOSURFACTANTES
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Sustancias de origen vegetal,
similares en composicion

*Celulosa
*Hemicelulosas y
.| *Lignina

» Industrial (bagazo, cebada,
cortezas, serrin)
» Forestal (bosques, 70 %
del total generado)
» Urbano (> 50% basuras,
papel, césped)



RESIDUOS

Definicion

“Son aquellos residuos que, siendo o no peligrosos, se generan en
los diversos procesos de fabricacion industrial o actividad
agricola, y de los cuales quienes los producen, tienen voluntad de

desprenderse”
Productos de elevado
valor anadido

Tecnologia / v/ Campo alimentario %

AzUcares

Pigmentos

. : : L v Médico
Fibra alimentaria I]
“/ Sector quimico

[Atractivos]

N,

Proteina ‘Microorganismos

AN N NN

Polifenoles...




- RESIDUOS AGROINDUSTRIALES

Biotecnologia

[Materias primas

v" Renovables

v' Bajo coste

v' Facil adquisicion

v' Utilizables como sustratos fermentables

[ RESIDUOS AGROINDUSTRIALES ]
{’ """"""" Y
1 Seclor gy Podas de
LT
i Vvitivinicola ! it

(VIDEIRA) _

gueserias




. RESIDUOS AGROINDUSTRIALES

[ RESIDUOS VITIVINICOLAS ]

[ VITICULTURA ] [ VINICULTURA ]

[ HOJAS ][ SARMIENTO ][RACIMOS AGRACES] [ RASPONES ] BAGAZO LiAs

Destilerias

Sarmiento

= 2.000 a 4.000 kg/ha 12%

12%
» Galicia: 65.000 T/ano

14% 62%

O =] . ] ... O .
Bagazo de uva Lias Raspén— Aguas residuales




. RESIDUOS AGROINDUSTRIALES .

[ RESIDUOS VITIVINICOLAS ]

[ VITICULTURA ] [ VINICULTURA ]

HOJAS [RACIMOS AGRACES] [RASPONES] BAGAZO [ LiAS ]

VINAZAS

Sarmiento

12%

= 2.000 a 4.000 kg/ha

12%
» Galicia: 65.000 T/ano

14% 62%

O =] . ] ... O .
Bagazo de uva Lias Raspén— Aguas residuales




Distribucion de los viiedos en Espaia
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MICROORGANISMOS

[ VINAZAS PH: 3-6
DQO > 30,000 mg/L
Materia organica: 900 - 35,000 mg/L

K > 2,500 mg/L;

. Bact
Compoonentes fenolicos: 1000 mg/L Iggticas
T>90°C Mohos
vy ‘l':\ 1 "‘
Procesado A b A
Composicion acéticas

®<—I DESTILACION I TGRSR 'Levadl.-lras/,m?hos
MICROBIANA |:} =Bacterias lacticas

»Bacterias acéticas

Compuestos

SUSTANCIAS e
DECANTACION EN EL VINO ':}

»Sales tartaricas

=Minerales

Aplicaciones

Fraccion Fraccion
liquida solida [ Aprovechamiento integral ]
EMPRESAS ﬁ
DEPURADORA | | GESTORAS _

DE RESIDUOS | NUTRIENTE EN

PROCESOS BIOTECNOLOGICOS
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PODAS DE SARMIENTO .

e | nterés
& 0«0‘5\‘\ Op v' Abundancia
) oo P v’ Fécil accesibilidad
BIOMASA VEGETAL v' Elevada capacidad de regeneracion
v' Carécter renovable
,_lGNMOACTEELFiIJALgES?COS v' Bajo coste por unidad de masa

Celulosa: 20-50 % Hemicelulosas: 10-45 %

Lignina: 10-25 %



PODAS DE SARMIENTO .

Aplicaciones

Acido concentrado S
. o . Autohidrélisis
Hidrotérmicos......; o

: Explosién de vapor

APROVECHAMIENTO BIOTECNOLOGICO il T M— S

m _____________ Nl CELULOSA + LIGNINA
1

Enzimas Enzimas

Generacion de disoluciones de azucares

!

Formulacion de medios fermentables

........... >  iliA Acido diluido 4
VvV | COMPUESTOS
PRODUCTOS DE FENOLICOS
’ N

DEGRADACION Otros compuestos
Celulosa %

Metabolitos de interés industrial
4,1%

i

~

\\_



SUERO DE QUESERIAS

55 9% | v Lactosa (45-50 g/L)
v Proteinas (6-10 g/L)
SUERO v’ Lipidos (4-5 g/L)

80-90 % v’ Sales minerales (8-10 % extracto seco)

Procesos microbianos

SUSTRATO Productos de

BIOTECNOLOGICO valor afiadido

El suero de queserias es un subproducto de la industria lactea que representa entre un
80-90% del volumen lacteo transformado y constituye uno de los residuos mas
severos que existen.

Este suero retiene cerca del 55 % de los nutrientes de la leche de partida.

Debido a esto puede ser utilizado como sustrato en una gran variedad de procesos
microbianos para la obtencidn de productos de valor anadido.



LAS BACTERIAS LACTICAS

Son un grupo heterogéneo de compleja taxonomia @ido léCtD
Alta tolerancia acidez

o Lactobacillus

o Leuconostoc
o Pediococcus
e Streptococcus

PRINCIPALES GENEROS



. LAS BACTERIAS LACTICAS .

- Son un grupo heterogéneo de compleja taxonomia <Acido IéCtiD
- Alta tolerancia acidez

2 Requieren complejos medios de cultivo ’ REQUERIMIENTOS
NUTRICIONALES

MEDIO e Carbono
COMERCIAL * Nitrégeno

“MERCIER” Eye
* Otros minerales

* lones metalicos

Fuente de Nitrogeno: OTROS: - Factores de crecimiento
Peptonay Extracto de CSL/Vinazas * Vitaminas
levadura 1

Alto coste Menor

coste



- Obtienen la energia a nivel de sustrato, a través de la fermentacion de azlcares
- En funcién de como lleven a cabo esta fermentacion:

Fermentacion homofermentativas Acido 1actiCo YicoeaLss) = 1 9 producto/g sustrato

Acido lactico + Otros productos Y reéricoqarss) = 0,5
g producto/g sustrato CO,, EtOH y/o AcH

Fermentacidn heterofermentativas

IR GLUCOSA h

Homolactica ATP

Fermentacidon Heterolactica

P
(Embden gIUCOTa-éB
Meyerhof-Parnas)
fructosa-6-P
? ATP
ADP

fructosa-1,6-DP

dihidroxiacetona-P

gliceraldehido-3-P

Pi 2NAD 7T
2NAD|*—|+2I—1
2 1,3-difosfoglicerato
2ADP
2ATP

2 3-fogfoglicerato B
2 2-fosfoglicerato »

2H,0
2 fosfoenolplruvéto

l( 2ADP
: 2ATP
2 piruvato
2NADH+2H* !

2NAD*

2 LACTATO —




LAS BACTERIAS LACTICAS

Son un grupo heterogeneo de compleja taxonomia @ido |éctiD

Alta tolerancia acidez

Requieren complejos medios de cultivo

” REQUERIMIENTOS |
NUTRICIONALES

MEDIO

COMERCIAL

“MERCIER”

» Carbono

* Nitrégeno
‘PyS

» Otros minerales

£

Fuente de Nitrégeno:

Peptonay Extracto de
levadura

¢

Alto coste

* lones metalicos

OTROS: e Factores de crecimiento
_ * Vitaminas
CSL/Vinazas
Menor
coste

Ademas de estos productos pueden producir, por fermentacion, otros
metabolitos como es el caso de las y los
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Corantes
- ADITIVOS ALIMENTARIOS - - N
EA20-EA67 E£200-E 285
o Aditivo:  Compuesto que se afiade a un
producto intencionadamente con el objetivo de Antioxidantes
mejorar sus caracteristicas asi como de facilitar \ iy
su proceso de elaboracion y/o conservacion B
Estabilizadores Espessantese‘
E400-£ 495

gelificantes
\wo £ 495

o Desempenan un papel fundamental en el mercado de abastecimiento actual:

o Obtener cualidades 2 _ .
- Mantener calidades ; Consumidores :
o Proporcionar caracteristicas LegISIaC'On

¥ s s

----------- -‘-------------------------------‘-

evaduras :

- Estos aditivos a menudo son producto del metabolismo microbiano
*.. Mohos .+

. .
L T TIY A

Bacteriocinas

A.‘C,' do_ Biosurfactantes
fenilactico

Acido
lactico




ACIDO LACTICO

El acido lactico es un producto intermedio del metabolismo, principalmente del ciclo de los
carbohidratos, con numerosas aplicaciones industriales:

Aplicaciones

Industria alimentaria Agente acidulante, estabilizante y conservante

Industria Farmacéutica

c (i Fabricacion de numerosos productos relacionados
y COSMetiCa

Precursor para la sintesis de diferentes moléculas

Industria Quimica
Q Obtencién de polimeros biodegradables y biocompatibles

O )

® Quimica | I
H <~ O _H

- C OH HO C
Farmacéutica y HO P 4 \OH
Cosmética H H
Alimentaria s C C <

y¢ H H "y

Isémero D(-) Isémero L(+)



. ACIDO FENILACTICO
* Sindbnimos:

* (£)-2-Hydroxy-3-phenylpropionic Ruta metabodlica

acid,

* DL-a-Hydroxyhydrocinnamic acid, 0 OH

* DL-B-Phenyllactic acid
« Nimero CAS: 828-01-3 OH
« Féormula Lineal: C;H.CH,CH(OH)COOH = 0 .,
« Peso molecular: 166.17 g/mol tfeduccion

Phenyllactic 2-Phenylethanol

transaminacion|, ehydrogenase

ehydrogenase

Ammotransferase
OH Cﬁ Decarboxylase

N =

Prb@etoglutarate Glutamate
Phenylalanine Phenylpyruvate Phenylacetaldehyde

Chemical
oxidation Multi-enzyme Dehydrogenase
complexes
0 O
OH
H
Benzaldehyde 2-Phenylacetate

0 El 4cido fenilactico es un acido organico producto del metabolismo de la fenilalanina.



ACIDO FENILACTICO

Aplicaciones

gquuEEEE NNy,
ws® "re,

Agente antiséptico {1 vidaatil

.

a .
5 .
""sappgpuunnnt®

APLICACION DIRECTA EN ALIMENTACION

v'Leche UHT

v'Masa fermentada de pan

v'Dieta diaria de cerdos, gallinas ponedoras
y pollos de engorde

Precursor de la sintesis de farmacos

USu principal aplicacion se basa en su potencial como agente antiséptico, incrementando la vida util de los

productos sobre los que se aplica.
U Existen pocos trabajos sobre su aplicacion directa en alimentacidn, en este sentido se probé su efecto en leches

UHT y en masa fermentada de pan, incrementado significativamente su vida util, ademas se probo su aplicacion
directa en la dieta diaria de cerdos, gallinas ponedoras y pollos de engorde, remplazando de este modo los
tradicionales antibidticos empleados para el control de enfermedades.

U Ademas es util como precursor para la sintesis de importantes farmacos.




Efecto antimicrobiano

Growth of Aspergillus niger FTDC3227
in bread

(A) started with S. cerevisiae 141 and
Lactobacillus plantarum 21B after 7
days of storage

(B) started with Saccharomyces
cerevisiae 141 alone after 2 days of
storage.

LAVERMICOCCA et al., (2000)



4 )
Candida pulcherrima

Rhodotorula mucilaginosa
(Schwenninger et al., 2008)

Levaduras - /

Efecto

. . . |
antimicrobiano |

Bacterias

gram-positivas /| isteria monocytogenes \
y gram-\ Escherichia coli

negativas | gtaphylococcus aureus
Enterococcus faecalis
(Dieuleveux & Gueguen, 1998;
Hongos Dieuleveux et al., 1998a;
Dieuleveux et al., 1998b;
Lavermicocca et al., 2000;

/Aspergillus ochraceus, A Lavermicocca et al., 2003;
Penicillium verrucosum Ohhiral et al., 2004;
Penicillium citrinum \\Qaleno et al., 2004) /

(Valerio et al., 2004)
\_




SURFACTANTES

—_ Polar

Interfases de fluidos con diferentes grados de polaridad

Interfases de liquidos con solidos

--------------------
----
G
.* v,
** .
* £

{ | TS del medio :

*

..... -'A‘.".'
‘\ olar N . s
I *a . - ‘eas
E— al | e et neRe: Crease
P
b -

U Los surfactantes son moléculas anfipaticas constituidas por una parte polar (pudiendo ser idénica o
neutra) y otra apolar, normalmente una cadena hidrocarbonada.

U Debido a esto se suelen colocar en las interfases de fluidos con diferentes grados de polaridad e
incluso en las interfases de liquidos con sdlidos, reduciendo sustancialmente la TS del medio en el

que se encuentran.



b BIOSURFACTANTES S
" N
— ] j ; LIPIdOS "3 -
Microorganismo . e
\ g*ﬁ.&.,s.'n"*”
- Bacterias: Pseudomonas,

Basillus subtilis, Lactobacillus
- Hongos
* Levaduras: Candida lipolytica
K Candida bambicola

Importancia e Interes

* Propiedades comunes Sintéticos |:> De‘l'er'gem‘es

* Menor concentracion para
reducir la tensiéon superficial
» Toleran cambios de pH,

temperatura y fuerza ionica METABOLISMO
* Son biodegradables Biosurfactantes:
- Baja toxicidad
7 - Extracelulares

- Intracelulares

Naturales =) Biosurfactantes

(] Cuando estos surfactantes son sintetizados
por microorganismos y no quimicamente, se
les denomina biosurfactantes.




iLos Biosurfactantes

Cosmetic industry

En panaderia ‘ Food industry

pasteleria e
industria carnica

= Agentes
antimicrobianos

» Agentes dispersantes

Agriculture

Therapeutic
applications

Applications

of biosurfactants

Emulsion formatign-by— _ —
Two surfactantsOil drop%{gndustry Biorremediation
immisible |
phases Sur]laCt
i&}msmn

ization




\Los Biosurfactantes

Emulsion formation by surfactants

Two immisible

Oil droplets trapped
phases

in water by
& surfactants
surfact&ants &

1111111111

Oil 1111111111 S
2112111111 T
1112211111 Homogenization




BACTERIOCINAS .

U Las bacteriocinas son agentes antimicrobianos de naturaleza peptidica, segregados por un gran
numero de bacterias para inhibir competidores.

L Su empleo en la industria alimentaria se basa en la inhibicion de especies bacterianas asociadas a
la produccion asi como para suavizar tratamientos aplicados. Ademas, su empleo permite reducir la
cantidad de nitritos adicionados en carnes.

U Sus Aplicaciones clinicas se basan principalmente como alternativa al uso de antibidticos en
Control de cepas multirresistentes, en Tratamientos de ulceras, ginecoldgicos, infecciones de la
cavidad oral, infecciones cutaneas, tuberculosis..., entre otras y como antiviral y antifungico.

= Inhibir desarrollo especies de Clostridium, asi como
Listeria monocytogenes, asociados a la produccion

Industria alimentaria | = Suavizar los tratamientos aplicados
= Permite reducir la cantidad de nitrito efectiva en carnes

= Control de cepas multirresistentes

= Tratamientos de Ulceras, ginecologicos, infecciones de la

Aplicaciones clinicas : _ ) , :
cavidad oral, infecciones cutaneas, tuberculosis...

= Antiviral y antifungico




Polialcohol (C:H,,0:)

High sweetening power

Food energy ~1.6-2 kcal/g
High negative heat of solution
Anticaries properties






y solid

(=° .>atm catalyst .i)
hemical synthesis from .

(=° .>atm catalyst .1)

DYl Hydrogcnation Solitol
- 3056‘ ylito
(C;H.O5) H,+ Ni (C;H,,0)

\/iocomelsion =°, = .atm catalyst easts)

4 )
IOSC l"CClUC asc
Ry : Xglitol

S NADFH + H* NADF~ )




2.- Bioprocesos

| |

Ventajas:

U preferencia de los consumidores
por productos “naturales”,

O condiciones operativas mas
suaves,

U uso de materias primas
renovables,

U menor impacto ambiental,

0 mayor especificidad y eficiencia
del proceso catalitico,

U etc,

[ Mayores costes J

VS procesos basados en

sintesis quimicas

Desventajas:

O la generacion de mezclas complejas que
necesitan complejos sistemas de
purificacion,

O la obtencion de un producto en baja
concentracion,

O los bajos valores de las constantes de
velocidad (D)),

O problemas de contaminacion o infeccion
con otros microorganismos, y

O los costes energéticos asociados a la
esterilizacion de los equipos.

35



3.- Biorreactores

Un biorreactor puede ser definido como un ambiente biologicamente
controlado en el que se pretende un crecimiento celular o un producto, con
una eficacia 6ptima.

El principal objetivo de un biorreactor es, por tanto, lograr una alta
productividad a bajos costes operativos.

Para ello se necesita:

a) Una elevada productividad global (T Qp).
b) Una elevada conversion de las materias primas (T Yp/s).
c) Una reduccion de los costes operativos (| Costes).

d) Una simplificacién de los procesos de separacién (1 sencillez).

36




Fermentacion en discontinuo con hidrolizados hemicelulésicos (de

podas de sarmiento) y L. pentosus

Medio sin concentrar 1/1

(#) glucosa, (M) xiosa, (A) arabinosa, (@) acido

Ia%tico,

(*)acido acetico

N
o

Bigiechnol. Frop. 20E, I, TE3-TE

Influence of the Metabolism Pathway on Lactic Acid Production
from Hemicellulosic Trimming Vine Shoots Hydrolyzates Using
Lactobacillus pentosus

Gundoalupe Bustos, Ano Belén Moldes, José Manuel Cruz, and
José Manuel Dominguez*

Departmento da Ingenioeris Quimim, Universidad do Vigo (Campos (urensa), As Lagoas sin,
32004 Ourenso, Spain

Homicolhalosic hydrolyzates from trimming wastoes of vina shooks wora moc ns
mmrbon sowuroe for |actic add production by Lociebecillus pendosus CIIT--TI:'EE'IATDC-
B4 1). Thass hydrlyzatas nro mad mainky u:l'g]ucml’]?.ﬂs;.'[.l,:l:_l,rlu:n 7.5 gL
nnd arshinoss (4.3 g/L). Acotic acid, the main subproduct, to ba produmd

all of tho glumss wos completaly doplated. showing that tho amtic add coproduction
mma only from tho xyloss and arabincen consumption. In tha absonm of ghecosa, tho
L. pendosus pathway shifts from home to heteroformentative. Thus, L. periosns can
be considernd n facultative hetarofermantative organism, degrading haxoses (glocosa)
via the Embden— Mayerhoff—Pornes pathwoy pentmses (xylose nnd arshinosa) via
the phosphokatolase pathway. Hydrolyzatos ware vacoum avaporated to incronse tha
inttinl sugnrs concontration up to 354 g of glucoss, 52.3 g/l of xyloss, and 13.0 gL
of erohinose. Undor thess mnditions the lactic acid concantration roached 46.0 gL
@y = 0933 gll-h, ¥ = LT8 g ¥Yivw theorokionl = $1.7%) and o doar product
inhibition was obsarved. Additi uxperimants with synthetic sugams, in the absanoa
of inhibitory compounds, indicato that this ichibition must ba attributod to tha
mutabolic pathrway but not to tho inhibitory compounds prosant in the formentation

Concentracion (g/L)

Concentrado 1/2

Concentracion (g/L)

(®#) glucosa, (M) xiosa, (A) arabinosa, (@) acido

lactico,
45

40
35
30
25
20
15
10

0O 10 20 30 40 50 60 70 80 90 10

Tiempo (h)

Introduction

Lactic arid bacteria (LAR) aro indwstrially important
mirrobes that ere used worldwids te produce lnctic acid
(LA}, o commarcially vishla product (tha world consump-
tHon is astimated to be more than 60,000 matric toss par
yoor) that is waed for mont and poultry pressrvation,
mosmitics, oml and hoalth care products, baked goods and
daring choess and yogurt elaboration. Bosides thair LA-
forming copacity, LAB nlso hove the ability to coatribats
bo other product charsctoristics such as flavor, taxturs
and nutntien. Tho most important applicetion of LAH is
endoubtodly in the dairy industry, although LAR are alse
applisd at an indusirinl scale in the formontation of
othar food raw matarials soch = mant and vogetshles.
The binsynthatic capecity end metnbalic vorsatility of
LAE is genorally quite bmited end thar physiclogy is
ruletivaly simple, which are imporiant factors makng
these orgmnisms smitable objects for motabolic ang-
mearing (I}, In nddition, the processes of energy mekabo-
Eizen nnd binsymthosis are almost complately soparsts in
LAE, allowing izterforence iz, for axnmpla, sugar ca-
tabolism without affecting bicsynthesis and viro versa.
Besidos, an axtensive knowledge on their physiclogy
nnd gemetics has comtributed to the effectivencss of
mctnﬁi:il: enginearing in thess bacterin. For exnmpls,
Thang ot al (2), developed o Loctoboctiins strain called
Muontd-++payABmod, which was shlo to convert xyloss
imto LA by including a plasmid in its gonemic structurs,
nnd Isiznki ned Uedn 43, 4) also modified genatically the

strain Locioooocus Jaofis nemed Ladforsocus fmctis 10-1
in order to obtain improved rosults dering xyloss for-
mantakinn.

LAR =ra copable of ganerating L& by homo- or hetaro-
furmantative degradetion of sugnrs. Tharing anaerohic
growth of obligntory homefermentative LAR mn tho pros-
ance of axcess substrate, anargy sources sach as glucosa
ore convarted indo ratn vin the Embdan—Meyarhoff—
Parnns pathwny (EMP.F), and the pyruvate is farther
m ixed to [actato. Undar opﬁm:f.::-:nd:ilinna Laorio.
boctillns an convert different carbon sources, maimly
Biomosca, inbe LA with 100% yiald (5). Thus, Busins ot ol.
6y using L. perinsms CECT-4023T (ATCC-BD41)

BT gl otPIJI. from 1.1 pl. of commercial glucoss,
following sxclusively the Embden—Meyurbofl-Fomns

way, ns oo acebic acid or othamel waro dotected
Juring tha haterofermentative pathway, the dagradation
of sagers is metabalired win tho phospioketoless patiwny
LFPL-RI which rosults in oq'l.uJ::-]ur mmounts of T,
lactate, and somtate or athanol. Hatarolactic LAE can be
divided intn obl hateroformentative spories, in
which both hmﬁ pentnsas are E:mnn.tm;n th
PK-P, nnd fomultative heteroformontative orgomisms,
which da haxosos via tha EMP-F and pentoses via
tha PE-F () following the overnll stoichiomotry for both
pathways:

CH ol — B0, H Oy

CoH o0y — CH Oy + CHLOO0H
End products end proportions ean vary depending upan
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Fed-batch fermentations of Lactobacillus plantarum CECT-221 using intermittent
feeding schemes in a 2L Biorreactor
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Antimicrobial activity of p-3-phenyllactic acid produced by fed-batch process
against Salmonella enterion
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Fermentacion en continuo con hidrolizados hemicelulosicos (de
podas de sarmiento) y L. pentosus
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4. Tipos de Biorreactores

1.- Biorreactores completamente mezclados agitados mecanicamente.
1.1.- FCTA (Fermentador Continuo de Tanque Agltado)
- 1.2.- FCTAs en Serie.
=~ 1.3.- Fermentadores de Membrana.

2.- Biorreactores basados en el concepto de flujo en piston (FCFP).
2.1.- Reactores de Lecho Fijo.
2.2.- Biorreactores Pulsantes.

3.- Biorreactores agitados por fluidos.
3.1.- Columnas de Burbujeo.
3.2.- Fermentadores Air-lift.




4.1.1.- FCTA (Fermentador
Continuo de Tanque Agitado)

procesos no inhibidos por producto

Lactobacillus plantarum

Lactobacillus pentosus

Appl Biochem Biotechnol (2013) 169:2175-2188
DOI 10.1007/512010-013-0126-1

Biotechnological Production of Phenyllactic
Acid and Biosurfactants fi ing Vine Shoot
Hydrolyzates by Microbia

Noelia Rodriguez-Pazo - José Manuel Salgado -
Sandra Cortés-Diéguez - José Manuel Dominguez
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Abstract Coculture fermentations show advantages for producing food additives from
agroindustrial wastes, considering that different specified microbial strains are combined
to improve the consumption of mixed sugars obtained by hydrolysis. This technology
dovetails with both the growing interest of consumers towards the use of natural food
additives and with stricter legislations and concern in developed countries towards the
management of wastes. The use of this technology allows valorization of both cellulosic
and hemicellulosic fractions of trimming vine shoots for the production of lactic acid (LA),
phenyllactic acid (PLA), and biosurfactants (BS). This work compares the study of the
potential of hemicellulosic and cellulosic fractions of trimming vine shoots as cheaper and
renewable carbon sources for PLA and BS production by independent or coculture fermen-
tations. The highest LA and PLA concentrations, 43.0 g/L and 1.58 mM, respectively, were
obtained after 144 h during the fermentation of hemicellulosic sugars and simultaneous
saccharification and fermentation (SSF) carried out by cocultures of Lactobacillus planta-
rum and Lactobacillus pentosus. Additionally, cell-bond BS decreased the surface tension
(ST) in 17.2 U; meanwhile, cell-free supernatants (CFS) showed antimicrobial activity
against Salmonella enterica and Listeria monocytogenes with inhibition halos of 12.1+
0.6 mm and 11.5+0.9 mm, respectively.

Keywords Coculture - Trimming vine wastes - Phenyllactic acid - Biosurfactants - Lactic acid -
Lactic acid bacteria
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4.1.2.- FCTAS en Serie

Coupling two sizes of CSTR-type
bioreactors for sequential lactic acid and
xylitol production from hemicellulosic
hydrolysates of vineshoot trimmings

Research Paper

pH controller
O, controller
Antifoam controller
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This study develops a system for the efficient valorisation of hemicellulosic hydrolysates of vineshoot %
trimmings. By connecting two reactors of 2 L and 10 L, operational conditions were set up for the g .
sequential production of lacticacid and xylitol in continuous fermentation, considering the dependence £ D. hansenii
of the main metabolites and fermentation parameters on the dilution rate. In the first bioreactor, = 9
Lactobacillus rhamnosus consumed all the glucose to produce lactic acid at 31.5°C, with 150 rpmand 1 L
of working volume as the optimal conditions. The residual sugars were employed for the xylose to xylitol ——
bioconversion by Debaryomyces hansenii in the second bioreactor at 30°C, 250 rpm and an air-flow rate L. rhamnosus
of 2 Lmin~". Several steady states were reached at flow rates (F) in the range of 0.54-5.33 mL min™", I I Recovery
leading to dilution rates (D) ranging from 0.032 to 0.320 h™" in Bioreactor 1 and from 0.006 to 0.064 h™* E vessel
in Bioreactor 2. The maximum volumetric lactic acid productivity (Qp ;4 = 2.908 g L' h~') was achieved o Xylitol
under D =0.266 h™' (F =4.44 mL min~'); meanwhile, the maximum production of xylitol (5.1 g L™), I I LA
volumetric xylitol productivity (Qp it =0.218 gL_] h™1), volumetric rate of xylose consumption (Qg Vi
xytose = 0.398 gL' h 1) and product yield (0.55 gg~') were achieved at an intermediate dilution rate of Vi LA
0.043h7! (F=3.55mL min~!). Under these conditions, ethanol, which was the main by-product of the co o
fermentation, was produced in higher amounts (1.9 g L™"). Finally, lactic acid and xylitol were Feed vessel i
Bioreactor 1 (2 L)

effectively recovered by conventional procedures.
Bioreactor 2 (10 L)

Introduction

Lactic acid and xylitol are two additives widely used worldwide in
the food sector. The main applications of lactic acid include not
only its use as a food acidulant and preservative, but also its use in
preparing emulsifying agents. Additionally, lactic acid has appli-
cations in other relevant sectors, such as the pharmaceutical and
cosmetic industries, and more recently in the production of bio-
degradable polylactic acids [1,2]. Despite its widespread use, with
worldwide consumption estimated to fluctuate between 130,000
and 150,000 metric tonnes/year, the costs of production must be
reduced considerably, taking into account that the price of the raw

Ce author: D

IM. (i J@uvigo.es)

materials usually employed can represent up to 40-70% of the
final cost |3,4]. The commercial price of food grade lactic acid is
1.38 US$ kg ' for lactic acid with 50% purity and 1.54 US$ kg~ ' for
lactic acid with 88% purity [5]. In addition, the price of biological
lactic acid is considerably higher than that of chemical lactic acid,
largely due to the high price of the carbohydrate sources [6].
The sweetness of the natural carbohydrate xylitol is similar to
that of sucrose; new applications for xylitol are occurring daily in
the food sector for the development of chewing gums and
confectioneries. Furthermore, xylitol shows anticarcinogenic
properties and is insulin-independent when metabolised by
humans | 7]. Moreover, its use is increasingly widespread in other
important non-food industries, such as pharmaceuticals, due to

1871-6784/5 - see front matter © 2011 Blseier BV All rights reserved. dot10.10164n2 2011 07.003

www.elsevier.com/locate/nbt 421



4.1.3.- Fermentadores de Membrana §7§§E
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Xylitol production from barley bran hydrolysates by continuous
fermentation with Debaryomyces hansenii
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Abstract
Feed vessol

The continuous bioconversion of xylose-containing solutions (obtained by acid hydrolysis of barley bran) into
xylitol was carried out using the yeast Debarvomyces hansenii under microaerophilic conditions with or without
cell recycle. In fermentations without cell recycle, the volumetric productivities ranged from 0.11-0.6 g 1-1 h—1
were obtained for dilution rates of 0.008—0.088 h~!. In experiments performed with cell recycle after membrane

—
Circulation pumg

Fig 1. Process scheme. F = feed; A — retentate; B — permeate.

separation, the optimum xylitol productivity (2.53 g 1tn- ) was reached at a dilution rate

Introduction

Xylitol is used in the food industry for its high sweet-
ening power and because of its anticaries properties,
its tolerance by diabetics and its high negative heat of
solution. For these reasons. xylitol has been employed
in the manufacture of sugar-free confections and food
(Pepper & Olinger 1988).

Kylitol 15 formed as a metabolic mtermediate m
the fermentation of D-xylose by yeasts, which can
be converted into xylitol by NAD(P)H-dependent xy-
lose reductase (Hofer et al 1971). Debaryomyces
hansenii has been widely studied for this purpose,
particularly in batch fermentation (Girio ef al. 1990,
1994, Heikkili ef al. 1991, Parajo ef al. 1995, 1996,
Dominguez ef al. 1997a.b, 1999, Cruz ef al. 2000a.b).

Fermentation productivities can be increased by
using high cell concentrations by retamming cells m
the fermentation system (for example, using cell 1m-
mobilization or cell recycle). Cell immobilization
packed-bed reactors has been investigated for produc-
ing xylitol with various yeasts (Silva & Afschar 1994,
Roca ef al. 1996, Dominguez ef al. 1999, Silva ef al.
1999). To our knowledge, no systematic studies on the
continuous xylitol fermentation from hydrolysates in
fermenters with cell recycle have been reported.

This work deals with the xvl|
tinuous fermentation of xylos
obtained from barley bran hydr
out biomass recycle. The deper®
mentation parameters (including
concentrations, productvity a
the dilution rate has been assey
technologies.

¥ o
\ I

Materials and methods

Raw material

Barley bran samples. obtained
industry, were dried, milled to
1 mm. They contained 23% cel
lose, 21% lignin and 29% of o
basis).

Acid hydrolysis

Acid hydrolyses of barley bra
out under optimized condition
130 °C for 15 min at a solid/lig]
The liquid phase from hydrolys:
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Abstract

Debaryomyces hansenii cells were entrapped in Ca-alginate beads and used
for producing xylitol from wood hydrolyzates. Batch experiments showed
that bioconversion was severely hindered when Ca-alginate beads were
hardened with AP* solutions. As an alternative to Al** hardening, the
improvements in both mechanical stability of bioparticles and fermenting
ability of the immobilized system derived from using increased concentra-
tions of sodium alginate were assessed. The best results were obtained using
a 4% (w/v) Na-alginate solution in the gelification step. This concentration
was selected to perform continuous fermentations in a packed-bed reactor
using raw or charcoal-treated hydrolyzates (15.5 g of xylose/L) with two
different yeasts: Candida guilliermondii and Debaryomyces hansenii. With a final
cell concentration of about 50 g of cells/L (0.075 g of cells/g of beads), the
volumetric productivities reached with thesé yeasts in media made from
charcoal-treated hydrolyzates were 0.58 and 0.91 g/L-h, respectively.

y P s -
Index Entries: Ca-alginate; Candida guilliermondii; Debaryomyces hansenii; I o
hemicellulose hydrolyzate; xylitol. i -

Introduction

Xylitol, a five-carbon polyol with high sweetening power, is tolerated
by diabetics, has anticariogenic properties, and has been recommended for

*Author to whom all correspondence and reprint requests should be addressed.

Applied Biochemistry and Biotechnology 19 Vol. 81, 1999



Madera de eucalipto: Produccidon en continuo con células inmovilizadas.
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Madera de eucalipto: Produccidon en continuo con células inmovilizadas.
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Study of the potential of the air lift bioreactor
for xylitol production in fed-batch cultures by Debaryomyces
hansenii immobilized in alginate beads
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Abstract Cell immobhilization has shown to be especially
adequate for xylitol pmoduction. This work studies the suit-
ability of the air Lift bioreactor for xylitol production by
Debaryomyees hansenii immobilized in Ca-alginate operating
in fed-batch cultures to avoid substrate inhibition. The results
showed that the air 1ift bioreactor & an adequate system smoe
the mmmmum air flow requined for fuidizaton was even lower
than that leading to the microaerchic conditions that trigger
xylitol accumulation by this veast, also maintaining the integ-
rity of the algmate beads and the viability of the immobilized
cells until 3 months of reuses. Maximum productivities and
yields of 0.43 glhand 0.71 g/g were achieved with a xyvlose
concentrmtion of 60 g/ after each feeding. The xylose feding
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Introduction GasFlow Inlet —p
Xylitol is a pentahydroxy sugar aleohol derived from xviose.
Bewmuse of #s high swedenimg power (Castillo et al. 2005), its
suitability as diabetic sweetner (Bir 1991), and its interesting
properties for the biomedical secior (Mussatto and Roberto
2002), xylitol has received a preat attention by the food, phar-
maceutical and cosmetic industries (Curha et al. 2007). In this
semse, the development of highly produdtive and scalible sys-
tems s a critical target for mproving the sconomic competi-
tiveness of the microbiological produdion of xylitol (Parujé
et al. 1998} in comparison with the chemiml synthesis.

The generation of microaerobie conditions 15 the most anit-
ical condition for dimscting to xylitol accumulation the metab-
olism of a group of veasts, nchding Debarvomyees hansenii
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