Biocatalizzatori

Tecniche di immobilizzazione e
applicazioni biotecnologiche di
cellule ed enzimi



BIOCATALIZZATORI

Catalizzatori biologici per ottenere un prodotto di interesse
mediante biotrasformazioni

Cellule in coltura
I'organismo viene cresciuto nel terreno A

le cellule vengono raccolte e risospese nel terreno B che
contiene il substrato da trasformare

condizioni di crescita e di biotrasformazione da ottimizzare
separatamente

Enzimi purificati
si risolvono eventuali problemi legati alla permeabilita della
membrana
si evita la formazione di prodotti collaterali
possibili problemi di stabilita
e necessario purificare I'enzimal



BIOCATALIZZATORI

I biocatalizzatori si possono utilizzare in
forma libera o immobilizzata

E' nhecessario mantenere |'attivita
catalitica nell'immobilizzazione



Table1 The comparison of immobilized and non-immobilized biocatalytic processes

BIOCATALIZZATORI
IMMOBILIZZATI VS SOLUBILI

Properties

Non-immobilized biocatalytic processes

Immobilized biocatalytic processes

Cost of design
Overall cost-effectiveness
Mass transfer and diffusion limitations

Downstream Process

Contamination

Biomass growth (for cell
biocatalysts)

Movement (for cell biocatalysts)

Recovery and reuse
Stability

Productivity
Industrial application

No additional cost is necessary

Loss of valuable biocatalysts

Biocatalyst can interact with environment
with no imitation

Difficult separation due to biocatalyst/
substrate/product mixture

Risk of contamination by reaction mixture

Biomass reaches high concentrations in a
short time that complicates the control
of process

Free movement—high mobility

Minimal or null reuse of biocatalyst
Low stability

Low productivity (kg product/kg enzyme)

Additional cost for design of support material and technique
Valuable biocatalysts can be reused
Mass transfer is limited due to the support material

Facilitates separations from the production medium

Minimizes or eliminates product contamination
Biomass growth remains same along the process

Limited movement due to the physical/chemical interaction
with support material

Efficient recovery and reuse

Enhanced operational stability against different operational
conditions (temperature, pH)

High catalyst productivity (kg productkg enzyme)

Can be applied in various industrial production New techniques and support materials are necessary to be

improved to apply in different industries




BIOCATALIZZATORI
IMMOBILIZZATI VS SOLUBILT

Disadvantages

Repetitive use of biocatalyst;

Enhancement of stability and enzyme activity;
Facilitates the separation of biocatalyst;

Reacheshigh enzyme-substrate ratio;
Easier process control ;
Minimizes contaminations. N

Blocatalyst lmmobilization

Fragility of support material;

Causeshigh stress on biocatalyst;
Alterationsin biocatalyst conformation and activity;
Reduction on accessibility of biocatalyst to its substrate;
Specific reactor system and high engineering design;

. High costbecause of new techniques.
Advantages




BIOCATALIZZATORI IMMOBILIZZATI

Immobilizzazione senza supporto (carrier-free)
Immobilizzazione su supporto (carrier)

Principali gruppi reattivi sul biocatalizzatore che
possono essere usati per I'immobilizzazione con
formazione di legami covalenti:

— NH, (N-terminale e catena laterale di Lys)

— COOH (C-terminale e catena laterale di Glu e Asp)

— SH (catena laterale di Cys)



Metodi di immobilizzazione carrier-free
(self-immobilizzazione)

Dissolved enzyme

Cristalli reti¢olati (CLEC)

Aggregati reticolati (CLEA) "o

Cross-linker

Cross-linking|con
glutaraldeide

CLE

Current Opinion in Biotechnology

The different approaches to the production of carrier-free immobilised enzymes: (a) crystallization; (b) aggregation; (c) spray-drying; (d) direct
cross-linking. AGG, aggregates; CRY, crystals; SDE, spray-dried enzyme.



Metodi di immobilizzazione di
biocatalizzatori

0000,

Adsorption
on a surface

Entrapment wlthln a
porous matrix

Microencapsulation

S

Electrostatic binding
on a surface

Natural flocculation
(Aggregation)

Interfacial
microencapsulation

onon

Covalent binding
on a surface

| \"°

Artlﬂclal ﬂocculatlon
(cross-linking)

OOOO,OO

Containment
between microporous
membranes



Formati dei supporti (carrier)

g & @ @

(2) (b) (c) (d) (e

Current Opinion in Biotechnology

Carrier-bound immobilised enzymes of defined size and shape. Insoluble carrers vary in their geometric parameters, different shapes and types of
enzyme carrier are illustrated: (a) bead, (b) fibre, (c) capsule, (d) fim and (e) membrane.



Table 1

Comparat ive evahlatbion of merits and demerits of vadous immobilizatdon types.
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Supporti per immobilizzazione

Classification of

=

Fg. 1. A schematic ilhstration of the dassification of support materials uwsed for
immaobiization purposes.




Supporti per immobilizzazione

11 l 1 I 1 Pol harid d pol id
Le matrici 'c?rganlghe haturali o sinfetiche ,rg:gggygg;;;;mgg‘gg‘ be
usate per I'immobilizzazione di cellule o enzimi

devono essere stabili e hon reattive.
Le matrici devono essere attivate. OQ "@ i}f

—o-galactose-3, Mydro-ugnh-“ o-ga

Table 1. Organic Supports for Cell Immobiliza- Celluicee
tion OH CH,OH oH
. -0 i 2 o] OoH
Polysaccharides:  Cellulose O ki _
Agar/agarase ' o
Chitosan CH,OH OH CH,OH
Dextran Crossiinked dextran (Sephadex)
Currageenan O
Alginatc ' z
Pectate
Xanthan gum HO S
: OH
Proteins: 7 Coilagen
Gelatin ~¢Ha
Albumin P OH
Fibrin 20 HO OH O
Synthetic Polymers: Polyacrylamide ok S OH
Methacrylate HO
Polyurethane o
Epoxy resin Crosslinked polyacrylamide
Polystyrene CH,— CH—CH,—CH —CH;—CH—CH,—CH—
Polyester co ¢o co co
Polypropylene NH NH, NH, NH
Polyphenylene oxide CH, qHa2
Polyvinyl alcohol NH B NH, NH
Polyvinyl chloride co ¢o co €0

— CHz&H — CH—EH — CH,~CH — CH—CH—




Matrici polisaccaridiche biocompatibili
per intrappolamento/incapsulamento

Alginato e carrageenano dalle alghe: gelificazione mediata dal calcio

) ) OH
OH o) OH
PO oz te
HO/\ — | HO _,EO
0~ “OH

e % i
L0
OH

Chitina

Chitosano




Attivazione di una matrice polisaccaridica con
bromuro di cianogeno (CNBr) per immobilizzare

gruppi -NH, o

Carbamates
minor end
Poiyuccharldo 4 tnertipe :
7
malr } 4 &
CNB eSS
r
& >C=N"
Attivazione 2
Cyanate esters p H 12 Imidocarbonates
Immobilizzazione pH 8-10
H
O—C-NHR
N
C=NR
OH O/
. .Major product Major product formed In
formed In agarose dextrans

A=Ayl or aryl group



A Sepharose—”— (CHz)g—NH,

B Sepharose *-H— (CH5)s—COOH

Matrici derivatizzate e o
attivate per reagire con c Sepharose—u—w-é:‘-o—NQ
diverSi gr'upp| su”e D éepharose——O—CHz-ClH—CHZ—O(—D-(CH2)4—~O—CH2_C1_{_/CH2
proteine (-NH,, -COOH, . > B s

Figura 4.9 Strutture parziali di (A) AH-Sepharose, (B) CH-Sepharose 4B, (C) CH-Sepharose 4B attivato e (D) Sepharose

_ S H ' Gm inoac id i aro ma-‘- iC l' 6B epossi-attivato. Gentile concessione di Pharmacia.
ecc.)

§ —NH(CH,),COOH Il carbodiimide

~NH(CH,);CONHR
CH- S'epharose 4B RNH, §

| NH, (CHy,cOo0H

1 RNH.
CNBr-Activated Sepharose 48 -NHR

La presenza di un braccio N
spaziatore sulla matrice / T P—

. . I .
riduce problemi legati y "
AH-Sepharose 4B CH S ~NH(CH,)sNHCOCH(CH,),SH
"
CH, |
NH,-CH—CO

(homocysteine thiolactone)

allingombro sterico e
all'accessibilita del sito attivo
dell'enzima immobilizzato .

0
1) | o, C-N,

vil

§ ~NH(CH,),NHCOCH,Br
Q

7 ::,
BrCH,CON

o]
(O-bromoacetyl-N-hydroxysuccinimide)

P '

o”~0" o
(succinic anhydride)

(p-nitrobenzoylazide)

(2) | Na,S,0,
(sodium dithionite)

(@) | HNO:
(nitrous acid)

§ —NH(CH,),,NHCO-@N‘EN

Fig. 3.6. Reactions used to couple ligands to Sepharose

§ =NH(CH,)NHCO(CH,),COOH



Le carbodiimidi:
cross-linker specifici per gruppi
carbossilici/amminici

EDC RN
1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide hydrochloride -~ %%
EDC
H M.W. 191.70
| .
: e e EDC reagisce con un
R gruppo carbossilico sulla
1]
EDC reacts with carboxylic acid group and activates the carboxyl mOIZCOIG 1 formando un
group, allowing it to be coupled to the amino group (R,NH;) in the IHTZPdeIO O-GCYIlSOUf‘@G.
reaction mixture. . . \
Questo intermedio puo
) o . reagire con un gruppo
| 2 o1 I amminico sulla molecola 2,
Ri—y—C=N-FR; m“' Ry—C—NR, + fﬁ,\
Ry—C— 0 e RHN  WHR, formando un legame
! (Urea) covalente tra le due
EDC is released as a soluble urea derivative after displacement by the mol eco l e.

nucleophile, RyNH,.



Eupergit C

Sfere macroporose di co-polimeri derivati dall'acrylamide,
attivata con epossidi per 'immobilizzazione covalente
mediante reazione preferenziale con gruppi amminici

Pori r = 100 nm

Oxirane density 300 umol/g dry beads

r-/
methacrylamide H3C - »-CO NHo
. H H| ©
allyl glycidyl H -c-0-CtC-CHy + H2N
ether -%-N Ho o H al B
S
N-methylene-bis- G BN
methacrylamide HTN-C"CHa

Eupergit

HI
N

-0
1
I
1

I =



Multi-point attachment su Eupergit C
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Metodi di immobilizzazione:
incapsulamento multi-strato

Enzyme
Solution Carboxymethyl
e ® é cellulose
(S X
& © oy
Om® @ ,\‘5]
Protamine binds Silicate precipitates on

ionically to alginate protamine to form a porous
layer

Fig. 2 The multi-layered encapsulation method of Zhang et al. (2008)



Bioreattori

Supporti polimerici: particelle, membrane e nanofibre

Packed-bed reactors (biocatalizzatore 'impaccato’ su
colonna)

Fluidized-bed reactors (biocatalizzatore mantenuto
'in movimento' da un flusso continuo di substrato)

Continuous flow stirred reactors (biocatalizzatore
mescolato con il substrato a flusso continuo)

Membrane reactors (biocatalizzatore 'separato’ da
una membrana)



BATCH

STIRRED TANK REACTORS
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ouT
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—@= anzyme

COLUMN

T

FLUIDIZED-BED REACTOR

Fig. 3. Schematic representation of the main types of reactors.
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Biocatalysis in the winemaking industry: Challenges and
opportunities for immobilized enzymes

Carminna Ottone |  Oscar Romero | Carla Aburto |  Andrés Illanes |

Lorena Wilson
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* Cellulases
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* Pectinases e

* Glucose oxidase

FIGURE 1 Diagram of the main steps in the winemaking process



Applicazioni biotecnologiche di enzimi
immobilizzati per la produzione di aromi nel vino

Molti componenti degli aromi del vino sono costituiti da un terpene volatile
legato a un residuo di glucosio a sua volta legato ad un altro zucchero
(arabinosio, ramnosio o apiosio). Il terpene viene liberato dall'azione
sequenziale di glicosidasi specifiche.

OH

HOM,C_ O_ _O
HOH,C Terpene
/ e /S\;%oi %;
H

O HOH,C. O OH

- HO
HO
HO HOH,C. O o) RAM HOH,C. O o)
“&@’% T T +
OH
HO "to

/ ‘ HOH,C

o o /
; OH
HO

FIGURE 2 Scheme of the cascade reaction mechanism for the release of the glycosylated precursor molecules catalyzed by four different

glycosidases: a-L-arabinofuranosidase (ARA), a-L-thamnopyranosidase (RAM) and f-D-apiofuranosidase (API), and f-D-glucopyranosidase (fG).
Modified from (Ahumada et al., 2016)




B-glycosidases for aroma liberation
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ABSTRACT

A major fraction of monoterpenes and norisoprenoids in young wines is conjugated to sugars represent-
ing a significant reservoir of aromatic precursors. To promote their release, p-glucosidase, a-arabinosi-
dase, and a-rhamnosidase from a commercial Aspergillus niger preparation, were immobilized onto
acrylic beads. The aim of this work was the development and application of an immobilized biocatalyst,
due to the well-known advantages over soluble enzyme preparations: control of the reaction progress
and preparation of enzyme-free products. In addition, the obtained derivative showed increased stability
in simile wine conditions. After the treatment of Muscat wine with the biocatalyst for 20 days, free mon-
oterpenes increased significanty (from 1119 to 2132 pg/L, p < 0.01) with respect to the control wine.
Geraniol was increased 3,4-fold over its flavor thresholds, and accordingly its impact on sensorial prop-
erties was very relevant: nine of ten judges considered treated wine more intense in fruit and floral notes.

@ 2013 Elsevier Ltd. All rights reserved.




Table 1
Effect of protein load on the immobilization efficiency.

mg Applied protein/g support Bound protein Immobilization yield (%) Immaobilization efficiency (%)
mg(g % BG Ara Rha BGC Ara Rha
35 22+21 63+6.0 68 +7.0 8585 JTx7.5 B3+ 84 91 £9.0 100+ 9.0
70 42+ 46 60+ 62 T0x71 6569 7575 B9+ 85 92 +9.0 B8+9.0
145 48+ 5.1 33x41 33+38 43 % 5.5 49+ 52 Te+ 7.8 5563 B0+ 85

Mean + standard deviation (5.D.)

Soluble enzyme

A m|mmobilized biocatalyst

100
g
F3 " I I 120 %
£ w
3 100
g 40 -
€ 20 5 § % —+

" 2 60 1
' Q
BG ARA RA M 40
—=— Confrol without glycosidases
B #Soluble enzyme . o ;
uimmobilized biocatalyst 20 - —With mmobilized glycosidases

100
— u ! !
L g0 0 5 10 15 20
g Time (days)
T 60
s i Fig. 5. Variation of glycoside content (G-G values) of Muscat wine at pH 4.0 and
2 23 °C, incubated with immobilized glycosidases or without glycosidases (control ).
o
® 20

o -

BG ARA RA

Fig. 4. Stability of glycosidases in model wine at pH 3.5 (A) and pH 4.0 (B), after
70 days of incubation at 23 °C. Model wine consisted of ethanol 12% v/v, containing
3.5 g/L tartaric acid, 2.5 g/L malic acid and 60 mg/L sodium metabisulfite,



Table 2

Effect of immobilized glycosidases on the concentration of monoterpens and norisoprencids in Muscat wine, Mean concentrations of compounds (pgfL) and relative standard

deviations (m=3).

Aromatic compounds Descriptor Odor threshold  Control wine without Wine treated with immobilized Significance (p
(pglL) glycosidases (pgfL) glycosidases (pg/L) value)

Linalool Rose 50° 555 +8B6 615+25 s,

a-Terpineol Floral, pine 4007 182 £20 24617 <0.05

Geraniol Fruit, floral 1307 o8 +11 438 + 26 0,001

Oxide A (trans-furanic of Leafy, sweet, floral, *6000" 47 +15 213+79 <005
linalool ) creamy, earthy

Oxide B (cis-furanic of Leafy, sweet, floral, >6000" 28 +9 100+3 <0001
linalool ) creamy, earthy

Oxide C (trans-piranic of  Leafy, sweet, flomal, 3000-5000% 151 £53 386G+ 28 <0.01
linalool ) creamy, earthy

Oxide D (cis-piranic of Leafy, sweet, floral, 3I000-5000" 5912 13556 IL5.
linalool ) creamy, earthy

Total terpenes 1119 +182 2132+211 <0.01

Vomifoliol Dried fruit, raisins _ 20+3 0,001

3-Oxo-u-ionol Honey, apricots _ 71 <0,001

Total norisoprenoids 27+3 =0.001

nd: Below the limit of detection, ns: not significant.

* Riberau-Gayon, F., Glories, Y., Maujean, A., Dubourdien, & D. (1998 ). Handbook of Enology, vol. 2, The chemistry of wine. Stabilization and treatments (2nd ed. ), Wiley.
b Ribérau-Gayon. P., Boidron, J. N, Terrier, A. (1975) Aroma of muscat grape varieties. ] Agricultural Food Chem 23, 1042-1047.

Linalool

OH

Terpineol

CH,
X OH
Geraniol



Applicazioni biotecnologiche di cellule
immobilizzate per la produzione di etanolo

Tahle 4

Comparison of immobilised systems proposed for ethanol production.

Microorganism Method Matrix Bioreactor Conversion (%)
Kluyveromyces marxianus Entrapment Alginate beads Packed-bed bioreactor 84-88%
Kluyveromyces fragilis Adsorption Shell side of an industrial size Hollow fibre reactor 30-60gL-'h™!

hollow fibre module
Kefir yeast Adsorption Delignified cellulosic material Static fermentation ~80%; 59% (v/v) ethanol
Kluyveromyces marxianus Adsorption Delignified cellulosic material 0.500L shaking flask (150 rpm) 93glL-!
Saccharomyces cerevisiae Entrapment Ca alginate beads Packed-bed reactor -

Recombinant Saccharomyces cerevisiae

Saccharomyces cerevisige

Kluyveromyces marxignus

Aggregation (natural flocculation)

Co-immobilised yeast cells with

Yeast flocs-flocculent strain

Ca alginate beads cross-linked with

enzyme B-galactosidase GA

Adsorption

Olive pits

0,600L bubble column

S5LPBR with circulation

Continuous packed column bioreactor

7% (v/v) ethanol; 53% theoretical; ~906%
15.6% (mjv)

~95%

Conversione del
lattosio contenuto
nel siero di latte
(prodotto di scarto

dell'industria
casearia)

Table 2

Typical composition of sweet and acid whey [2].

Components Sweet whey (gL-1) Acid whey (gL-1)
Total solids 63.0-70.0 63.0-70.0
Lactose 46.0-52.0 44.0-46.0

Protein 6.0-10.0 6.0-8.0

Calcium 0.4-0.6 1.2-1.6
Phosphate 1.0-3.0 2.0-45

Lactate 2.0 6.4

Chloride 1.1 1.1




Applicazione di enzimi immobilizzati su Eupergit
C per la biotrasformazione del lattosio

CHOH
—i OH

e
CHysd f, OH I CHHOH
oM 0, D | L _Jl_ﬂ‘ OH

s '_:\ 8 L
H OH 3 & oM + < M
b ]
fa 1] dedmalactosidase - OH
Lactose
Galactose Glucose
| &
L-Arabinose isormerase | Glucose iLOmer e
' 1]

[T T CHOH HOCH; o

/ { i HO) z
ol Hix CHpOH

Tagatose Fructose

Figure 1. Diagram of reactions for enzymatic production of ketohexoses from lactose. Structures of
main products of interest are depicted with enlarged sizes.

Table 5. Lactolysis and isomerization in Mozzarella cheese whey at 50 "C by tri-enzymatic systems 1
System Lactolysis (%) Tagatose (%) Fructose (%) *
Soluble enzymes 7611 22+3 21 +1
Immobilized derivatives (sequential use) Bh+1 31+2 24+ 2
Immobilized derivatives (simultaneous use) 93+ 3 40+1 M+3

! Results are means of triplicate determinations + 5D; I Conversion percentages (6 h operation) according to HPLC
analysis (see supporting information in supplementary materials).



Applicazione di enzimi nella degradazione dell'amido.
Proprieta ed alcune applicazioni dei prodotti di idrolisi dell'amido

Type of syrup

DE®

Composition (%)

Low DE maltodextrins

Maltose syrups

High maltose syrups

High DE syrups

Glucose syrups

Fructose syrups

15-30

4045

96-38

98

1-20 o-glucose

4-13 maltose

6—22 maltotriose

5080 higher oligomers

16-20 o-glucose
41-44 maltose
36-43 higher oligomers

2-9 o-glucose
48-55 maltose
15—-16 maltotricse

25-35 p-glucose
4048 maltese

95-98 >-glucose
1-2 maltose
0.3~2 isomaltose

48 o-glucose
52 o-fructose

Dextrose equivalent (DE): indica il

Product type Properties Application
_ , o Carbohydrate component for baby food,
Maltodextrins Low osmolaritygelability shichanars, fllars stabilizers
Maltose syrup Increased sweetness Hard pastry and bakery products
Lowh ity and viscosity:
. o ygroscopicity o VISCOSI; | con fectionery, soft drinks, fermentation
High sugar syrup | increased water retention, sweetness _
, products, jams, canned foods, sauces
and fermentation
Molasses for baby | Moderate sweetness, reduced cryst- | Sweeteners for baby food, confectionery, soft
food allisability drinks, jams, jelly, canned food, ice cream
Glugose Syrupe | Incressed swestness Non-alcoholic beverages, fermentation prod-

ucts, raw materials

Glucose-fructose
syrups

High sweetness

Soft drinks, canned food, sauces, canned
fruit

Cereal syrups

Moderate sweetness, non-crystalliz-
ability, high nutritional value

Flour confectionery and bakery products

grado di idrolisi dell'amido



Applicazione di enzimi nella degradazione dell'amido per la
produzione di sciroppo ad alto contenuto di fruttosio

—Fig. 1

%, S | ¢ RN |

@
C0ppo000 ‘O‘O:i£’0‘o ‘000:10
00000000 .F*to

0es®
B amylase
glucoamylase a- amylase
E «-D-glucosidase . 3 pullu/anase \l{
exo (1 — 4)«-D glucanase /soamylase
cyc/omalrodextnn

D- g/ucotransferase

encti $
{:} ’\)

The enzymic hydrolysis of starch. @, Non-reducing o-glucosy! residue; O, reducing o-glucosy! residue or o-glucose.

Enzimi coinvolti nella degradazione dell'amido



Applicazione di enzimi nella degradazione

dell'amido

CORN
GSHE and
l l engineered yeast
Wet Dry l
Co-products <— milling grinding
High temp High tl.amp No cook
enzymes cooking process
Acid N
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Scheme 1. Schematics of the Process for Converting Raw Material Rice
Starch to Industrial and Functional Food Products®
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Applicazione di enzimi nella degradazione dell'amido per
la produzione di sciroppo ad alto contenuto di fruttosio

Starch slurry

pH 4.2
NaOH,

Cab
/ HCl hNnZgH‘ Deionize

_—_— —_———— —_—
8-10 DE >95.5% Dx : 42% fructose
Liquefaction Saccharification isomerization
pH 6.0, 30-35% ds, 95-105°C, 90 min pH 4.5, 30-32% ds, 6§0-62°C, 12-96 h pH 7-8.5, 45% ds, 55-60°C
alpha-amylase (Bacillus ficheniformis) glucoamylase (Aspergilius niger) glucose isomerase {variousStreptomyces spp.,
(liquid enzyme, batch process) putiulanase {e.g. Bacillus deramificans) Actinopfanes missouriensis, etc.)
(liquid enzyme, plug-flow reactor series) {immabilized enzyme column)

Figure 1

The starch process for highfructose corn syrup. Schematic outiine of the enzymatic steps in the processing of slurried corn starch to fruc-
tose, showing individual enzyme-usage conditions and typical processing parameters. Arrows indicate adjustment points within the process
for pH and/or ion components. The process parameters may be different when praducing ethanol from corn. The term ‘ds’ refers to the
percentage of starch or glucose dry salids suspended in the slurry. DE is ‘dextrose equivalent’, a measure of the number of reducing ends
present in a starch hydrolysate; each reducing end of an oligosaccharide is equivalent to a single dexirose residue, The greater the degree
of starch liquefaction or hydrolysis, the higher the DE. Undegraded starch has a DE approaching zero; a fully hydrolysed starch would have
a DE of 100. DE is related to average chain length of the oligosaccharide by the following formula: DE = 180/(162n + 18) % 100, where
nis the average oligosaccharide chain length. For example, a starch slurry with a DE of eight has an average chain length of ten glucase
residues. The term %Dx' is the percent of dextrose in the solution. In the example shown, after saccharification, the process stream would
have 32% dry solids with greater than 95.5% dextrose (DX).



Ingegnerizzazione di enzimi per la degradazione
dell'amido

Application
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Higher glucose yield
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more sustainable process
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Immobilized inulinase: a new horizon of paramount importance driving the
production of sweetener and prebiotics
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