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An immobilized whole cell system was successfully performed to produce the most powerful
antioxidant, hydroxytyrosol. Bioconversion of tyrosol into hydroxytyrosol was achieved via the
immobilization of Pseudomonas aeruginosa resting cells in calcium alginate beads. Immobilization
was advantageous as it allows immobilized cells to tolerate a greater tyrosol concentration than free
cells. The bioconversion yield reached 86% in the presence of 5 g L™ of tyrosol when cells immobilized
in alginate beads were carried out in single batches. Evaluation of kinetic parameters showed the
maintenance of the same catalytic efficiency expressed as K.a/Km for both free and immobilized
cells. The use of immobilized cells in repeated batches demonstrated a notable activity stabilization
since the biocatalyst reusability was extended for at least four batches with a molar yield greater
than 85%.
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INTRODUCTION Microorganisms have already been successfully applied for
the selective hydroxylation of organic compounds. Such biotrans-
formations could be performed on a preparative scale. The
immobilization of microorganisms can strongly enhance the
stability of enzymatic activities and simplify biocatalyst recovery
(17). 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 activitg)(

Many epidemiological studies have reported the mutual
correlation between human health and diet compositlg2),
Dietary factors could influence the development of different
phenotypic and molecular deficiencie3).(Nowadays, more
attention has been given to polyphenolic compounds. These
substances are evident constituents of daily nutritional intake,

particularly in the Mediterranean basin, where olive oil is well- S e
represented (4). In this respect, hydroxytyrosol, a naturally Immobilization often mimics what occurs naturally W.h_e'f‘ cells
) ’ ' grow on surfaces or within natural structurd®Y. Artificial

occurring ortho-diphenol, has been reported to exert different :

) . . o T . immobilization is commonly accomplished using a high hy-
biological properties suc_h as gr_]t_mxldaﬁ,t@, /), antimicrobial drophilic gel. The use of immobilized whole microbial cells
(8), and anticarcinogenic activities (20).

owing to it lication in food Il as i i d eliminates the often tedious, time-consuming, and expensive
h wing Io IS alp.ptljca thn In foo §atls Wet has 'S cosmetic ?nth steps involved in the isolation and purification of intracellular
pharmacological INdustries, more interest has been given 1o eenzymeS (20). The most extensively studied method in cell

prO(t:il:Jctt]on of h)édroxyt¥rl$sc;! etven ftrf?”t]' naturaldsources orbby I(immobilization is their entrapment in polymeric matrices. The
synthetic procedures. The first Synthelic procecure goes bac application of immobilized cells for bioconversion reactions has
to 1949 (1). This method was based on the reduction of 3,4- been described for several particular case% 21). Some of

dihydroxyphenylacetic acid in the presence of L_LBH'hen, these exhibited higher conversion rates and a longer half-life
hydroxytyrosol was recovered by bench scale purification from (22)

olive mill wastewaters]2, 13). Recently, Espin et al. discussed
the production of hydroxytyrosol using mushroom tyrosinase
as a biocatalyst and ascorbic acid as a reducing adent (
Another enzymatic method was also described, and it is founded
on oleuropein hydrolysis bg-glucosidase and destabilization
of the aglycone structure under defined temperatures and pH
conditions (15). Enzymatic strategies have opened the channel

for the bioconverting way, using whole cells for hydroxytyrosol MATERIALS AND METHODS

In this study, an immobilized cell system was adopted to
perform the bioconversion of tyrosol to its ortho-diphenolic
corresponding compound, hydroxytyrosol. This process could
be scaled up to industrial applications especially for pharma-
ceutical and cosmetic products.

production (16). Chemicals.Tyrosol, p-hydroxyphenylacetic acid, 3,4-dihydroxyphe-
nylacetic acid, and alginate (powder) were purchased from Fluka
*Corresponding  author.  Telffax: +216-74-440-452; e-mail: (Switzerland). Ethyl acetate, acetonitrile, and orthophosphoric acid were
sami.sayadi@cbs.rnrt.tn. HPLC-grade solvents and purchased from Prolabo (France). Hydroxy-
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Figure 1. Time course bioconversion of tyrosol by free cells: (a) aromatic
compounds; () hydroxytyrosol; and (M) tyrosol.

Figure 3. Time course bioconversion of tyrosol by immobilized cells: (A)
hydroxytyrosol (mM); (M) tyrosol, (a) aromatic compounds; and (O)
hydroxytyrosol yield (%).

was also estimated by drying at 106 overnight after dissolution of
10 alginate beads in 1 M sodium pyrophosphate solution and
centrifugation of the cell suspension for 10 min at 6000 rpm. Free and
immobilized cells were quantified as dry cell weight (DCW). All
experiments were repeated 3 times, and the mean values are reported.
Biotransformation in Batch Conditions. In our working conditions,
bioconversion reactions were conducted in 250 mL Erlenmeyer flasks
with a 25 mL working volume. Cells cultured in minimal medium and
collected by centrifugation (6000 rpm, 10 min) during the late log phase
1 ; : el were either directly used as free cells or immobilized as previously
LTI A i i ] igefog ) € it 14} described and suspended in the bioconversion medium.
Figure 2. Scanning electron micrographs of immobilized P. aeruginosa Evaluation of Kinetic Parameters. To study the effect of im-

cells in alginate beads. (A) Surface of alginate beads with immobilized mobilization on kinetic parameters and particularly the catalytic

bacterial cells below the surface and in crater-type structures (bar indicates efficiency of bioconversion reaction, free and immobiliZédaerugi-
. o nosacells were assayed at increasing tyrosol concentrations in the PBS
100 um) and (B) magnification of cell agglomeration in the bead surface

buffer. The reaction was performed at 3D, shaking at 200 rpm. Free

(bar indicates 5 «m). Magnifications: (A) x189 and (B) x5315. and immobilized cells were tried at concentrations of Iz2ugl 2
tyrosol, used as a standard, was purified from olive mill wastewater in and 12.5 gcw L ™%, respectively. Individual experiments were performed
our laboratory (23). using fresh biocatalysts for each substrate concentration. Kinetic
Biological Material. Pseudomonas aeruginosaas isolated, by parameters were determined using the LineweaBerk plot method.
enrichment on a minimal medium, from soil regularly irrigated for 5 Repeated Use of Free and Immobilized CellsA distinguished

years with olive mill wastewater (100%ha2). Cells were grown on characteristic of immobilized cells is that they can be used repeatedly
tyr050| as the sole source of carbon and energy as previous|y describedn successive batches. Therefore, reusability and Stablllty of both free
(16). and calcium alginate immobilized cells were examined. Free cells were
Culture Media. In addition to the classic Lauria—Bertani (LB)  assayed at a concentration of 1.2 g'lof dry weight in the presence
medium, a minimal medium was also used for bacteria growth. It Of 4 g L™* of tyrosol, whereas immobilized cells were entrapped in

consists of (g/L): NgHPQ,, 2.44; KHPQs, 1.52; (NHy),SOy, 1.5; calcium alginate beads and resuspended in the reaction medium at 12.5
MgS0y7H,0, 0.2; and CaGiH.0, 0.05 and 10 mL of a trace-element 9 L™ of biomass concentration and tested in repeated batches for the
solution that contains (% w/v): EDTA, 5; ZnSGH,0, 2.2; CaC}, bioconversion of 5 g L of tyrosol. After each batch, the biocatalysts

0.55: MnChb-5H,0, 0.5: NaMoO,-2H,0, 0.11; CuCL6H.0, 0.16: and were washed with PBS and transferred to fresh media.

CoCh*6H,0, 0.16. The pH of the medium was adjusted to 7.2. Solid ~ Quantitative Analyses by HPLC. HPLC was performed on a
media were prepared by the addition of 1.5% agar. Shimadzu C-R6A liquid chromatograph. The separation was carried
Bacteria were grown in Lauria—Bertani (LB) medium at 3D in out in a C18 column (250 mnx 4.6 mm; Waters Chromatography).

an orbital shaker at 180 rpm. Tyrosol was supplemented in the rich Compounds were eluted with a gradient, acetonitrile (7OP&PO,
medium as an inducer of hydroxylating activity. Mineral media were (0.1%), where the acetonitrile concentration was varied as follows: 0
inoculated with Lauria-Bertani cultures, and tyrosol was added as a min, 10%; G-20 min, increases to 50%; 2@5 min, 50%; and 2530
sole carbon source. min, decreases to 10%. The column temperature was maintained at 40
Entrapment of P. aeruginosaCells in Alginate Beads.P. aerugi- °C, and the flow rate was 0.5 mL mih Sample detection was achieved
nosacells used for immobilization were cultured in minimal medium ~at 280 nm with a Shimadzu SPD 6AUV detector connected to a
containing 1 g L* of tyrosol at 30°C for 7 h (end of the exponential ~ Shimadzu C-R6A integrator. The injection volume was 20.
growth phase). Biomass production was conducted in 1 L Erlenmeyer Compounds were identified and quantified by comparison of retention
flasks in an orbital shaker at 180 rpm. Cultures were inoculated with times and peak areas with those of authentic samples.
9% (v/v) active culture in LB medium. Cells were harvested aseptically =~ Samples were withdrawn periodically from the biotransformation
by centrifugation at 6000 rpm for 10 min at°€, resuspended in 2 medium and filtered through a 0.22n filter. The filtrate was analyzed
mL of PBS, and mixed with 3% (w/v) sodium alginate solution in the directly by HPLC for substrate and intermediary metabolite quantifica-
proportion of 1:2 (v/v) cell suspension and alginate solution, respec- tion. The bioconversion yields of produced hydroxytyrosol were
tively. The mixture was extruded dropping into a 0.1 M sterile cold calculated as follows: hydroxytyrosol molar yietd hydroxytyrosol
solution of calcium chloride, through a hypodermic needle using a produced concentration (mol/L)/initial tyrosol concentration (mol/L)
peristaltic pump to obtain uniform-sized particles. Formed beads were x 100.

kept to harden overnight at°€. Before being used in the bioconversion Liquid Chromatography-Tandem Mass Spectrometry. Liquid
medium, beads were washed twice with distilled water to remove excesschromatography consisted of an Agilent Series 1100 system (Agilent,
calcium ions and unentrapped cells. Waldbronn, Germany) equipped with an autosampler, degasser, a

Cell Enumeration. Free cells were quantified by drying 25 mL of  quaternary pump, and a reversed pha&ea@alytical column of 150
minimal medium culture at 108C overnight. The immobilized biomass ~ mm x 4.6 mm and 5um particle size eluted with the same gradient as
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Figure 4. Lineweaver—Burk kinetics representations for free (A) and immobilized (B) cells, plotted using Hyper32 program. Substrate concentration is
expressed as millimolar.
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Table 1. Comparison of Kinetic Parameters Obtained for Free and 100 |
Immobilized Cells
5 801
free cells immobilized cells 2 _
Ko (MM) 8.37 10.04 L%
Kat (min~?) 8.00 x 10~° 11.00 x 10~° 380
P _ - . S e
Keat/Km (Min~t mM~1) 1079 1.09 x 107° °
T 201
0 4

described in the previous section. This HPLC system was connected
to an Agilent series LC/MSD trap XCT instrument (Agilent Technolo-
gies, Waldbronn, Germany) where ionization was performed in positive
mode.

Scanning Electron Microscopy. The alginate gel beads were
prepared as described in the immobilization section. The scanning
electron microscopy method was adapted to that described by Dias etA concentration of 3% alginate had been revealed to be optimal
al. (24). Beads were separated from the immobilization medium by as it gives consistent beads with satisfying hydroxytyrosol yields.
filtration and then resuspended in 6.25% buffered glutaraldehyde 0.1 This concentration had been used for the optimization of the
M Tris—HCI buffer, pH 7.0 with 0.1 M CaGl After 24 h at 4°C, biotransformation with immobilized cell&igure 2 shows the

beads were washed with buffer and attached to coverslips and stepwisemicroporouS structure of alginate beads @nd the random

dehydrated in an increased ethanol gradient (50, 60, 70, 80, 90, 95, . . .. . .
and 100%) with an exposition time of 10 min in each concentration. dlsljrsl?rtglol% ogi baclf(irllac! fcsllsater:g;fr?gsiislli bgeracl)avin(on 1g
cw . )

The dehydration was repeated twice in 100% alcohol. Finally, beads ; _
were dried using the CQcritical-point drying technique and coated L~ Of tyrosol concentration to the late log phase and im-
with gold for examination by scanning electron microscopy in a Philips mobilized in 3% calcium alginate beads, the hydroxytyrosol
XL-30 microscope attached to an EDX unit. yield reached 70% after a reaction time of 20 h in the presence
Statistical Analysis.Analysis of variance was carried out with Data  of 2 g L™ of tyrosol under 200 rpm magnetic agitation at 30
Analysis Tools of Microsoft Excel. Significance of repeated batch °C. During this time, the aromatic compound degradation had
results was tested with thetest. not occurred yet. This could be explained by a toxicity
phenomenorf-igure 3 shows the time course of tyrosol running
RESULTS down coupled to the hydroxytyrosol transient accumulation.

Tyrosol Biotransformation by Free Resting Cells.Tyrosol To improve the bioconversion yield with immobilized cells,
hydroxylation was done by cells previously grown on tyrosol we have attempted to optimize the immobilized biomass, bead
to the late log phase in minimal medium. Cells were collected inoculum size, and maximal tyrosol concentration that can be
by centrifugation and suspended in PBS buffer. the optimal tolerated by immobilized cells.
biomass concentration was assessed to be de@ §1. For The immobilized biomass was quantified to choose the
the tyrosol concentration, the production of hydroxytyrosol was optimal microbial concentration. For this reason, four concentra-
proportional to increased substrate concentratioroupg L. tions were tested (7.5, 10, 12.5, and 1pcg L™%). The
Under these optimal conditions, the maximal hydroxytyrosol hydroxytyrosol molar yield increased with the biomass con-
yield was about 86% afte7 h (Figure 1). Hydroxytyrosol centration until 12.5 gcw L1 Higher biomass concentrations
accumulation was coupled to tyrosol disappearance. Bacterialwere disadvantageous as they resulted in inhibition by biomass
growth was initiated when tyrosol was totally removed from excess and therefore a decreased hydroxytyrosol yield. On the

1 2 3 4

Reuse number
Figure 5. Reusability of free (O) and immobilized (M) cells in repeated
batches for hydroxytyrosol production (bars indicate standard deviation).

5 6

the medium.

Production of Hydroxytyrosol by Immobilized Cells.
Calcium alginate was chosen because cells immobilized in
alginate beads maintained a good viability during long-term
culture due to the mild environment of the gel network.

In a preliminary study, different sodium alginate concentra-

contrary, the activity stability level was not affected by the cell
concentration, and major inhibition problems could essentially
be attributed to mass transfer limitations.

To examine the effect of the inoculum size on the formation
of hydroxytyrosol, calcium alginate beads were introduced in
the bioconversion medium at different percentages (10, 20, and

tions (2—3.5%) were tried. High hydroxytyrosol yields were 30% v/v). Results had shown that the hydroxytyrosol yield is
obtained at low alginate concentrations (2 and 2.5%), whereasclosely related to the bead inoculum size. Maximum hydroxy-
beads were relatively soft and showed a rapid leakage of cells.tyrosol production was obtained with 20% (v/v) inoculum size.
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Figure 6. Proposed pathway for tyrosol metabolism by P. aeruginosa.

The increase of hydroxytyrosol production is proportional to state of the culture utilized for biomass production, (ii) the

the exchange surface leading to the facility of mass transfer. carbon source on which the biomass was grown, (iii) the
The relationship between hydroxytyrosol production and concentration of the biomass, and (iv) the amount of tyrosol

tyrosol concentration was also examined. In this respect, a serieghat was treated, for bioconversion with fideaeruginosaells.

of batch experiments was conducted. Tyrosol concentrationsIn this paper, we have examined the production of hydroxyty-

varied in the range of 26 g L. As the tyrosol concentration
increased in the bioconversion medium, the hydroxytyrosol yield
increased as well. Thus, the higher hydroxytyrosol yield (86%)
obtained for immobilized cells was observedsg L1 of
tyrosol concentration. Over this concentration, hydroxytyrosol

rosol using an immobilized cell system.

The employment of polysaccharides for gel entrapment or
encapsulation has become a challenging method where alginate
stands out as the most promising polymer. Calcium alginate
gels form rapidly in very mild conditions and provide suitable

decreased drastically. These results mention the advantageougedia for the immobilization by entrapment of whole microbial

application of immobilized cells with toxic substrates.
Evaluation of Kinetic Parameters. After optimizing differ-

cells. A low diffusion coefficient has been shown already to be
a powerful characteristic of alginate immobilization systems due

ent parameters of the bioconversion reaction, we focused onto its high degree of cross-linking that limits the permeation

the evaluation of kinetic parameters in batch conditions. Kinetic

studies, performed within the substrate concentration range of

2—5 g L1, revealed that the Michaeliglenten equation holds,
and the kinetic parameters were determined. The Lineweaver
Burk plot of kinetic runs Figure 4) carried out at 30C allowed
the evaluation o¥max Km, Kcay and catalytic efficiencyTable

1). The comparison oVnax and Ky under experimental

rate of substrate and product.

Here, both free and immobilized whole cells were used for
the production of hydroxytyrosol via the bioconversion of
tyrosol. Hydroxytyrosol has been identified as an intermediate
of a tyrosol degrading pathway. Indeed, we found that under
experimental conditions, hydroxytyrosol was further oxidized
to give 3,4-dihydroxyphenylacetic acid that can be engaged in

conditions was not allowed as the biocatalyst quantities were the metabolic pathway of aromatic compound$byweruginosa

not the same (1.2 g 1t of free cells and 12.5 g 1 of
immobilized cells). Values obtained for the catalytic efficiency
were very encouraging. No relevant effects on catalytic ef-
ficiency were observed when immobiliz&d aeruginosacells

But, when the reaction was supplemented with oxygen, tyrosol
was converted tp-hydroxyphenylacetic acid and 3,4-dihydrox-
yphenylacetic acid, which can be metabolized more as described
by Kevin et al. 26) (Figure 6). The presence g¥-hydroxyphe-

were tested under previously optimized conditions and comparedny|acetic acid was confirmed by using an LC-MS apparatus.

to free cells.

Repeated Batch BioconversionRepeated batch hydroxy-
lation experiments were performed by placing free and im-
mobilized cells in the presence of 4chb g L™, respectively.
When the bioconversion yield reaches its maximum, the

Positive ionization spectrum exhibited a molecular ionrét
153 with a fragment atn/z 107. These data were compared
with those of available authentic standards.

During tyrosol bioconversion, no degradation of aromatic
compounds was observed. This fact led to the hydroxytyrosol

biocatalysts are washed and resuspended in fresh media. The,cc,myiation in the medium. Oxidation of hydroxytyrosol was

reuse of both biocatalyst forms is shown kigure 5. Im-
mobilization enhanced the biocatalyst stability, and by this way,
it allowed the retention of cell activity for more than five cycles.
Hydroxytyrosol production had increased in the second batch,
with both free and immobilized cells, suggesting an activation
of resting cells 25). After a third batch, free cells lost more
than 60% of their activity, and only immobilized ones could
perform excessive batches.

DISCUSSION

In a previous study, Allouche et al. studied the relationships
between the production of hydroxytyrosol and (i) the growth

inhibited by tyrosol, and it was not allowed until a drastic
decrease of the latter’'s concentration.

No relevant changes were observed when comparing the
catalytic efficiency for both free and immobilized cells used in
single batch. The increase in tKg, value after immobilization
may be partially due to mass transfer resistance of the substrate
into the immobilization medium. The difference worth noting
is the fact that the immobilized cells tolerate more tyrosol
concentration than the free cell system. The resistance to
environmental stresses, in particular, exposure to toxic substrates,
is considered to be a major characteristic of immobilized cells
(27). To explain the tolerance of increased substrate concentra-
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tions, one hypothesis, based on the creation of a decreasing (5) Manna, C.; Galletti, P.; Cucciolla, V.; Moltedo, O.; Leone, A;

gradient of tyrosol concentration from the surface to the inner Zappia, V. The protective effect of the olive oil polyphenol (3,4-
bead, was proposed. dihydroxyphenyl)-ethanol counteracts reactive oxygen metabolite-
A recent work dealing with the bioconversion of tyrosol to ?g; ced cytotoxicity in Caco-2 cells. Nutr. 1997,127, 286
hydroxytyrosol using an immobilized cell extract f pgtida ) Aru(')ma’ O. I.: Deiana, M.: Jenner, A.: Halliwell, B.: Kaur, H.:
F6 has been reported by Brooks et @8J. The application of Banni, S.; Corongiu, F. P.; Dessi, M. A.; Aeschbach, R. Effects
cell extract is mostly advantageous due to lower diffusion of hydroxytyrosol found in extra virgin olive oil on oxidative
problems as compared to whole cells. However, these authors DNA damage and low-density lipoprotein oxidatiah. Agric.
have obtained weak bioconversion yields as compared to the Food Chem1998,46, 5181—-5187.
present work or the previously published o), Moreover, (7) Visioli, F.; Caruso, D.; Plasmati, E.; Patelli, R.; Mulinacci, N.;
the step of extract preparation and the addition of ascorbic acid Romani, A.; Galli, G.; Galli C. Hydroxytyrosol, as a component
would considerably affect the economic efficiency of the of olive mill waste water, is dose-dependently absorbed and

increases the antioxidant capacity of rat plasfae Radical

reaction. _ _ _ _ Res.2001,34, 301—305.
Repeated batch bioconversion of tyrosol using calcium- (g Bisignano, G.: Tomaino, A.: Lo Cascio, R.; Crisafi, G.; Uccella,

alginate entrappell. aeruginosaells demonstrated the retention N.; Saija, A. On the in vitro antimicrobial activity of oleuropein
of the bioconverting activity for a long time. Decreased activity and hydroxytyrosolJ. Pharm. Pharmacol1999,51, 971—-974.
within free cells used in repeated batches could be attributed (9) Della Ragione, F.; Cucciolla, V.; Borriello, A.; Della Pietra, V.;
on one hand to the toxicity of tyrosol and on the other hand to Pontoni, G.; Racioppi, L.; Manna, C.; Galletti, P.; Zappia, V.
the washout of cells during recovery after each batch. However, Hydroxytyrosol, a natural molecule occurring in olive oil, induces
in the case of immobilized cells, this phenomenon resulted, cytochrome c-dependent apoptosidiochem. Biophys. Res.

Commun2000,278, 733—739.

D’Angelo, S.; Ingrosso, D.; Migliardi, V.; Sorrentino, A,
Donnarumma, G.; Baroni, A.; Maria, L. M.; Tufano, A.; Zappia,
M.; Galletti, P. Hydroxytyrosol, a natural antioxidant from olive

especially, from cell leakage caused by mechanic shocks due
to the magnetic agitation (data not shown). Nevertheless, the
immobilized biomass has already been sufficient for the

(10

~

performance of at least five consecutive batches with convenient oil, prevents protein damage induced by long-wave ultraviolet
yields. radiation in melanoma cell§ree Radical Biol. Med2005,38,
For the statistical analysis, repeated batch experiments were 908—-919.

performed in triplicate. The average values and standard (11) Schopf, C.; Géttmann, G.; Meisel, E. M.; Neuroth, Lbey
deviations were calculated using Microsoft Excel software. The /-(3,4-dioxyphenyl)-athylalkohoLiebigs Ann. Cheml949 563

86—93.
<
ﬁ'\?ga;%vztrig: n\;a\llglléegibxilt‘:chr?ttui(rileangsg: ‘Pof i?ﬁ?\f()).b(iii(;l%digll (12) Capasso, R.; Evidente, A.; Visca, C. Production of hydroxyty-
g rosol from olive oil vegetation waterégrochimical994, 38,

bioconversion. Then, biocatalysts could resist the phenomenon 166—171.

of tyrosol toxicity and by this way retain activity for along  (13) capasso, R.; Evidente, A.; Avolio, S.; Solla, F. A highly
time. Consequently, the evaluation of operational stability of convenient synthesis of hydroxytyrosol and its recovery from
immobilized cells indicated that the hydroxylating activity was agricultural waste waterd. Agric. Food Chenil 999,47, 1745—
durable under repeated use. 1748.

As a scope, choosing an appropriate agitation system and (14) Espin, J. C.; Soler-Rivas, C.; Cantos, E.; Tomas-Barberan,
microencapsulating beads with thin layers of alginate gel could F. A.; Wichers, H. J. Synthesis of the antioxidant hydroxytyrosol

minimize cell loss and retain high bioconversion yields for Zglnfl'g/;o_sllrlgze as a biocatalyst. Agric. Food Chem2001,

longer times. (15) Briante, R.; La Cara, F.; Tonziello, M. P.; Febraio, F.; Nucci,
Finally, the production of hydroxytyrosol via bacterial R. Antioxidant activity of the main bioactive derivatives from

synthesis was performed in environmentally friendly conditions oleuropein hydrolysis by hyperthermophilig-glycosidase.

that can be scaled up for industrial applications. Hydroxytyrosol J. Agric. Food Chem2001,49, 3198—3203.

accumulated in the reaction medium can be recovered by simple (16) Allouche, N.; Damak, M.; Ellouz, R.; Sayadi S. Use of whole

liquid—liquid extraction by ethyl acetate followed by purification cells ofPseudomonas aeruginota synthesis of the antioxidant

hydroxytyrosol via conversion of tyros@\ppl. Erviron. Microb.
2004,70, 2105—2109.
(17) Waldemar, A.; Zoltan, L.; Claudia, K.; Chantu, R.; Saha, M.;

on reversed phase chromatography.
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